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Module description Master’s Thesis 

Responsible for the 
module 

Vice Dean of Simulation Sciences 

Lecturers All full-time professors and associated professors from 
• the departments computer science, mathematics, physics and chemistry 

of faculty 1 
• the divisions of metallurgy and materials technology of the faculty of 

georesources and materials engineering 
• the faculty of mechanical engineering 
• the faculty of electric engineering and information technology 
• the faculty of medicine 
• Forschungszentrum Jülich 

Start Summer semester (as a rule) 

Frequency As agreed with the advisor 

Duration 26 Weeks including master’s colloquium 

Weekly hours  

Credit points 30 CP (27 CP master’s thesis and 3 CP colloquium) 

Distribution of work 
load (in hours) 

810 h master’s thesis and 90h colloquium 
900 h Private study 

Form of learning  Report 
 Presentation 
 Private study 
 Consultation hours  

Form of examination  Report  
 Presentation 

Examinations (and 
grading) 

• 1 Master’s thesis (as a rule not more than 80 pages) (90%) 
• 1 Presentation (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

After receiving 75 CP, the master’s thesis can be registered. The thesis must 
be registered not later than the end of the semester which is following the 
semester, in which 90 CP have been obtained. If the candidate does not file 
the application for registering the thesis until then, the examiner’s board will 
assign an advisor and a thesis, which fits to the candidate’s study program. 
The date of assignment has to be put on records. 

Recommended 
requirements 

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students are able to work independently on a problem in the field of 

simulation sciences within a given time frame according to scientific 
methods and by using the theory and methods knowledge of simulation 
sciences. 

• They are able to document the results according to scienfic standards. 
• They are able to present and defend their results in front of a group. 
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 • They deepened their competence in solving problems as well as 
transferring knowledge in theory and methods of simulation sciences to 
applications. 

 
Not with respect to the subject: 
• Self and time management  
• Project management 
• Presentation 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

The working steps will be fixed individually with the advisor. A possible 
sequence could look like the following: 
• Familiarization with the subject and state of the art 
• Formulation / choice of methods for solving the problem 
• Development of a solution 
• Implementation / realization of the individual concept / ansatz 
• Validation and evaluation of the results 
• Presentation of the results in written form and as report with subsequent 

discussion 

Literature • As agreed with the advisor 

Miscellaneous • None 
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Elective Courses 
 

Energy Engineering 
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Energy Engineering 

Module description Internal Combustion Engine Fundamentals 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. (USA) Stefan Pischinger 

Lecturers • Univ.-Prof. Dr.-Ing. Stefan Pischinger (Lecture) 
• Scientific Assistant (Exercise) 

Start Winter semester 

Frequency Every winter semester 

Language English (and German) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements  

• Contents of module Thermodynamics (e.g. from BSc Mechanical 
Engineering) 

• Contents of module Machine Dynamics (e.g. from MSc Mechanical 
Engineering) 

Required for  • Modules Internal Combustion Engines I + II 
• Module Alternative Vehicle Propulsion Systems

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students are able to systematically analyze the various principles of 

fuel conversion and the main requirements of combustion engines.  
• They are capable to transfer the basic thermodynamic fundamental 

calculation procedures to the related combustion process by means of 
ideal models of engine cycles.  
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 • With these fundamentals the students are capable to calculate and 
evaluate the various efficiencies and important characteristic numbers of 
internal combustion engines.  

• The students are able to systematically differentiate the various 
combustion engines by the different combustion systems with its 
particular heat release, the ignition process and the kinematics of valve 
train and crank train and to relate them to current engine developments.  

• Due to the increasing environmental pollution the students are given the 
ability to comprehend the emission formation and to find best suited 
solutions for the exhaust gas after treatment for different types of 
engines. 

1 • Introduction 

2 • Kinematics and forces of combustion engines 

3  • Kinematics and forces of combustion engines 

4 • Thermodynamic fundamentals 

5 • Thermodynamic fundamentals 

6 • Characteristic numbers of combustion engines 

7 • Characteristic numbers of combustion engines 

8 • Spark-Ignition Engines 

9 • Spark-Ignition Engines 

10 • Spark-Ignition Engines 

11 • Compression-Ignition Engines 

12 • Compression-Ignition Engines 

13 • Compression-Ignition Engines 

14 • Emission formation and exhaust gas aftertreatment 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Emission formation and exhaust gas aftertreatment 

Literature • Lecture script “Internal Combustion Engines I+II” (available at VKA), 2 x 
400 pages, numerous figures and graphical contents 

• Exercise and former exam documentation 

Miscellaneous • None 
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Energy Engineering 

Module description Internal Combustion Engines I 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. (USA) Stefan Pischinger 

Lecturers • Univ.-Prof. Dr.-Ing. (USA) Stefan Pischinger (Lecture) 
• Scientific Assistant (Exercise) 

Start Summer semester 

Frequency Every summer semester 

Language English (and German) 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
78 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements 

• Module Internal Combustion Engine Fundamentals 

Required for • Module Internal Combustion Engines II 
• Module Alternative Vehicle Propulsion Systems 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students are able to systematically analyze the various types of 

fuels as energy resources.  
• They are capable to transfer the basic thermodynamic fundamental 

calculation procedures to the related combustion process by means of 
ideal models of engine cycles and simulations.  

• The students are capable to systematically apply calculation methods of 
heat transfer, heat conduction and thermal stresses based on the 
principal mechanisms of heat flux.  
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 • They are able to assess similarity rules and indices to transfer this 
knowledge in order to layout engines and to estimate mechanical power 
limits.  

• The students are also capable to determine forces and moments in 
engines resulting from crank drive mechanism and are able to assess 
the requirement of engine components as well as the layout of the 
cooling and lubrication systems with subsequent components 

1 • Introduction 

2 • Fuels 
Classification, manufacturing processes, chemical structure and 
physical properties of fuels based on mineral oil Energy reserves, 
consumption and energy industry. Alternative fuels based on 
coal, natural gas and non-fossil sources of energy. 

3  • Fuels  
Classification, manufacturing processes, chemical structure and 
physical properties of fuels based on mineral oil Energy reserves, 
consumption and energy industry. Alternative fuels based on 
coal, natural gas and non-fossil sources of energy. 

4 • Energy flow in the combustion engine process 
Open cycle simulation 
Energy balance and definition of losses 

5 • Energy flow in the combustion engine process 
Open cycle simulation 
Energy balance and definition of losses 

6 • Heat flow in combustion engines 
Mechanisms of heat transfer  
Calculation methods of heat transfer coefficients in the combus-
tion chamber, conduction and heat transfer to the coolant 
Temperatures and thermal stresses of engine components 

7 • Heat flow in combustion engines  
Mechanisms of heat transfer  
Calculation methods of heat transfer coefficients in the combus-
tion chamber, conduction and heat transfer to the coolant 
Temperatures and thermal stresses of engine components 

8 • Layout of combustion engines  
Rules of geometrical, mechanical and thermal similarity  
Indices and mechanical power limits  
Engine base data, typical plan of an engine development process 

9 • Layout of combustion engines  
Rules of geometrical, mechanical and thermal similarity  
Indices and mechanical power limits  
Engine base data, typical plan of an engine development process 

10 • Layout of combustion engines  
Rules of geometrical, mechanical and thermal similarity  
Indices and mechanical power limits  
Engine base data, typical plan of an engine development process 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

11 • Forces and moments in engines  
Gas forces and inertia forces, excitation by forces in crank drive 
mechanism  
Engine balancing  
Torsional vibration of crankshafts 
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12 • Forces and moments in engines  
Gas forces and inertia forces, excitation by forces in crank drive 
mechanism  
Engine balancing  
Torsional vibration of crankshafts 

13 • Forces and moments in engines  
Gas forces and inertia forces, excitation by forces in crank drive 
mechanism  
Engine balancing  
Torsional vibration of crankshafts 

14 • Engine components  
Requirements on crankshaft, connecting rod, piston, crankcase, 
cylinder head and liner 
Materials, concepts and specific design features  
Cooling and lubrication systems 

 

15 • Engine components  
Requirements on crankshaft, connecting rod, piston, crankcase, 
cylinder head and liner  
Materials, concepts and specific design features  
Cooling and lubrication systems 

Literature • Lecture documentation “Internal Combustion Engines I” (available at 
VKA), 400 pages, numerous figures and graphical contents 

• Exercise and former exam documentation 
• Internal Combustion Engines, J. B. Heywood 

Miscellaneous • None 
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Energy Engineering 

Module description Internal Combustion Engines II 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. (USA) Stefan Pischinger 

Lecturers • Univ.-Prof. Dr.-Ing. (USA) Stefan Pischinger (Lecture) 
• Scientific Assistant (Exercise) 

Start Winter semester 

Frequency Every winter semester 

Language English (and German) 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  7 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
168 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Module Internal Combustion Engine Fundamentals 
• Module Internal Combustion Engines I 

Required for  • Module Alternative Vehicle Propulsion Systems 

Learning targets / 
learning outcomes 

With respect to the subject: 
• By the end of this lecture the students are able to systematically analyze 

the load exchange of the different types of combustion engines (4-stroke 
engine, rotary engine, 2-stroke engine).  

• They are capable to comprehend the basic physical mechanisms of the 
load exchange, such as wave effects, and to relate its influence on 
constructive characteristics by the acoustic theory. Given this ability the 
students are ready to asses the tasks, types and dynamic effects of 
valve trains and recommendations for construction.  
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 • They are able to differentiate between the different methods of 
supercharging as well as mixture formation, e.g. port fuel injection and 
direct injection of gasoline engines as well as direct injection of Diesel 
engines, and to relate them to their influences on performance and 
efficiency.  

• Due to the increasing environmental pollution the students are given the 
ability to comprehend the emission formation and to find best suited 
solutions for controlling measures and exhaust gas after treatment for 
different types of engines.  

1 • Introduction 

2 • Load exchange and valve train 

3  • Load exchange and valve train 

4 • Supercharging 

5 • Supercharging 

6 • Heat flow in combustion engines 

7 • Heat flow in combustion engines 

8 • Mixture preparation for gasoline and Diesel engines 

9 • Mixture preparation for gasoline and Diesel engines 

10 • Mixture preparation for gasoline and Diesel engines 

11 • Exhaust emissions 

12 • Exhaust emissions 

13 • Exhaust emissions 

14 • Engine Acoustics  

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Engine Acoustics  

Literature • Lecture documentation “Internal Combustion Engines II” (available at 
VKA), 400 pages, numerous figures and graphical contents 

• Exercise and former exam documentation 

Miscellaneous • None 
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Energy Engineering 

Module description Alternative Vehicle Propulsion Systems 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. (USA) Stefan Pischinger 

Lecturers • Univ.-Prof. Dr.-Ing. (USA) Stefan Pischinger (Lecture) 
• Scientific Assistant (Exercise) 

Start Summer semester 

Frequency Every summer semester 

Language English (and German) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Module Internal Combustion Engine Fundamentals 
• Modules Internal Combustion Engines I + II 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• After having successfully passed this lecture the student is able to 

systematically analyze alternative concepts for vehicle power trains.  
• He/she are theoretically capable to comprehend the different purposes 

of alternative drive systems, such as unconventional types of combus-
tion engines with the consideration of alternative fuels (alcohol, natural 
gas, hydrogen), gas turbines, Stirling engines and fuel cells as well as 
electric drives.  
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 • Furthermore, the student has the ability to link the knowledge about 
alternative power trains to the different types of variable transmissions 
and power split drive trains.  

• The main skill of the student is the transfer of basic calculation 
procedures of power train efficiencies.  

• He/she is able to assess regenerative drives e.g. electric, flywheel and 
hybrid drives.  

• The student is able to find the most suitable control strategies 
(integrated engine-transmission management) according to the various 
drive concepts. 

1 • Introduction 

2 • Alternative drive systems 

3  • Alternative drive systems 

4 • Alternative fuels 

5 • Alternative fuels 

6 • Variable transmissions and power split drive train 

7 • Variable transmissions and power split drive train 

8 • Regenerative drives 

9 • Regenerative drives 

10 • Regenerative drives 

11 • Drive concepts 

12 • Drive concepts 

13 • Drive concepts 

14 • Control Strategies 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Control Strategies 

Literature • Lecture documentation “Alternative Vehicle Propulsion Systems” 
(available at VKA), 240 pages, numerous figures and graphical contents 

• Exercise and former exam documentation 

Miscellaneous • None 
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Energy Engineering 

Module Title Molecular Thermodynamics 

Responsible for the 
module 

Dr. Kai Leonhard 

Lecturers • Dr. Kai Leonhard 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Field of Learning  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques  

Mandatory 
requirements 

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding of basics from the fields classical, statistical and quantum 

mechanics as well as electrodynamics that are applied in the field of molecular 
thermodynamics. 

• Founding on these wide basics, a comprehensive framework to derive properties of 
fluid systems will be formulated. 

• The framework will be used to introduce property models that are applied in the 
fields gas technology, chemical high temperature reactions, processing of simple 
and complex mixtures, for electrolyte and bio systems. 
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1 • 1. Introduction 

2 • 2. Foundations 
• 2.1 Classical Thermodynamics 
• 2.2 Statistical Mechanics 

3  • 2.3 Classical Mechanics 

4 • 2.4 Classical Electrostatics 

5 • 2.5 Quantum Mechanics 

6 • 2.6 Computer Simulation 

7 • 3. The Ideal Gas 
• 3.1 Definition and Significance 
• 3.2 The Canonical Partition Function 
• 3.3 Factorization of the Molecular Partition Function 
• 3.4 The Equation of State 

8 • 3.5 Mixing Properties 
• 3.6 Individual Contributions 
• 3.7 Equilibrium Constant 

9 • 4. Excess Function Models 
• 4.1 General Properties 
• 4.2 Intermolecular Potential Energy 

10 • 4.3 Simple Model Molecules 

11 • 4.4 Complex Model Molecules 

12 • 5. Equation of State Models 
• 5.1 General Properties 
• 5.2 Intermolecular Potential Energy 

13 • 5.3 The Statistical Viral Equation 
• 5.4 Conformal Potential Models 

Learning units 
(divided into weeks or 
overall overview of the 
content)  

14 • 5.5 Perturbation Models 

Literature • Script will be available at the LLT 

Miscellaneous • Detailed schedule will be available at www.ltt.rwth-aachen.de 
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Energy Engineering 

Module description Energy Systems Engineering 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. André Bardow 

Lecturers • Univ.-Prof. Dr.-Ing. André Bardow (Lecture) 
• Teaching assistant (Tutorials) 

Start Winter semester 

Frequency Every winter semester 

Language To be announced 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 5 CP  

Distribution of work 
load (in hours) 

31.5 h Contact hours  
118.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Previous Degree in engineering, physics or similar 

Recommended 
requirements 

• Basic knowledge in thermodynamics 
• Module Energy Economics 

Required for • None 

Learning targets / 
learning outcomes 

Student can perform the individual tasks in energy system engineering such 
as the integrated design, analysis and optimisation of energy systems. 
Typical energy systems considered are buildings, industrial production 
facilities, residential areas and municipalities. Their supply with mechanical 
energy, electricity, space and process heat, refrigeration and other energy-like 
supply services, such as water and compressed air, can be realised by 
different energetic components in different arrangements. Students are able to 
evaluate and optimize the resulting many technical solutions based on criteria 
such as supply security, economic efficiency and environmental friendliness. 
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 Based on the lecture "Energy Systems Engineering" students are able to 
perform the conceptual synthesis of energy producing plants and 
miscellaneous energy units to complete systems and to perform their 
economical and ecological evaluation.  

1 • Introduction to Energy Management 

2 • Generation: Heat Pumps and Chillers 

3  • Generation: Combined Heat and Power (CHP) -
Technologies 

4 • Generation: Combined Heat and Power (CHP) - Economics 

5 • Distribution: Heat Exchangers and Heat Storage 

6 • Distribution: Hot and Cold Water Networks 

7 • Energy Systems Analysis: Introduction and Demand Side 
Management 

8 • Industrial Heat Management: Heat Recovery and 
Integration 

9 • Industrial Heat Management: Integration of Thermal Plant 
Units, Dimensioning of Heat Exchanger Networks  

10 • Industrial Heat Management: District Heating with Industrial 
Waste Heat  

11 • Energy Systems Analysis: Optimisation  

Learning units 
(divided into weeks or 
overall overview of the 
content) 

12 • Energy Systems Analysis: Evaluation Criteria – 
Economical, Ecological and Legislative Perspectives 

Literature • None 

Miscellaneous • None 
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Energy Engineering 

Module description Energy Economics 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Hans-Josef Allelein (Part I) 
Univ.-Prof. Dr.-Ing. Dirk Müller (Part II) 

Lecturers Part I: 
• Univ.-Prof. Dr.-Ing. Hans-Josef Allelein 
• Dipl.-Ing. Berno Simon (exercise) 

Part II: 
• Univ.-Prof. Dr.-Ing. Dirk Müller 
• Dipl.-Ing. Corinna Leonhardt (exercise) 
• Dipl.-Ing. Inga Eggers (exercise) 

Start Summer semester 

Frequency Every summer semester 

Language German, English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 3 CP  

Distribution of work 
load (in hours) 

31,5 h Contact hours  
58,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination (German) 
 Oral examination (English) 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral or written examination (depending on language) (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements

• Previous Degree of Engineering or Physics 

Recommended 
requirements 

• Module Thermodynamics (e.g. from BSc Mechanical Engineering) or 
equivalent knowledge 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The lecture "Energy Economics" gives an introduction to the energy 

industry as well as to the economy and efficiency of energy systems. 
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 • The students are able to systematically analyze and assess different 
energy systems regarding their efficiency as well as economic issues.  

• They are theoretically capable of choosing and designing the best suited 
energy system to a given energy demand taking into account both 
conventional fossil fuelled energy systems including nuclear power as 
well as regenerative energy sources.  

• The students know the basic theories of the thermodynamic evaluation 
and optimization of energy conversion into heat and mechanical power. 

1 • Energy economics (the energy supply in the world/ Europe/ 
Germany, resources) 

• Evaluation sizes, demand of electric energy, load courses, 
(efficiency, cumulated energy demand, payback period) 

• Ecological aspect 

2 • Fossil energy source (extraction of hard coal, lignite, natural 
gas, crude oil) 

• Steam cycle plants (concept, efficiency, coal gasification 
improvement, emission und flue gas cleaning) 

3  • Gas cycle plants (thermodynamic basics, technical details, 
improvement) 

• Combined cycle plants (gas and steam cogeneration plant) 

4 • Combined heat and power (principle, operating figures, 
technical variation) 

• Nuclear power plant (fission, nuclear fuel cycle, concepts of 
the nuclear power plants, safety) 

5 • Regenerative energy (overview, potential) 
• Solar energy, (thermal use, photovoltaic solar power plant) 
• Heat pumps 
• Hydropower (river, storage lake, OTEC) 
• Wind energy 
• Biomass 

6 • Geothermic energy 
• Energy transport. 
• Energy storage (compressed-air store, battery, hydrogen 

storage) 

7 • Technical energy services 
• Annual duration curve 

8 • The energy demand of technical energy systems 
• Calculation of a building’s annual heat requirement 

9 • Thermodynamic evaluation of energy rransformation 
• Exergetic analysis 

10 • Transformation of primary energy into work 
• Process enhancements for the transformation of primary 

energy into technical work 

11 • Heat generation 
• Exergetic analysis of cogeneration 

12 • Economic analysis of energy systems 
• Calculation of profitability 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

13 • Emission trading 
• Exercise concerning emission trading 
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Literature • Lecture Documentation Energy Economics Part II (available at LTT, 
including numerous figures and graphical representations) 

Miscellaneous • None 
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Energy Engineering 

Module description Heat and Mass Transfer 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Reinhold Kneer 

Lecturers • Univ.-Prof. Dr.-Ing. Reinhold Kneer (lecture) 
• Dipl.-Ing. Martin Habermehl (tutorial) 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points 7 CP 

Distribution of work 
load (in hours) 

52.5 h Contact hours  
157.5 h Private study 

Form of learning  Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Basic knowledge in thermodynamics 
• Basic knowledge in higher mathematics 

Recommended 
requirements 

• None 

Required for • Module Wärme- und Stoffübertragung II 

Learning targets / 
learning outcomes 

With respect to the subject: 
• In the context of engineering terms, the students will be able to identify 

problems of the heat and mass transfer mechanisms radiation, heat 
conduction, diffusion and convection. They are able to formulate the 
parameters of these transport mechanisms in form of dimensionless 
characteristic numbers. The are familiar with the analogy between heat 
and mass transfer. They are able to judge the permissibility of different 
simplifying assumptions which are relevant for the description of 
technical systems 
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 • The students master the mathematical description and analytic solution 
of problems and the interpretation of results with respect to a given 
application.. 

1 1. Introduction 
Mechanisms of heat transport 
• 1.1 Radiation 
• 1.2 Heat conduction 
• 1.3 Convection 

2 2. Heat radiation 
• 2.1 Radiation properties 

o Wave/Quantum characteristics 
o Stefan-Boltzmann law 
o Planck’s distribution law 
o Reflection, Absorption, Transmission 
o Kirchhoff’s law 
o Radiation from a diffuse surface and direction-

dependent radiation  
• 2.2 Radiation transfer 

o Radiation flux -radiosity  
o Radiation transfer between two bodies 
o Radiation between two grey surfaces  
o Radiation transfer between two infinitely long grey 

plates  
o Radiation transfer between two self-enclosed grey 

bodies  

Learning units 
(divided into weeks or 
overall overview of the 
content) 

3 3. Heat conduction 
• 3.1 Differential equation of the temperature field 
• 3.2 Steady state, one-dimensional heat conduction without 

heat sources  
o Plane walls with given surface temperatures  
o Thick-walled tube with constant temperatures on the 

inner and outer walls  
o Plane walls with convective heat transfer  
o Tube wall with convective heat transfer 
o Heat conduction in fins 
o Rod and plane fins  
o Circular fins  

• 3.3 Steady state, one-dimensional heat conduction with 
heat sources  

• 3.4 Steady state, multi-dimensional heat conduction without 
heat sources 

• 3.5 Unsteady state heat conduction without heat sources  
o Bodies with high values of thermal conductivity 
o One-dimensional, unsteady state heat conduction 

examples 
o Semi-infinite plate with given temperatures  
o Semi-infinite plate with non negligible heat transfer 

resistance  
o Semi-infinite plate with time-dependent surface 

temperatures  
o Dimensionless coefficients and diagrams used to 

describe heat conduction processes  
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 o Graphical and numerical approximation methods for 
unsteady state heat conduction  

o The Binder-Schmidt method  

4 4. Convection  
• 4.1 Conservation laws for laminar, steady state, two-

dimensional flow   
o Equation of continuity  
o Momentum equations (equations of motion)   
o Equation of energy conservation  

• 4.2 Forced convection 
Boundary layer equations for laminar, steady state flow  
o Exact solutions of the boundary layer equations   
o Analogy between momentum and heat exchange  
o A simple approximation method for the boundary layer 

equations  
• 4.3 Natural convection  

Boundary layers equations for laminar, steady state flow  
• 4.4 Heat transfer for turbulent flow  
• 4.5 Application of the analogy theory for heat transfer  

5 5. Heat transfer laws  
• 5.1 Introductory remarks  
• 5.2 Summary of heat transfer correlations  

o Heat transfer laws for forced convection, flows around 
bodies  

o Forced convection in tubes  
o Natural convection, flow along bodies 
o Natural convection  

6 6. Heat Transfer with boiling and condensation 
• 6.1 Heat Transfer in condensation 

o Condensation of pure vapours – film condensation 
o Condensation of pure vapours – dropwise 

condensation 
o Condensation of pure mixtures 

• 6.2 Heat transfer in boiling 
o Boiling in vessels 
o Evaporation in tubes 

7 7. Mass transfer 
• 7.1 Mass transfer by diffusion 
• 7.2 Mass transfer in a flowing medium 
• 7.3 Diffusive mass transfer on a surface 
• 7.4 Analogy between the heat and mass transfer 
• 7.5 Evaporation on a liquid surface 

8 • Literature 

 

9 
  

Appendix 
• Appendix  A  – Material properties 
• Appendix B – Functions  
• Mathematical summary 

Literature • Lecture notes Heat and Mass Transfer, available at WSA, ca. 190 pages 

Miscellaneous • None 
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Energy Engineering 

Module description Turbulent Fluid Dynamics 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Norbert Peters 

Lecturers • Univ.-Prof. Dr.-Ing. Norbert Peters 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 2 SWS  

Credit points 3 CP 

Distribution of work 
load (in hours) 

21 h Contact hours  
69 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial   
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students are able to distinguish homogeneous, isotropic and shear 

turbulence. 
• They know Kolmogorov's similarity laws and their derivation from the 

Karman-Howarth-equation for two-point-correlations. 
• They are able to derive the equation for the turbulent length scale 

according to Rotta from the general equation of two-point-correlations. 
• They are able to convert these equations in other types of model 

equations and know the required assumptions. 
• They know the fundamentals and modelings associated with large eddy 

simulations.  



Elective Courses: Energy Engineering - Turbulent Fluid Dynamics 

 

Simulation Sciences 55 

1 • Introduction to the theory of turbulent flows, isotropic and 
homogeneous turbulence. 

2 • Reynolds equations and K-E-model 

3  • Derivation of the general equation for two-point-correlations 

4 • Derivation of the Karman-Howarth-equation 

5 • Derivation of the Karman-Howarth-equation 

6 • Kolmogorov’s similarity laws 

7 • Derivation of Rotta's length scale equation 

8 • Derivation of Rotta's length scale equation 

9 • Derivation of other types of model equations 

10 • Derivation of other types of model equations 

11 • Comparison of numerical simulations of different models 
with experiments 

12 • Comparison of numerical simulations of different models 
with experiments 

13 • Fundamentals of large eddy simulations 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Fundamentals of large eddy simulations 

Literature • Rotta: Turbulente Strömungen, Teubner 1997 
• Fröhlich: Large Eddy Simulation turbulenter Strömungen, Teubner 2006 

Miscellaneous • None 
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Energy Engineering 

Module description Combustion I 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Heinz Pitsch 

Lecturers • Univ.-Prof. Dr.-Ing. Heinz Pitsch (Lecture) 
• Dir. Santosh Hemshandra (Exercise) 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

! None 

Recommended 
requirements 

! Basic knowledge in thermodynamics 
! Basic knowledge in fluid mechanics 

Required for ! Module Combustion II 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students know the basic differences between premixed and non-

premixed combustion. They have the ability to transfer the acquired 
knowledge in elementary gas phase chemistry to ignition in combustion 
engines and explosions in general. They know the basic theories of 
laminar flame propagation for one-step and four step kinetics. They are 
able to use laminar flamelet models in non-premixed combustion.  

1 - 2 • Mass and Energy Balance in Combustion Systems Learning units 
(divided into weeks or 

3 • Elementary gas phase kinetics 
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4 – 5  • Systematic Reduction of Reaction Kinetics for Hydrogen 
and Methane Flames 

6 • Ignition and extinction in Homogeneous Systems 

7 – 9 • Fluid Dynamics and Basic Equations for Flames 

10 - 12 • Laminar Premixed Flames: laminar and turbulent burning 
velocities 

overall overview of the 
content) 

11 - 14 • Laminar and turbulent Diffusion Flames 

Literature • Lecture notes (ERCOFTAC 1992, cf. institute website) 
• Turbulent combustion, N. Peters, Cambridge 2000 

Miscellaneous • None 

 



Elective Courses: Energy Engineering - Combustion II 

 

Simulation Sciences 58 

Energy Engineering 

Module description Combustion II 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Heinz Pitsch 

Lecturers • Univ.-Prof. Dr.-Ing. Heinz Pitsch (Lecture) 
• Dir. Santosh Hemshandra (Exercise) 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
88.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• Module Combustion I 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students are able to interpret different models in turbulent 

combustion. They know how to transfer the acquired knowledge from 
conservation equations for turbulent flows to different modeling 
approaches in turbulent combustion. They are able to interpret 
numerical solutions provided by CFD-codes and check their correctness. 

1 – 2 • Turbulent Combustion: Introduction and OverviewLearning units 
(divided into weeks or 
overall overview of the 5 – 6 • Laminar Flamelet Models for Non-Premixed Turbulent 

Combustion 
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7 – 8 • Turbulent Diffusion Flames: Experiments and Modelling 
Aspects 

9 - 12 • Models for Premixed Turbulent Combustion, the Level Set 
Approach 

content) 

12 – 14 • Partially Premixed Combustion: Lifted Flames 

Literature • Lecture notes (ERCOFTAC 1997, cf. institute website) 
• Turbulent combustion, N. Peters, Cambridge 2000 

Miscellaneous • None 
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Energy Engineering 

Module description Fuel Cells - Today's Challenges in Modeling 

Responsible for the 
module 

Prof. Dr.-Ing. Detlev Stolten 

Lecturers • PD Dr. Werner Lehnert 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination or 
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• Basic knowledge in chemistry, physics and engineering 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Fuel cells are efficient energy converters. The development of these 

devices is pushed by the world-wide increasing energy demand and the 
rising prices for fossil and renewable fuels. At the moment the 
development takes place in laboratories and universities, but the 
beginning of the market entry can already be observed. 

• After introduction the students get an overview over the recent questions 
and problems in fuel cell modeling. The students should be able to 
recognize the connections between physics, chemistry and engineering 
in this complex field and get an idea about the principle tools to answer 
the questions.  
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 • The lecture is divided into several blocks. Each block will give an 
introduction into one main area of fuel cell simulation and describe the 
simulation tools, which can be applied. 

• The tutorials will give hands on practice with the simulation tools, which 
were presented during the lectures. Some selected problems will be 
discussed. 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

Overview of the content  
• Introduction  

(basic function, basic components, basic types of fuel cells) 
• Thermodynamics and Kinetics 

(with respect to cells, stacks and reformers) 
• Simplified models / abstract modeling 

(Asking the right questions - making the right simplifications - 
understanding the results) 

• Flow related problems 
(reformer, cell, stack) 

• System simulations 

Literature • None 

Miscellaneous • None 
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Energy Engineering 

Module description Computational Radiation Protection and Shielding 

Responsible for the 
module 

Prof. Dr. Rahim Nabbi (FZJ) 
Prof. Dr. Hans Josef Allelein (RWTH, FZJ)) 

Lecturers • Prof. Dr. Rahim Nabbi (FZJ)  
• Prof. Dr. Hans Josef Allelein (RWTH, FZJ) 
• N.N. 

Start Winter semester 

Frequency Every winter semester  

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written or oral examination (60%) 
• Project report (40%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• Background in nuclear physics or engineering 

Required for • None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• Radiation is present in every system, which utilizes nuclear processes 

for any purposes. This is the case in a wide range in modern technology 
like in nuclear reactors, irradiation facilities, accelerators as well as in the 
equipments for the use in nuclear medicine. The design of such systems 
must include shielding components for the optimum operation of the 
facility on the one hand and for the protection of the whole staff and 
public on the other hand.  

• Due to the complex and multi-scale nature of the interaction processes 
of radiation and particles with matter high sophisticated numerical 
models are employed to study the radiation transport phenomena and 
performance of the radiation protection and shielding measures. In this 
respect students are extensively taught on computational and simulation 
methods in radiation transport study.  

• In particular following topics are covered: 
o Radiation interaction with matter  
o Math. Models in radiation transport simulation  
o Numerical and analytical solution methods 
o Radiation attenuation properties of materials 
o Computational shield design  
o Interaction, pathway and whole effect simulation 
o Computation of dose and exposure 

• The theoretical lectures will be combined with tutorial simulation work by 
applying computer codes for selected radiation transport problems.  

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation 
• Interdisciplinary learning and ability   
• Teamwork 

1 • Source and characteristics of radiation (nuclear radiation) 

2 • Interaction of particle and radiation with matter 

3  • Modeling nuclear interaction processes  
• (collision, (in)elastic scattering, capture)  

4 • Radiation transport and cascade simulation, particle 
distribution functions 

• Phase-space Boltzmann transport equation 

5 • Numerical and analytical solution methods 
• -Discrete ordinates (Sn) 

6 • Generation of quadrature sets for Sn method 
• Convergence, stability, accuracy of the method 

7 • Monte-Carlo method for radiation transport simulation (ray 
tracing method) 

8 • Mean values, statistical sampling, error estimation  

9 • Radiation attenuation properties of shielding materials 
• Removal cross sections  

10 • Calculation of gamma-ray attenuation, neutron penetration 
and transport 

• Neutron and photon heating  

Learning units 
(divided into weeks or 
overall overview of the 
content) 

11 • Radiation related quantities and units: Exposure, Dose and 
dose equivalent 
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12 • Computational shield design  
o Source modeling 
o Geometry modeling 
o Pathway simulations 
o Ray and particle Albeos 

13 • Computer code application: Geometry nodalization of an 
radiation facility with shielding components  

14 • Application: Analysis of shielding performance for an 
irradiation facility  
o with distributed neutron source (reactor component) 
o with gamma source (irradiation facility) 
o with charged particle beam (accelerator) 

 

15 • Complementary topics on radiation attenuation and 
transport simulations 

Literature • J. Lilley, Nuclear Physics - Principles and Application, J. Wiley, 
Chichester, 2002, ISBN 0-471-97936-8 

• Y I. Lux and L. Koblinger, Monte Carlo Particle Transport Methods: 
Neutron and Photon Calculations, CRC Press, Boca Raton, FL, 1991 

• E.E. Lewis and W.F. Miller, Neutron Transport Method (Chapter 7), 
American Nuclear Society Publication 

• M. Oberhofer, Advances in Radiation Protection, 1991 BERTRAMS 
Press  

Miscellaneous • None 
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Energy Engineering 

Module description Simulation Methods in Nuclear Engineering 

Responsible for the 
module 

Prof. Dr. Rahim Nabbi (FZJ) 
Prof. Dr. Hans Josef Allelein (RWTH, FZJ) 

Lecturers • Prof. Dr. Rahim Nabbi (FZJ)  
• Prof. Dr. Hans Josef Allelein (RWTH, FZJ) 

Start Summer semester  

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study  

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written or oral examination (60%) 
• Project report (40%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• Background in nuclear physics or engineering 

Required for • Module Computational Nuclear Reactor Dynamics and Safety 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• Nowadays nuclear reactors account for a significant portion of the 

electrical power generation and widely utilized for scientific and industrial 
applications and developments. To cope with the challenge of this 
engineering area, high level experts are needed to provide for optimum 
design, operation and utilization of such facilities and for the 
development of advanced nuclear systems with enhanced safety and 
performance.  

• Due to the complexity of nuclear processes taking place in a reactor in-
depth reactor physics education of energy and nuclear engineering 
students is mandatory. The complexity of the processes requires also 
application of computational tools for the simulation and modeling of the 
system response and behavior. The module aims at the in-depth 
qualification of the students by teaching the main physical/mathematical 
and numerical fundamentals of nuclear engineering science. 

• The course begins with an overview of basic nuclear physics, nuclear 
data and continues with computational methodology needed to 
understand the process of chain reaction and behavior of nuclear 
reactors. This is then followed by in-depth treatment of neutron transport 
computational methods. As an aid to computational skills, some 
simulations are run to demonstrate the method for performing 
sophisticated multiscale reactor calculations. 

• In particular following topics are covered: 
o Neutron interaction with nuclear materials 
o Neutron multiplication and chain reaction modeling 
o Numerical solution of neutron transport problem 
o Flux and spectrum, fission power distribution 
o Modeling reactor kinetics and dynamics 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation 
• Interdisciplinary learning and ability   
• Teamwork 

1 • Review of Nuclear physics,  
• Neutron interaction with nuclear materials 

2 • Reactor physics modeling and simulation 

3  • Math. Model for neutron moderation  
(collision theory and probability function)  

4 • Neutron cross section and nuclear data: math. Models for 
scattering, fission, capture process  

5 • Neutron multiplication and nuclear chain reaction  

6 • Slowing down density and resonance escape function 
• Homogeneous and heterogeneous system 

7 • Thermal and fast elements of Leakage and loss terms in 
neutron balance equation 

8 • Steady state phase-space Boltzmann equation for neutron 
transport (Eigen value approach) 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

9 • Analytical solution methods 
o Discrete ordinates (Sn) 
o Perturbation and Variational Methods 
o Isotropic diffusion model 
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10 • Numerical solution of neutron transport problem (Iterative 
deterministic approach, Sn based) 

11 • Solution by statistic Monte-Carlo method  
o Concept of cross section and probability function  
o Track length (ray tracing) and neutron history modeling 

12 • Multiscale reactor calculation: cell, lattice and full core 
model 
o Neutron spectrum und flux distribution  
o Fission power distribution 

13 • Modeling reactor kinetics 
• Space-Time Neutron and reactor Kinetics  

14 • Non-linear reactor dynamics 
• Modeling feedback mechanisms 

 

15 • Numerical code applications in reactor physics  

Literature • J. Lilley, Nuclear Physics - Principles and Applications, J. Wiley,  
• Chichester, 2002, ISBN 0-471-97936-8 
• J.James Duderstadt and H.J. Hamilton; Nuclear Reactor Analysis; 
• John Willey, New York 1989 
• E.E. Lewis and W.F. Miller, Neutron Transport Method, 
• American Nuclear Society Publication, 2001 
• D.J. Bennet and J.R. Thomson; The elements of Nuclear power;   
• Longman, Exxex1989, 3rdEd. 
• Elmenas and R.Lee; Nuclear Engineering; Springer Verlag 1992 
• G. S. Fishman, Monte Carlo: Concepts, Algorithms and applications: 

Springer Verlag, New York, 1996. 

Miscellaneous • None 
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Energy Engineering 

Module description MC-Method for Particle and Radiation Transport Simulation 

Responsible for the 
module 

Prof. Dr. Rahim Nabbi (FZJ) 
Prof. Dr. Hans Josef Allelein (RWTH, FZJ)) 

Lecturers • Prof. Dr. Rahim Nabbi (FZJ)  
• Prof. Dr. Hans Josef Allelein (RWTH, FZJ) 

Start Summer semester  

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written or oral examination (60%) 
• Project report (40%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• Background in nuclear physics or engineering 

Required for • None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• Due to its versatile capability of simulating stochastic processes, the 

Monte-Carlo (MC) method is applied in many diverse scientific and 
engineering fields and research including nuclear sciences. The 
simulation of particle and radiation history/transport in the design and 
performance analysis of complex structures of accelerators, irradiation 
facilities and nuclear systems is a typical area of application. In contrast 
to conventional numerical discretization methods, which are applied to 
complex ordinary/partial differential equations, MC method is employed 
to simulate physical processes directly and stochastically on the basis of 
probability density functions (pdf’s). 

• The course will transfer the fundamentals of the MC methods with 
emphasis on the characterization, modeling and simulation of stochastic 
processes in the field of applied nuclear physics and engineering. The 
lectures and tutorials will be concentrated on following subjects: 
o Models for stochastic nuclear processes  
o Radiation and particle interaction with matter  
o Probability distribution functions 
o Random number generator 
o Geometry nodalization for MC-simulations  
o Sampling rule and scoring in stochastic processes 
o Error estimation /variance reduction techniques 

• The theoretical lectures will be coupled with tutorial simulation work by 
applying sophisticated MC codes on computers for selected particle and 
radiation transport simulation.  

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation 
• Interdisciplinary learning and ability   
• Teamwork 

1 • Introduction to Stochastic processes  

2 • Interaction of particle and radiation with matter 

3  • Fundamentals of the Monte-Carlo method 

4 • Probability distribution functions (physical events) 

5 • Random number generator and random walk 
Including case applications 

6 • Cross sections and probability functions for nuclear 
reactions  

7 • Track length and next event estimator, particle history 

8 • Sampling rule and Scoring method  

9 • Mean values, moments and error estimation 

10 • Variance reduction techniques 

11 • Particle interaction and material activation 
• Neutron and photon heating 

12 • Cascade processes and chain reaction in multiplying 
systems 

13 • Application of MC codes: Geometry nodalization for MC 
calculations 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Application: simulation of neutron history in multiplying 
systems 
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 15 • Application: Photon transport and interaction in complex 
material geometries 

Literature • G. S. Fishman, Monte Carlo: Concepts, Algorithms and applications: 
Springer Verlag, New York, 1996. 

• Y I. Lux and L. Koblinger, Monte Carlo Particle Transport Methods: 
Neutron and Photon Calculations, CRC Press, Boca Raton, FL, 1991 

• T. M. Jenkens, W. R. Nelson, and A. Rindi, eds., Monte Carlo Transport 
of Electrons and Photons, Plenum, New York, 1988 

• J. Spanier and E. M. Gelbard, Monte Carlo Principles and Neutron 
Transport Problems, Addison-Wesley, Reading, MA, 1969.  

Miscellaneous • None 
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Energy Engineering 

Module description Computational Nuclear Reactor Dynamics and Safety 

Responsible for the 
module 

Prof. Dr. Rahim Nabbi (FZJ) 
Prof. Dr. Hans Josef Allelein (RWTH, FZJ) 

Lecturers • Prof. Dr. Rahim Nabbi (FZJ)  
• Prof. Dr. Hans Josef Allelein (RWTH, FZJ) 

Start Summer semester 

Frequency Every summer semester  

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written or oral examination (60%) 
• Project report (40%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None  

Recommended 
requirements 

• Background in nuclear physics or engineering 

Required for • None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• Nowadays nuclear reactors account for a significant portion of the 

electrical power generation and widely utilized for scientific and industrial 
applications and developments. Safety behavior of a nuclear reactor is a 
result of the complex interaction of multiphysics and multiscale 
processes taking place during a nuclear transient and accident. The 
temperature distribution, which varies as a function of time is of 
substantial importance and determines the integrity and stability of the 
reactor core component and structures. In the case of critical heat flux 
and load, and resulting nuclear instability conditions, significant 
temperature transients take place resulting in severe consequences to 
the core and components, to whole system  

• The lectures are concentrated on the discussion of models and 
approaches for the simulation of different physical processes such as 
power transients -due to neutronic instability-, heat transfer and removal 
in the case of a disturbed head load and balance. The module will 
enable the students to understand and to model the physical process on 
the basis of by application of model the In detail following aspects are 
covered in the module: 
o Steady state physics of a nuclear reactor 
o Phenomenological analysis of transient processes of nuclear and 

thermo-hydraulic type 
o Modeling and simulation of the time dependant neutronic process and 

power generation (time dependant Boltzmann equation) 
o Modeling the complex process of heat load and transfer including the 

assessment of two phase flow 
o Simulation of feed back mechanisms of temperature as coupling 

interface between thermo hydraulics and neutronics. 
o Simulation of different transient scenarios and event sequences in 

view of analyzing the safety features and behavior of a reactor 
system. 

o Modeling reactor kinetics and dynamics 
 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation 
• Interdisciplinary learning and ability   
• Teamwork 

1 • Steady state physics of a nuclear reactor 

2 • Time dependent Boltzmann equation for neutron transport 

3  • Generation of nuclear data for neutronic equations 

4 • Solution methods (point kinetics as first approach) 

5 • Space-time kinetic method for solving the Boltzmann 
equation 

6 • Temperature effect on neutronic parameter (description of 
feedback mechanisms) 

7 • Steady state space time reactor kinetics 

8 • Single and 2-phase flow fluid flow: introduction to transient 
heat transfer 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

9 • Analytical solution methods 
o Discrete ordinates (Sn) 
o Perturbation and Variational Methods 
o Isotropic diffusion model 
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10 • Numerical solution of neutron transport problem (Iterative 
deterministic approach, Sn based) 

11 • Solution by statistic Monte-Carlo method  
o Concept of cross section and probability function  
o Track length (ray tracing) and neutron history modeling 

12 • Multiscale reactor calculation: cell, lattice and full core 
model 
o Neutron spectrum und flux distribution  
o Fission power distribution 

13 • Modeling reactor kinetics 
• Space-Time Neutron and reactor Kinetics  

14 • Non-linear reactor dynamics 
• Modeling feedback mechanisms 

 

15 • Numerical code applications in reactor physics  

Literature • J. Lilley, Nuclear Physics - Principles and Applications, J. Wiley, 
Chichester, 2002, ISBN 0-471-97936-8 

• J.James Duderstadt and H.J. Hamilton; Nuclear Reactor Analysis; John 
Willey, New York 1989 

• E.E. Lewis and W.F. Miller, Neutron Transport Method, American 
Nuclear Society Publication, 2001 

• D.J. Bennet and J.R. Thomson; The elements of Nuclear power; 
Longman, Exxex1989, 3rdEd. 

• Elmenas and R.Lee; Nuclear Engineering; Springer Verlag 1992 
• G. S. Fishman, Monte Carlo: Concepts, Algorithms and applications: 

Springer Verlag, New York, 1996. 

Miscellaneous • None 
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Process Engineering 

Module description Chemical Process Engineering 

Responsible for the 
module 

Univ.-Prof.Dr.-Ing. Thomas Melin 

Lecturers • Univ.-Prof. Dr.-Ing. Thomas Melin (Lecture) 
• 3 PhD Students (Tutorial) 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students are familiar with dimensioning ideal chemical reactors with 

heat transfer. 
• They can estimate and model the influence of mass transfer phenomena 

on chemical reactions. 
• The students can describe the behavior of real reactors with the help of 

modeling approaches (group project on design of a fixed bed reactor for 
heterogeneously catalyzed gas phase reactions). 

• They are acquainted to novel reactors and process technologies in 
chemical process engineering.  
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 Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• By means of a group project included in the tutorials the students 

improve their teamwork and presentation skills. 

1 • Ideal reactors with heat influence 1 
• Mass and energy balance 
• Continuous stirred tank reactor (CSTR) and continuous 

plug flow tubular reactor (PFTR), isothermic/adiabatic 

2 • Ideal reactors with heat influence 2 
• CSTR, heat generation and heat removal curve, stable 

operating point, hysteresis 
• Reversible exothermic reactions, optimal temperature 

management 

3  • Microkinetics of chemical reactions 
• Homogeneously catalyzed reactions 
• Heterogeneously catalyzed reactions: 

Adsorption/desorption, catalytic surface reaction, rate 
determining step, deactivation 

4 • Kinetics of mass and heat transfer phenomena 1 
• Molecular transport 
• Modeling of diffusion mechanisms (approach of Fick, 

Stefan-Maxwell) 

5 • Kinetics of mass and heat transfer phenomena 2 
• Diffusion in porous media 
• Molecular, Knudsen, Poiseuille flow 

6 • Kinetics of mass and heat transfer phenomena 3 
• Transfer at phase boundaries 
• Mass transfer without chemical reaction 

7 • Interaction of chemical reactions and transport phenomena 
- macrokinetics 1 

• Influence of chemical reaction on mass transfer 
• Gas/solid reactions 

8 • Interaction of chemical reactions and transport phenomena 
- macrokinetics 2 

• Heterogeneously catalyzed gas phase reactions: 
External/internal mass transfer and chemical reaction 

9 • Interaction of chemical reactions and transport phenomena 
- macrokinetics 3 

• Liquid/liquid reactions 

10 • Modeling of chemical reactions 1 
• Mixing and chemical reaction: Residence time distribution, 

Dispersion model 
• Macro-, meso- and micromixing, influence of early and late 

mixing 

11 • Modeling of chemical reactions 2 
• Reactors for heterogeneous fluid/solid reactions: 

Solid/liquid, solid/gas 

Learning units 
(divided into or overall 
overview of the 
content) 

12 • New technologies 1 
• Membrane reactors 
• Microreactors 
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13 • New technologies 2 
• Fuel cells and reforming 
• Heterogeneous reactions in environmental protection 

14 • Group project tutorial 1 
• Dimensioning a fixed bed reactor for heterogeneously 

catalyzed gas phase reactions 
• How to find data on chemical compounds 

 

15 
(optional) 

• Group project tutorial 2 
• Modeling heat transfer, mass transfer and pressure drop 
• Dimensioning and presentation 

Literature • Baerns, Hofmann, Renken: Chemische Reaktionstechnik, Lehrbuch der 
technischen Chemie 1, Wiley-VCH; 3. Auflage (1999)  

Miscellaneous • None 
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Process Engineering 

Module description Industrial Environmental Engineering 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Thomas Melin 

Lecturers • Dr.-Ing. Thomas Wintgens (lecture) 
• PhD Students (tutorial) 

Start Winter semester 

Frequency Every winter semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial   
 Laboratory   
 Seminar  (1 SWS) 
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation (optional oral examination) 

Examinations (and 
grading) 

• 1 Presentation (100%) 
• (Optional) 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements 

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students are familiar with the essential sources of industrial 

emissions. They are able to asses typical industrial sewage and exhaust 
gas compositions and they know adequate detection methods. Further, 
they are acquainted with the main legal foundations of emission and 
imission control legislation. By means of assessment tools they can 
evaluate environmental risks of products or their production process.  
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 • The students know the physical fundamentals of the main processes for 
industrial sewage and exhaust gas purification. By means of numerous 
examples the students gain insight into practical tasks of industrial 
environment protection. At the same time they get to know the 
advantages and disadvantages of "end-of-pipe"-technology as well as 
fundamentals for integration of environment protection into production. 
Simple design calculations provide an insight into the dimensions of 
industrial environment protection complexes.  

• During a relevant field trip the students get to know application examples 
in companies. Together with operators they can discuss topics, which 
have not been dealt in lectures.  

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• By autonomously elaborating and presenting a relevant topic of 

industrial environment protection the students especially become familiar 
with modern inquiry and presentation tools. 

1 • Introduction to industrial environmental technology 
• Way of looking at a problem 
• Objectives 

2 • History and development of industrial environmental 
technologies 

3  • Fundamentals of environmental legislation 
• Emission/Imission control 
• Water legislation 

4 • Impact of emissions 
• Ecotoxicology 
• Industrial toxicology 

5 • Assessment Tools: 
• Risk assessment, environmental impact and 
• Life cycle analysis of products 

6 • Noise 
• Endangering potential 
• Diminution means 

7 • Solid Wastes: 
• Waste management and 
• Recycling 

8 • Dust 
• Emissions 
• Impact of emissions 
• Dust separation 

9 • Gas and vapor 
• Emissions 
• Exhaust air decontamination methods 

Learning units 
(divided into or overall 
overview of the 
content) 

10 • Thermal and oxidation processes for sewage treatment 
• Thermal and oxidation processes for sewage treatment 
• Examples of application 
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11 • Chemi-physical and biological processes for sewage 
treatment 

• Fundamentals 
• Examples of application 

12 • Integration of environment protection into production I 
• Fundamentals, methods 

13 • Integration of environment protection into production II 
• Application on special examples 

14 • Field trip 

 

15 • Outstanding/open aspects, discussion 

Literature • Abwassertechnische Vereinigung (1999): ATV-Handbuch, 
Industrieabwasser - Grundlagen, 4. Auflage, ISBN 3-433-01464-7. 

• Handbuch der Abwasser- und Recyclingtechnik für die 
metallverarbeitende Industrie von Ludwig Hartinger, Hanser Fachbuch 
(Januar 1991) ISBN 3446156151, Band 1 und 2 

Miscellaneous • None 
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Process Engineering 

Module description Medical Process Engineering 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Thomas Melin 

Lecturers • Dr.-Ing. Süleyman Yüce (Lecture) 
• 1 PhD Student (Tutorial) 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 2 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
28,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The lecture deals with selected issues of pharmaceutical and medical 

engineering being of interest in chemical engineering. Hence, the 
students are familiar with interdisciplinary aspects of chemical and 
medical engineering. 

• The students are able to apply knowledge of chemical engineering like 
fluid mechanics or mass and heat transfer on problems of medical 
engineering.  

• They understand the behavior of blood and the functioning of human 
organs with respect to chemical engineering. 
 



Elective Courses: Process Engineering - Medical Process Engineering 

 

Simulation Sciences 82 

• Thus, they are able to solve problems arising in the development of 
chemical engineering apparatuses for medical applications like artificial 
organs or apparatuses for blood fractionation. 

1 • Introduction: Blood, blood separation, kidney, lung, heart, 
generation of pure water, sterilization, compartiment 
methods 

• Terms of medical process engineering, demarcation from 
neighboring engineering areas 

• Examples of application of chemical engineering Basic 
knowledge in physiological areas, e.g. fluid mechanics in 
development of blood pumps 

• The human body as "chemical plant" 

2 • Introduction to medical engineering, historic development 
and aims of medical engineering 

• Diagnostic and therapeutic means of medicine, market 
situation of medical engineering 

• Interesting statistics on health markets, health expenses, 
cost elements of hospitalization, average life expectancy 
and age distribution of the German population 

3  • Functioning and composition of blood 
• Blood rheology and mechanical stability as basics for 

calculation and engineering of devices in which blood is 
mechanically stressed, e.g. blood pumps 

4 • Blood rheology and behavior in macro and micro circulation 
• Important mechanisms of blood deterioration  
• Minimization of these deterioration mechanisms within 

device engineering for blood treatment  

5 • Milestones of transfusion medicine 
• Donation of blood components and different separation 

processes for blood fractionation like sedimentation or 
centrifugation 

6 • More separation processes for blood fractionation: 
Chromatography 

• Separation methods for blood plasma 

7 • Future of blood separation: New developments and 
challenges for chemical engineering 

8 • Physical knowledge of the human kidney: Task, structure 
and function 

• Separation functions of the kidney in comparison to 
chemical engineering devices 

9 • Indispositions of the kidney 
• Artificial kidney 
• Application of membrane processes as artificial kidney or 

as periphery of such devices  

10 • Lung: Respiratory tract and organs 
• Mass transfer mechanisms of respiratory gases  
• Malfunctions of the lung 

Learning units 
(divided into or overall 
overview of the 
content) 

11 • History of the artificial lung 
• Application of membrane processes as artificial lung: The 

blood oxygenator 
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12 • Structure and functioning of the heart and heart valves 
• Vascular system and blood circuit 
• Technology of the blood pump: The artificial heart 

13 • Requirements for water quality for medical and 
pharmaceutical applications 

• Technology of pure water generation for medical and 
pharmaceutical applications 

• Sterilization methods in pharma and medical engineering 

14 • Compartiment Methods 
• Development of pharmaceuticals, kinetics of active agent 

dispensing 
• Correlation between active agent - location of application - 

elimination of the active agent 

 

15 
(optional) 

• New technologies in medical engineering 
• e.g. artificial liver 

Literature • von Wolfersdorff, B., Medizinische Verfahrenstechnik I, 
Vorlesungsskript, RWTH Aachen, 2. Auflage, 1997 

• Chmiel, H., Zur Blutrheologie in Medizin und Technik, Habilitation, 
RWTH Aachen, 1973 

• R.F., Probstein, Physiochemical Hydrodynamics (2nd ed.), WileyVerlag, 
New York, 1994 

• Ganong, W.F., Medizinische Physiologie,  Springer 1974 
• Franz, H.E., Blutreinigungsverfahren, Technik und Praxis, Georg-

Thieme Verlag, Stuttgart; 2. Auflage 1981 
• Boubaker, K., Blanc, E.; Troillet,N. Sion: Infektionsprävention in der 

Hämodialyse, Teil I: Wasserqualität, Swiss-NOSO, Band 9, Nummer 2, 
Juni 2002. 

Miscellaneous • None 
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Process Engineering 

Module description Membrane Processes 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Thomas Melin 

Lecturers • Univ.-Prof. Dr.-Ing. Thomas Melin 
• PhD Students (Tutorials) 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 3 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
58,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students are familiar with all established membrane separation 

processes. 
• They know common membrane materials and respective production 

methods. 
• They have a good grasp of basic methods to model mass transfer in and 

at membranes, which they can transfer to related problems in other 
separation technologies. 

• They are acquainted with construction and optimization methods of 
common membrane modules with respect to fluidmechanics. 
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 • The students are able to dimension for membrane modules and units 
and can assess their applicability to perform specific separation tasks as 
well as their capacity and costs. 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• The students are familiar with the English terminology in the area of 

membrane processes. 

1 • Introduction to membrane processes 
• Driving forces 
• Transport resistances 

2 • Membranes - materials and structures 
• Organic membranes 
• Inorganic membranes 

3  • Mass transfer in membranes 
o Pore model 
o Solution diffusion model 

4 • Module constructions 
• Requirements for module construction 
• Modules for tubular, flat and immersed membranes 

5 • Mass transport at membranes 
• Driving force reducing effects 
• Influence of installation direction of asymmetric membranes 
• Means for improvement of mass transport at membranes 

6 • Ultra- and microfiltration 
o Membranes, applications, separation behavior 
o Operating modes 

7 • Nanofiltration (NF) 
• Membranes, applications, separation behavior 
• Influence of pressure and concentration on retention 
• Comparison NF / RO 

8 • Reverse Osmosis (RO) 
• Membrane stability, osmotic pressure 
• Influence of viscosity, membrane blockage, energy 

consumption 
• Examples and dimensioning of a sea water desalination 

plant 

9 • Plant design 
• Module arrangement 
• Investment, operating and specific costs 

10 • Pervaporation / Vapor permeation 
• Membranes and modules, critical parameters 
• Process design, examples 

11 • Gas permeation 
o Membranes and modules, critical parameters 
o Process design, examples 

Learning units 
(divided into or overall 
overview of the 
content) 

12 • Electrodialysis (ED) / membrane reactors 
• Process description, applied membranes 
• Design and costs, process variants, calculation examples 
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13 • Membrane contactors 
• Process principle, membranes, module constructions, 

design of membrane contactors 
• Applications and outlook 

 

14 
(optional) 

• Simulation and optimization using ASPEN+ 

Literature • Thomas Melin, Robert Rautenbach: Membranverfahren - Grundlagen 
der Modul- und Anlagenauslegung, Springer, 2.Auflage (2004) 

Miscellaneous • None 
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Process Engineering 

Module description Product Design in Chemical Engineering 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Thomas Melin 

Lecturers • Univ.-Prof. Dr.-Ing. Thomas Melin (lecture) 
• 3 PhD students (tutorial) 

Start Summer semester 

Frequency Every summer semester 

Duration 1 Semester 

Language English 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (67%) 
• 1 Presentation (33%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• As future designers of chemical products, the students are familiar with 

altered conditions of modern product design.  
• They are able to develop products according to a four step strategy. 
• The students know methods for assessing product requirements with 

special concern on customer demands on the future product. 
• Further they are acquainted with methods for generation, sorting and 

reduction of product ideas. Finally, they are able to select among the 
most promising product ideas based on objective as well as subjective 
criteria and risk assessment. 
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 • The students know the relevant background for developing a product 
from idea status to production status. 
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• The students are aware of the special requirements concerning 

technology and soft skills in modern product design. 
• The students train soft skills like presentation and communication skills 

within a small team project with intermediate presentation of results. 

1 • Introduction to product design 
• Changed demands on engineers due to altered market 

situation  
• Methods, structures and essential background knowledge 

for modern product design 

2 • Introduction to product design II 
• Difference between process and product design 
• Economy of product design 

3  • Presentation of a systematic method for product design 
• Four-step-process as a possible approach to product 

design 
• Step 1: Assessment of needs - identification of consumer 

demands on a product, assessment of first specifications 

4 • Step 2: Ideas 
• Methods of idea generation for successful new products: 
• Brainstorming, natural product screening, combinatorial 

chemistry 

5 • Presentation of methods for sorting, screening and 
reduction of ideas to a reasonable number before the 
selection step 

• Assessment of criteria for sorting, valuation methods 

6 • Means for protection of intellectual property (patent 
legislation) 

• Step 3: Selection 
• Selection of 2 promising product ideas 

7 • Selection based on objective criteria like thermodynamics 
or kinetics  

• Selection based on subjective criteria like safety, comfort, 
consumer behavior; method: selection matrix 

• Risk assessment in product design 

8 • Step 4: Manufacture 
• Identification and supplying missing information on the 

product idea required for production (synthesis route, 
experimental investigations, kinetic data etc.) 

• Determining final specifications (product structure, material 
etc.) 

Learning units 
(divided into or overall 
overview of the 
content) 

9 • Particularities in chemical product design 
• Discussion of various example products whose functionality 

is based on a key concept (thermodynamics, chemistry, 
fluid mechanics) 
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10 • Particularities in design of microstructured products 
• Characteristics of microstructured products 
• Thermodynamics and colloid chemistry of microstructured 

products 

11 • Nanostructured products 
• Production of specialty chemicals 

12 • Particularities in process design/customization 
• Separation and purification of specialty chemicals 
• Scale-up of processes for production of specialty chemicals 

13 • Team project 

14 • Team project 

 

15 • Team project 

Literature • Cussler E.L. / Moggridge G.D.: Chemical Product Design, Cambridge 
University Press, 2005  

• Rähse, W.: Produktdesign – Möglichkeiten der Produktgestaltung. 
Chemie Ingenieur Technik 2004, 76, No.8, Weinheim: WILHEY-VCH 
Verlag GmbH & Co. KGaA 2004 

• Wesselingh J.A.: Structuring of products and education of product 
engineers, Powder Technology 119 (2001) 2-8 

Miscellaneous • None 
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Process Engineering 

Module description Fundamentals of Air Pollution Control 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Michael Modigell 

Lecturers • Univ.-Prof. Dr.-Ing. Michael Modigell (lecture) 
• 1 PhD student (tutorial) 

Start Winter semester 

Frequency Every winter semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 
 

With respect to the subject: 
• The students are familiar with different pollutant gases occurring in 

technical processes and their environmental effects. They are able to 
select and interlink the necessary process steps for any waste gas 
treatment task in an industrial process on their own. 

• The students are capable of correctly designing apparatuses for dust or 
other solid pollutant separation as well as processes for separation of 
hazardous gases (e.g. CO2, NOx, SO2). 

 • In addition to the waste gas treatment methods mentioned above the 
students get to know the possibilities of minimizing waste gas emissions 
by means of appropriate process design. 
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1 • Definition of pollutants: 
• Effects of pollutants on human beings and environment 

2 • Formation of pollutants: 
• Combustion processes 
• Other technical processes 

3 • Acquisition of pollutant emissions: 
• Measurement principles and methods for dust and pollutant 

gases 
• Continuous and discontinuous measurement methods 

4 • Primary measures for air pollution control: 
• Low-emission production methods and fuels 
• Reduction of primary energy demand, process optimization 

5 • Dust removals, fundamentals: 
• Characterization of dust, particle size distribution 

6 • Dust removal, principle: 
• Aerodynamic behavior of dust particles 

7 • Devices for dust removal 
• Mass force separator, electric precipitator 

8 • Devices for dust removal: 
• Filter separator, wet separation 

9 • Waste gas removal, srubbing methods: 
• Absorption, fundamentals 
• Design types of absorbers 

10 • Waste gas removal, srubbing processes: 
• Design 
• Cleaning agents 

11 • Waste gas removal, semi-dry methods: 
• Fundamentals 

12 • Waste gas removal, dry methods: 
• Adsorption, fundamentals 
• Selection of adsorbent 

13 • Removal of nitric oxides: 
• Selective non-catalytic reduction (SNCR) 
• Selective catalytic reduction (SCR) 

14 • Membrane processes 
• Biologic gas conditioning 

Learning units 
(divided into or overall 
overview of the 
content) 

15 • Linking concepts of gas cleaning systems: 
• Industrial examples of application  

Literature • Lecture notes "Grundlagen der Luftreinhaltung" (available at chair), 315 
pages, numerous figures 

Miscellaneous • None 
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Process Engineering 

Module description Multiphase Flow 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Michael Modigell 

Lecturers • Univ.-Prof. Dr.-Ing. Michael Modigell (lecture) 
• 3 PhD students (tutorial) 

Start Winter semester 

Frequency Every winter semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Multiphase flows play a big role in almost all unit operations in process 

engineering. Therefore, the students are familiar with the fundamental 
concepts of the mathematical description of multiphase and especially 
fluid-particle flows. They are able to classify multiphase flow systems as 
well as to select and realize appropriate modeling methods. 

• The students have a good command not only of describing multiphase 
flows on an engineer’s level but also of more rigorous modeling 
methods, which are applied in current CFD tools. 
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 • The students are familiar with the design fundamentals for important unit 
operations in process engineering that feature multiphase flows 
(cyclones, fluidized beds, pneumatics and hydraulic conveying). 

1 • Mathematical description of flow phenomena: 
• Conserved entities 
• Transport approaches 

2 • Mathematical description of flow phenomena: 
• Description of multiphase flows (continuous approach, 

kinetic theory) 

3  • Motion of single particles: 
• Drag laws for single particles 

4 • Motion of single particles: 
• Impact of shape, concentration and walls 
• Impact of turbulence in the continuous phase 

5 • Motion of single particles in force fields: 
• Gravity field 
• Electric field (example: electric precipitator) 
• Centrifugal field 

6 • Motion of bubbles and drops 
• Surface tension, pressure jump across a curved surface 
• Quasistatic formation of bubbles and drops 

7 • Motion of bubbles and drops 
• Dynamic formation of bubbles and drops 
• Spraying 

8 • Motion of bubbles and drops 
• Drag laws for bubbles and drops 

9 • Modeling of particle laden flows: 
• Continuous approach 
• Euler-Euler-approach 

10 • Modeling of particle laden flows: 
• Euler-Lagrange-approach (example: cyclone) 

11 • Fluidized beds: 
• Drag laws of particle fixed beds 

12 • Fluidized beds: 
• States of fluidized beds, pressure loss 
• Fluidizing velocity, velocity of operations 

13 • Pneumatic and hydraulic conveying: 
• Conveying states, pressure loss 

14 • Fluid-gas-systems: 
• Film systems 
• Bubble systems 

Learning units 
(divided into or overall 
overview of the 
content) 

15 (opt.) • Numerical treatment of multiphase flows – case studies 

Literature • H. Brauer: Grundlagen der Einphasen- und Mehrphasenströmungen, 
Verlag Sauerländer Aarau und Frankfurt am Main, 1971 

• Lecture notes "Mehrphasenströmung" (available at chair), 112 pages 
including numerous figures 

Miscellaneous • None 
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Process Engineering 

Module description Rheology 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Michael Modigell 

Lecturers • Univ.-Prof. Dr.-Ing. Michael Modigell (lecture) 
• 1 PhD student (tutorial) 

Start Summer semester 

Frequency Every summer semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Fluid systems like suspensions or solutions that show complex flow 

properties are often dealt with in process engineering. The students are 
able to identify and mathematically model the behavior of such systems. 

• The students are familiar with the mathematical description of flowing 
continua. They are able to apply these concepts to fluids featuring 
complex flow properties. 

• The students know about classical models describing complex flow 
properties and they are able to apply these to practical problems in 
simple geometries. 
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• The students have a good command of the fundamentals of rheometry. 
They know common measurement systems and evaluation methods. 

1 • Introduction to rheology – basic terms: 
• Shear experiment 
• Elongation experiment 

2 • Introduction to rheology – classification of fluids and solids: 
• Newtonian fluids 
• Non linear-viscous fluids 

3  • Introduction to rheology – classification of fluids and solids: 
• Fluids with time dependent properties 
• Viscoelasticity, thixotropie, rheopexy 
• Plastic materials 

4 • Simple flows and strain patterns 
• Pipe flow 
• Plain laminar flow 

5 • Motion of continua: 
• Mathematical description 
• Stress tensor 
• Momentum balance 

6 • Rheological equation of state: 
• General state functions 
• Frame-invariance, isothermal flow, inner constraints 

7 • Rheological equation of state: 
• Newtonian fluids 
• Reiner-Rivlin-fluid 

8 • Rheological equation of state: 
• Maxwell’s spring and dashpot model (fluid) 

9 • Rheological equation of state: 
• Kelvin-Voigt’s spring and dashpot model (solid) 
• Jeffrey’s model and generalization 

10 • Rheometry: 
• Viscosimetric flow 
• Capillary rheometer 

11 • Steady-state rheometry: 
• Couette- / Searle rheometer 
• Cone and plate rheometer 

12 • Steady-state rheometry: 
• Measurement evaluation 

13 • Transient rheometry: 
• Relaxation and retardation experiments 

14 • Transient rheometry: 
• Oscillation experiments 

Learning units 
(divided into or overall 
overview of the 
content) 

15 • Rheological flow problems: 
• Rod climbing 
• Die swell 
• Centripetal pumping 
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Literature • Lecture notes "Rheologie" (available at chair), 162 pages, numerous 
figures 

• C. W. Macosko: Rheology. Principles, Measurements and Applications, 
Wiley VCH Verlag GmbH, 1994 

Miscellaneous • None 
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Process Engineering 

Module description Thermal Separation Processes 

Responsible for the 
module 

Univ. Prof. Dr.-Ing. Andreas Pfennig 

Lecturers • Univ. Prof. Dr.-Ing. A. Pfennig (lecture) 
• 1 scientific co-worker (tutorial) 

Start Summer semester 

Frequency Every summer semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• Module Thermodynamics of Mixtures 

Required for • Module Process Intensification and Thermal Hybrid Processes 

Learning targets / 
learning outcomes 

With respect to the subject: 
The students 
• are able to classify and compare the various available separation 

processes 
• are able to choose the proper separation process for a given separation 

task 
• are able to model separation processes in detail 
• are able to estimate the instrumentation expenditure with short-cut 

methods 
• have knowledge about the industrial design of separation columns 
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 • have knowledge of the influence of the operating parameters on the 
separation process 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Solution of exercises in teams 
• Computer-aided group exercises 
• Laboratory tutorial 

1 • Introduction and overview of thermal separation processes 
• Discontinuous destillation 

2 • Continuous simple distillation 
• Concept of counter current processes, cascade connection 

3  • Common description of thermal separation processes 
• Modeling of the enriching section on the basis of the 

common description of thermal separation processes 
• Design of the enriching section according to the McCabe-

Thiele method 

4 • Choice of ideal reflux ratio 
• Design of a destillation column according to the McCabe-

Thiele process 

5 • Design of the stripping section 
• Design of the inflow position 
• Short-Cut methods according to Fenske, Underwood and 

Gilliland 

6 • Design of tray column 
• Design of regular and irregular filled columns 

7 • Efficiency of column internals 
• Operating limits 

8 • Introduction into liquid-liquid extraction 
• Graphical solution of single stage and cross flow extraction 

with and without simplification 
• Analytical design of single stage and cross flow extraction 

processes 

9 • Counter current extraction in the triangular diagram 

10 • Minimal solvent to feed ratio 
• Requirement for the solvent 
• Design of industrial extraction columns 

11 • Introduction into absorption 
• Requirements for the solvent 
• HTU-NTU method 

12 • Ponchon-Savarit method, generalization of the McCabe-
Thiele method 

• Design of distillation columns in the enthalpy-composition 
diagram 

13 • Multicomponent distillation 
• Crystallization 

Learning units 
(divided into or overall 
overview of the 
content) 

14 • Detailed overview of adsorption, chromatography and 
liquid-liquid separation processes 
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Literature • Lecture notes 
• Thermische Trennverfahren. Grundlagen, Auslegung, Apparate, K. 

Sattler und T. Adrian, ISBN: 3527302433 

Miscellaneous • None 
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Process Engineering 

Module description Process Intensification and Thermal Hybrid Processes 

Responsible for the 
module 

Univ. Prof. Dr.-Ing. Andreas Pfennig 

Lecturers • Univ. Prof. Dr.-Ing. Andreas Pfennig (lecture) 
• 1 scientific co-worker (tutorial) 

Start Winter semester 

Frequency Every winter semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
78 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Module Thermal Separation Processes 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
The students  
• understand the process intensification by reaction and apparatus design. 
• are able to separate azeotropic mixtures by distillation. 
• are able to design distillation columns for multicomponent mixtures. 
• are able to evaluate new separation techniques that they face and to 

identify benefits and limits in the application. 

 Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation in a seminary lecture 



Elective Courses: Process Engineering - Process Intensification and Thermal Hybrid Processes 

 

Simulation Sciences 101 

Learning units 
(divided into or overall 
overview of the 
content) 

• Reactive separation processes 
o Reactive distillation 
o Reactive extraction 
o Other reactive separation processes 

• Azeotropic and extractive distillation 
• Intensification of separation processes 

o Introduction 
o Divided wall column 
o Separation machines 
o Simulated-Moving-Bed chromatography 
o Dispersion separation with internals 
o Mini and microplant technology 

• The basics and designs as well as methods for process design will be 
presented and discussed in these fields. The students will be given the 
opportunity to prepare single topics individually and to present them in a 
seminar. 

Literature • None 

Miscellaneous • Computer based team exercise  
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Process Engineering 

Module description Properties of Mixtures and Interfaces 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Andreas Pfennig 

Lecturers • Univ. Prof. Dr.-Ing. A. Pfennig (lecture) 
• 1 scientific co-worker (tutorial) 

Start Summer semester 

Frequency Every summer semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Excursion  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• Module Thermodynamics of Mixtures 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
The students 
• know and understand the background of established equations of state 

and excess Gibbs energy models. 
• know model concepts for the calculation of frequently used substance 

properties. 
• know the disadvantages and advantages of the models, which were 

presented in the lecture. 
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 • are able to choose the best available model for upcoming problems and 
to analyze the results critically. 

• learn how the properties of mixtures and interfaces influence the unit 
operations. 

• learn the thermodynamic basis of interfacial properties 
• learn how the properties of the interface influence the interfacial 

phenomena. 
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
The students 
• are able to perform an internet search for a given topic on their own and 

know how to find available information on properties of pure substances 
and mixtures. 

• are able to use and to develop computer tools for modeling the 
properties of mixtures and boundary layers. 

1 • Introduction to the modeling of properties of mixtures 
• The UNIQUAC GE model and parameter calculation with 

the help of Bondi tables 
• More on Bondi correlations 

2 • The combinatorial contribution of the UNIQUAC equation 
• Lattice models and (semi-)empirical model extensions 
• The special case of long molecules 

3 • Local composition 
• Lattice theories and approximations 
• The GE-Models in literature 

4 • Obtaining the material's properties 
• Usage and importance of the material's properties 
• Most important data sources 

5 • Cost and availability of the material's properties 
• Estimation of the properties of pure materials 
• Data sheets and safety 

6 • Critical data 
• Lydersen, Ambrose, and Joback group contribution 

methods 

7 • Vapor-Liquid-Equilibria and the UNIFAC model  
• Vapor pressure and acentric factor 
• Density, viscosity, and heat capacity 

8 • Introduction to the basic principles of interfaces 
• Surface tension 
• Wetting 

9 • Thermodynamic modeling of the interfaces 
• The Kelvin equation 

10 • Interactions between phases and interfaces 
• Interfacial adsorption 

Learning units 
(divided into or overall 
overview of the 
content) 

11 • Diffusion coefficients by Fick and Maxwell-Stefan 
• Comparison and relation of the Fick and Maxwell-Stefan 

diffusion coefficients 
• Various types of diffusion coefficients 
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12 • Introduction into molecular simulation and statistical 
thermodynamics 

• The canonical ensemble 
• Method of maximum term 

13 • Intermolecular forces and potentials 
• Simulation techniques: the Monte-Carlo method, 

molecular dynamics 
• Quantum mechanic calculations 

14 • Equations of state 
• The ideal gas 

 

Excursion: The students will visit an industrial thermodynamic laboratory. 
There, they have the opportunity to see experimental equipment, which is 
used for the measurement of substance properties. 

Literature • Lecture script (available at the Chair for Thermal Process Engineering, 
RWTH Aachen University) 

• S. I. Sandler, Chemical and Engineering Thermodynamics, Wiley, 1999 

Miscellaneous • None 
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Process Engineering 

Module description Kinetics of Mass Transfer 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Andreas Pfennig 

Lecturers • Univ. Prof. Dr.-Ing. A. Pfennig (lecture) 
• 1 scientific co-worker (tutorial) 

Start Summer semester 

Frequency Every summer semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written or 1 oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Module Thermodynamics of Mixtures 
• Module Heat and Mass Transfer I 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
The students 
• know the equations of Fick as well as of Maxwell-Stefan for the 

description of diffusive processes including the corresponding 
advantages and disadvantages. They can convert the coefficients of 
both models. 

• know different methods for modeling mass transfer in chemical-
engineering processes including the corresponding assumptions and 
requirements. For a specific application they can select and apply 
appropriate models. The corresponding dimensionless number can 
easily be handled. 
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 • know the approaches for modeling mass transfer of drops and bubbles, 
which are the typical elementary mass-transfer units in chemical-
engineering processes. 

• know the effects to be expected and the major influencing factors for 
combination of mass transfer and chemical reaction. They can select 
and apply appropriate models for its description. 

1 • Basics of mass transfer 
• Measures of concentration, absolute and relative velocities 
• Convection und diffusion 

2 • Approach of Fick for the description of diffusion in binary 
mixtures, extension to multicomponent mixtures 

• Measurement of diffusion coefficients with different 
methods 

• Intra and self diffusion coefficients 

3 • Approach of Maxwell-Stefan for description of diffusion in 
multicomponent mixtures 

• Conversion between the Fickian approach and that of 
Maxwell-Stefan 

• Discussion of advantages and disadvantages of both 
approaches 

• Correlations for the description of diffusion coefficients, 
among others those of Wilke-Chang, Vignes or Darken 

4 • Consideration of diffusion for conservation of amount of 
substance, stepwise accounting for simplifying assumptions 

• Description of the Stefan flux and discussion of its 
implications 

5 • Diffusion in a planar layer at rest without and with additional 
chemical reaction 

6 • Diffusion inside a porous sphere at rest 
• Application to a catalyst pellet, Knudsen diffusion 

7 • Transient diffusion in a planar layer and a sphere at rest 
without and with additional chemical reaction 

8 • General considerations on coupling of diffusion and 
convection 

• Definition and application of mass transfer coefficients 

9 • Introduction and discussion of the Sherwood number  
• Presentation of mass transfer theories: the film theory 

10 • The boundary layer theory 

11 • The penetration theory and surface-renewal theory 

12 • Turbulent mass transfer 
• Discussion of similarity between mass and heat transfer 

13 • Mass transfer with two-film theory, discussion of 
assumptions and extensions 

Learning units 
(divided into or overall 
overview of the 
content) 

14 • Instabilities at interfaces 
• Combination of reaction and mass transfer at interfaces 

Literature • Lecture script (available at the Chair for Thermal Process Engineering, 
RWTH Aachen University) 

Miscellaneous • None 
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Process Engineering 

Module description Thermodynamics of Mixtures 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Andreas Pfennig 

Lecturers • Univ. Prof. Dr.-Ing. A. Pfennig (lecture) 
• 1 scientific co-worker (tutorial) 

Start Winter semester 

Frequency Every winter semester 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements 

• Module Thermodynamic I 
 

Required for • Module Kinetics of Mass Transport 
• Module Thermal Separation Processes 
• Module Properties of Mixtures and Interfaces  
• Module Process Intensification and Thermal Hybrid Processes

Learning targets / 
learning outcomes 

With respect to the subject: 
The students 
• are able to select and apply appropriate methods for the description of 

phase and chemical equilibria in mixtures.  
• have good knowledge of the necessary basics in thermodynamics as 

well as the relevant material equations, especially equations of state and 
GE models. 
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 • Developed an idea of the structure and interaction of molecules, which 
allows them to evaluate these material equations for specific 
applications, to select the appropriate model, and to apply it. 

1 • Introduction into the basic ideas of thermodynamics of 
mixtures 

• Definition of a thermodynamic system and its boundaries 
• Graphical representation of the pVT-behavior of pure 

components 

2 • Material equations for the description of the pVT-behavior 
of pure components: the ideal-gas equation, the Virial 
equation, the van der Waals equation 

• Derivation of the principle of corresponding states based on 
the van der Waals equation, discussion of the relevance of 
this principle 

• Discussion of the necessity of thermodynamic relations for 
mixtures beyond material equations 

3 • Derivation of required mathematical basic relations 
• Changes of state in an open system 
• Fundamental equations of thermodynamics 

4 • Differential relations between the state variables 
• General condition for phase equilibrium, Gibbs' phase rule 

5 • Phase equilibria of pure components 
• Conditions for stability of a thermodynamic system 

6 • The fundamental equations A(T,V,xi) as basis for equations 
of state 

• Derivation and interpretation of the individual terms 

7 • Derivation of the equation for the chemical potential, 
introduction of fugacity and fugacity coefficient 

• Description of phase equilibria based on these variables 

8 • Presentation and discussion of common equations of state: 
modifications of the Virial equation, cubic equations of 
state, non-cubic modifications of the van der Waals 
equation 

9 • Introduction of partial molar quantities and relations of 
these 

• Presentation of the terms of the fundamental equation 
G(T,p,xi) 

10 • Calculation of phase equilibria with GE models 
• Models for the description of GE: Wilson model, NRTL, 

UNIQUAC, UNIFAC. 

11 • Molecular properties: molecular geometry, van der Waals 
interactions, polar components, hydrogen bonds, ions, 
polymers 

12 • Methods for measuring phase equilibria 
• Gibbs-Duhem equation for consistency tests 
• Measurement of the enthalpy of mixing 

Learning units 
(divided into or overall 
overview of the 
content) 

13 • The behavior of real pure components and mixtures 
• Vapor-liquid and liquid-liquid equilibria for binary systems 
• Triangular diagram for ternary mixtures 



Elective Courses: Process Engineering - Thermodynamics of Mixtures 

 

Simulation Sciences 109 

14 • Derivation of the fundamental relation for chemical 
equilibrium, Gibbs phase rule 

• Application of the general relation to real mixtures with 
equations of state and GE models 

 

15 • Equilibrium with heterogeneous reaction 
• Equilibrium with simultaneous reactions 
• Reaction kinetics of elementary reactions 

Literature • Book for the lecture: Thermodynamik der Gemische, A. Pfennig, 
Springer, 2004, ISBN: 3-540-02776-9  

Miscellaneous • None 
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Process Engineering 

Module description Applied Numerical Optimization 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Wolfgang Marquardt 

Lecturers • Univ.-Prof. Dr.-Ing. Wolfgang Marquardt 
• 1 Scientific co-worker 

Start Winter semester 

Frequency Every winter semester 

Language English or German (as required by lecture participants) 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
78 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Programming exercise 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended  
Requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students understand the statement of mathematical optimization 

problems with objective functional, model and constraints as a basis to 
solve arbitrary problems 

• The students master the derivation of the optimality conditions for 
constrained and unconstrained problems with non-linear constraints. 

• The students understand the need for the numerical solution for arbitrary 
mathematical optimization problems and are able to implement the basic 
numerical concepts in their own algorithms. 
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 • Every student understands the classification of the optimization 
problems and is able to allocate arbitrary problems to the corresponding 
class. Moreover, every student knows which numerical solution method 
is to be used for the solution of such problems. 

• Every student applied the optimization methods exemplarily upon 
problems from mechanical/chemical engineering 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• The student gains the ability of working in a team via small group-

tutorials by programming exercises including Matlab programming tools 
(team work). 

• The students will be enabled to analyse the problem statement and to 
produce the concrete solution of the problem by means of the home-
works (method competence). 

1 • Definition: Mathematical Optimization 
• Problem formulation: objective functional, model und 

constraints 
• Examples of Optimization Problems 
• Classification of Optimization Problems 
• Mathematical basics 1: continuity, differentiability 

2 • Mathematical basics 2: gradient, Hesse matrix, convexity 
• Optimality conditions for unconstrained problems 
• Solution concepts for unconstrained problems, direct, 

indirect numerical solution, principle of line search and trust 
region 

3  • Line search strategies: Armijo and Wolfe conditions 
• Methods for the Determination of the descent direction: 

Steepest Descent, Conjugate Gradients 

4 • Methods for the determination of a descent direction: 
Newton method 

• Practical Newton methods: Inexact, Modified and Quasi-
Newton method 

• Trust Region methods: the Dogleg method 

5 • Regression problems: method of Least-Squares 
• Gauss-Newton solution method for regression problems 
• Levenberg-Marquardt solution method for regression 

problems 

6 • Example of an optimization problem: Ethanol extraction 
• Derivation of the KKT optimality conditions 

7 • Linear programming (LP): 
• Interior point methods for LPs 
• Simplex method for LPs 

8 • Quadratic programming (QP): 
• Solving the KKT system for QPs 
• Active-Set methods for QPs 
• Solution strategies for non-convex QPs 

Learning units 
(divided into or overall 
overview of the 
content) 

9 • Gradient-Projection method for QPs 
• Interior-Point methods for QPs 
• Solution of general nonlinear problems (NLP): 
• Penalty Methods for NLPs 
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10 • Log-Barrier method for NLPs 
• Augmented Lagrangian method for NLPs 
• SQP methods: Line Search SQP 

11 • Examples for optimization problems: 
• Layer Crystalliser 
• Distillation Column 

12 • Introduction to mixed-integer optimization: 
• Branch and Bound 
• Outer-Approximation 

13 • Introduction to Dynamic Optimization: 
• Optimality conditions 
• Simultaneous solution methods: full discretisation 
• Continuous problem formulation: adjunct equations / 

Hamilton form 

 

14 • Dynamic Optimization: Sequential Solution Method 
• Derivation of the sensitivity equation 
• Examples for dynamic optimization problems 
• Short introduction to State Estimation 

Literature • T. F. Edgar, D. M. Himmelblau, L. S. Lasdon: Optimization of Chemical 
Processes. McGraw Hill, New York, 2. Auflage, 2001. 

• J. Nocedal, S. J. Wright: Numerical Optimization. Springer-Verlag, New 
York, 1999. 

Miscellaneous • None 

 



Elective Courses: Process Engineering - Computer-Aided Process Design 

 

Simulation Sciences 113 

Process Engineering 

Module description Computer-Aided Process Design 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Wolfgang Marquardt 

Lecturers • Univ.-Prof. Dr.-Ing. W. Marquardt (Lecture) 
• 1 PhD student (Tutorials) 

Start Summer semester 

Frequency Every summer semester 

Language English or German (as required by lecture participants) 

Duration 1 Semester 

Weekly hours 3 SWS 

Credit points 3 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
48 h Private study 

Form of learning  Lecture   (1 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study (Theory) 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Final Presentation  
 Project Report 

Examinations (and 
grading) 

• Homework (10%) 
• Project report (30%) 
• Final presentation (30%) 
• Oral examination (30%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements

• None 

Recommended 
requirements 

• Module Chemical Process Engineering 
• Module Thermodynamics of Mixtures 

Required for • None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• In the chemical industry, computers are widely used for the design of 

processes and plants. Simulation tools like Aspen Plus, ChemCAD, or 
gPROMS play a major role in most design projects. Simulators enable 
the user to build a mathematical model of a plant and simulate its 
behavior. These simulation experiments provide the necessary 
information to select and design appropriate process units and to 
determine process parameters such as temperatures, pressures, and 
flow rates.   

• After an introduction to the design problem, the students practice 
acquiring and analyzing property data, flowsheet synthesis, parameter 
optimization and heat integration. After the course the students will be 
able to understand the simulation software and its underlying numerical 
methods. They will be able to apply simulation software to design 
chemical processes.  

• During the tutorials the participants will design a process for the 
production of ethylene glycol with the help of the simulator Aspen Plus. 
Alternatively, the students can design a process for the production of 
biodiesel. Due to the complexity of the case studies, the participating 
students will split up and form small teams of two to three people. Each 
team will examine different section of the overall process in detail; 
various design alternatives will be analyzed and evaluated with respect 
to cost, safety, and environmental impact. The intermediate results will 
be presented and discussed during the tutorials. In addition, each team 
will document their results in a short project report and will present their 
results in a final colloquium. 

• The coursework will take place in the computer lab of the institute. 
Previous knowledge of the simulator Aspen Plus is not required.  

 
Not with respect to the subject (e.g., team work, presentation, project 
management, etc.): 
• Teamwork 
• Presentation 
• Self dependent project work 

1 • Remarks: 
o The lectures are given in units of 90 minutes each; for 

this reason there are only 7 lectures. 
o The tutorials are given in units of 3 full hours each; for 

this reason there are only 7 tutorials. 
• Lecture 1: Introduction, overview on computer-aided tools 

for process engineering, presentation of the project; 
introduction to the ethylene glycol process 

2 • Lecture 2: Presentation of thermodynamic models, 
acquisition of thermodynamic data, examples of incorrect 
choices of thermodynamic models, introduction to the linear 
model of the ethylene glycol process.  

Learning units 
(divided into or overall 
overview of the 
content) 

3  • Lecture 3: Simulation strategies, tearing 
• Tutorial 1: Discussion of the linear model, adjustments of 

the model to the required task (thermodynamic data, 
product amount, purge stream, …) 
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4 • Lecture 4: Modeling approach: from linear to rigorous 
models, introduction to rigorous modeling of important 
process units, modeling examples of complex units 

• Tutorial 2: Simple cost calculations and energy integration, 
sensitivity analysis of the recycle stream in the ethylene 
glycol process 

• Homework: prepare a short presentation of the results for 
the next lecture 

5 • Lecture 5: Presentation and comparison of the results of 
the linear process calculations and the cost estimations, 
division of the process into different sections for further 
investigation with rigorous models, assignment of tasks to 
individual groups, distribution of literature. 

6 • Lecture 6: Numerical methods I 
• Tutorial 3: Modeling of the selected process parts 

7 • Lecture 7: Numerical methods II 

8 • Tutorial 4: Modeling of the selected process parts, first 
simulation studies 

9 • Opportunity to work on project without supervision 

10 • Tutorial 5: Sensitivity Analysis to rigorously design the 
process units and to optimize the process parts 

11 • Opportunity to work on project without supervision 

12 • Tutorial 6: Design and cost calculation for the different units 
• Homework: Summarize results of the design and cost 

calculations of the different units and provide other groups 
with these results 

13 • Tutorial 6: Design and cost calculation for the different units 
• Homework: Summarize results of the design and cost 

calculations of the different units and provide other groups 
with these results 

14 • Tutorial 7: Economic assessment of the entire process, 
write project report 

 

15 • Opportunity to work on project without supervision 

Literature • Lecture notes:"Rechnergestützte Prozessentwicklung" 
• Excerpts of handbooks (e.g. Ullmann, Perry's, McKetta, 

Peters&Timmerhaus, …)  
• Scientific publications about the ethylene glycol process model  

Miscellaneous • None 
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Process Engineering 

Module description Introduction to Molecular Simulations 

Responsible for the 
module 

Prof. Ahmed E. Ismail, Ph.D. 

Lecturers • Prof. Dr. Ahmed E. Ismail, Ph.D. 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
118.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial   
 Laboratory   
 Seminar   
 Project   
 Practical  (1 SWS) 
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Project 

Examinations (and 
grading)  

• Project report 
• Homework 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge in thermodynamics, chemistry and physics 
• Previous programming experience (programming or scripting languages) 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
The students will 
• understand the capabilities and limitations of different forms of molecular 

simulation, and be able to evaluate which approach is most suitable for a 
particular application. 

• be able to develop tools to manipulate and analyze the large data sets 
associated with molecular simulations. 

• be able to evaluate new algorithms and methods for suitability, 
correctness, and efficiency. 
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 • be able to understand the role molecular simulations can play in 
interfacing with other kinds of simulations, and within the larger scientific 
and engineering community. 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
The students will 
• have the opportunity to use high-performance computing applications 
• also be able to work on their communication skills in written English. 

1 • General introduction 

2 • Basics: probabilities, statistics, Monte Carlo sampling 

3  • Connections to statistical mechanics 

4 • Monte Carlo methods for atomic systems 

5 • Monte Carlo methods for atomic systems (cont.) 

6 • Monte Carlo methods for atomic systems (cont.) 

7 • Molecular dynamics: Basic principles 

8 • Molecular dynamics: Advanced concepts 

9 • Molecular dynamics: Advanced concepts (cont.) 

10 • Analyzing results of molecular simulations 

11 • Analyzing results of molecular simulations (cont.) 

12 • Analyzing results of molecular simulations (cont.) 

13 • Challenges: efficiency and accuracy 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Special topics 

Literature • Frenkel and Smit, Understanding Molecular Simulation 
• Leach, Molecular Modelling 

Miscellaneous • None 
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Structural Mechanics 

Module description Machine Dynamics of Rigid Bodies 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Burkhard Corves 

Lecturers • Dr.-Ing. Mathias Hüsing 
• Dipl.-Ing. Ivan Ivanov 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Modules Mechanics I – III (e.g. from BSc Mechanical Engineering) or 
equivalent knowledge 

• Modules Mathematics I – III and Numerical Mathematics (e.g. from BSc 
Mechanical Engineering) or equivalent knowledge

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students have the ability of describing mathematically any 

mechanical system with its inherent physical effects like balancing 
inertial forces and torques, and power smoothing especially of piston 
engines 

 • The students have the ability to perform an analysis of the motion 
behavior and dynamics of rigid bodies. They are able to evaluate the 
impact of the different model parameters on inertial forces and to derive 
measures for the improvement of balancing an. 
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1 • Introduction 
• Basic principles and plane motion of rigid bodies 

2 • Dynamic force analysis of plane mechanisms with rigid 
links: graphical technique 

3  • Dynamic force analysis of plane mechanisms with rigid 
links: analytical approach 

4 • Dynamic motion analysis of plane mechanisms with rigid 
links 
o Systems without friction 
o Systems with friction 

5 • Dynamics of slider-crank mechanism 
• Analytical expressions for kinematic parameters 
• Dynamical equivalence of connecting rod 
• Turning moment in single cylinder engines 

6 • Dynamics of mechanisms considering link elasticity 

7 • Balancing of inertial forces and moments for single slider 
reciprocating machines 
o Determination of inertial forces 
o Balancing of inertial forces 
o Determination of inertial moments 
o Balancing of inertial moments 

8 • Balancing of inertial forces and moments for multi slider 
reciprocating machines (In-Line configuration) 
o Inertial forces by analytical approach 
o Inertial forces by graphical approach 
o Analysis of inertial moments 

9 • Balancing of inertial forces and moments for multi slider 
reciprocating machines (V and Radial configuration) 
o Inertial forces in V-configuration 
o Inertial forces in radial configuration 

• Balancing of planar linkages 

10 • Power smoothening in machines 
• Power balance 
• Power balancing in the field of piston engines 

11 • Equations of motion 
o External forces and moment 
o Kinetic energy 
o Potential energy 

12 • General solution of equation of motion 
• Solution of equation of motion for constant inertia  
• Solution of equation of motion for constant speed 
• Solution of equation of motion for specified instantaneous 

speed and acceleration 
• Solution of equation of motion for constant energy 

13 • Fluctuation of angular velocity 
• Non uniformity factor 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Control of speed fluctuation by flywheels 
• Determination of flywheel inertia (graphical approach) 
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 15 • Determination of flywheel inertia (analytical approach) 
• Wittenbauer's method of flywheel analysis 

Literature • VDI-Richtlinie 2149: Getriebedynamik  
Blatt 1: Starrkörper-Mechanismen, dt./engl., 72 Seiten, 2008 

• Gasch, R.; Nordemann, R.; Pfützner, H.: Rotordynamik. Springerverlag 
Berlin u.a., 2. vollständig neubearbeitete und erweiterte Auflage 2002, 
705 Seiten, ISBN 3-540-41240-9 

• Dresig, H.; Holzweißig, F.:Maschinendynamik. Springer-Verlag Berling 
Heidelberg New York, 6. Auflage 2005, 526 Seiten, mit 60 Aufgaben und 
Lösungen, ISBN 3-540-01362-8 

• Pfeiffer, F.: Einführung in die Dynamik. Teubner, 1992 
• Ulbrich, H: Maschinendynamik, Teubner Verlag, 1996 

Miscellaneous • None 
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Structural Mechanics 

Module description Continuum Mechanics 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Mikhail Itskov 

Lecturers • Univ.-Prof. Dr.-Ing. Mikhail Itskov 
• Dr. Holger Schmid 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination (100%) 
(For a small number of students the examination will be held orally.) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Module Tensor Algebra and Tensor Analysis for Engineers I 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
During the course, the students will obtain knowledge of the principles of 
continuum mechanics and exercise the subject matter by considering realistic 
problems. In particular, attending students will 
• learn how to describe the state of strain and stress in a material body 

that undergoes large elastic deformations  
• calculate the usual strain and stress tensors 
• understand and apply the principle of balance equations 
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 • understand the principles of the constitutive theory 
• learn to apply material laws  
• be able to read scientific literature on continuum mechanics 
Throughout the course, the students will use and practice the nowadays 
usual absolute notation for tensors. Furthermore, examples based on 
Cartesian and curvilinear coordinates will be considered.    

1 • Material bodies, configuration, coordinates 
• Rigid body motion 

2 • Deformation gradient 

3  • Deformation of surface and volume elements 
• Strain, stretch and shear 

4 • Spectral decomposition of strain tensors 
• Strain invariants 

5 • Polar decomposition of the deformation gradient, stretch 
tensors 

6 • Strain measures 
• Velocity gradient 

7 • Cauchy stress tensor 

8 • Linear momentum balance 

9 • Scalar form of the linear momentum balance 

10 • Rotational momentum balance 

11 • Balance of mechanical energy 
• Work-conjugate stress-strain pairs 

12 • General principles of the constitutive theory, Noll axioms 
• Change of frame, objectivity 

13 • General constitutive relation, simple materials 
• Elastic materials 

14 • Material symmetry, isotropic materials 
• Hyperelastic materials 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Mock-Examination 

Literature • Ogden, R.W. Non-linear Elastic Deformations, Ellis Harwood Ltd. (1984)  
• Ba!ar, Y., Weichert D. Nonlinear Continuum Mechanics of Solids, 

Springer (2000) 

Miscellaneous • None 
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Structural Mechanics 

Module description Tensor Algebra and Tensor Analysis for Engineers I 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Mikhail Itskov 

Lecturers • Univ.-Prof. Dr.-Ing. Mikhail Itskov 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination (100%) 
(For a small number of students the examination will be held orally.) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge of mathematics and in particular matrix algebra 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Tensor algebra is the language of modern continuum mechanics and 

material theory. Due to the course the students will be able to read and 
understand modern scientific literature in this area, formulate and 
interpret tensor identities in absolute as well as index notation. The 
knowledge obtained within the course is also very helpful for the 
numerical implementation of finite element procedures. 

1 • Notion of the vector space 
• Geometrical illustration of vectors 

Learning units 
(divided into weeks or 
overall overview of the 
content) 2 • Examples of vector spaces 

• Basis and dimension of the vector space 
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3  • Components of a vector, summation convention 
• Scalar product of vectors, Euclidean space 

4 • Orthonormal basis 
• Dual basis 

5 • Second-order tensor as a linear mapping 
• Right and left mapping 

6 • Tensor product 

7 • Representation of a tensor with respect to a basis 

8 • Change of the basis, transformation rules 

9 • Special operations with second-order tensors 
• Tensor functions, exponential tensor function 

10 • Transposition, symmetric and skew-symmetric tensors 
• Inversion 

11 • Scalar product of tensors 
• Decomposition of second-order tensors 

12 • Vector and tensor valued functions, differential calculus 

13 • Coordinates in Euclidean space, tangent vectors 
• Coordinate transformation, covariant and contravariant 

components 

14 • Gradient, covariant derivative 
• Christoffel symbols, representation of the covariant 

derivative 

 

15 • Mock-Examination 

Literature • Halmos, P.R. Finite-Dimensional Vector Spaces. Van Nostrand, New 
York, 1958. 

• Itskov, M. Tensor Algebra and Tensor Analysis for Engineers with 
Applications to Continuum Mechanics, Springer, 2007. 

Miscellaneous • None 
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Structural Mechanics 

Module description Tensor Algebra and Tensor Analysis for Engineers II 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Mikhail Itskov 

Lecturers • Univ.-Prof. Dr.-Ing. Mikhail Itskov 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination (100%) 
(For a small number of students the examination will be held orally.) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Tensor Algebra and Tensor Analysis for Engineers I 

Recommended 
requirements  

• Basic knowledge of mathematics and in particular matrix algebra 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Additionally to the results of the first part of the course, the students 

obtain a basic knowledge of material symmetry. They will be able to 
formulate constitutive relations for isotropic and anisotropic materials like 
fiber-reinforced composites or soft biological tissues. Due to the lectures 
and exercises on the field theory and differential calculus they will also 
be able to formulate various balance equations for solids and fluids in 
absolute and index notation. 

1 • Three-dimensional vector fields 
• Divergence and curl 

Learning units 
(divided into weeks or 
overall overview of the 
content) 2 • Eigenvalue problem for second-order tensors 

• Eigenvalues and eigenvectors 
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3  • Characteristic polynomial 
• Principal invariants of a second-order tensor 

4 • Relationships between principal invariants, principal traces 
and eigenvalues 

5 • Spectral representation and eigenprojections 
• Spectral decomposition of symmetric tensors 

6 • Cayley-Hamilton theorem 

7 • Scalar-valued isotropic tensor functions 
• Representations of isotropic tensor functions 

8 • Scalar-valued anisotropic tensor functions 
• Rychlewski’s  theorem 

9 • Material symmetry 
• Isotropic, transversely isotropic and orthotropic materials 

10 • Derivatives of scalar-valued tensor functions 
• Tensor differentiation rules 

11 • Derivatives of principal invariants, principal traces and 
eigenvalues of a second-order tensor 

12 • Constitutive relations for hyperelastic materials 

13 • Tensor-valued isotropic tensor functions 
• Representation theorem 

14 • Example: constitutive relations for isotropic and anisotropic 
elastic materials 

 

15 • Mock-Examination 

Literature • Halmos, P.R. Finite-Dimensional Vector Spaces. Van Nostrand, New 
York, 1958. 

• Itskov, M. Tensor Algebra and Tensor Analysis for Engineers with 
Applications to Continuum Mechanics, Springer, 2007. 

Miscellaneous • None 
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Structural Mechanics 

Module description Nonlinear Structural Mechanics 

Responsible for the 
module 

Prof. Dr.-Ing. Rüdiger Schmidt 

Lecturers • Prof. Dr.-Ing. Rüdiger Schmidt 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
118,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge in mechanics (statics, strength of materials, dynamics) 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students know the important steps and features of consistent 

modeling of 2-D and 1-D structures for linear and nonlinear static and 
dynamic analysis. 

• The students are able to understand structural theories (e.g. in 
commercial FE-codes, in scientific publications etc.), to classify them, 
and to estimate the consequences of underlying hypotheses for the 
quality of obtainable simulation results. 

• The students can transfer theoretical models to actual engineering 
problems (e.g. arbitrary geometries, arbitrary boundary conditions). 
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 • The students are able to analyze simulation results with respect to the 
quality of the adopted structural model. 

• The students are able to use their obtained knowledge in order to 
develop new theoretical models in the sense of a generalization. 

• The students are able to critically assess the consistency and 
correctness of structural models. 

1 • Introduction and motivation: 
• Brief review of FE discretization (solid vs. shell elements)  
• Brief review of linear statics and dynamics of structures 
• Structural nonlinearity: stress stiffening/softening, buckling, 

effect on nonlinear vibrations 
• Review of classical kinematical hypotheses (Bernoulli / 

Kirchhoff-Love), shortcomings, necessity of refined 
hypotheses 

2 • Index notation, Einstein summation convention 
• Kronecker symbol and associated rules 
• Scalar and vector product, matrix multiplication in index 

notation 

3  • Convected coordinates, parameter lines for a 3-D body 
• Co- and contravariant base vectors 
• Examples: cylindrical and spherical geometry 

4 • Co- and contravaiant metric tensor components 
• Co- and contravariant vector and tensor components 
• Vector product of base vectors, permutation tensor, metric 

tensor determinant 

5 • Surface parameter lines 
• Co- and contravariant surface base vectors, normal vector 
• Surface metric and permutation tensor 

6 • Equations of Gauss and Weingarten 
• Christoffel symbols 
• Curvature tensor of a surface 

7 • Geometrical considerations (length, area and volume 
elements) in the shell space, at the reference surface, at 
the bounding surfaces, and at the lateral boundary 

• Deformed configuration 

8 • Base vectors of the deformed configuration 
• Covariant derivative 
• Shifter tensor, mean and Gaussian curvature 

9 • Principle of virtual displacements 
• Internal and external virtual work 
• Definition of stresses and strains 

10 • Strain tensor for von Kármán-type nonlinearity 
• Strain-displacement relations for tangential, transverse 

shear and transverse normal strains 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

11 • First-order shear deformation hypothesis 
• Interpretation of the kinematical variables, rotations at the 

reference surface 
• Outlook: Refined hypotheses 
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12 • Nonlinear strain-displacement relations for first-order shear 
deformation (Reissner-Mindlin) plate and shell theory 

• Transition to Kirchhoff-Love plate and shell theory / 
Bernoulli beam theory 

13 • Internal virtual work 
• Internal stress resultants 
• Theorem of Gauss 

14 • External virtual work (surface tractions, body forces, inertia 
forces) 

• Surface load couples, boundary load couples 
• Body couples, inertia couples 

 

15 • Nonlinear equilibrium equations 
• Static boundary conditions 

Literature • A. H. Nayfeh, P. F. Pai: Linear and Nonlinear Structural Mechanics, 
Wiley-Interscience, 2004 

Miscellaneous • None 
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Structural Mechanics 

Module description Computational Contact Mechanics 

Responsible for the 
module 

Dr. Roger A. Sauer 

Lecturers • Dr. Roger A. Sauer (lecture) 
• Scientific staff members (exercises) 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (50%) 
• 2 Written reports (50%) (schriftliche Hausarbeit) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• A course on Continuum Mechanics 
• A course on Finite Element Methods 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students have clear knowledge of the foundations and methods of 

contact mechanics 
• The students understand the mechanisms governing contact, friction 

and adhesion 
• The students can identify the various contact formulations used in 

commercial finite element packages and know their advantages and 
disadvantages 
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 • The students understand the difficulties of complex contact simulations 
• The students are capable of deriving and implementing the basic finite 

element relations for general contact problems. 

1 Introduction 
• Course outline 
• Historical review 
• Overview of current research topics 

2 Rigid body contact and impact mechanics 
• Sticking and sliding contact 
• Momentum balance during impact 

3  Contact illustrated on a simple test case 
• Mathematical formulation of contact constraints 
• Overview of numerical contact algorithms 

4 Review of continuum mechanics 
• Tensor algebra and analysis 
• Kinematics, balance laws and constitution 
• Energy methods 

5 Analytical contact mechanics 
• Half-space theory  
• Hertzian contact and the JKR theory 
• Elastic foundation approach 

6 The contact boundary value problem 
• Contact equilibrium 
• Strong form and weak form statements 

7 Contact kinematics 
• Normal contact 
• Tangential contact 

8 Contact constitution 
• Normal contact: repulsion and adhesion 
• Tangential contact: sticking and sliding 

9 Review of finite element methods 
• Finite element discretization  
• Solution strategies  
• Consistent linearization 

10 Contact discretization: Frictionless contact with a rigid body 
• Penalty method 
• Lagrange multiplier method 
• Augmented Lagrange multiplier method 

11 Contact discretization: Frictional contact with a rigid body 
• Slip criterion  
• Evolution law  
• Predictor-corrector algorithm 

12 Contact discretization: Contact between deformable bodies 
• General formulation  
• Contact linearization  
• Segment to segment formulations 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

13 Contact algorithms 
• Global contact search 
• Local contact search 
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14 Multiscale contact 
• Nanoscale contact 
• Multiscale methods 

 

15 Advanced topics in contact mechanics 
• Thermo-mechanical contact 
• Rolling contact 
• Cohesive zone modeling 

Literature • Wriggers, P.: Computational Contact Mechanics, 2nd Ed., Springer, 
2006 

• Johnson, K.L.: Contact Mechanics, Cambridge University Press, 1985 
• Persson, B.N.J.: Sliding Friction, 2nd Ed., Springer, 2007 
• Laursen, T.A.: Computational Contact and Impact Mechanics, Springer, 

2002 
• Goldsmith, W.: The Theory and Physical Behaviour of Colliding Solids, 

Dover, 2001 
• Wriggers, P.: Nonlinear Finite Element Methods, Springer, 2008 

Miscellaneous • None 
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Structural Mechanics 

Module description Finite-Element-Technology 

Responsible for the 
module 

Univ.-Prof. Dr. Stefanie Reese 

Lecturers • Univ.-Prof. Dr. Stefanie Reese  

Start Summer semester 

Frequency Every summer semester 

Language German or English (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
148.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• For attending the exam: successful passing of practical training 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Knowledge of classical finite element method 
• Understanding of arising problems using the method  
• Knowledge of appropriate finite element technology to improve the 

numerical results 
• Security in applying the finite element method 
• Safe use of commercial software systems 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Repetition of the basic equations of mechanics (linear elasticity theory) 
• Discussion of the performance of different finite element formulation 

taking numerical efficiency and accuracy into account  
• Explanation of terms locking, hourglass-instability  
• Introduction of different finite element technologies which are also being 

utilized in practical applications for improving the behavior of the 
standard finite element method:  
o Reduction of integration with hourglass stability  
o Enhanced strain method 
o B Bar method 

• Practical examples: structures from steel and ferro-concrete  
• Practical training: computing with commercial software / programming 

systems  

Literature • Zienkiewicz, Taylor: The Finite Element Method, Butterworth & 
Heinemann 

• Belytschko, Liu, Morgan: Nonlinear Finite Element Analysis for Continua 
and Structures, John Wiley & Sons 

Miscellaneous • None 
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Structural Mechanics 

Module description Plasticity and fracture mechanics  

Responsible for the 
module 

Univ.-Prof. Dr. Stefanie Reese 

Lecturers • Univ.-Prof. Dr. Stefanie Reese  

Start Summer semester 

Frequency Every summer semester 

Language German or English (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
148.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None   

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding of the plastic behavior of metallic building materials 
• Knowledge about the formulation of a plastic material model 
• Understanding of the numerical implementation and integration of the 

plastic material law in the finite element method 
• Safe handling in the application of the finite element method 
• Knowledge of the fundamentals of fracture mechanics 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Discussion of the plastic behavior of metallic materials in one-
dimensional experiment 

• Multi-axial stress and strain state, principal stresses, invariants 
• Principles of plasticity theory according to von Mises: yield condition, 

evolution equations, Kuhn-Tucker conditions, elasto-and viscoplasticity, 
isotropic and kinematic hardening 

• Numerical treatment of evolution equations on the basis of explicit and 
implicit proceedings  

• Algorithmic implementation of the plastic material laws in the finite 
element method 

• Design criteria in fracture mechanics, Griffith theory 
• Practical training: Computing and dealing with commercial FE programs 

Literature • Khan, Huang: Continuum Theory of Plasticity, Wiley, New York  
• Gross, Seelig: Bruchmechanik, Springer-Verlag  

Miscellaneous • None 
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Structural Mechanics 

Module description Mechanics of Materials 

Responsible for the 
module 

Univ.-Prof. Dr. Stefanie Reese 

Lecturers • Univ.-Prof. Dr. Stefanie Reese  

Start Winter semester 

Frequency Every winter semester 

Language German or English (depending on the students) 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

52.5 h Contact hours  
187.5 h Private study 

Form of learning  Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding of various styles in material behavior of important 

building materials  
• Knowledge of various three-dimensional material models  
• Knowledge of the integration of material modeling in the finite element 

method  
• Security in applying the finite element method  
• Knowledge of typical processes regarding mechanics of materials; 

experimental observation, modeling, simulation, parameter identification 



Elective Courses: Structural Mechanics - Mechanics of Materials 

 

Simulation Sciences 170 

Learning units  • Discussion of material behavior of steel according to experimental 
results   

• Development of suitable material models regarding: flow behavior, 
hardening, anisotropy 

• Discussion of material behavior of reinforced concrete (steel) according 
to experimental results  

• Development of suitable material models regarding: Material 
heterogeneity, compression tension asymmetry, shrinkage, creep 

• Numerical implementation in the scope of the finite element method   
• Involving the effect of temperature  
• Comparing experiment-simulation, parameter identification  
• Practical training: computing with commercial software/programming 

systems  

Literature • Rösler, Hardes, Bäker: Mechanisches Verhalten der Werkstoffe, 
Teubner 

• Lemaitre, Chaboche: Mechanics of Solid Materials, Cambridge 
University Press  

• Gross, Hauger, Wriggers: Technische Mechanik 4, Springer 

Miscellaneous • None 
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Elective Courses 
 

Biomedical Engineering 
 

 

Elective Courses....................................................................................................171 
Biomedical Engineering ................................................................................................172 

Medical Technology I ...................................................................................................172 
Computer Assisted Surgical Technology .....................................................................176 
Approval and Usability of Technical Medical Devices ..................................................179 
Cell Culture and Tissue Engineering............................................................................183 
Artificial Organs and Implants / Assist Devices ............................................................185 
Physiology ....................................................................................................................187 
Biological & Medical Fluid Mechanics I ........................................................................189 
Biological & Medical Fluid Mechanics II .......................................................................191 
Basic Physics of Medical Imaging ................................................................................193 
Computational Molecular Biology.................................................................................195 
Introduction to System Biology.....................................................................................197 
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Biomedical Engineering 

Module description Medical Technology I 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Klaus Radermacher  

Lecturers • Univ.-Prof. Dr.-Ing. Klaus Radermacher (lectures) 
• Dr.-Ing. Matias de la Fuente (tutorials) 
• Dr.-Ing. Wolfgang Lauer (tutorials) 

Start Winter semester 

Frequency Every winter semester 

Language English or German 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

1 Written or oral examination (100%) 
Proof of attendance 
Presentations 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

None 

Recommended 
requirements  

Module Introduction to Medicine (e.g. from BSc Mathematics) or equivalent 
knowledge 
Basic knowledge in physics, mathematics 
Basic knowledge of mechanical engineering 

Required for  None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
The students  
• have basic knowledge of medical technology (materials, designs, 

requirements and boundary conditions, …) as introduction, in particular 
for the mechanical design part of the development of instruments and 
devices or organ replacement and supporting systems, and with this 
they have a basis for further lectures in the field medical technology, 

• are able to list and explain different application areas and examples as 
well as specific boundary conditions in medical technology for diagnosis 
and therapy, 

• know the most important image processing techniques in medicine and 
are able to explain their physical principles; they are able to apply this 
knowledge when choosing materials for the construction of components 
and systems, 

• know the basics of displaying biological as well as artificial materials and 
structures in medical image data and are able to interpret these 
correspondingly or to choose image processing modalities for their 
representation, 

• are able to explain the terms biocompatibility and biofunctionality and 
their meaning for medical technical products; in this context, they know 
test criteria and test procedures for substance and surface properties 
and are able to assign and explain these; they know basic tissue 
properties and tissue reactions, 

• know the basics of biomechanics and are able to explain the meaning 
for the design of medical technological products, 

• know the meaning of hygiene in medical technology, are able to explain 
procedures and active principles of disinfection and sterilization and to 
apply this knowledge for the development and evaluation of 
technological solutions, 

• know appropriate construction materials and design principles for 
different medical technological applications and are able to explain their 
special aspects with respect to characteristics, production and 
application, and to use this knowledge during design synthesis and 
evaluation, 

• know the basics of selected manufacturing methods for the production of 
individual implants, for the coating of implants as well as of cell carrier 
systems, are able to explain them and to use and deepen this 
knowledge when choosing or developing design solutions, 

• know the basics of legislative as well as normative requirements for the 
approval of medical products and their consequences for the 
development; they are able to apply their knowledge regarding special 
boundary conditions und safety requirements in medical technology on 
the evaluation of medical technological solutions. 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• The students are able to individually work on a topic with the help of 

given interdisciplinary literature, to supplement it with own research and 
to analyze and evaluate it from the engineering point of view. They are 
able to present, explain and discuss interdisciplinary as well as 
engineering aspects of the topic. 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

1 Introduction to medical technology 
• Development, fields of action and boundary conditions of 

medical technology; overview on diagnosis and therapy 
technology 
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2-4 
(block 1) 

Medical imaging (I) 
• Basics, in particular of X-ray imaging (incl. CT), magnetic 

resonance tomography and ultrasound imaging  
• Imaging of materials and structures (morphology / physical / 

mechanical properties,…,function) 
• Consideration of specific interactions when choosing 

materials and design 

5 
(block 2) 

Biocompatibility und biofunctionality 
• Definition und meaning of biocompatibility and 

biofunctionality; test methods; tissue properties; reactions 
of the human organism 

6-8 
(block 3) 

Biomechanics  
• Overview and basics of biomechanics, meaning in 

diagnosis and therapy technology 
• Biomechanics of supporting and locomotor apparatus, 

implants, endo- and exoprotheses (selected examples) 
• Short overview on biomechanics of heart and circulation, 

breathing, kidney, replacement and supporting systems 

9 
(block 4) 

Hygiene and hygiene technology  
• Basics of hygiene; techniques and active principles of 

disinfection and sterilization; components and designs of 
sterilizable instruments and devices; hospital hygiene 

10-13 
(block 5) 

Biomaterials 
• Introduction and overview; mechanical properties, corrosion 

resistance, biocompatibility and main application fields of 
metallic substances (incl. FGL)  

• Production and processing, sterilization and 
biocompatibility, properties and applications of 
biocompatible synthetic polymers 

• Degradation mechanisms of biodegradable polymers; 
structure and properties, extraction, processing and 
application of natural polymers 

• Production, properties and applications of ceramic 
substances and fiber composites in medical technology 

14 
(block 6) 

Selected production techniques in medical technology 
• Generative production of individual implants, coating of 

implants, production of cell supporting systems 

 

15 
(block 7) 

Medical device legislation, quality and security 
• Overview, legal framework, conformity evaluation 

processes, quality and risk management, security concepts, 
protective measures and safety 
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Literature • Hutten, H.: Biomedizinische Technik 1-4, Springer-Verlag 1992 
• Wintermantel, E., Ha, S-W.: Medizintechnik mit biokompatiblen 

Werkstoffen und Verfahren. 3. Aufl. Springer-Verlag 2002 
• Enderle, J., Blanchard, S., Bronzino, J.: Introduction to Biomedical 

Engineering. 2nd Edition, Elsevier Academic Press 2005 
• B.D. Ratner, A.S. Hoffmann, F.J. Schoen, J. E. Lemons: Biomaterial 

Science. 2nd Edition, Elsevier 2004 
• Kramme, R.: Medizintechnik. Verfahren, Systeme und 

Informationssysteme, 2. Aufl., Springer Verlag 2002 
• St. Silbernagl, A. Despopoulos: Taschenatlas der Physiologie, 6. Aufl., 

Thieme-Verlag, 2003 
• B. Kummer: Biomechanik. Deutscher Ärzteverlag, 2005 
• Zeitschrift für Biomedizinische Technik 
• Handout / lecture transparency collection 

Miscellaneous • None 
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Biomedical Engineering 

Module description Computer Assisted Surgical Technology 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Klaus Radermacher 

Lecturers Univ.-Prof. Dr.-Ing. Klaus Radermacher 

Start Summer semester 

Frequency Every summer semester 

Language English or German 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Module Medical Technology I 
• Module Introduction to Medicine (e.g. from BSc Mathematics) or 

equivalent knowledge 
• Basic knowledge in physics, mathematics 
• Basic knowledge of mechanical engineering 

Required for  • None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
The students 
• know and understand the basics, developments and trends of computer 

assisted surgery and the features of the medical-technical context, 
• know basic technological components and process steps and are able to 

explain their functionality, 
• know the relevant multi-modal data sources and imaging methods in 

computer assisted therapy and are able to explain the most important 
characteristics and limits in this context, 

• know and understand procedures for the extraction and combination of 
multi-modal information on the basis of signal and imaging analysis 
techniques as well as referencing techniques and are to explain these, 

• are able to apply the knowledge learned and to experimentally test it, 
• know and understand the basics and techniques of computer assisted 

planning and production of individual physical planning models and are 
able to explain them, 

• know and understand components and techniques of intraoperative 
referencing and navigation as well as their theory basics, characteristics 
and limits, are able to explain and apply them on examples, 

• know embodiments, characteristics and applications of robotic and 
manipulator systems in surgery and are able to explain these. 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• The students are able to apply the knowledge learned in practical 

tutorials on examples in the fields of mathematics, measurement 
technology, image processing, mechanics and programming in C++ on 
the basis of an independent problem analysis and to experimentally 
verify it (method competence). 

• The implementation and experimental tests in tutorials are partially done 
in small groups, in order to enhance collective learning processes (team 
work). 

1 Introduction to surgery and surgical technology 
• History, tasks and goals, „minimal invasive surgery (MIS)“ 
• Workplace Operating Room (OR) 
• Surgery instruments and equipment technology (overview) 

2 Specific boundary conditions 
• Hygiene 
• Technical safety 
• Regulations by law and normative requirements  

3-5 Data acquisition / perception 
• Image processing techniques in surgery (2-3D fluoroscopy, 

CT, (open) MR, ultrasound, endoscopy, ...), context specific 
characteristics, techniques, integration in the intraoperative 
work process, application areas 

• Intraoperative measurement techniques (3D position and 
force sensors, ...), „smart instruments“ 

• Further data / information sources (morphological and 
functional atlases, implant databases, statistical models, ...) 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

6-7 Extraction and combination of information / cognition I 
• Signal and image analysis techniques, segmentation 

(basics) 
• Multi-modal reference techniques (PTP, ICP, rigid / elastic) 
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8-9 Cognition II / Planning 
• Pre- vs. intra-operative planning systems: basics and 

applications (orthopaedic and trauma surgery, dental and 
craniofacial surgery, neuro and radiation therapy, ...) 

• Production and application of physical planning models 
• Computer assisted planning and production of individual 

implants and devices 

10-12 Design I / navigation techniques 
• Stereotaxy 
• Intraoperative registration techniques (mechanical / 

kinematical, optical, ultrasonic and fluorescopical 
techniques, 3D morphing) 

• Dynamic referencing, measurement techniques, medical 
and technical limits and trends 

• Planning-based power regulation (“navigated control”) 
• Image based and image-free navigation 
• Man-machine-interaction (MMI) / limits 

13 Design II / robotics 
• Systems and safety approaches of surgical robotic 

systems; embodiments, kinematics 
• Semiactive / synergistic and active robotic systems 
• Applications: robots in orthopedics, neuro surgery and 

radiation therapy ... 
• Developments and trends 

14 Surgical (tele-) manipulators 
• Requirements in MIS 
• Embodiments, kinematics, systems 
• Applications and technical features 
• Challenges, limits, trends 

 

15 • Repetitorium (on request) 

Literature Accessible at the chair, no classical course books are available: 
• Konermann W. et al.: Navigation und Robotik in der Gelenk- und 

Wirbelsäulenchirurgie. Springer Verlag 2003 
• Kramme, R.: Medizintechnik. Verfahren, Systeme und 

Informationssysteme, 2. Aufl., Springer Verlag 2002  
• Taylor, R.H.: Computer Integrated Surgery – Technology and Clinical 

Applications. MIT Press, Cambridge, MA, 1996 
• Fedtke St. et al.: Computerunterstützte Chirurgie. Vieweg Verlag, 1994  
• Handout / lecture transparency collection 

Journals (examples): 
• Journal of Computer Aided Surgery (Taylor&Francis)  
• Journal of Medical Robotics and Computer Assisted Surgery (Wiley) 

Conferences (K.-volumes with ISBN; K. partially with student’s contest): 
• Computer Assisted Radiology and Surgery (CARS)  
• Medical Computing and Computer Assisted Interventions (MICCAI) 
• Computer Assisted Orthopedic Surgery (CAOS)  
• Computer- und Roboter Assistierte Chirurgie (CURAC) 

Miscellaneous • None 
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Biomedical Engineering 

Module description Approval and Usability of Technical Medical Devices 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Klaus Radermacher 

Lecturers • Univ.-Prof. Dr.-Ing. Klaus Radermacher 
• Dr.-Ing. Wolfgang Lauer 

Start Winter semester 

Frequency Every winter semester 

Language English or German 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
88.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Module Medical Technology I 

Required for  • Module Computer Assisted Surgery Therapy 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• The students learn basic knowledge and develop general understanding 

regarding requirements and approaches to the approval/market 
authorization of medical technological products.  

• Main emphasis is put on the field of medical product ergonomics, risk 
management regarding man-machine-interaction as well as usability 
engineering as substantial normative requirements for approval. 

• Here the students learn and experimentally experience the concept and 
realization of a usability engineering process, as well as appropriate 
design and validation methods and tools.  

• The basic knowledge of system ergonomics forms the fundamental 
basis for the understanding and realization of the usability processes 
and is reflected in the learning targets as well as in the lecture itself. 
Practical exercises deepen the gained knowledge by instructed 
individual application on tangible examples. 

1 Introduction to medical device legislation 
• Development, goals and regulations of medical device 

legislation 
• Norms and standards 
• General aspects of German and international regulations 

(Europe, USA, …) 
• Classification of medical devices 

2 Market approval and use of medical devices 
• Regulations, requirements and process steps 
• National and international procedures 
• Operation of medical devices 
• Actions in case of critical incidents / adverse events 

3 Concept and procedure of the usability engineering process 
• Normative background 
• Motivation and goals 
• Integration into the product development process 
• Definition of intended use and use scenarios 
• Methods and tools 
• User participation 

4 System ergonomics in medicine: basics of medical device 
ergonomics 
• Motivation and goals 
• Definition and basics of ergonomics 
• Perception and mental models 
• Requirements of the medical work environment 
• Methods for the design process 
• Methods for ergonomic evaluation 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

5 System ergonomics for medical devices 
• Standards and guidelines 
• Components and system interaction in the operating room 

workspace 
• Load and stress 
• Reliability, fault tolerance and context acceptability 
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6 Human-machine-interaction in the clinical context 
• Problem examples and use errors 
• Contextual suitability of different human-machine-interfaces 

of information in- and output 
• Dialogue and information design 
• Medical software ergonomics 

7 Procedures and methods for the validation of clinical 
usability 
• Normative guidelines 
• Aspects of clinical usability 
• Influence and definition of the validation environment 
• Planning, execution and evaluation of usability tests 
• Integration in the product development process 

8 Risk management for medical devices 
• Definition and evaluation of risks in the clinical context 
• Normative guidelines 
• Integrated risk management process 
• FMEA and FTA, resp. Combination 
• Planning and execution of a system risk analysis 
• Classification and impact of countermeasures 

9 Usage and use errors – risk analysis of human-machine-
interaction in the clinical workflow 
• Classification of human error 
• Stress and strain model and analysis methods 
• Determination high-risk fields in clinical workflows 
• “Risk factor” human 
• Methods of quantification of human error 
• Experiences of other technical fields (nuclear power, 

airplane control) 

10 Clinical evaluation 
• Legal and normative background of clinical evaluation as 

market approval requirements 
• Clinical evaluation and clinical tests 
• Prerequisites, requirements and execution of clinical tests 
• Therapy trial and therapy freedom 

11 Quality management as market authorization prerequisites 
• Legal and normative background 
• Classification as market approval precondition 
• V-model, procedure and documents of the quality 

management process 

 

15 Repetitorium, examples 
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Literature Available at the chair: 
• Medizinprodukterecht, BVMed, 2004 
• Wintermantel E, Ha, SW: Medizintechnik mit biokompatiblen 

Werkstoffen und Verfahren, 3.Aufl., Springer, 2002 
• Nielsen J: Usability Engineering, Morgan Kaufman, 1993 
• Reason J: Human Error, Cambridge University Press, 1990 
• Rubin J: Handbook of Usability Testing, Wiley, 1994  
• Salvendy G: Handbook of Human Factors and Ergonomics, 3rd Ed., 

Wiley, 2005  
• Shneiderman B, Plaisant C: Designing the User-Interface, Pearson 

Addison-Wesley, 2005  
• Wickens CD: An introduction to Human Factors Engineering, 2nd Ed., 

Pearson Education Inc., 2004  
• Dumas JS: A practical guide to usability testing, Ablex Publishing 

Corporation, 1993  
• Jonassen DH, Hannum WH: Handbook of Task Analysis Procedures, 

Westport Connection, 1989  
• Luczak H: Arbeitswissenschaft, Springer, 1993  
• Wicklund ME: Medical Device and Equipment Design, Interpharm Press 

Inc., 1995  
• Handout / lecture transparency collection 

Miscellaneous Practical exercises 
• Exercises where the students apply the new knowledge on examples 

under instruction 
o Realization of a risk analysis and evaluation 
o Stations laboratory for usability evaluation methods 
o Conformity declaration and classification of medical devices 

• Short presentations where the students deepen single aspects of the 
imparted topics in own discussion, present them in front of the group and 
defend the results in a discussion  
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Biomedical Engineering 

Module description Cell Culture and Tissue Engineering 

Responsible for the 
module 

Univ.-Prof. Dr. Wilhelm Jahnen-Dechent 
Univ.-Prof. Dr. Martin Zenke, Ph.D. 
Univ.-Prof. Dr.-Ing. Jochen Büchs 

Lecturers • Univ.-Prof. Dr. Wilhelm Jahnen-Dechent 
• Univ.-Prof. Dr. Martin Zenke, Ph.D. 
• Univ.-Prof. Dr.-Ing. Jochen Büchs 
• PD Dr. med. Petra Lynen-Jansen 
• Apl. Prof. Dr. med. Marc Jansen 
• Dr. med. Stefan Jockenhövel 
• PD Dr. med Ahmet Bozkurt 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS 

Credit points  5 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
118.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  
 Laboratory   
 Seminar  (1 SWS) 
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 2 Written examinations (80% and 20%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Cell Culture 
• Tissue Engineering 
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1 • Laboratory Setup 
• Biology of the cultured cell 

2 • Stem cell biology 

3  • The differentiated phenotype 

4 • Biochemical analysis of cells 

5 • Biosafety and ethics 
• Regulatory affairs 

6 • Fermentation technology 

7 • Bioreactors 

8 • Exam 

9 • TE Soft Tissues and Meshes 

10 • TE Nerve Tissue 

11 • TE Bone and Cartilage 

12 • TE Cardiovascular 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

13 • Exam 

Literature • Ratner, Hoffman, Schoen, Lemons: Biomaterials Science 2nd ed. 
Elsevier/Academic Press ISBM 0-12-582463-7 

• Freshney: Culture of Animal Cells, 3rd ed. Wiley-Liss ISBN 0-471-
58966-7 

• Lodish, Berk, Kaiser, Krieger: Molecular Cell Biology 6th ed., Palgrave 
Macmillan ISBN-13 978-1429203142 

Miscellaneous • None 
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Biomedical Engineering 

Module description Artificial Organs and Implants / Assist Devices 

Responsible for the 
module 

Apl. Prof. Dr. Khosrow Mottaghy 

Lecturers • Apl. Prof. Dr. Khosrow Mottaghy 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 5 SWS 

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127.5 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial   
 Laboratory   
 Seminar   
 Project   
 Practical  (1 SWS) 
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 
 Medicine 

Mandatory 
requirements  

• Basic knowledge in physiology 
• Basic knowledge in biochemistry 

Recommended 
requirements  

• Basic knowledge of the function of the artificial internal organs 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Gas exchange of oxygenators application  
• Mechanical ventilation 
• Liver: detoxification approval bioreactors 
• Liver: clinical aspects 
• Heart: valves and Assist devision 
• Kidney: pathophysiology of renal failure, indications for dialysis 
• Orthopedic implants 
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 • Dental prosthetics 
• Artificial vision 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

 

Literature • None 

Miscellaneous • None 
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Biomedical Engineering 

Module description Physiology 

Responsible for the 
module 

Apl. Prof. Dr. Khosrow Mottaghy 

Lecturers • Apl. Prof. Dr. Khosrow Mottaghy 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 2 Semesters 

Weekly hours (2.5 + 1.5) SWS 

Credit points  6 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
138 h Private study 

Form of learning  Lecture   ((2+1) SWS) 
 Tutorial 
 Laboratory   
 Seminar   
 Project   
 Practical  ((0.5+0.5) SWS) 
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 
 Medicine 

Mandatory 
requirements  

• Basic knowledge in anatomy and chemistry 

Recommended 
requirements  

• Basic knowledge in biology 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Basic knowledge of the physiological processes of the human body esp. 

nerve system and internal organs 

Learning units 
(divided into weeks or 
overall overview of the 
content)

• Neurology 
• Blood 
• Respiration 
• Heart 
• Kidney 
• Liver 
• Sensor organs 
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Literature • None 

Miscellaneous • None 
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Biomedical Engineering 

Module description Biological & Medical Fluid Mechanics I 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Wolfgang Schröder 

Lecturers • Univ.-Prof. Dr.-Ing. Wolfgang Schröder 
• Dr.-Ing. Michael Klaas 

Start Summer semester 

Frequency Every summer semester

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
58,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area   Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques  

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • Module Biological & Medical Fluid Mechanics II 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students will learn the fundamental characteristics of medical and 

biological flows 

1 • Introduction: Transport processes in the human body 
(exchange of respiratory gases, uptake of nutrients, 
Pfortader & Lymphe, removal of urine-compulsory 
substances, blood circulation)

Learning units 
(divided into weeks or 
overall overview of the 
content)

2 • Introduction: Transport processes in medical technical 
systems, tasks of fluid mechanics in medicine 
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3  • Blood as a transport medium: Tasks, composition and 
distribution, red blood cells (RBC), red blood dye, 
membrane of the red blood cells, Decomposition of the red 
blood cells  

4 • Rheology of the blood: Definitions, flow behavior of 
suspensions, blood as a suspension of flexible particles  

5 • Viscosity of the blood: Methods to measure viscosity 
(sphere drop viscosimeter, capillar viscosimeter for 
Newtonian and Non-Newtonian fluids, Cone-Plate-
Rheometer, Couette-Rheometer) 

6 • Viscosity models for blood plasma and whole blood: 
Copley,  Chmiel, Casson, Merville & Pelletier 

7 • Influences on the blood viscosity: Explication of the 
experiments, physiological meaning of the Fafraeus-
Lindquist-Effect 

8 • Blood flow: Summary of the flow behavior of blood in small 
vessels, patho-physiological influences on the viscosity of 
blood  

9 • Blood damage, haemolysis: General remarks, blood 
damages conditioned by the flow, observation in medical 
systems, measurement of the haemolysis 

10 • Blood damage, haemolysis: Investigations on haemolysis in 
inductor organs, investigations of the influence of static 
pressure, investigations on the influence of the shear 
stresses 

11 • Blood damage, haemolysis: Historical overview, 
experimental determination of the influences of shear stress 
amount and load period on erythrocytes, sub-lethal damage 
of the red blood cells 

12 • The heart circulation system: Task and anatomy of the 
heart, Volume- and pressure course in the heart during 
heart contraction 

13 • The heart circulation system: Important heart measures and 
their normal values, regulating mechanisms of the heart, 
Frank-Sterling-Mechanism  

 

14 • The heart circulation system: The PV-diagram of the heart, 
anatomy of blood vessels 

Literature • None 

Miscellaneous • None 
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Biomedical Engineering 

Module description Biological & Medical Fluid Mechanics II  

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Wolfgang Schröder 

Lecturers • Univ.-Prof. Dr.-Ing. Wolfgang Schröder 
• Dr.-Ing. Michael Klaas 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 3 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
58,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area   Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques  

Mandatory 
requirements 

• Module Biological & Medical Fluid Mechanics I 

Recommended 
requirements 

• None 

Required for • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students will learn the fundamental characteristics of medical and 

biological flows. 

1 • Introduction: fluid mechanics in medicine and biology 

2 • Mathematical models for flow simulation of biological 
systems: the healthy human heart 

Learning units 
(divided into weeks or 
overall overview of the 
content)

3  • Technical models for flow simulation of biological systems: 
tasks, similarity rules, prerequisites (anatomy, physiology, 
technical prerequisites) 
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4 • Measurement techniques: pressure measurements, 
Particle-Image Velocimetry, flow visualization techniques  

5 • Flow in flexible vessels: basic equations, propagation of 
pressure waves 

6 • Respiratory system: fundamentals, components, tasks, the 
nose (anatomy, task, flow field in the human nasal cavity) 

7 • Respiratory system: task and function of the lung (physical 
and physiological description), gas exchange in the 
respiratory system (diffusion, convection) 

8 • Respiratory system: pressure-volume diagram of the lung, 
flow field in the upper human airways, flow in bifurcations 

9 • Artificial organs: introduction, definitions, oxygenators 
(function, types, basic equations) 

10 • Artificial organs: heart valves, heart assist devices, 
mechanical hearts 

11 • Quality assurance for medical devices: fundamentals, 
methods, certification, measurement and testing technology 

12 • Biological receptors and sensors for flow fields: 
introduction, tasks, examples (baroreceptor, regulation of 
the cardiovascular system, hearing organ, equilibrium 
organ, lateral line system of fish)  

13 • Locomotion of animals in fluids: submerged bodies, 
Reynolds number dependence, adaption of bodies to flow 
fields, Drag of submerged bodies 

 

14 • Examples for flows around biological system: aerodynamics 
of bird flight and insect flight, fluid mechanical concepts for 
drag reduction (optimized body shape, surfaces for friction 
reduction, formation flight, winglets) 

Literature • None 

Miscellaneous • None 
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Biomedical Engineering 

Module description Basic Physics of Medical Imaging 

Responsible for the 
module 

Univ.-Prof. Dr. Nadim Joni Shah 
Univ.-Prof. Dr. Thomas Schmitz-Rode 

Lecturers • Univ.-Prof. Dr. Nadim Joni Shah 
Institut für Neurowissenschaften und Medizin, Forschungszentrum Jülich 

• Dr. Karl Ziemons 
Zentralinstitut für Elektronik, Forschungszentrum Jülich 

• K.-F. Kamm 
Philips Medical Systems, Hamburg 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
138 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial   
 Laboratory  (2 SWS) 
 Seminar  
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements  

• Basic knowledge in physics 
• Basic knowledge in mathematics, in particular Fourier transformation 

Required for  • None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• understand the basic physics of medical imaging including conventional 

diagnostic radiology with a focus on x-ray techniques, nuclear medicine 
with a focus on photon emission tomography (PET), and magnetic 
resonance imaging (MRI) 

• outline key hardware components used in x-ray, Pet and MRI 
• survey clinical applications 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• gain an insight into potential career opportunities  
• lead and practice team work during tutorials 

1 Diagnostic Radiology 

2 Diagnostic Radiology 

3  Diagnostic Radiology 

4 Diagnostic Radiology 

5 Nuclear Medicine 

6 Nuclear Medicine 

7 Nuclear Medicine 

8 Nuclear Medicine 

9 Magnetic Resonance Imaging 

10 Magnetic Resonance Imaging 

11 Magnetic Resonance Imaging 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

12 Magnetic Resonance Imaging 

Literature • Diagnostic Radiology: The Essential Physics of Medical Imaging (2nd 
Edition), Jerrold T. Bushberg, Lippenkott, Williams and Wilkens 

• Nuclear Medicine: Pet: Physics, Instrumentation, and Scanners von 
Michael E. Phelps von Springer, Berlin 

• MRI: Magnetic Resonance Imaging: Physical Principles and Sequence 
Design (Hardcover), Mark E. Haacke, Jon Wiley & Sons  

• MRI: http://www.e-mri.org 

Miscellaneous • None 
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Biomedical Engineering 

Module description Computational Molecular Biology  

Responsible for the 
module 

Univ.-Prof. Dr. Paolo Carloni 

Lecturers • Univ.-Prof. Dr. Paolo Carloni 
• Dr. Emiliano Ippoliti (GRS) 
• Dr. Alejandro Giorgetti (University of Verona, Italy) 
• Dr. Birgit Strodel (Forschungszentrum Jülich) 
• Dr. Jens Dreyer (GRS) 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
118.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• Written or oral examination (100%)  

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge of electrostatics, thermodynamics, statistical 
mechanics, quantum mechanics  

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Provide a molecular basis of life processes for students who are willing 

to use informatics and calculus. 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

PART A: Structural Biology  
• Structure of cytoplasmatic and membrane proteins, structure of the 

nucleic acids 
• Disordered proteins 
• Thermodynamics of protein/ligand interactions 
• Computer-aided drug design 
• Physical basis of protein function, metabolism, cytoskeleton.  
• Molecular basis of human perception 
• HIV-1 attack of human cell: a molecular perspective 
• Protein assembly (protein-protein complexes, protein-protein interactions 

in protein dimers, crystals and virus capsids) 
Exercises: 
• Presentation by each student regarding structure and function of a 

protein  

PART B: Structural Bioinformatics  
• Evolutionary processes and phylogenetic trees 
• Sequence searching: pattern matching and BLAST 
• Sequence alignment 
• Principles of Information Theory and Thermodynamics 
• Secondary structure assignment and prediction 
• Tertiary structure: from random coil to stable fold 
• Tertiary structure prediction and modeling 
• Protein interactions: complexes and networks 
• Genome analysis and comparison 
• Programming guidelines and algorithms 

Exercises:  
• Homology modeling (including BLAST, multiple alignment, target 

selection, model evaluation 
• Data analysis with R (principles of R, benchmarking (ROCR), structure 

analysis (BIO3D)) 

PART C: Molecular modeling. 
• Electrostatic modeling 
• Energy minimization based on force fields 
• Molecular dynamics 
• Molecular docking 

Exercises:  
• Setting up and running of an MD simulation of a small tripeptide in 

vacuum and in aqueous solution by using the open source NAMD  
(www.ks.uiuc.edu/Research/namd/) and Gromacs (www.gromacs.org) 
codes 

• Conformational analysis 
• MD-based structural predictions in molecular medicine: high-throughput 

analysis of all of prion-diseases linked mutations involving the prion’s 
globular domain 

Literature • ‘Introduction to Bioinformatics’, A. Lesk 
• ‘Protein Physics’, A. Finklestein,O. Ptitsyn 
• ‘Molecular Modeling’, A. Leach 
• ‘Introduction to Protein Structure’, C. Branden, J. Tooze 
• ‘Structure and Mechanism in Protein Science’, A. Fehrst 

Miscellaneous • None 
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Biomedical Engineering 

Module description Introduction to System Biology  

Responsible for the 
module 

Univ.-Prof. Dr. Schuppert 

Lecturers • Univ.-Prof. Dr. Schuppert 

Start Winter semester 

Frequency Every winter semester 

Language German or English (depending on the students)  

Duration 1 Semester 

Weekly hours 2 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

21 h Contact hours  
69 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial   
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basic knowledge of bioinformatics and statistics  

Recommended 
requirements  

• Basic knowledge in linear algebra, ordinary differential equations and 
reaction kinetics 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students know the basic concepts for multivariate data analysis, 

application and validation. They know the strengths and weaknesses of 
the most common approaches for pattern recognition 

• The students know the concepts of dynamic systems theory with 
relevance for modeling of biological systems (Fix point, linearization, 
limit cycle) 

• The students know the concepts and workflow of reaction kinetic 
modeling and the constraints in modeling metabolism and signal 
transduction. 

• The students know the concepts of population dynamic models 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• The course covers the basics of quantitative analysis and modeling of 
biological systems with a focus on biomedical engineering. The basic 
statistical and mathematical methods will be presented and discussed 
with examples. 

• Statistical concepts of multivariate data analysis for arrays 
• Model reduction method for corregulated data (PCA, SVD, NMF) 
• Validation of array analysis 
• Dynamic modeling of metabolic and signal transduction pathways 
• Modeling of networks 
• -Modeling concepts of organs and tissues 

Literature • Klipp, Edda / Herwig, Ralf / Kowald, Axel / Wierling, Christoph / Lehrach, 
Hans, Systems Biology in Practice , Concepts, Implementation and 
Application, Wiley 2005  

Miscellaneous • None 
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Elective Courses 
 

Production Engineering 
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Production Engineering 

Module description Virtual Machine Tool – Modeling and Simulation 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Christian Brecher 

Lecturers • Various lecturers 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students know the most important parameters, which are relevant to 

model and simulate production machinery. They are aware of common 
simulation methods, are able to use basic features of simulations tools 
independently and can interpret the results. 

1 • L1: Introduction to the Machine Tool Construction 
• E1: WZL Machine Shop Guiding 

2 • L2: Construction of a Machining Centre 
• E2: Introduction to CAD Modeling 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

3  • L3: Construction and Design of Structural Components 
• E3: Introduction to the FEA-Simulation 
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4 • L4: Structure Optimization of Stand Components 
• E4: Structure Optimization of Stand Components 

5 • L5: Guiding Mechanisms 
• E5: Guiding Mechanisms 

6 • L6: Bearings, Main Spindle Systems 
• E6: Bearings, Main Spindle Systems 

7 • L7: Mechanical Drive Components 
• E7: Mechanical Drive Components 

8 • L8: Gears 
• E8: Gears 

9 • L9: Feed Drives 
• E9: Feed Drives 

10 • L10: Multi Body Simulation with Rigid Bodies 
• E10: Multi Body Simulation with Rigid Bodies 

 

11 • L11: Multi Body Simulation with Flexible Bodies 
• E11: Multi Body Simulation with Flexible Bodies 

Literature • None 

Miscellaneous • None 
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Production Engineering 

Module description Simulation and Control of Production Plants 

Responsible for the 
module 

Prof. Dr.-Ing. Christian Brecher 

Lecturers • Prof. Dr.-Ing. Christian Brecher 
• additional lecturers 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
48 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study (theory)  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Good English language skills 
• Basics of control technology 
• Basics of information processing 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The lecture series provides the students with a comprehensive 

introduction to key elements of manufacturing systems and various 
simulation techniques with regard to these fields. 
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 • The lectures introduce and describe all levels of a manufacturing 
process with a strong focus on the versatile simulation tools and 
methods. They are beginning with virtual prototyping and also cover the 
actor/sensor components of a machine tool as well as process 
monitoring. Further on, Logic Control Units, Numerical Control Units and 
Robotics are introduced, before the lectures conclude with an overview 
of shop floor and factory automation. 

• After the conclusion of this elective the students are proficient in 
miscellaneous concepts of simulation for production system features 
and can apply their knowledge practically and comprehensively to future 
problems and projects. 
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Teamwork 
• Analytical Skills 

1 • Introduction 
• Introductory overview to all topics of the course 
• Guided tour of the shop floor 

2 • Control Technology 
• Introduction 
• System analysis – frequency and time domain 
• Linear and non-linear system behavior 
• Harmonic feed control for several axes 
• Modeling and simulation of feed motors 
• System layout of the cascade control loop, controller design 

3  • Feed drives and interfaces 
• Functional principles and characteristics of electrical motors 

and frequency converters 
• Control principles for feed drives 
• Interface structures between control units and drive 

systems 
• Simulation of controlled drive systems 

4 • Process monitoring, machine diagnostics 
• Sensor principles for process control 
• Data processing and pattern extraction 
• Closed loop process control 

5 • Programmable logic controller (PLC) 
• Variants and architecture of PLCs 
• Operation and programming 
• Testing and simulation 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

6 • Numerical control (NC) 
• Introduction 
• Examples of numerical controls 
• Structure of numerical controls 
• Programming features 
• Open control systems 
• Outlook 
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7 • NC-programming and simulation 
• Introduction  
• Tasks of NC-programs 
• Where are NC-programs used? 
• Formats and dialects 
• Shop floor oriented NC-programming 
• NC program simulation 

8 • Man machine systems 
• Basics of man machine systems (MMS) 
• Overview of input devices 
• Design principles and design fundamentals for MMS 
• User interface examples 

9 • Robot technique 
• Robot types and performance 
• Typical application areas 
• Description of orientations 
• Denavit-Hartenberg parameters 
• Coordinate transformations 

10 • Robot programming and simulation 
• Programming robot movements 
• Online-programming methods 
• Offline-programming methods 
• Sensor supported robot programming 

11 • Virtual prototyping in machine tool design 
• Integrated design of machine tools 
• Finite-element-analysis 
• Structure optimization  
• Rigid multi-body-simulation 
• Coupled flexible multi-body-simulation 

12 • Modeling and simulation of software for production 
plants 

• Introduction to shop floor control (SC) 
• Tasks of flexible manufacturing systems (FMS) 
• Functions of shop floor control systems (SCS) 
• Introduction to object-oriented modeling 
•  Object-oriented SCS 

 

13 • Simulation in production and logistics 
• Application of simulation technologies for factory planning 

and production planning and control 
• Introduction to fields of simulation in production 
• Simulation software 
• Running simulation projects 
• Application examples 
• Critical discussion of simulation techniques 

Literature • None 

Miscellaneous • None 

 

 



Elective Courses: Communication Engineering 

 

Simulation Sciences 205 

Elective Courses 
 

Communication Engineering 
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Communication Engineering 

Module description Information Theory and Source Coding 

Responsible for the 
module 

Prof. Dr.-Ing. Peter Vary 

Lecturers • Prof. Dr.-Ing. Peter Vary 
• Dr.-Ing. Christiane Antweiler 
• Dipl.-Ing. Matthias Pawig 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
118,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Basics of information theory 
• Data encoding 
• Speech signal encoding 
• Applications in mobile radio 

1 • Discrete memoryless sources and sources with memory Learning units 
(divided into weeks or 

2 • Entropy, conditional entropy, and mutual information  
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3 • Entropy coding (Shannon code, Fano code, Huffman code, 
facsimile) 

4 • Performance limits of data compression 

5 • Continuous (analog) sources with memory 

6 • Sampling and quantization of analog signals 

7 • Introduction to rate-distortion theory 

8 • Linear prediction theory 

9 • Differential waveform coding 

overall overview of the 
content) 

10 • Overview on the standards and applications of speech 
coding 

Literature • None 

Miscellaneous • http://www.ind.rwth-aachen.de/en/teaching/lectures/information-theory-
and-source-coding/ 
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Communication Engineering 

Module description Channel Coding and Modulation 

Responsible for the 
module 

Prof. Dr.-Ing. Peter Vary 
Dr.-Ing. Marc Adrat 

Lecturers • Prof. Dr.-Ing. Peter Vary 
• Dipl.-Ing. Laurent Schmalen 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
118,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Standard techniques of channel coding for error detection and error 

correction 
• Baseband and bandpass transmission 
• Applications of the aforementioned topics 

1 • Linear block codes 

2 • Cyclic codes  

Learning units 
(divided into weeks or 
overall overview of the 
content) 3 • Conventional codes and their decoding using the Viterbi 

and MAP algorithms 
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4 • Turbo codes 

5 • Digital modulation 

6 • Intersymbol interference 

7 • Matched filter 

8 • Linear prediction theory 

9 • GSM 

 

10 • UMTS 

Literature • None 

Miscellaneous • http://www.ind.rwth-aachen.de/en/teaching/lectures/advanced-channel-
coding-and-modulation/ 
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Communication Engineering 

Module description Cryptography I 

Responsible for the 
module 

Univ.-Prof. Dr. Rudolf Mathar 

Lecturers • Univ.-Prof. Dr. Rudolf Mathar (lecture) 
• Scientific co-workers (tutorials) 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points 4 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
88.5 h Private study 

Form of learning Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements 

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students acquire the fundamentals of modern encrypting and 

authentication techniques as well as of the underlying protocols and 
mathematical issues. 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Classical cryptography: crypto analysis of classical codes, frequency 
analysis, general types of attacks 

• Entropy and perfect security: equivocation, redundancy, one-time pad 
• Fast block ciphers: DES, AES, IDEA, modes of operation 
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 • Number theoretic reference problems: primality testing, integer 
factorization, extended Euklidean algorithm, Chinese reminder theorem, 
discrete logarithm, Diffie-Hellman key agreement, Shamir’s no-key 
protocol 

• Pubilic-key encryption: basic concept, RSA encryption, security of RSA, 
implementation aspects 

• Authentification and digital signatures: challenge-and-response, RSA 
authentification and digital signature 

Literature • Menezes, A.J., van Oorschot, P.C., Vanstone, S.A.: Handbook of 
Applied Cryptography. CRC Press, Boca Raton, 1996. 

• Schneier, B.: Applied Cryptography (2nd ed.). Wiley, New-York, 1996. 
• Trappe, W., Washington, L.C.: Introduction to Cryptography with Coding 

Theory. Prentice Hall, Upper Saddle River, 2002. 

Miscellaneous • None 
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Communication Engineering 

Module description Cryptography II 

Responsible for the 
module 

Univ.-Prof. Dr. Rudolf Mathar 

Lecturers • Univ.-Prof. Dr. Rudolf Mathar (lecture) 
• Scientific co-workers (tutorials) 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS 

Credit points  4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge about cryptographic primitives, elementary number 
theoretic foundations 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Students will acquire advanced knowledge about cryptographic 

protocols and their foundation in mathematics. They will understand 
corresponding standards, modern implementations and applications. 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Advanced public key encryption 
• Side channel attacks 
• Cryptographic hash functions
• Identification and entity authentication 
• Elliptic curve cryptography 
• Quantum cryptography  
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Literature • Menezes, A.J., van Oorschot, P.C., Vanstone, S.A.: Handbook of 
Applied Cryptography. CRC Press, Boca Raton, 1996. 

• Schneier, B.: Applied Cryptography (2nd ed.). Wiley, New-York, 1996. 
• Trappe, W., Washington, L.C.: Introduction to Cryptography with Coding 

Theory. Prentice Hall, Upper Saddle River, 2002. 
A list of further readings will be issued at the beginning of the lecture. 

Miscellaneous • None 
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Elective Courses 
 

Materials Science 
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Materials Science 

Module description Phase-Field Methods 

Responsible for the 
module 

Univ. Prof. Dr. Heiner Müller-Krumbhaar 

Lecturers • Univ. Prof. Dr. Heiner Müller-Krumbhaar 
• Dr. Efim Brener (Tutorials)  

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
58,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements  

• Basic physics 
• Module Applied Quantum Mechanics 
• Module From Molecular to Continuum Physics II 

Required for  • Master thesis in natural sciences for students with bachelor degrees in 
engineering, mathematics or informatics  

Learning targets / 
learning outcomes 

With respect to the subject: 
• Introduction to theory of phase transitions and solidification  
• Master the modelisation of multiphase-formation 
• Solve actual problems of multi-component multi-phase pattern formation 

in hydrodynamics and materials science with moving interfaces 
• Learn how to analyze and present complicated three-dimensional data 
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 Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Achieve abilities to rely on mathematical formulations rather than on 

standard intuitions when making quantitative predictions 
• Learn to make estimates and use scaling arguments in order to predict 

required computational effort and quality of results 
• Presentation in power-point and movie-sequences 
• Learn to combine terminologies from engineering and science 

1 Ginzburg-Landau theory of phase-transitions:  
• Conserved and nonconserved order parameters. 

2 • One-dimensional phase-field for diffusion equation with 
solidification 

3 • Two- and three-dimensional finite differences, fixed and 
periodic boundaries 

4 • Alternating Direction Integration (ADI) in two-dim. 

5 • Free energy / entropy functionals leading to linear transport 
equations 

6 • Sharp-interface limit  

7 • Several transport fields (temperature, concentrations,…) 

8 • Phase field method with arbitrary interface kinetics 

9 • Phase field method with arbitrary interface energy; efficient 
computation of free-interface dynamics 

10 • Significantly different length scales within the transport 
fields 

11 • Two-phase hydrodynamic flow with freely moving interface 

12 • Cellular and dendritic solidification patterns 

13 • Multiphase problems (eutectics) and grain boundaries 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Phase transitions with elasticity and cracks 

Literature • 37th IFF Spring School on “Computational Condensed Matter Physics”;  

Miscellaneous • None 
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Materials Science 

Module description Computational Material Sciences 

Responsible for the 
module 

Univ.-Prof. Dr. Stefan Blügel 

Lecturers • Dr. Gustav Bihlmayer 
• Dr. Phivos Mavropoulos 
• Dr. Marjana Le!ai" 

Start Winter semester 

Frequency Every winter semester (on demand) 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
88.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study   

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• Oral examination (100%) 
• Homework 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Module From Molecular to Continuum Physics II 
• Module Electronic Structure Theory I 
• Module Applied Quantum Mechanics 

Recommended 
requirements  

• Module Electronic Structure Theory II  

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Nowadays, a wide spectrum of computer programs is available that are 

use in computational material sciences. The diversity of "materials" that 
can be studied and the vast amount of properties that are of interest 
require a basic knowledge of the applicability of these methods for 
specific proposes. 
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 • This series of lectures focuses on specific material properties and 
describes appropriate techniques for their simulation. The tutorials 
should help to translate this theoretical knowledge into practical 
experience on the computer. Small teams can explore different 
numerical approaches to optimize the simulation parameters for a given 
application. 

• The tutorials should take place in a computer lab and the simulations will 
be performed with a program developed in the FZ Jülich which is based 
on density functional theory. 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Critical assessment of data produced by large, multifunctional software 

tool which are used as „black box“. 

1 • 14 lectures à 1.5 h and 7 tutorials à 1.5 h 
• Lectures 1 & 2: Overview: first-principles methods, their 

range of applicability, computational costs and scaling 

2 • Tutorial 1: Getting in touch with ab-initio programs 
• Lecture 3: The total energy as basic variable: simulation of 

structure and elastic properties of crystalline materials.  
Crystal symmetry and its uses 

3  • Tutorial 2: Simulating elastic properties 
• Lecture 4: Phonons: forces & dynamical matrix, linear 

response theory phonon spectra and DOS: integration 
methods in reciprocal space 

4 • Lecture 5: Temperature effects: molecular dynamics 
(classical, Car-Parinello MD, beyond Born-Oppenheimer), 
force-field methods 

• Lecture 6: Non-periodic systems: structural and 
compositional disorder, defects and impurities, Green-
function methods 

5 • Lecture 7: Compositional disorder, specific methods: 
coherent potential approximation, cluster variation method 

• Tutorial 3: simple application of the CVM 

6 • Lecture 8: Ab-initio thermodynamics: entropy, chemical 
potential and phase diagrams 

• Lecture 9: Effects of electron correlation: quantum chemical 
methods and model Hamiltonians 

7 • Tutorial 4: electron correlation: LDA+U 
• Lecture 10: Beyond the ground state: excited states from 

first principles - an introduction 

8 • Lecture 11: Simulation of spectroscopical properties: 
quasiparticles, GW-approximation, time dependent density 
functional theory 

• Tutorial 5: Optical properties from DFT 

9 • Lecture 12: Magnetic properties of matter: spin and orbital 
moments, magnetic susceptibility 

• Tutorial 6: magnetic moments of simple metals 

10 • Lecture 13: Ab-initio spin dynamics, magnons, adiabatic 
approximation 

• Lecture 14: Finite temperature magnetism: Monte Carlo 
methods, mean field and random phase approximation 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

11 • Tutorial 7: estimating the Curie temperature 
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Literature • Lecture Notes „Computational Nanoscience“  NIC Series vol. 31  
• 37th IFF Spring School: Computational Condensed Matter Physics 

Miscellaneous • None 
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Physics 

Module description Electronic Structure Theory I 

Responsible for the 
module 

Univ. Prof. Dr. Stefan Blügel 

Lecturers • Univ. Prof. Dr. Stefan Blügel 
• Dr. Phivos Mavropoulos 
• Dr. Marjana Lezaic 

Start Summer semester 

Frequency Every summer semester (on demand) 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
177 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours 
 Private study          

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Project Report 

Examinations (and 
grading)  

• 1 Oral examination (40%) 
• 2 Presentations (60%) 
• Homework 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • Module Electronic Structure Theory II 
• Module Computational Materials Science 
• Module Computational Magnetism 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• Develop a basic understanding of the electronic structure of solids 

fundamental to all material properties.  
• Achieve a knowledge of the basic terms, concepts and approximations in 

electronic structure theory. 
• Learn the underlying mathematical formalism to describe electrons in 

solids  
• Develop the fundamentals needed for the application of simulation 

techniques. 
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Make contact with scientific literature in the field 

1 • Atoms, molecules, electronic states, chemical bond 

2 • Electronic and ionic degrees of freedom, Born Oppenheimer 
approximation, molecular dynamics 

3 • Structure of Matter, crystals and symmetries, Bravais lattice  

4 • Bloch theorem, bandstructure, density of states 

5 • Homogenous electron gas, Fermi distribution, Fermi 
statistics 

6 • Nearly free electrons, tight binding 

7 • Metals, semiconductors and insulators 

8 • Hartree and Hartree Fock approximation 

9 • Screening, Lindhards dielectric constant 

10 • Density functional theory, mean field approaches 

11 • Random phase approximation, GW-Approximation 

12 • Local correlations, Hubbard model 

13 • Magnetism in localized electron systems 

14 • Magnetism in itinerant electron systems, Stoner Model 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Relativistic effects 

Literature • Lecture notes 
• Standard textbooks of solid state physics 
• Selected scientific papers 

Miscellaneous • None 
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Physics 

Module description Electronic Structure Theory II 

Responsible for the 
module 

Univ.-Prof. Dr. Stefan Blügel 

Lecturers • Univ.-Prof. Dr. Stefan Blügel 
• Dr. Phivos Mavropoulos 
• Dr. Yuriy Mokrousov 

Start Winter semester 

Frequency Every winter semester (on demand) 

Duration 1 Semester 

Language English or German (depending on the students) 

Weekly hours 6 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
177 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study   

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• Homework 
• Oral exam (40%) 
• Presentations (60%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module From Molecular to Continuum Physics I & II 
• Module Electronic Structure Theory I 
• Module Applied Quantum Mechanics 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Develop a deeper understanding of the electronic structure of condensed 

matter and methods to simulate electronic properties. Review the 
„standard models“ of electronic structure theory and their systematic 
improvements. 
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 • Learning the practical aspects of the aforementioned theories, including 
basis sets, real/reciprocal space methods, pseudopotentials etc. 

• Discuss strategies for an efficient solution of numerical problems 
encountered in electronic structure theory, different algorithms and their 
scaling behaviour, convergence etc.  
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
Learn to comparison of different methods to solve the same problem, analyse 
strength and weaknesses of different approaches. 

1 • Quantum Chemical Methods, configuration interaction, 
Møller-Plesset perturbation theory  

2 • Density functional theory: exchange correlation functionals: 
local density and generalized gradient approximation. 

3  • Self-interaction, local correlation effects  

4 • Optimized effective potential method 

5 • Time-dependent density functional theory 

6 • GW-approximation and beyond, Bethe-Salpeter equation 

7 • Basis sets: plane waves, localized orbitals, muffin-tin 
orbitals  

8 • Pseudopotentials and augmented plane waves 

9 • Green function methods, Korringa-Kohn-Rostocker method 

10 • Wannier functions, mapping to model Hamiltonians 

11 • Real space methods 

12 • Practical aspects: self consistency, convergence 
acceleration 

13 • Order N methods 

14 • Multiscale and multigrid methods 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Electron Transport 

Literature • Lecture notes: „Computational Nanoscience“, NIC Series vol. 31 
• Standard textbooks of solid state physics 

Miscellaneous • None 
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Physics 

Module description Computational Magnetism 

Responsible for the 
module 

Univ.-Prof. Dr. Stefan Blügel 

Lecturers • Univ.-Prof. Dr. Stefan Blügel 
• Dr. Marjana Le!ai" 
• Dr. Gustav Bihlmayer 

Start Winter semester 

Frequency Every winter semester (on demand) 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
88.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study   

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (50%) 
• 1 Presentation (50%) 
• Homework 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module From Molecular to Continuum Physics I & II 
• Module Electronic Structure Theory I 
• Module Applied Quantum Mechanics 

Recommended 
requirements  

• Modul Electronic Structure Theory II  

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Modern device technology utilizes magnetic nanostructures with 

properties that cannot be predicted from bulk-properties. Ab-initio 
calculations provide access to these quantities. The underlying theory is 
reviewed and illustrated with practical examples. 
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 • Computational magnetism involves simulations on different length 
scales, from addressing the individual atom to complete nanostructures. 
Model Hamiltonians provide the link between statistical physics and 
density functional theory. In the tutorials a simple “multiscale modeling” 
is practiced, which allows finally to access also finite temperature 
properties. 

• The tutorials should take place in a computer lab and the simulations will 
be performed with a program developed in the FZ Jülich which is based 
on density functional theory (DFT). 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Development of small computer programs that allow the extraction of 

material parameters from big DFT codes. 

1 • 14 lectures  à 1.5 h and 7 tutorials à 1.5 h 
• Lectures 1 & 2: Exchange interactions and the Heisenberg 

model, collinear magnetism in density functional theory 

2 • Lecture 3: Magnetic exchange-correlation functionals 
• Tutorial 1: The spin magnetic moment in density functional 

theory (DFT) 

3  • Lecture 4: Non-collinear magnetism, density and potential 
matrices 

• Lecture 5: ab-initio spin dynamics, magnetic torque 

4 • Lecture 6: Constrained DFT, mapping on model 
Hamiltonians 

• Tutorial 2: Calculating exchange interactions from first 
principles 

5 • Lecture 7: More model Hamiltonians: Ising and Hubbard 
model 

• Lecture 8: Relativistic effects: Dirac equation, spin-orbit 
coupling and orbital moments  

6 • Tutorial 3: Orbital moments in low dimensions 
• Lecture 9: Relativistic effects: Magnetic anisotropy and 

anisotropic exchange 

7 • Lecture 10: Magnetic force theorem 
• Tutorial 4: Calculating magnetic anisotropies from the force 

theorem 

8 • Lecture 11: Low temperature excitations: spin-spirals, 
magnons and spin wave spectra 

• Lecture 12: Linear response and magnetic susceptibility 

9 • Tutorial 5: Generalized Bloch theorem, calculating the spin-
stiffness 

• Lecture 13: High temperatures: Ordering temperature from 
mean-field and random phase approximation, Monte Carlo 
(MC) simulation 

10 • Tutorial 6: Monte Carlo simulation, Ising model 
• Lecture 14: Spin damping, Landau-Lifshitz-Gilbert equation 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

11 • Tutorial 7: Curie temperature from MC simulation 

Literature • Lecture notes „Computational Nanoscience“  NIC Series vol. 31  
• 37th IFF Spring School: Computational Condensed Matter Physics 

Miscellaneous • None 
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Physics 

Module description Group Theory in Solid State Physics  

Responsible for the 
module 

Univ. Prof. Dr. Stefan Blügel 

Lecturers • Dr. Marjana Le!ai" 

Start Winter semester 

Frequency Every winter semester (on demand) 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
88.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Project Report 

Examinations (and 
grading)  

• 1 Written examination (60%) 
• 1 Project report (40%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Reccommended 
requirements  

• Electronic Structure Theory I 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Learn the basics of the group theory and ways to simplify complex 

problems by using symmetry considerations 
• Gain understanding of symmetry-dependent properties of solids, such as 

phonons and electronic structure  
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Management of smaller team projects 
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1 • Mathematical background: basic definitions, representation 
theory 

2 • Character of a representation, reducible and irreducible 
representations; Shoenflies and Hermann-Mauguin 
symmetry notation 

3  • Basis functions, projection operators 

4 • Applications to quantum systems: crystal field splitting, 
selection rules 

5 • Electronic states of molecules and molecular vibrations 

6 • Periodic lattice: Bravais lattice, space groups  

7 • Reciprocal lattice: translational group, Bloch’s theorem, 
group of the wave vector 

8 • Phonons: examples of different lattices 

9 • Electronic energy levels in a crystal; Spin-orbit coupling 

10 • Double groups: properties and basis functions 

11 • Energy bands with spin 

12 • Time reversal symmetry: effect on the energy bands with 
and without the spin-orbit coupling 

13 • Magnetic groups 

14 • Permutation groups 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Symmetry properties of tensors 

Literature • M.S. Dresselhaus, G. Dresselhaus, A.Jorio “Group Theory Application to 
the Physics of Condensed Matter” 

• V. Heine “Group theory in quantum mechanics” 

Miscellaneous • None 
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Physics 

Module description Density Functional Theory - Hands-On 

Responsible for the 
module 

Univ. Prof. Dr. Stefan Blügel 

Lecturers • Dr. Gustav Bihlmayer 
• Dr. Daniel Wortmann 

Start Winter semester 

Frequency Every winter semester (on demand) 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 2 SWS  

Credit points  2 CP 

Distribution of work 
load (in hours) 

21 h Contact hours  
39 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory   
 Seminar   
 Project  (1 SWS) 
 Practical  (1 SWS) 
 Consultation hours  
 Private study 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Project Report 

Examinations (and 
grading)  

• 1 Presentation (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Electronic Structure Theory I 

Recommended 
requirements 

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Ab-initio calculations based on the density functional theory (DFT) 

developed into the standard model of electronic structure theory in 
materials orientated research. The students will learn to apply a modern 
DFT code. 

• By applying a DFT code to some example systems the students are 
expected to gain insight into the underlying procedures, difficulties and 
possible results of such a calculation. 

• By picking one of several proposed projects the students will gain work 
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on realistic problems of state of the art DFT calculations.   
• The module must take place in a computer laboratory. 
 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• First insight into modern Fortran programming. 
• Preparation and presentation of a scientific talk. 

1 • Introduction to the DFT code, installation and configuration 

2 • Simple example calculations, bandstructure, density of 
states 

3  • Evaluation of forces and geometry optimization 

4 • Parallel computations 

5 • Magnetic systems 

6 • Presentation and choice of possible projects 

7 • Project  

8 • Project 

9 • Project 

10 • Project 

11 • Project 

12 • Project 

13 • Project 

14 • Project and preparation of presentation 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Presentation of project result 

Literature • Lecture notes: Computational Nanoscinece: Do It Yourself! 
• Documentation on www.flapw.de 

Miscellaneous • None 
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Physics 

Module description Strongly Correlated Systems 

Responsible for the 
module 

Prof. Dr. Eva Pavarini 

Lecturers • Prof. Dr. Eva Pavarini 
• Dr. Theodoulos Costi 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Project 

Examinations (and 
grading)  

• Homework (10%) 
• 1 Oral examination (90%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basic knowledge in quantum mechanics and solid-state physics 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Achieve a basic insight into modern many-body physics  

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Team-work 
• presentation 
• numerical methods 
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1 • The many body problem  

2 • Second quantization and many-body operators 

3  • Bosons and fermions, basis, observables  

4 • From the Schroedinger equation to the Hubbard model 

5 • The Hubbard molecule 

6 • The Hubbard model: approximate methods 

7 • Perturbation theory and self-energy 

8 • Dynamical mean-field theory  

9 • Dynamical mean-field theory  

10  • Quantum impurity models 

11 • Quantum impurity solvers  

12 • Quantum impurity solvers  

13 • Quantum impurity solvers 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Metal-insulator transition 

Literature • Basics: J.W. Negele, H.Orland, Quantum many-particle systems 

Miscellaneous • None 
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Physics 

Module description Quantum Theory of Particles and Fields 1 - Quantum Mechanics 

Responsible for the 
module 

Univ.-Prof. Ulf-G. Meißner 

Lecturers • Univ.-Prof. Ulf-G. Meißner 
• Dr. Andreas Nogga 
• other colleagues from IKP-3 

Start Summer semester 

Frequency Every second or fourth semester 

Language English 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
177 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study   

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• Homework (10%) 
• 1 Presentation of a selected homework problem (30%) 
• 1 Oral examination (60%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • Module Quantum Theory of Particles and Fields 2 – Quantum Field 
Theory 

• Module Quantum Theory of Particles and Fields 3 – Effective Field 
Theory

Learning targets / 
learning outcomes 

With respect to the subject: 
• Ability to formulate and solve problems in quantum scattering theory and 

many-particle theory 

 Not with respect to the subject (e.g. Team work, Presentation, Project 
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Management, etc.): 
• Independent project work 
• Team work in the group 
• Presentation of the method applied and the science motivation 

1 • WAVE MECHANICS, One dimensional problems, 
• Numerical solution of differential equations 

2 • WAVE MECHANICS, Problems in three dimensions, 
• Special functions 

3  • Scattering theory  

4 • Numerical methods for reaction theory 

5 • The hydrogen atom  

6 • External fields, Stationary Perturbation theory 

7 • Many body systems 
• Second quantization 

8 • Numerical methods: mean field approximation 

9 • Numerical method: Matrix iterative techniques 

10 • Linear response theory 

11 • Numerical simulation of nuclear excitations 

12 • Stability analysis  

13 • Superconducting systems 

14 • Case study: ginzburg equations  

Learning units 
(divided into weeks 
or overall overview of 
the content) 

15 • Case study: phase shift analysis 

Literature • L.D. Landau, E.M. Lifschitz, Course in Theoretical Physics Vol. 3 
Quantum Mechanics (Butterworth-Heinemann 1997) 

• J. J. Sakurai, Modern Quantum Mechanics (Addison-Wesley 1995) 
• F. Schwabl, Advanced Quantum Mechanics (Springer, Heidelberg 3rd 

Ed. 2005) 
• W. Glöckle, The Quantum Mechanical Few-Body Problem (Springer 

1983) 

Miscellaneous • None 
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Physics 

Module description Quantum Theory of Particles and Fields 2 - Quantum Field Theory 

Responsible for the 
module 

Univ.-Prof. Ulf-G. Meißner 

Lecturers • Univ.-Prof. Ulf-G. Meißner 
• Dr. Andreas Nogga 
• other colleagues from IKP-3 

Start Winter semester 

Frequency Every second or fourth semester 

Language English 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

63h Contact hours  
177 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study      
 Project Report  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Final Presentation 
 Project Report 

Examinations (and 
grading)  

• Homework (10%) 
• 1 Presentation of a selected homework problem or project results (30%) 
• 1 Oral examination (60%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Quantum Theory of Particles and Fields: 1 - Quantum Mechanics 

Recommended 
requirements 

• None 

Required for  • Module Quantum Theory of Particles and Fields: 3 - Effective Field 
Theory 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• Introduction to the Quantum Theory of Fields 
• Optional: in continuation of the module 

Quantum Theory of Particles and Fields: 1 - Quantum Mechanics  
we offer a project on the numerical analysis of an effective theory for a 
quantum mechanical two-body system. This deepens numerical 
techniques acquired in the class and introduces into the concept of the 
renormalization group. 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation skills 
• Independent project work 

1 • Classical field theories and many-particle systems. 
• Transition from N particle to continuum and quantization in 

1+1 dimensions. 
• Field operators. energy, momentum and particle spectrum.  

2 • The free scalar field, Klein-Gordon equation.  
• Poincare group, scalar, vector and tensor representations.  
• Symmetry transformations, Noether theorem and energy-

momentum tensor. 
• Field quantization. 

3  • The complex scalar field, normal ordering, charge operator, 
particles and anti-particles, charge conjugation, 

• Micro causality. 
• Spinor representations and Dirac equation. 

4 • Covariant transformation of the Dirac spinor, discrete 
symmetries. 

• Majoran and Weyl spinors. 
• Quantization of the Dirac field. 

5 • Interacting fields: pion-nucleon model. 
• Time-evolution, interacting picture and Dyson’s expansion. 
• Asymptotic states, S-matrix and LSZ formalism. 

6 • Wick's theorem and propagators. 
• Processes of second order, symmetry factor. 
• Feynman rules in position and momentum space. 

7 • Cross sections and decay widths, phase space factors. 
• Tree-level processes: nucleon-nucleon scattering.  

8 • Quantum electrodynamics (QED): 
• Classical electrodynamics and gauge principle. 
• Quantization of the electromagnetic field. 
• Photon propagator, Feynman rules for QED. 

9 • Tree-level processes in QED: 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

10 • Loops and radiative corrections. 
• Degree of divergence and dimensional analysis. 
• Vacuum polarization in Pauli-Villars and dimensional 

regularization. 
• Running coupling constant, Lamb shift. 
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11 • Path integrals: non-relativistic quantum mechanics. 
• Scalar field theories and Feynman rules. 
• Path integral formulation of Maxwell fields. 
• Photon propagator and Faddeev-Popov method. 

 

12 • Grassmann algebra and fields. 
• Path integral formulation of fermionic fields. 
• Generating functional and connected Green's functions. 
• Effective action and Legendre Transformation. 
• Ward-Takahashi identities and renormalization of QED to all 

orders. 

Literature • M.E. Peskin, D.V. Schroeder, An Introduction to Quantum Field Theory, 
Westview Press 

• L.H. Ryder, Quantum Field Theory, Cambridge University Press 
• C. Itzykson, J.-B. Zuber, Quantum Field Theory, Dover 
• A. Zee, Quantum Field Theory in a Nutshell, Princeton University Press 

 

Miscellaneous • None 
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Physics 

Module description Quantum Theory of Particles and Fields 3 - Effective Field Theory 

Responsible for the 
module 

Univ.-Prof. Ulf-G. Meißner 

Lecturers • Univ.-Prof. Ulf-G. Meißner 
• Dr. Andreas Nogga 
• other colleagues from IKP-3 

Start Summer semester 

Frequency Every second or fourth semester 

Language English 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
177 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• Homework (10%) 
• 1 Presentation of project results (40%) 
• 1 Oral examination (50%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Module Quantum Theory of Particles and Fields: 1- Quantum Mechanics 
• Module Quantum Theory of Particles and Fields: 2- Quantum Field 

Theory 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Concept of Effective Field Theory 
• Introduction to Chiral Perturbation Theory 
• Introduction to Chiral Effective Theory: non-perturbative, nucleonic 

systems based on Chiral Effective Theory 
• Numerical techniques to solve few-nucleon system 
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 • Project work: numerical solution of three-nucleon Faddeev equations for 
bound states 
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Understanding the structure of complex systems 
• Teamwork 
• Presentations 
• Self dependent project work 

1 • Introduction to effective field theories (EFT) I 

2 • Introduction of EFT II 

3  • The concept of power counting 

4 • The fate of symmetries: Spontaneous symmetry breaking 
and the Goldstone theorem 

5 • QCD and its symmetries 

6 • Chiral perturbation theory and pion-pion scattering 

7 • Inclusion of heavy fields: pion-nucleon scattering 

8 • Two-nucleon systems: extension to non-perturbative 
systems 

9 • Renormalization of the two-nucleon amplitudes  

10 • Extension to few-nucleon systems 

11 • Partial wave decomposition of the three-nucleon system 

12 • Faddeev equations for the three-nucleon bound state 
problem  

13 • Three-nucleon scattering problem: treatment of singularities  

14 • Inclusion of three-nucleon interactions 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Selected applications and external probes 

Literature • V. Bernard and U.-G. Meissner,``Chiral perturbation theory,'' Ann. Rev. 
Nucl. Part. Sci. 57, 33 (2007) [arXiv:hep-ph/0611231].  

• D.B. Kaplan, "Effective Field Theories", [arXiv:nucl-th/9506035] 
• Donoghue, Golowich, Holstein: Dynamics of the Standard Model 

Miscellaneous • None 
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Physics 

Module description High Precision Monte Carlo Simulations in Statistical Physics 

Responsible for the 
module 

Univ.-Prof. Dr. Walter Selke 

Lecturers • Univ.-Prof. Dr. Walter Selke 

Start Winter or summer semester 

Frequency To be announced 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
108 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project  (1 SWS) 
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• Oral examination (20%) 
• Presentation (80%) 
• Homework (required for the examinations) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge in statistical physics and quantum physics 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Skills to simulate accurately thermal properties of many-particle systems 

using advanced Monte Carlo techniques 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Generic models of systems with many degrees of freedom in statistical 
physics (Ising-, Heisenberg-, SOS-models,...) 

• Basic concepts of Monte-Carlo simulations (Master equation, detailed 
balance, ergodicity) 

• Useful algorithms for classical systems: Metropolis, Cluster-Flip 
(Swendsen-Wang, Wolff), Wang-Landau,... 

• Applications to various topics in statistical and condensed matter physics 
(critical phenomena, magnetism, percolation, crystal surfaces,...) 

• Quantum Monte Carlo simulations (Suzuki-Trotter, stochastic series 
expansions 

• Applications (low dimensional magnets, quantum phase transitions,...) 

Literature • D. P. Landau and K. Binder, A Guide to Monte Carlo simulations in 
statistical physics 

• M.E.J. Newman and G.T. Barkema, Monte Carlo methods in statistical 
physics  

Miscellaneous • None 
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Physics 

Module description Parallel Algorithms for Classical Many-Particle Systems 

Responsible for the 
module 

Dr. Godehard Sutmann 

Lecturers • Dr. Godehard Sutmann 
• Research assistant 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
48 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial   
 Laboratory   
 Seminar   
 Project   
 Practical  (2 SWS) 
 Consultation hours  
 Private study  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (65%) 
• 1 Project presentation (35%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge in physics 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• In industry as well as in scientific research molecular simulations play an 

important role in order to analyze structure and dynamics of complex 
molecules or to design new products with desired properties. Classical 
molecular dynamics thereby allows a realistic description of collective 
properties if chemical reactions or charge transfer processes are 
considered explicitly 
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 • Molecular dynamics simulations are well suited for student courses, since 
the complexity of simulation details may be gradually increased. After a 
general overview, detailed techniques are presented how to treat different 
statistical ensembles, to describe and model complex molecules and how 
to design integration schemes. 

• Within practical work, the students will actively work on their own MD 
program to learn about implementation details.  Additionally complex 
programs, like DL_POLY will be used to work on more involved systems. 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Programming 
• Presentation 

1 • Introduction into statistical physics of classical many-body 
systems. 

2 • Introduction to high performance computing, communication 
parallel architectures 

3  • Molecular dynamics 1: force field description, molecular 
modeling and integration of equations of motion. 

4 • Molecular dynamics 2: Simulation of complex molecules, 
constraint dynamics 

5 • Molecular dynamics 3: efficient methods for long range 
interactions, open- and periodic systems.  

6 • Molecular dynamics 4: Parallel algorithms for MD. 

7 • Molecular dynamics 5: Load balancing strategies 

8 • Monte Carlo 1: Simulation in different ensembles. 

9 • Monte Carlo 2: efficient implementation of global MC moves 
– cluster algorithms 

10 • Monte Carlo 3: Parallel methods for MC, parallel random 
number generators 

11  • Hydrodynamic interactions: long range interactions 

12 • Mesoscopic models 1: stochastic rotation dynamics, Lattice-
Boltzmann method 

13 • Mesoscopic models 2: Dissipative particle dynamics 

14 • Brownian and Langevin dynamics, integration methods and 
parallelization 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Trajectory analysis: on-the-fly methods during simulation and 
writing out configuration 

Literature • M.P. Allen and T.J. Tildesley, Computer Simulation of Liquids, Oxford 
Science Publications, Oxford 1987. 

• D. Frenkel and B. Smit, Understnding molecular simulation. From 
Algorithms to Applications, Academic Press, San Diego 1996. 

• D.P. Landau and K. Binder, A Guide to Monte Carlo Simulations in 
Statical Physics, Cambride University Press, Cambridge 2005. 

Miscellaneous • None 
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Physics 

Module description Advanced Molecular Dynamics Simulations 

Responsible for the 
module 

Prof. Dr. Roland G. Winkler 

Lecturers • Prof. Dr. Roland G. Winkler 

Start Winter semester 

Frequency Every winter semester 

f English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
48 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (60%) 
• Homework presented in seminar (40%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Molecular dynamics simulations (MD) are routinely used in theoretical 

studies of atomistic and molecular systems, ranging from solid state 
physics to biological molecules. Moreover, MD is an integral part of 
various advanced simulation methods. The simulation technique 
provides the time dependence and structural properties of the system 
under investigation. In order to obtain the desired system behavior, 
advanced simulation approaches are desirable, such as isothermal or 
isobaric simulation extensions of the basic molecular dynamics 
simulation method. 
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 • In this course, various aspects of advanced molecular dynamics 
simulations will be presented. This comprises adequate integration 
schemes of the underlying equations of motion for the various 
ensembles. Appropriate force fields are required for the simulation of 
molecular systems and will be discussed in the lectures. Moreover, 
various schemes for constant temperature simulations will be 
presented, such as stochastic simulations and extended phase-space 
approaches. 

• In the seminar, the students are expected to write a basic molecular 
dynamics simulation program under the guidance of the lecturer.  

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Introduction  
• Basics of classical mechanics: Equations of motion 
• Basics of statistical physics: Phase space, ensembles, expectation 

values, fluctuations 
• Basics of molecular dynamics simulations: Integration schemes, time 

reversible integration schemes, periodic boundary conditions, neighbor 
lists, long-range interactions 

• Advanced molecular dynamics simulations: Constant temperature and 
constant pressure molecular dynamics simulations, extended phase-
space methods for simulations of various ensembles 

Literature • M. P. Allen and D. J. Tildesley, Computer Simulation of Liquids, 
Clarendon Press, Oxford, 1987 

Miscellaneous • None 
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Physics 

Module description Statistics and Dynamics of Macromolecules and Biopolymers 

Responsible for the 
module 

Prof. Dr. Roland G. Winkler 

Lecturers • Prof. Dr. Roland G. Winkler 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
48 Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (70%) 
• Homework presented in seminar (30%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements 

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Macromolecular and colloidal systems in solution exhibit specific 

dynamical features. Of particular importance is the solvent induced 
interaction between solute particles, which is denoted as hydrodynamic 
interactions. In this course, the basic equations of motion of 
macromolecular systems are presented with and without inclusion of 
hydrodynamic interactions. Analytical solutions are discussed for certain 
limiting cases.  

• Solutions of the equations of motions for more complicated systems can 
only be obtained by simulations. Various of such simulation approaches 
will be discussed.  
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Learning units (divided 
into weeks or overall 
overview of the 
content) 

• Introduction 
• Equations of motion: Langevin equation, Fokker-Planck equation 
• Stokes equation 
• Hydrodynamic interactions 
• Models for macromolecules 
• Solutions of the equations of motion for macromolecular systems 
• Simulations of stochastic systems: Brownian dynamics simulations 
• Introduction to mesoscopic simulation methods: dissipative particle 

dynamics, lattice Boltzmann and multiparticle collision dynamics 
methods  

• Examples of mesoscale simulations of macromolecular and colloidal 
systems 

Literature • None 

Miscellaneous • None 
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Physics 

Module description Crystal Growth (Xtal-Growth) 

Responsible for the 
module 

Univ. Prof. Dr. Heiner Müller-Krumbhaar 

Lecturers • Univ. Prof. Dr. Heiner Müller-Krumbhaar 
• Dr. Efim Brener (Tutorials)  

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
58,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Intermediate written examination (50%) 
• 1 Final oral examination (50%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements 

• Basic physics 
• Modules From Molecular to Continuum Physics I + II 
• Module Applied Quantum Mechanics 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Introduction to theory of crystal growth  
• Master the modelisation of bulk-crystals, xtal-surfaces and growth  
• Solve actual problems of multi-component growth with complicated 

surface structures and elastic forces 
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 Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Achieve abilities to rely on mathematical formulations rather than on 

standard intuitions when making quantitative predictions 
• Presentation 
• For engineers: acquire new scientific vocabulary 

1 Crystal Growth Introduction:  
• Equilibrium forms (Monte Carlo, Molecular Dynamics) 
• Wulff construction of equilibrium shape 

2 • Ising-type models for crystal surfaces  

3  • Roughening transition, long range forces, correlations 

4 • Two-dimensional crystal, hexatic phase, melting 

5 • Nucleation theory and spinodal decomp. (stochastic PDE) 
• Cluster-reaction models for nucleation 

6 • Cluster-reaction models for nucleation 

7 • Cahn-Hilliard theory etc. of spinodal decomposition 

8 • Lifshitz-Slyozov-theory for diffusional coarsening 

9 • Kinetic growth models (Monte Carlo) 
• Growth from vapor or solution near equilibrium 

10  • Spiral growth 
• Surface diffusion 

11 • Hydrodynamic flow effects 

12 • Interfacial pattern formation (PDE) 
• Ivantsov solution for dendritic growth 

13 • Boundary-integral approach to growth-patterns in two 
dimensions 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Morphology-diagram of growth forms 
• Phase-field methods for solidification 

Literature • Saito “Theory of Crystal Growth”; Binder et. al. “Monte Carlo Methods in 
Statistical Physics”; 37th IFF Spring School on “Computational 
Condensed Matter Physics”;  

Miscellaneous • None 
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Physics 

Module description Concepts in Molecular Computational Quantum Chemistry 

Responsible for the 
module 

Univ. Prof. Dr. Thomas Lippert 

Lecturers • Dr. Thomas Müller 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
78 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory  (1 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours  
 Private study   

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• Discussion & presentation of one selected research paper (30%) 
• 1 Oral examination (70%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Applied Quantum Mechanics 
• Module Electronic Structure Theory I 

Recommended 
requirements 

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Quantum Chemical methods are of widespread use in academia and no 

longer solely the tool of theoretical chemists and method developers. In 
fact many primarily experimentally oriented groups carry out calculations 
in order to guide the analysis of experimental data or to optimize the 
experimental setup. Theory offers an additional route to gather 
information on molecular properties (e.g. structure of ground and excited 
states, transition states, spectroscopic data).  
However, many users have only a superficial knowledge of the 
underlying methodology, their strengths and weaknesses.  
The lecture centers on the most important electron correlation methods. 
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• Half of the lecture is devoted to present the essential tools required to 
understand the methodology as well as to facilitate reading of advanced 
text books and research articles in Quantum Chemistry. The heart of 
quantum chemical methods is turning differential equations into algebraic 
problems by expanding the electronic wavefunction in a function space. 
Following an introduction of the quantum chemical Hamiltonian, we turn 
to the introduction of the mathematical tools (second quantization or 
occupation number formalism and group theory). Interspersed at 
appropriate points the standard models (Hartree-Fock, multi-
configurational SCF, configuration interaction, perturbation theory and 
coupled cluster) are introduced and selected aspects are discussed in 
detail. 

• The method of second quantization has become a standard tool to 
manipulate the algebraic expressions in Quantum Chemistry. The 
technique will be introduced and aspects of transformation properties of 
operators and their matrix representations discussed forming the core of 
several methods.  

• Group theory enters Quantum Chemistry due to the permutation 
symmetry of the electronic wavefunction and the invariance properties of 
the Hamilton operator under molecular symmetry. While the first aspect 
is of importance for the methodology, the latter allows for a better 
understanding of the electronic structure.  

• Although there is a zoo of different electron correlation techniques, many 
of them derive from „simple“ standard models by certain extensions or 
simplifications. We try to systematize and stress the relation between a 
variety of methods. 

• The first half of tutorial and homework consists primarily on exercises 
related to the tools, while the second half will optionally make use of 
some standard programs to solve problems as to gain some practice and 
experience in conjunction with „practical“ Quantum Chemistry. 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation  
• Unassisted and autonomous study of supplied literature/ text book 

material 
• Teamwork in „practical“ Quantum Chemistry 

 

1 • Overview and introduction to Quantum Chemistry 

2 • Orthogonal functions, operators, eigenfunctions, variational 
principle, 

• Basis sets, orbitals, Slater determinants, spin-adapted 
configurations 

3  • Hartree-Fock (Roothaan equations, Brillouin theorem) 

4-6 • Introduction to second quantization 

7 • Wave function parameterization and optimization 

8 • Introduction standard models: perturbation theory 

9 • Introduction standard models: configuration interaction 

10 • Introduction standard models: multi-configurational SCF 

11 • Introduction standard models: coupled cluster 

12 • Introduction group theory 

13 • Invariance properties of the Hamiltonian 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Molecular symmetry and spectroscopy  
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 15 • Molecular symmetry and spectroscopy 

Literature • Szabo, Ostlund „Modern Quantum Chemistry“, Dover, 1996 
• Jensen, „Introduction to Computational Chemistry“, Wiley, 2001 
• Harris, Bertolucci, „Symmetry and Spectroscopy“, Dover, 1998 

Miscellaneous • None 
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Physics 

Module description Quantum Information I 

Responsible for the 
module 

Univ.-Prof. Dr. Barbara M. Terhal 

Lecturers • Univ.-Prof. Dr. Barbara M. Terhal 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  5 CP 

Distribution of work 
load (in hours) 

31.5 h Contact hours  
118.5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Linear Algebra (e.g. from BSc Mathematics) or equivalent 
course in higher mathematics 

Recommended 
requirements  

• Basic knowledge of quantum mechanics 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• fundamental concepts and tools of quantum information theory 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Review of quantum formalism 
• Quantum entanglement and simple quantum protocols 
• Quantum gates and circuits
• Quantum cryptography 
• Quantum algorithms 
• Simulating quantum systems 
• Quantum error correction 
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Literature • Michael A. Nielsen and Isaac L. Chuang: Quantum Computation and 
Quantum Information, Cambridge University Press, 2000 

Miscellaneous • None 

 

 



Elective Courses: Chemistry 

 

Simulation Sciences 255 

Elective Courses 
 

Chemistry 
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Chemistry 

Module description Atomistic Aspects of Modern Chemistry 

Responsible for the 
module 

N. N. 

Lecturers N. N. 

Start Not yet fixed 

Frequency Not yet fixed 

Language Not yet fixed 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
58,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students should acquire basic knowledge about the atomic and 

molecular structure of matter, the principles of material transitions 
(change of state, chemical reaction), as well as about the chemical 
properties of important substances (acid-base, redox systems). 

• The selection of substances occurs according to the didactical and 
technical importance, whereby the students should obtain an overview 
of the role of chemical processes in applications. 

• During the excercises the aspects discussed in the lecture will be 
practiced by means of arithmetic problems, so that the students are able 
to do basic calculations themselves. 

Learning units 1 • Systems, substances, elements, compounds 



Elective Courses: Chemistry  - Atomistic Aspects of Modern Chemistry  

 

Simulation Sciences 257 

2 • Aggregate states, structures, elementary particles  

3 • Atomic structure and periodic table of the elements  

4 • Masses and quantities  

5 • State behaviour and gas laws 

6 • Thermodynamics: basics 

7 • Chemical bonds: covalence  

8 • Chemical bonds: metals and ion crystals  

9 • Oxidation number; intermolecular interaction 

10 • Chemical reaction und chemical equilibrium 

11 • Thermodynamics: entropy 

12 • Acids and bases: basics  

13 • Acid-base-reactions 

14 • Redox chemistry: basics  

(divided into weeks or 
overall overview of the 
content) 

15 • Redox chemistry: electro chemistry, batteries, corrosion  

Literature • Periodic table of the elements 
• C. E. Mortimer, U. Müller: Chemie (sowie vergleichbare Lehrbücher)  
• Exercises script 

Miscellaneous • Passed with approx. 50% of the available points  

 



Elective Courses: Chemistry - Theory of Magnetic Resonance 

 

Simulation Sciences 258 

Chemistry 

Module description Theory of Magnetic Resonance 

Responsible for the 
module 

Univ.-Prof. Dr. Stephan Appelt 

Lecturers • Univ.-Prof. Dr. Stephan Appelt 

Start Winter semester 

Frequency Every semester 

Language English 

Duration 1 Semester 

Weekly hours 2 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

21 h Contact hours  
99 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination or presentation 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge in quantum mechanics 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding the concepts of Quantum Mechanics by example of NMR 
• Ability to compute NMR spectra  
• Understanding the concepts of coupled spin systems 
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 Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Mathematics: Fourier transformation, Hilbert- and Liouville space, 

Vectoranalysis, Operatoralgebra, Grouptheory, differential equations, 
density matrix 

• Other sciences: boundaries to Analytical Chemistry, Particle Physics, 
Thermodynamics, Atomic Physics and Quantum Optics  

1 • Introduction, formal structure of spin interactions 

2 • Theory of chemical shifts 

3  • Theory of J-coupling 

4 • The vector model in NMR 

5 • Bloch equations and FT-NMR 

6 • Product operators I and 1-D NMR 

7 • Product operators II, 1-D NMR 

8 • 2-D NMR I 

9 • 2-D NMR II 

10 • Density matrix & Liouville equation 

11 • Relaxation theory 

12 • Dynamic phenomena in NMR 

13 • Hyperpolarization technology I 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

14 • Hyperpolarization technology II 

Literature • P.J. Hore, J.A. Jones, S. Wimperis, NMR: The Toolkit, Clarendon Press, 
Oxford, 2000; 

• M. Goldman, Quantum description of high-resolution NMR in liquids, 
Clarendon Press, Oxford, 1991. 

• R.R. Ernst, G. Bodenhausen, A. Wokaun, Principles of Nuclear 
Magnetic Resonance in One and Two Dimensions, Clarendon Press, 
Oxford, 1987 

• C.P. Slichter, Principles of Magnetic Resonance, 3rd edition, Springer, 
Berlin, 1980. 

Miscellaneous • None 
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Chemistry 

Module description ab initio Phase Prediction of Solid-State Materials 

Responsible for the 
module 

Univ.-Prof. Dr. Richard Dronskowski 

Lecturers • Univ.-Prof. Dr. Richard Dronskowski  
• N.N. 

Start Winter and summer semester 

Frequency Any time 

Language English 

Duration 6 Weeks 

Weekly hours 12 SWS  

Credit points  10 CP 

Distribution of work 
load (in hours) 

126 h Contact hours  
174 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory  (12 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Written Report 

Examinations (and 
grading)  

• 1 Written report (40%) 
• 1 Presentation (50%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Basic knowledge in quantum mechanics 

Recommended 
requirements  

• Module Atomistic Aspects of Modern Chemistry 
• Basic knowledge of the German language helpful 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Modern methods of quantum chemistry enable the prediction and 

rational design of new materials with desired physiochemical properties. 
• After an introduction to solid-state and structural chemistry, the students 

learn to work with numerical computational methods for the ab initio 
modeling of solid state materials such as density-functional theory using 
pseudopotential and plane waves. 
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 • The students run numerical calculations based on the above-mentioned 
quantum-chemical tools as well as using chemical expertise.  

• The results are analyzed and extrapolated using the laws of 
thermodynamics such as to provide useful data for the synthetic 
experimentalists. 

• All results will be documented, presented and discussed in a final 
colloquium. 

• The research project will take place in the computer lab of the institute. 
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Teamwork 
• Presentation 
• Self-dependent research project 

1 - 6 • Introduction into structural chemistry, solid-state chemistry, 
applied quantum chemistry and computational methods 

3 - 4 • First numerical calculations 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

5 - 6 • Refined numerical calculations and in-depth analysis of the 
results 

Literature • L. Smart, E. Moore, Solid State Chemistry, Chapman & Hall,  London 
• R. Hoffmann, Solids and Surfaces, VCH, Weinheim, New York 
• I. N. Levine, Quantum Chemistry, Prentice Hall, New Jersey 
• R. Dronskowski, Computational Chemistry of Solid State Materials, 

Wiley-VCH, Weinheim, New York 
• Excerpts of chemistry handbooks (e.g., Gmelin) 
• P. W. Atkins, Physical Chemistry, Oxford University Press 
• U. Müller, Inorganic Structural Chemistry, Wiley, New York 
• Current scientific literature 

Miscellaneous • None 
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Chemistry 

Module description Quantum-Chemical Modeling of Complex Intermetallics 

Responsible for the 
module 

Univ.-Prof. Dr. Richard Dronskowski 

Lecturers • Univ.-Prof. Dr. Richard Dronskowski  
• N.N. 

Start Winter and summer semester 

Frequency Any time 

Language English 

Duration 6 Weeks 

Weekly hours 12 SWS  

Credit points  10 CP 

Distribution of work 
load (in hours) 

126 h Contact hours  
174 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory  (12 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Written Report 

Examinations (and 
grading)  

• 1 Written report (40%) 
• 1 Presentation (50%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Basic knowledge in quantum mechanics 

Recommended 
requirements  

• Module Atomistic Aspects of Modern Chemistry 
• Basic knowledge of the German language helpful 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject:  
• Modern methods of quantum chemistry enable the understanding and 

rational design of new intermetallics with desired magnetic properties. 
• After an introduction to structural chemistry and itinerant magnetism, the 

students learn to work with numerical computational methods for the ab 
initio modeling of magnetic materials such as density-functional theory 
using short-ranged atomic-like basis sets. 



Elective Courses: Chemistry  - Quantum-Chemical Modeling of Complex Intermetallics  

 

Simulation Sciences 263 

 • The students run numerical calculations based on the above-mentioned 
quantum-chemical tools as well as using chemical expertise.  

• The results are analyzed in terms of the local electronic structure such 
as to provide an in-depth understanding of the chemical-bonding 
scenario. 

• All results will be documented, presented and discussed in a final 
colloquium. 

• The research project will take place in the computer lab of the institute.  
 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Teamwork 
• Presentation 
• Self-dependent research project 

1 - 6 • Introduction into structural chemistry, itinerant magnetism, 
applied quantum chemistry and computational methods 

3 - 4 • First numerical calculations 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

5 - 6 • Refined numerical calculations and in-depth analysis of the 
results 

Literature • L. Smart, E. Moore, Solid State Chemistry, Chapman & Hall,  London 
• J. Burdett, Chemical Bonding in Solids, Oxford University Press 
• R. Dronskowski, Computational Chemistry of Solid State Materials, 

Wiley-VCH, Weinheim, New York 
• Excerpts of chemistry handbooks (e.g., Gmelin) 
• H. Ibach, H. Lüth, Solid-State Physics, Springer, New York, Heidelberg 
• S. Chikazumi, Physics of Ferromagnetism, Clarendon Press 
• U. Müller, Inorganic Structural Chemistry, Wiley, New York 
• Current scientific literature 

Miscellaneous • None 
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Chemistry 

Module description Simulation of Interactions in Molecular Crystals 

Responsible for the 
module 

Univ.-Prof. Dr. Ullrich Englert 

Lecturers • Univ.-Prof. Dr. Ullrich Englert 
• N.N. 

Start Winter and summer semester 

Frequency Any time 

Language English (and German, if required) 

Duration 6 Weeks 

Weekly hours 12 SWS  

Credit points  10 CP 

Distribution of work 
load (in hours) 

126 h Contact hours  
174 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory  (12 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Written Report 

Examinations (and 
grading)  

• 1 Written report (40%) 
• 1 Presentation (50%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Module Atomistic Aspects of Modern Chemistry 

Recommended 
requirements  

• Basic knowledge in quantum mechanics 
• Basic knowledge of the German language helpful but not mandatory 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject:  
• Mathematical description of crystals 
• Packing principles in molecular crystals 
• Interactions in molecular crystals: hydrogen bonds, Coulomb 

interactions, van-der-Waals interactions 
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 • Interpretation of experimental diffraction results in terms of 
intermolecular interactions  

• Analysis of data retrieved from the Cambridge Structural Database in 
terms of intermolecular interactions 

• Simulation of van-der-Waals interactions with the help of an 
intermolecular force field 

• Advantages and shortcomings of force fields 
 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• visualization of results 
• presentation 
• data mining 

1 - 2 • Introduction into structural chemistry and molecular crystals 

3 - 4 • Analysis of intermolecular interactions 

Learning units 
(divided into weeks or 
overall overview of the 
content) 5 - 6 • Hands-on work on modelling of intermolecular interactions 

by empirical methods 

Literature • W. Clegg, Crystal Structure Determination, Oxford University Press  
• L. Smart, E. Moore, Solid State Chemistry, Chapman & Hall,  London 
• A. I. Kitaigorodsky, Molecular Crystals and Molecules,  Academic Press, 

New York & London 
• G. Burns, A. M. Glazer, Space Groups for Solid State Scientists, 

Academic Press, New York & London 
• A. Hinchcliffe: Molecular Modelling for Beginners, Wiley-VCH, Weinheim 
• Primary chemistry literature 

Miscellaneous • None 
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Chemistry 

Module description Computational Magnetochemistry 

Responsible for the 
module 

Univ.-Prof. Dr. Paul Kögerler 

Lecturers • Univ.-Prof. Dr. Paul Kögerler 
• N.N. 

Start Winter and summer semester 

Frequency Any time 

Language English 

Duration 6 Weeks 

Weekly hours 12 SWS  

Credit points  10 CP 

Distribution of work 
load (in hours) 

126 h Contact hours  
174 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory  (12 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Report 

Examinations (and 
grading)  

• 1 Written report (40%) 
• 1 Presentation (50%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements  

• Module Atomistic Aspects of Modern Chemistry 
• Basic knowledge in linear algebra 
• Basic knowledge in quantum mechanics 
• Basic knowledge in simulation methods 

Required for  • None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding the complex magnetic properties of molecules and 

molecule-based networks, i.e. low-dimensional magnets, requires the 
combination of several computational analysis and simulation 
techniques. In turn, these results aid the design of molecular materials 
with pre-determined magnetic and electronic properties. 

• Following an introduction to magnetochemistry and the specifics of 
quasi-zero-dimensional inorganic magnetic molecules, students will 
learn to use and study existing code that allows calculating magnetic 
properties based on quantum mechanical arguments, linking results to 
thermodynamic and spectroscopic experimental data. 

• Starting with analytical methods, students will continue to explore 
approximate methods, for instance the possibilities and limits of state-of-
the-art Monte Carlo simulations (both on quantum mechanical and 
classical levels).  

• Students will focus on a set of specific molecules and analyze their 
magnetic properties and correlate them with the results of in-house 
experiments. 

• All results will be documented, presented and discussed in a final 
colloquium. 

• The research project will take place in one of the group laboratories 
where students can be aided by experienced group members.  

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Teamwork 
• Presentation 
• Team-oriented research project 

1 - 6 • Introduction into the chemistry of magnetic molecules and 
the electronic structure of their spin centers, general 
theories of magnetism and magnetic characterization 
methods 

3 - 4 • First numerical simulations and code analysis 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

5 - 6  • Modeling of the magnetic properties of a small set of 
related magnetic molecules, based on available 
experimental data. 

Literature • O. Kahn, Molecular Magnetism, VCH, Weinheim, New York (1993) 
• R. L. Carlin, Magnetochemistry, Springer, Berlin (1986) 
• F. E. Mabbs, D. J. Machin, Magnetism and Transition Metal Complexes, 

Chapman & Hall, London (1973) 
• P. Atkins, R. Friedman, Molecular Quantum Mechanics, 4th ed., Oxford 

University Press, Oxford (2005) 
• Current scientific literature 

Miscellaneous • None 
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Chemistry 

Module description Computational Chemistry for the Investigation 
and/or Prediction of the Properties of Homogeneous Catalysts 

Responsible for the 
module 

Univ.-Prof. Dr. Walter Leitner 

Lecturers • Univ.-Prof. Dr. rer. nat. Walter Leitner 
• Dr. Markus Hölscher 

Start Winter and summer semester 

Frequency Any time; one student at a time 

Language English and German 

Duration 6 Weeks 

Weekly hours 12 SWS  

Credit points  10 CP 

Distribution of work 
load (in hours) 

126 h Contact hours  
174 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory  (12 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 written Report 

Examinations (and 
grading)  

• 1 Written report (40%) 
• 1 Presentation (50%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basic knowledge in quantum mechanics 
• B.Sc. in chemistry or equivalent chemistry knowledge is necessary 

Recommended 
requirements  

• Module Atomistic Aspects of Modern Chemistry 
• Basic knowledge of the German language helpful 

Required for  • None 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• Representative areas of computational chemistry (force field-, ab initio- 

and density functional calculations, respectively). 
• After an introduction to computational chemistry, the students learn to 

work with common programs in the area. 
• The students run calculations based on the above-mentioned quantum-

chemical tools as well as using chemical expertise.  
• The results are analyzed and evaluated aiming at the generation of 

useful input for the experimentalists. 
• All results will be documented in a written report and presented in a 

colloquium. 
The research project will take place in the computer lab of the institute.  
 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Teamwork 
• Presentation 
• Self-dependent research project 

1 - 6 • Introduction to computational chemistry with a detailed 
focus on homogeneous catalysis 

1 - 4 • First numerical calculations 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

5 - 6   • Refined numerical calculations and in-depth analysis of the 
results 

Literature • F. Jensen, Introduction to Computational Chemistry, Wiley 
• C. J. Cramer, Essentials of Computational Chemistry,  
• J. B. Foresman, A. Frisch, Exploring Chemistry with Electronic Structure 

Methods, Gaussian Inc. 
• K. Morokuma, D. G. Musaev, Computational Modeling for 

Homogeneous and Enzymatic Catalysis, Wiley 
• B. Mennucci, R. Cammi, Continuum Solvation Models in Chemical 

Physics – From Theory to Applications, Wiley 
• P. W. Atkins, Physical Chemistry, Oxford University Press 
• Current scientific literature 

Miscellaneous • None 
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Chemistry 

Module description Computational Chemistry - Quantum Monte Carlo Methods 

Responsible for the 
module 

Univ.-Prof. Dr. rer. nat. Arne Lüchow 

Lecturers • Univ.-Prof. Dr. rer. nat. Arne Lüchow 

Start Winter and summer semester 

Frequency Any time 

Language English 

Duration 6 Weeks  

Weekly hours 12 SWS  

Credit points  10 CP 

Distribution of work 
load (in hours) 

126 h Contact hours  
174 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory  (12 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• 1 Written report (40%) 
• 1 Presentation (50%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basic knowledge in quantum mechanics 

Recommended 
requirements  

• Module Atomistic Aspects of Modern Chemistry 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Modern methods of quantum chemistry enable the prediction of 

thermodynamic data as well as reaction mechanisms. 
• After an introduction to molecular quantum chemistry, the students learn 

to work with computational methods for ab initio modeling of molecules 
using quantum Monte Carlo and orbital-based methods. 

• The students run numerical calculations to investigate reaction energies, 
activation energies and/or reaction mechanisms. 
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 • All results will be documented, presented and discussed in a final 
colloquium. 

• The research project will take place in the computer lab of the institute.  
 
Not with respect to the subject (e.g., team work, presentation, project 
management, etc.): 
• Teamwork 
• Presentation 
• self-dependent research project  

1-6 • Introduction to computational chemistry and quantum 
Monte Carlo methods 

3-4 • First numerical calculations  

Learning units 
(divided into weeks or 
overall overview of the 
content) 

5-6 • Refined numerical calculations and in-depth analysis of the 
results  

Literature • I. N. Levine, Quantum Chemistry, Prentice Hall, New Jersey 
• Tutorial to quantum Monte Carlo methods 
• Current scientific literature 

Miscellaneous • None 
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Chemistry 

Module description Atomistic Simulation of Defects in Solids 

Responsible for the 
module 

Univ.-Prof. Dr. Manfred Martin 

Lecturers • Univ.-Prof. Dr. Manfred Martin 
• Dr. Roger De Souza 

Start Winter and summer semester 

Frequency Any time  

Language English or German (as required) 

Duration 6 Weeks  

Weekly hours 12 SWS  

Credit points  10 CP 

Distribution of work 
load (in hours) 

126 h Contact hours  
174 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory  (12 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Report 

Examinations (and 
grading)  

• 1 Written report (40%) 
• 1 Presentation (50%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• None 

Recommended 
requirements  

• Module Atomistic Aspects of Modern Chemistry 
• Basic knowledge of the German language helpful 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Modern methods of simulation of defects in solids. 
• After an introduction to defect chemistry, the students learn to work with 

numerical computational methods for the ab initio modeling of defects in 
solids. 
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 • The students run numerical calculations based on existing semi-
empirical and/or quantum-chemical tools.  

• The results are analyzed in terms of the defect formation and /or defect 
migration energies. 

• All results will be documented, presented and discussed in a final 
colloquium. 

• The research project will take place in the lab of the institute.  
 
Not with respect to the subject (e.g., team work, presentation, project 
management, etc.): 
• Teamwork 
• Presentation 
• self-dependent research project 

1-6 Introduction to defect chemistry and computational methods 

3-4 First numerical calculations  

Learning units 
(divided into weeks or 
overall overview of the 
content) 5-6 Refined numerical calculations and in-depth analysis of the 

results  

Literature • L. Smart, E. Moore, Solid State Chemistry, Chapman & Hall,  London 
• Diffusion in Condensed Matter, Methods, Materials, Models, P. Heitjans, 

J. Kärger (Eds.), Springer (2005). 
• R. Dronskowski, Computational Chemistry of Solid State Materials, 

Wiley-VCH, Weinheim, New York 
• Current scientific literature 

Miscellaneous • None 
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Chemistry 

Module description Quantum-Chemical Modelling of Small and Medium-Sized Molecules 

Responsible for the 
module 

apl.-Prof. Dr. Gerhard Raabe 

Lecturers • apl.-Prof. Dr. Gerhard Raabe 

Start Winter and summer semester 

Frequency Any time 

Language English 

Duration 6 Weeks 

Weekly hours 12 SWS  

Credit points  10 CP 

Distribution of work 
load (in hours) 

126 h Contact hours  
174 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory  (12 SWS) 
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Written Report 

Examinations (and 
grading)  

• 1 Written report (40%) 
• 1 Presentation (50%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Fundamentals of quantum mechanics 

Recommended 
requirements  

• Fundamentals of the quantum theory of many electron systems 
• Basic knowledge of the German language helpful 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Ab initio prediction of molecular properties facilitates the design of new 

compounds and reduce the number of sometimes costly experiments. 
• After an introduction to the quantum chemistry of molecular many 

electron systems the students become acquainted with the most 
frequently used quantum-chemical computational methods (ab initio 
methods, density functional theory based methods). 
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 • The students apply the methods mentioned above to predict certain 
properties of small and medium-sized molecules and to elucidate their 
observed chemical reactivity. 

• The computational results are compared with experimental data to 
demonstrate the applicability and the limitations of quantum-chemical 
methods. 

• All results will be documented, presented and discussed in a final 
colloquium. 

• The research project will take place in the computer lab of the Institute of 
Organic Chemistry employing local facilities as well as the computers of 
the RWTH computing center.  

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Interdisciplinary work. 
• Presentation of research results. 
• Planning of independent research. 

1 - 6 • Introduction to molecular quantum mechanics and their 
application to quantum chemistry and the corresponding 
computational methods, chemistry and computational 
methods 

3 - 4 • Calculations on molecular many electron systems. 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

5 - 6 • Evaluation and analysis of the computational results. 

Literature • H.Eyring, J.Walter, G.E.Kimball, Quantum Chemistry, John Wiley & 
Sons, Inc., 1967. 

• W.Kutzelnigg, Einführung in die Theoretische Chemie, Wiley-
VCH,Weinheim,2002. 

• J.Reinhold, Quantentheorie der Moleküle. Eine Einführung, 2.Aufl. 
B.G.Teubner Verlag Wiesbaden 2004. 

• S.Szabo, N.S.Ostlund, Modern Quantum Chemistry: Introduction to 
Advanced Electronic Structure Theory, Dover Pubn. Inc. 2000. 

• F.Jensen, Introduction to Computational Chemistry, John Wiley & Sons 
Ltd. 2007. 

Miscellaneous • None 
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Geoscience 

Module description Hydrogeophysics 

Responsible for the 
module 

Prof. Dr. Jan van der Kruk  

Lecturers • Prof. Dr. Jan van der Kruk 

Start Winter semester 

Frequency Every winter semester 

Language English (Gerrman as required) 

Duration 1 Semester 

Weekly hours 2 SWS  

Credit points  3 CP 

Distribution of work 
load (in hours) 

21 h Contact hours  
69 h Private study  

Form of learning  Lecture   (2 SWS) 
 Tutorial   
 Laboratory   
 Seminar   
 Project  
 Practical   
 Consultation hours  
 Private study               

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Report 

Examinations (and 
grading)  

• 1 Written examination (75%) 
• 1 Presentation (25%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Knowledge in mathematics und physics similar as taught in the Bachelor 
„Angewandte Geowissenschaften“ 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The shallow subsurface of the earth is an extremely important geological 

zone that yields much of our water resources, supports our agriculture 
and ecosystems. Safe and effective management of our natural 
resources is a major challenge, that is, not to overexploit and pollute the 
aquifer systems. The hydrogeophysics discipline has emerged in recent 
years to investigate the potential that geophysical methods hold for 
providing quantitative information about subsurface hydrogeological 
parameters and processes. Hydrogeophysical importance relies on its 
multidisciplinarity.  
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 That is, the joint interpretation of geophysical and hydrogeological data 
to get better approach and more  constrained/reliable hydrogeologic 
models.  

• The principal geophysical methods (resistivity, electromagnetic 
induction, Ground Penetrating Radar, Seismics, Nuclear Magnetic 
Resonance, Induced Polarization) that have actually been applied to 
hydrogeological problems are reviewed and inversion and interpretation 
are discussed. For each method, the multidisciplinary approach of joint 
hydrogeophysical inversion and interpretation is discussed in detail. 

• To discuss in-depth the use of hydrogeophysical methods, each student 
will present a recent paper from literature. This presentation is part of 
the examination. 

 
Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation skills 

1 Lectures are given in units of 90 minutes 
• Introduction to Hydrogeophysics and Hydrogeological 

methods 

2 • Geostatistics 

3  • Relationships between electrical and hydrogeological 
properties of rocks and soils 

4 • Relationships between the electrical and hydrogeological 
properties of Rocks and Soils 

5 • Resistivity & Joint hydrogeophysical inversion 

6 • Electromagnetic induction & joint hydrogeophysical 
inversion 

7 • Ground Penetrating Radar & joint hydrogeophysical 
inversion 

8 • Seismics & joint hydrogeophysical inversion 

9 • Geophysical well logging 

10 • Spontaneous potential & induced polarisation 

11  • NMR 

12 • Group presentations case studies 

13 • Discussion recently published hydrogeophysical joint 
inversion papers 

14 • Discussion recently published hydrogeophysical joint 
inversion papers 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

15 • Excursion Research Center Jülich  

Literature • Rubin Y. and Hubbard S., 2005, Hydrogeophysics, Springer Verlag 
• Vereecken H., et al., 2006, Applied Hydrogeophysics, Springer Verlag 
• Selected papers 

Miscellaneous • None 
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Geoscience 

Module description Modeling Flow and Transport Processes in Terrestrial Systems 

Responsible for the 
module 

Prof. Dr. Harrie-Jan Hendricks-Franssen  

Lecturers Prof. Dr. Harrie-Jan Hendricks-Franssen 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 2 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

21 h Contact hours  
99 h Private study  

Form of learning  Lecture   (1 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project  
 Practical   
 Consultation hours  
 Private study 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 
 Report 

Examinations (and 
grading)  

• 1 Written examination (50%) 
• 2 Reports or 1 Report + 1 Presentation (50%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• In environmental sciences, models are widely applied to gain process 

understanding, or to predict the future state of the terrestrial system.  
• The students obtain an overview of the application of models in 

geosciences to simulate water flow and energy transport processes at 
different scales and in different compartments (soil, groundwater, rivers, 
land-atmosphere interaction).  

• The lecture will dedicate special attention to the uncertainty of 
predictions with simulation models. The different sources of uncertainty 
will be discussed, and an introduction to inverse modeling and 
sequential data assimilation will be given. 

• During the tutorials, the students will apply the numerical models 
HYDRUS and WASIM, for simulating flow in the vadose zone and 
rainfall-runoff modeling.  Additional exercises will be given on the 
calculation of evapotranspiration and data assimilation  A report based 
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1 General introduction to modeling of flow and transport 
processes in terrestrial systems, with a special focus on 
uncertainty. 

2-3 Subsurface flow processes (vadose zone, saturated zone, 
river- aquifer interaction): terminology, equations and their 
numerical solutions. 

4-6 Inverse modeling for calibration of parameters of subsurface 
flow models: identifiably, non-uniqueness, parameterization, 
objective function. Methods: maximum a posteriori likelihood 
method, Pilot Points Method, Monte-Carlo type inverse 
modeling (derivative-based, non-derivative based). 

7 Heat transport processes in the subsurface: general principles 
and equations. 

8-10 Land-atmosphere interaction: latent and sensible heat fluxes, 
subsurface heat transport, potential evapotranspiration and 
climatological data, actual evapotranspiration, boundary layer 
flows, role of vegetation, parameterization of 
evapotranspiration in climate models. 

11-12 Catchment hydrology, rainfall-runoff processes, different types 
of models, model calibration & uncertainty assessment 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

13-15 Sequential data assimilation techniques for improving model 
predictions in real-time with measurement data. Classical 
Kalman Filter, Ensemble Kalman Filter, Particle Filter. Example 
of application: assimilation of remotely sensed soil moisture 
data for improving hydrological and meteorological predictions 

Literature • Hydrology. An Introduction – Wilfried Brutsaert. 
• Selected papers, especially on model calibration and data assimilation. 
• Powerpoint slides of the lectures will be made available. 

Miscellaneous • None 
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Elective Courses 
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Computer Science 

Module description Computational Differentiation 

Responsible for the 
module 

Univ.-Prof. Dr. Uwe Naumann 

Lecturers • Univ.-Prof. Dr. Uwe Naumann 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS 

Credit points  6 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
138 h Private study 

Form of learning  Lecture   (3 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination 
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral or written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Understanding of basic concepts of imperative and object-oriented 
programming languages; ability to write simple programs in these 
languages (see e.g. BSc CES module "Introduction to Computer 
Science / C++ Programming") 

• Knowledge of elementary discrete data structures, in particular graphs 
(see e.g. BSc CES module "Algorithms and Data Structures") 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding of both basic and advanced topics in Automatic 

Differentiation (AD) 
• Ability to evaluate computational and memory complexity of the main AD 

algorithms 
• Ability to select the appropriate AD method for a given problem 
• Basic understanding of program reversal techniques 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Forward and reverse modes of AD 
• Exploitation of program structure (sparsity, interface contraction) 
• Checkpointing 
• Parallelism in derivative codes 
• AD on computational graphs 
• Further topics in modern AD 

Literature • Handouts 
• A. Griewank: Evaluating Derivatives: Principles and Techniques of 

Algorithmic Differentiation, SIAM, 2000. 

Miscellaneous • None 
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Computer Science 

Module description Derivative Code Compilers 

Responsible for the 
module 

Univ.-Prof. Dr. Uwe Naumann 

Lecturers • Prof. Dr. Uwe Naumann 
• Dipl. Inf. Ebadollah Varnik (Tutorials) 

Start Summer semester 

Frequency Every summer semester

Language English 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours 
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Ability to write a compiler front-end for a simple language 
• Ability to write a back-end that produces derivative code 
• Understanding of first- and second order tangent-linear and adjoint 

models 
• Basic understanding of data-flow analysis algorithms 
 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• Presentation of solutions to tutorial exercises 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Motivation 
• Lexical Analysis 
• Syntax Analysis 
• First derivative models 
• Second derivative models 
• Attribute grammars 
• Syntax-directed tangent-linear code 
• Syntax-directed adjoint code 
• Activity analysis 

Literature • Lecture script 

Miscellaneous • None 
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Computer Science 

Module description Combinatorial Problems in Scientific Computing 

Responsible for the 
module 

Univ.-Prof. Dr. Uwe Naumann 

Lecturers • Univ.-Prof. Dr. Christian Bischof 
• PD Dr.-Ing. Martin Bücker 
• Univ.-Prof. Dr. Uwe Naumann 

Start Not fixed yet 

Frequency Not fixed 

Language English 

Duration 1 Semester 

Weekly hours 3 SWS 

Credit points  4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Knowledge of elementary discrete data structures, in particular graphs 
(see e.g. BSc CES module Algorithms and Data Structures) 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding of the taught combinatorial problems in modern Scientific 

Computing and knowledge of various related approaches to their 
solution 

• Knowledge of fundamental methods for solving combinatorial problems 



Elective Courses: Computer Science - Combinatorial Problems in Scientific Computing 

 

Simulation Sciences 287 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Solution of sparse linear systems 
o Matrix-vector products in iterative algorithms 
o LU factorization 
o Cholesky factorization 

• Differentiation 
o Efficient computation of Jacobians by dynamic programming 
o Elimination techniques on linearized computational graphs 

• Further current combinatorial problems in Scientific Computing 

Literature • Handouts with links to original articles  

Miscellaneous • None 
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Computer Science 

Module description Parallel Algorithms 

Responsible for the 
module 

PD Dr.-Ing. Martin Bücker 

Lecturers • Univ.-Prof. Dr. Christian Bischof 
• PD Dr.-Ing. Martin Bücker 
• Univ.-Prof. Dr. Uwe Naumann 

Start Not fixed yet 

Frequency Presumably every fourth semester 

Language English and German 

Duration 1 Semester 

Weekly hours 3 SWS 

Credit points  4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 
• Homework (as prerequisite for examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge of serial programming, algorithms and data structures 
as well as concepts of parallel computing 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding of design patterns and analysis of parallel algorithms 
• Knowledge of parallel algorithms for different problem classes 

Learning units 
(divided into weeks or 
overall overview of the 
content)

• Parallel numerical algorithms 
• Parallel graph algorithms 
• Parallel Fast Fourier Transform algorithms 
• Further selected topics  

Literature • Lecture notes with references to original articles 

Miscellaneous • None 
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Computer Science 

Module description Object Oriented Software Construction 

Responsible for the 
module 

Univ.-Prof. Dr. Horst Lichter 

Lecturers • Univ.-Prof. Dr. Horst Lichter 

Start Winter semester 

Frequency Every winter semester 

Language German (in future English, date not yet fixed) 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Solving homework exercises in small teams (as requirement for the 
examination) 

• Active tutorial participation (as requirement for the examination) 
• Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basic knowledge in C++/Java programming 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
After completing the module the students have the following knowledge and 
skills. They 
• know how to apply important object oriented modeling concepts 
• are able to perform use case based object oriented analysis 
• know important design patterns and are able to apply patterns in 

architectural design 
• know how to improve code and architecture by refactoring 
• know foundations of modern software development processes 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

The following topics will be covered: 
• basic concepts of object orientation 
• polymorphy and inheritance 
• object oriented analysis with use cases 
• conceptual design and notations 
• architecture design and object oriented pattern design  
• frameworks 
• tools and materials approach 
• refactoring 
• process models for object oriented developments 

Literature Transparencies of the lecture as well as the following books: 
• Meyer, B. (1997) : Object Oriented Software Construction, 2nd Edition, 

Prentice Hall. 
• Gamma, E. R. Helm, R. Johnson, J. Vlissides (1995): Design Patterns, 

Addison-Wesley. 
• Ludewig, J., H. Lichter (2006): Software Engineering - Grundlagen, 

Menschen, Prozesse, Techniken, dpunkt.verlag, Heidelberg. 

Miscellaneous • None 
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Computer Science 

Module description Software Quality Assurance 

Responsible for the 
module 

Univ.-Prof. Dr. Horst Lichter 

Lecturers • Univ.-Prof. Dr. Horst Licher  

Start Summer semester 

Frequency Every summer semester 

Language German (in future English, date not yet fixed) 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Solving homework exercises in small teams 
• Active tutorial participation 
• Written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
After completing the module the students have the following knowledge and 
skills. They 
• know the goals, concepts, models, and basic terms of software quality 

assurance 
• know important methods of static software inspections 
• are able to apply test case selection techniques and know important test 

exit criteria 
• are able to systematically develop test specifications 
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• know the fundamentals of software measurement and are able to define 
and assess software metrics 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

The following topics are covered: 
• ideas and concepts of quality assurance 
• methods of static software inspections 
• types and techniques of software tests 
• systematic selection of test cases 
• test of object oriented programs 
• considerations on efficiency of tests 
• measurements and software metrics 
• evaluation of software development processes 

Literature Transparencies of the lecture as well as the following books: 
• P. Liggesmeyer (2003): Software- Qualität. Testen, Analysieren und 

Verifizieren von Software, Spektrum Verlag 
• Ludewig, J., H. Lichter (2006): Software Engineering - Grundlagen, 

Menschen, Prozesse, Techniken, dpunkt.verlag, Heidelberg. 

Miscellaneous • None 
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Computer Science 

Module Description Introduction to Embedded Software 

Responsible for the 
Module 

Univ.-Prof. Dr. Stefan Kowalewski 

Lecturers • Univ.-Prof. Dr. Stefan Kowalewski  

Start Summer Semester 

Frequency Every Summer Semester 

Language English or German 

Duration 1 Semester 

Weekly Hours 5 SWS  

Credit Points  7 CP 

Distribution of Work 
Load (in Hours) 

52,5 h Contact Hours  
157,5 h Private Study 

Form of Learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation Hours  

Form of Examination  Written Examination  
 Oral Examination 
 Homework 
 Presentation 

Examinations (and 
Grading) 

• Homework (as requirement for the examination) 
• Active participation at tutorials 
• Written or oral examination (100%) 

Teaching Area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
Requirements  

• Basic knowledge in computer engineering 

Recommended 
Requirements  

• None 

Required for  • None 

Learning Targets / 
Learning Outcomes 

With respect to the subject: 
Acquisition of the following knowledge and abilities: 
• Knowledge and mastery of modern sofftware engineering for embedded 

systems 
• Acquisition of sensitivity for the particular qualitative requirements for 

designing embedded software 
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Learning Units 
(divided into weeks or 
overall overview of the 
content) 

The following topics are covered: 
• Technological basics of embedded systems (basics structure, 

microcontroller, stored-program controllers) 
• Special requirements for designing embedded software 
• Life cycle model 
• Analysis of functional and non-functional requirements 
• Architectural design and analysis 
• Architecture elements (operation systems, busses, middleware) 
• Modeling and analysis techniques for behavior and structure 
• Validation (simulation, tests) 

Literature Lecture script as well as the following booka as supplement: 
• Marwedel: Eingebettete Systeme. 2003 
• Bass, Clements: Software Architecture in Practice. 
• Douglass: Real-time UML 

Miscellaneous • None 
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Computer Science 

Module description Compiler Construction 

Responsible for the 
module 

PD Dr. Thomas Noll 

Lecturers • PD Dr. Thomas Noll  

Start Winter semester 2009/10 

Frequency Every third semester 

Language English or German 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Mastering the essential concepts of imperative and object-oriented 
programming languages as well as elementary programming techniques 
in these languages 

• Knowledge of data structures like lists, stacks, queues and trees 
• Knowledge of basic automata models like finite automata and pushdown 

automata 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
Acquisition of the following knowledge and abilities: 
• Understanding of the construction and working principles of compilers 

for higher programming languages 
• Knowledge on methods of formalizing syntax (regular expressions, 

context-free and attribute grammars, EBNF) 
• Ability to implement simple compiler components (Scanner, Parser) 
• Knowledge in applying compiler-generating tools 



Elective Courses: Computer Science - Compiler Construction 

 

Simulation Sciences 296 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Lexical analysis of programs (Scanner) 
• Syntactical analysis of programs (Parser) 
• Semantic analysis 
• Tools for compiler construction (lex, yacc) 

Literature Transparencies and scripts of the lecture as well as the following books: 
• Aho, R. Sethi, J. Ullman: Compilers – Principles, Techniques, and Tools. 

Addison-Wesley, 1988. 
• A.W. Appel, J. Palsberg: Modern Compiler Implementation in Java. 

Cambridge University Press, 2002. 
• D. Grune, H.E. Bal, C.J.H. Jacobs, K.G. Langendoen: Modern Compiler 

Design. Wiley & Sons, 2000. 
• R. Wilhelm, D. Maurer: Übersetzerbau, 2. Auflage. Springer, 1997. 

Miscellaneous • None 

 



Elective Courses: Computer Science - Pattern Recognition and Neural Networks 

 

Simulation Sciences 297 

Computer Science 

Module description Pattern Recognition and Neural Networks 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Hermann Ney 

Lecturers • Univ.-Prof. Dr.-Ing. Hermann Ney 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
177 h Private study 

Form of learning   Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Regular solution of exercises, 50% of the exercise points are required 
for admission to the examination 

• Oral or written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• None 

Required for  • Module Advanced Pattern Recognition Methods 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Intuition for the basic methods of pattern recognition and neural 

networks 
• Learning of basic algorithms and principles of pattern recognition and 

neural networks 
• Acquirement of the ability of independent handling of the contents of this 

module and confident command of basic methods of pattern recognition 
neural networks 

 • Practice of the presented content by exemplary realization of specific 
problems from pattern recognition and neural networks and 
corresponding basic classification tasks 



Elective Courses: Computer Science - Pattern Recognition and Neural Networks 

 

Simulation Sciences 298 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Introduction/motivation 
• Bayes‘ decision Rule 
• Training and learning 
• Model-free methods 
• Mixture densities and cluster analysis 
• Stochastic finite automata 
• Feature extraction 

Literature • R. O. Duda, P. E. Hart, D. G. Storck: Pattern Classification. 2nd ed., J. 
Wiley, New York, NY, 2001. 

• K. Fukunaga: Introduction to Statistical Pattern Recognition. Academic 
Press, New York, NY, 1990. 

Miscellaneous • None 

 



Elective Courses: Computer Science - Advanced Pattern Recognition Methods 

 

Simulation Sciences 299 

Computer Science 

Module description Advanced Pattern Recognition Methods 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Hermann Ney 

Lecturers • Univ.-Prof. Dr.-Ing. Hermann Ney 

Start Not fixed 

Frequency Irregular 

Language English 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Regular solution of exercises, 50% of the exercise points are required 
for admission to the examination 

• Oral or written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Pattern Recognition and Neural Networks 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Deepened comprehension of advanced methods and formalisms of 

pattern recognition 
• Learning of advanced methods of pattern recognition 
• Acquirement of the ability of independent handling of the contents of this 

module and confident command of advanced techniques of pattern 
recognition 

• Practice of the presented content by exemplary realization of specific 
problems from pattern recognition 

• Overview of the state of the art in pattern recognition 



Elective Courses: Computer Science - Advanced Pattern Recognition Methods 

 

Simulation Sciences 300 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Introduction/motivation 
• Summary of module pattern recognition 
• Discriminants and neural networks 
• Training criteria 
• Log-linear modeling 
• Support vector machines 
• Boosting 
• Model selection 

Literature • R. O. Duda, P. E. Hart, D. G. Storck: Pattern Classification. 2nd ed., J. 
Wiley, New York, NY, 2001. 

• K. Fukunaga: Introduction to Statistical Pattern Recognition. Academic 
Press, New York, NY, 1990. 

Miscellaneous • None 

 



Elective Courses: Computer Science - Automatic Speech Recognition 

 

Simulation Sciences 301 

Computer Science 

Module description Automatic Speech Recognition 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Hermann Ney 

Lecturers • Univ.-Prof. Dr.-Ing. Hermann Ney 

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
177 h Private study 

Form of learning   Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Regular solution of exercises, 50% of the exercise points are required 
for admission to the examination 

• Oral or written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Bachelor computer science 

Required for  • Module Advanced Methods in Automatic Speech Recognition 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Intuition for the basic properties and methods of automatic speech 

recognition. 
• Learning of basic algorithms of automatic speech recognition and their 

integration into a complete recognition system. 
• Acquirement of the ability of independent handling of the contents of this 

module and confident command of basic techniques of automatic 
speech recognition. 

• Application of decision theory to the speech recognition problem. 
• Practice of the presented content by exemplary realization of specific 

problems from automatic speech recognition.  



Elective Courses: Computer Science - Automatic Speech Recognition 

 

Simulation Sciences 302 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Introduction/motivation. 
• Digital signal processing. 
• Spectral Analysis. 
• Time alignment and isolated word recognition. 
• Statistical interpretation and models. 
• Connected Word Recognition. 
• Large Vocabulary Speech Recognition. 

Literature • Emphasis on signal processing and small-vocabulary recognition: L. 
Rabiner, B. H. Juang: Fundamentals of Speech Recognition. Prentice 
Hall, Englewood Cliffs, NJ, 1993. 

• Emphasis on large vocabulary and language modeling: F. Jelinek: 
Statistical Methods for Speech Recognition. MIT Press, Cambridge, 
1997. 

• Introduction to both speech and language: D. Jurafsky, J. H. Martin: 
Speech and Language Processing. Prentice Hall, Englewood Cliffs, NJ, 
2000. 

• Advanced topics: R. De Mori: Spoken Dialogues with Computers. 
Academic Press, London, 1998 

Miscellaneous • None 

 



Elective Courses: Computer Science - Advanced Automatic Speech Recognition 

 

Simulation Sciences 303 

Computer Science 

Module description Advanced Automatic Speech Recognition 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Hermann Ney 

Lecturers • Univ.-Prof. Dr.-Ing. Hermann Ney 

Start Summer semester 2010 

Frequency Irregular 

Language English 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Regular solution of exercises, 50% of the exercise points are required 
for admission to the examination 

• Oral or written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Automatic Speech Recognition 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Deepened comprehension of advanced methods and formalisms of 

automatic speech recognition. 
• Learning of advanced methods of automatic speech recognition. 
• Acquirement of the ability of independent handling of the contents of this 

module and confident command of advanced techniques of automatic 
speech recognition. 

• Practice of the presented content by exemplary realization of specific 
problems of automatic speech recognition. 

• Overview of the state of the art in automatic speech recognition. 



Elective Courses: Computer Science - Advanced Automatic Speech Recognition 

 

Simulation Sciences 304 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Summary of large vocabulary speech recognition using a linear lexicon. 
• Search using lexical pronunciation prefix trees. 
• Word graph method using word pair approximation. 
• Time-conditioned search. 
• Across-word modeling. 
• Confidence measures and system combination. 
• Discriminative training. 
• Speaker adaptation and normalization. 
• Current issues. 

Literature • F. Jelinek: Statistical Methods for Speech Recognition, MIT Press, 
Cambridge 1997. 

• D. Jurafsky, J.H. Martin: Speech and Language Processing, Prentice 
Hall, Englewood Cliffs, NJ, 2000. 

• R. De Mori: Spoken Dialogues with Computers, Academic Press, 
London, 1998. 

• Publications on automatic speech recognition. 

Miscellaneous • None 

 



Elective Courses: Computer Science - Statistical Natural Language Processing 

 

Simulation Sciences 305 

Computer Science 

Module description Statistical Natural Language Processing 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Hermann Ney 

Lecturers • Univ.-Prof. Dr.-Ing. Hermann Ney 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  8 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
177 h Private study 

Form of learning   Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Regular solution of exercises, 50% of the exercise points are required 
for admission to the examination 

• Oral or written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Pattern Recognition and Neural Networks 

Recommended 
requirements  

• None 

Required for  • Module Advanced Topics in Statistical Natural Language Processing 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Develop intuition for the basic problems of natural language processing 
• Learning of basic methods of statistical natural language processing 
• Acquirement of the ability of independent handling of the contents of this 

module and confident command of basic techniques of statistical natural 
language processing 

• Experience with the processing of large text corpora 
• Learning of robust estimation methods for statistical modeling in natural 

language processing 



Elective Courses: Computer Science - Statistical Natural Language Processing 

 

Simulation Sciences 306 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Introduction/motivation 
• Linguistic and statistical foundations 
• Text and document classification 
• Language modeling 
• POS tagging 
• Information extraction buy tagging 
• Machine Translation 

Literature • C. D. Manning, H. Schütze: Foundations of Statistical Natural Language 
Processing. MIT Press, Cambridge, MA, 1999. 

• D. Jurafsky, J. H. Martin: Speech and Language Processing. Prentice 
Hall, Englewood Cliffs, NJ, 2000. 

• E. Charniak: Statistical Language Learning. MIT Press, Cambridge, MA, 
1997. 

• F. Jelinek: Statistical Methods for Speech Recognition. MIT Press, 
Cambridge, MA, 1997. 

Miscellaneous • None 

 



Elective Courses: Computer Science - Advanced Topics in Statistical Natural Language Processing 

 

Simulation Sciences 307 

Computer Science 

Module description Advanced Topics in Statistical Natural Language Processing 

Responsible for the 
module 

Univ.-Prof. Dr.-Ing. Hermann Ney 

Lecturers • Univ.-Prof. Dr.-Ing. Hermann Ney 

Start Not fixed 

Frequency Irregular 

Language English 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Regular solution of exercises, 50% of the exercise points are required 
for admission to the examination 

• Oral or written examination 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Statistical Natural Language Processing 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Develop intuition for advanced problems in natural language processing 
• Learning of advanced methods for natural language processing and 

machine translation 
• Acquirement of the ability of independent handling of the contents of this 

module and confident command of advanced techniques of statistical 
natural language processing and machine translation 

• Competence for independent analysis of the properties and performance 
of machine translation systems and their corresponding optimization 



Elective Courses: Computer Science - Advanced Topics in Statistical Natural Language Processing 

 

Simulation Sciences 308 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Introduction/motivation. 
• Probabilistic context-free grammars and parsing. 
• Phrase-based machine translation. 
• Search for phrase-based machine translation. 
• Hierarchical phrase-based machine translation. 

Literature • C. D. Manning, H. Schütze: Foundations of Statistical Natural Language 
Processing. MIT Press, Cambridge, MA, 1999. 

• D. Jurafsky, J. H. Martin: Speech and Language Processing. Prentice 
Hall, Englewood Cliffs, NJ, 2000. 

• E. Charniak: Statistical Language Learning. MIT Press, Cambridge, MA, 
1997. 

• F. Jelinek: Statistical Methods for Speech Recognition. MIT Press, 
Cambridge, MA, 1997. 

Miscellaneous • None 

 



Elective Courses: Computer Science - Basic Techniques in Computer Graphics 

 

Simulation Sciences 309 

Computer Science 

Module description Basic Techniques in Computer Graphics 

Responsible for the 
module 

Univ.-Prof. Dr. Leif Kobbelt 

Lecturers • Univ.-Prof. Dr. Leif Kobbelt 

Start Winter semester 

Frequency Every winter semester 

Language English and German (alternating) 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Exercises 
• Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basic knowledge in algorithms and data structures 
• Basic knowledge in linear algebra 

Recommended 
requirements  

• None 

Required for  • Module Geometry Processing  
• Module Computer Vision 
• Module Polynomial Curves and Surfaces 
• Module Subdivision Curves and Surfaces 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Knowledge of the most important data structures for the representation of 

3-dimensional objects and scenes 
• Basic operations and methods for the transformation of a 3D model 

into a realistic 2-dimensional image (rendering pipeline) 
• Overview of the central problems and their efficient solutions in the whole 

area of Computer Graphics 



Elective Courses: Computer Science - Basic Techniques in Computer Graphics 

 

Simulation Sciences 310 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Foundations of geometry representations (polygonal meshes, volumetric 
representations, freeform curves and surfaces) 

• Local illumination (3D transformations, clipping, rasterization, lighting, 
shading) 

• Global illumination (visibility problem, shadow computation, ray tracing), 
radiosity 

• Foundations of image processing (transformations, color coding, image 
compression) 

• Volume rendering 

Literature • Foley, van Dam, Feiner, Hughes: Computer Graphics: Principles and 
Practice 

• Watt: 3D Computer Graphics 

Miscellaneous • None 

 



Elective Courses: Computer Science - Geometry Processing 

 

Simulation Sciences 311 

Computer Science 

Module description Geometry Processing 

Responsible for the 
module 

Univ.-Prof. Dr. Leif Kobbelt 

Lecturers • Univ.-Prof. Dr. Leif Kobbelt 

Start Summer semester 

Frequency Every summer semester 

Language English and German (alternating) 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Exercises 
• Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basic knowledge in algorithms and data structures 
• Basic knowledge in linear algebra 

Recommended 
requirements  

• Module Basic Techniques in Computer Graphics 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Techniques for the generation of highly detailed 3-dimensional models of 

real objects 
• Advanced knowledge of current algorithms for the optimization, 

processing and storage of geometry data with a focus on polygonal 
meshes  



Elective Courses: Computer Science - Geometry Processing 

 

Simulation Sciences 312 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Methods for the generation of polygonal meshes (laser scanning, 
registration and integration of mesh patches, etc.) 

• Optimization of polygonal meshes: surface fairing, remeshing, 
decimation, refinement 

• Hierarchical representations: coarse-to-fine and fine-to-coarse 
hierarchies, mesh editing approaches 

• Parameterization and texturing 
• Efficient data structures and mesh compression 

Literature • Foley, van Dam, Feiner, Hughes: Computer Graphics: Principles and 
Practice 

• Watt: 3D Computer Graphics 

Miscellaneous • None 

 



Elective Courses: Computer Science - Computer Vision 

 

Simulation Sciences 313 

Computer Science 

Module description Computer Vision 

Responsible for the 
module 

Univ.-Prof. Dr. Leif Kobbelt 

Lecturers • Univ.-Prof. Dr. Leif Kobbelt 

Start Winter semester 

Frequency Every winter semester 

Language English and German (alternating) 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
138 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Exercises 
• Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basic knowledge in linear algebra 

Recommended 
requirements  

• Module Basic Techniques in Computer Graphics 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The goal of Computer Vision is to develop methods that enable a 

machine to "understand" or analyze images and videos. This lecture will 
teach the fundamental Computer Vision techniques that underlie such 
capabilities. In addition, it will show current research developments and 
how they are applied to solve real-world tasks. The lecture is 
accompanied by Matlab-based exercises that will allow students to 
collect hands-on experience with the algorithms introduced in the lecture 
(there will be one exercise sheet roughly every two weeks). 



Elective Courses: Computer Science - Computer Vision 

 

Simulation Sciences 314 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Image processing basics: Image formation, Binary image processing, 
Linear filters, Edge detection & structure extraction, Radiometry & color 

• Segmentation as clustering, k-Means, EM, Mean-shift 
• Segmentation as energy minimization: Normalized cuts, Graph cuts 
• Object recognition: Global approaches, Subspace representations 
• Local invariant features: Detection and description, Efficient feature 

matching and indexing 
• Object recognition with local features 
• Object categorization: Sliding-window techniques, Bag-of-features 

models, Part-based models 
• 3D Reconstruction: Epipolar geometry, Camera calibration, Multi-view 

stereo, Structure-from-motion 
• Motion & Tracking: Optical flow, Tracking with linear dynamic models, 

Kalman filters, Particle filters, Tracking-by-detection 

Literature • R. Gonzalez and R. Woods: Digital Image Processing, 2nd Edition, 
2002, Prentice Hall 

• R. Hartley and A. Zisserman: Multiple View Geometry in Computer 
Vision, 2nd Edition, 2004, Cambridge University Press  

• D. Forsyth and J. Ponce: Computer Vision, A Modern Approach, 2003, 
Prentice Hall 

• R. Klette, K. Schlüns, and A. Koschan: Computer Vision, Three- 
Dimensional Data from Images, 1998, Springer 

Miscellaneous • None 

 



Elective Courses: Computer Science - Polynomial Curves and Surfaces 

 

Simulation Sciences 315 

Computer Science 

Module description Polynomial Curves and Surfaces 

Responsible for the 
module 

Univ.-Prof. Dr. Leif Kobbelt 

Lecturers • Univ.-Prof. Dr. Leif Kobbelt 

Start Winter semester 

Frequency Every winter semester 

Language English and German (alternating) 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Exercises 
• Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Basis knowledge in analysis 
• Basic knowledge in linear algebra 

Recommended 
requirements  

• None 

Required for  • Module Subdivision Curves and Surfaces 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Knowledge of the basic mathematical representations and properties of 

curves and surfaces in CAGD 
• Understanding of algorithms for the efficient construction, modification 

and evaluation of freeform curves and surfaces 
• Understanding of the concept of geometric continuity and approaches 

for the construction of surfaces of arbitrary topology 



Elective Courses: Computer Science - Polynomial Curves and Surfaces 

 

Simulation Sciences 316 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Foundations of geometry: affine spaces, parametric curves and surfaces 
• Bezier-curves: Bernstein-polynomials, algorithm of de Casteljau, 

derivatives, integration, conversion, polar form, subdivision 
• Bspline-curves: definition, algorithm of de Boor, derivatives, knot 

insertion, interpolation and approximation of scattered data 
• Tensor product surfaces: definition, polar form, evaluation, derivatives 
• Bezier surface patches: multivariate Bernstein-polynomials, multivariate 

algorithm of de Casteljau, polar form, derivatives degree elevation, 
subdivision 

• Construction of smooth surfaces: Clough-Tocher interpolant, analytic 
and geometric continuity 

Literature • H.Prautzsch, W.Boehm, M.Paluszny: Bezier and B-Spline Techniques 
• G. Farin: Curves and surfaces for computer aided geometric design 

Miscellaneous • None 

 



Elective Courses: Computer Science - Subdivision Curves and Surfaces 

 

Simulation Sciences 317 

Computer Science 

Module description Subdivision Curves and Surfaces 

Responsible for the 
module 

Univ.-Prof. Dr. Leif Kobbelt 

Lecturers • Univ.-Prof. Dr. Leif Kobbelt 

Start Summer semester 

Frequency Every summer semester 

Language English and German (alternating) 

Duration 1 Semester 

Weekly hours 5 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

52,5 h Contact hours  
127,5 h Private study 

Form of learning   Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading) 

• Exercises 
• Written examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Polynomial Curves and Surfaces 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Knowledge of common subdivision methods for curves and surfaces 
• Understanding of mathematical methods for the analysis and 

construction of subdivision schemes 
• Ability to choose a suitable subdivision method for a given geometrical 

problem 



Elective Courses: Computer Science - Subdivision Curves and Surfaces 

 

Simulation Sciences 318 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Simple techniques for curves: Lane-Riesenfeld, 4-point-scheme, corner-
cutting 

• Analysis of curve techniques: concept of convergence, difference 
scheme, z-transform 

• Boxsplines: definition and properties, boxspline subdivision  
• Surface techniques: Catmull-Clark, Doo-Sabin, Loop 
• Analysis of surface techniques in regular areas 
• Analysis of surface techniques in singular points: subdivision matrix, 

characteristic map 
• Advanced techniques, e.g.: interpolation and approximation of scattered 

data, curve networks, and normals, representation of sharp features, 
texturing, variational subdivision, Boolean operations, adaptive 
subdivision (red-green triangulation, sqrt(3), 4-8-subdivsion)  

Literature • H.Prautzsch, W.Boehm, M.Paluszny: Bezier and B-Spline Techniques 
• J. Warren, H. Weimer: Subdivision Methods for Geometric Design 

Miscellaneous • None 

 



Elective Courses: Computer Science - Virtual Reality 

 

Simulation Sciences 319 

Computer Science 

Module description Virtual Reality 

Responsible for the 
module 

Prof. Dr. Torsten Kuhlen 

Lecturers For Lecture: 
• Prof. Dr. Torsten Kuhlen  

For Exercises: 
• Staff members of the Institute for Scientific Computing involved 

Start Winter semester 

Frequency Every winter semester 

Language English and German 

Duration 1 Semester 

Weekly hours 3 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

31,5 h Contact hours  
88,5 h Private study 

Form of learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic programming knowledge 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Understanding of basic Virtual Reality techniques and methods 
• Development of Virtual Reality applications in the scientific and technical 

field 

1 • Introduction into Virtual Reality (VR) 

2 • History of VR 

Learning units 
(divided into weeks or 
overall overview of the 
content) 3  • Basics of interactive 3-D computer graphics 
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4 • 3-D vision 

5 • Stereoscopic, viewer-centered projections 

6 • Virtual acoustics 

7 • Haptics 

8 • Collision detection 

9 • Physically-based modeling 

10 • Display, graphics and interaction hardware 

11 • Tracking 

 

12 • Applications in medicine and scientific visualization 

Literature • Foley, van Dam, Feiner, Hughes: Computer Graphics: Principles and 
Practice  

• Watt, Alan: 3D Computer Graphics 
• Kraiss: Advanced Man-Machine Interfaces 
• Sherman: Understanding Virtual Reality 
• Burdea: Virtual Reality Technology 
• Bowman: 3D User Interfaces 

Miscellaneous • None 
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Computer Science 

Module description Languages for Scientific Computing I 

Responsible for the 
module 

Prof. Dr. Paolo Bientinesi 

Lecturers • Prof. Dr. Paolo Bientinesi  

Start Winter semester 

Frequency Every winter semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
138 h Private study 

Form of learning  Lecture   (3 SWS) 
 Tutorial   
 Laboratory   
 Seminar   
 Project   
 Practical  (1 SWS) 
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (90%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic programming knowledge 
• Basic knowledge of numerical methods, numerical linear algebra, 

algorithms 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Programming languages 
• Theory and tools for numerical computations 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• We will compare and contrast languages especially suitable for 
numerical computations, symbolic computations, and high-performance 
computations: Mathematica, Matlab, C, Fortran. We will also cover 
standard tools and libraries for scientific and parallel computations: 
BLAS, LAPACK, MPI, OpenMP... 

• Different programming paradigms will be introduced: functional vs. 
imperative, discrete vs. numerical vs. symbolic. Programs will be 
evaluated with respect to metrics like performance, size, elegance. 

• This first module focuses on numerical computations, high-performance 
and parallelism. 

Literature • Writing Scientific Software by Suely Oliveira, David E. Stewart 
• The C Programming Language, by Brian Kernighan and Dennis Ritchie 
• http://reference.wolfram.com/mathematica/guide/Mathematica.html 
• http://www.mathworks.com/access/helpdesk/help/techdoc/matlab.shtml 

Miscellaneous • None 
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Computer Science 

Module description Languages for Scientific Computing II 

Responsible for the 
module 

Prof. Dr. Paolo Bientinesi 

Lecturers • Prof. Dr. Paolo Bientinesi  

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly hours 4 SWS  

Credit points  6 CP 

Distribution of work 
load (in hours) 

42 h Contact hours  
138 h Private study 

Form of learning  Lecture   (3 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours 

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (90%) 
• Homework (10%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Principles of algorithms and programming 
• Basic knowledge of numerical linear algebra 
• Familiarity with at least one of the following languages: Mathematica, 

Maple, Matlab, Sage 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Programming languages 
• Theory and tools for symbolic computations 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• This second module of Languages for Scientific Computing focuses on 
symbolic computations and functional languages. Mathematica and 
other languages with symbolic capabilities (Maple, Sage, Matlab) are 
used to continue comparison between different programming paradigms: 
functional vs. imperative, discrete vs. numerical vs. symbolic. We will 
cover concepts as pattern matching, textual substitution, functions and 
functionals, algebraic manipulations. Programs will be evaluated with 
respect to metrics like performance, size, elegance. 

• The concepts of automation, program correctness and numerical 
stability are then introduced. Finally, symbolic techniques are used to 
show how to automatically generate and analyze algorithms and 
routines. 

Literature • http://reference.wolfram.com/mathematica/guide/Mathematica.html 
• Research Papers: 

o "The Science of Deriving Dense Linear Algebra Algorithms." 
o "A Goal-Oriented and Modular Approach to Stability Analysis." 
o "SuperMatrix Out-of-Order Scheduling of Matrix Operations for SMP 

and Multi-Core Architectures." 
o "Mechanical Derivation and Systematic Analysis of Correct Linear 

Algebra Algorithms." 

Miscellaneous • Languages for Scientific Computing I is not a requirement 
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Computer Science 

Module Description Parallel Programming II  

Responsible for the 
Module 

Univ. Prof. Dr. Felix Wolf 

Lecturers • Univ. Prof. Dr. Felix Wolf and staff 

Start Summer semester 

Frequency Every summer semester 

Language English 

Duration 1 Semester 

Weekly Hours 5 SWS  

Credit Points 6 CP 

Distribution of Work 
Load (in Hours) 

52.5 h Contact hours  
127.5 h Private study 

Form of Learning  Lecture   (3 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   

Form of Examination  Written Examination  
 Oral Examination 
 Homework 
 Presentation 

Examinations and 
grading 

• 1 written or 1 oral exam (depending on the number of students) (100%) 

Teaching Area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Knowledge of the C programming language 
• Module Parallel Programming I 

Required for • None 

Learning targets / 
Learning outcomes 

With respect to the subject: 
• Building on knowledge of the course Parallel Programming I, the 

students should gain deeper insights into parallel programming as well 
as learn about recent developments in the area of parallel programming 
models. 

Not with respect to the subject (e.g. Team work, Presentation, Project 
Management, etc.): 
• The students should understand the principles of concurrent problem 

solving. 
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Learning Units 
(divided into weeks or 
overall overview of the 
content) 

• POSIX Threads 
• Advanced MPI features 
• Partitioned Global Address Space (PGAS) languages 
• Programming of Graphics Processing Units (GPUs)  
• Parallel I/O 

Literature • W. Gropp, E. Lusk, R. Thakur: Using MPI-2: Advanced Features of the 
Message-Passing Interface, The MIT Press, 1999. 

• T. El-Ghazawi, W. Carlson, and T. Sterling: UPC: Distributed Shared 
Memory Programming, John Wiley & Sons, 2005. 

Miscellaneous • None 
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Computer Science 

Module description Seminar Parallel Programming  

Responsible for the 
module 

Univ.-Prof. Dr. Felix Wolf 

Lecturers • Univ.-Prof. Dr. Felix Wolf  

Start Winter semester 

Frequency Every winter semester 

Language German or English (depending on the students) 

Duration 1 Semester 

Weekly hours 1 SWS  

Credit points  4 CP 

Distribution of work 
load (in hours) 

10.5 h Contact hours  
109.5 h Private study 

Form of learning  Lecture    
 Tutorial   
 Laboratory   
 Seminar  (1 SWS) 
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework (written report) 
 Written report 
 Presentation 

Examinations (and 
grading)  

• 1 written report and 1 oral presentation (100%) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None   

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The learning targets will be pursued by practice of (personally assigned) 

advanced scientific topics as well as active participation at the 
presentation dates. The organizer chooses the specific subject areas. 
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 Not with respect to the subject (e.g. team work, presentation, project 
management, etc.):  

To acquire the following skills and knowledge, in order to be able to prepare 
and present concepts, approaches and results of a scientific topic of 
computer science:  
• Ability to independently work on an advanced topic in computer science 

on the basis of appropriate literature, especially scientific original 
articles, to incorporate and narrow the topic appropriately and to develop 
a critical assessment 

• Ability to elaborate the concepts, approaches and results of a given topic 
of computer science within a clear structure, with reasonable formalisms 
and in a defined scope of time in written form; proof of independent 
elaboration by showing own examples  

• Ability to timely prepare and clearly present an advanced topic of 
computer science using appropriate media and examples   

• Ability to actively participate in in-depth discussions on topics in 
computer science 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

Students attending this seminar will be assigned topics related to state-of-the-
art technology in the field of parallel programming. Based on the assignment, 
every student will perform the following tasks under the guidance of a 
supervisor: 
• Search for relevant literature 
• Write a topic summary 
• Prepare a talk of 40 min during which the topic is presented to other 

participants 

Literature • Subject to topics: will be announced or own research, respectively  

Miscellaneous • None 
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Elective Courses 
 

Mathematics 
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Mathematics 

Module description Approximation Theory and Data Analysis 

Responsible for the 
module 

Univ.-Prof. Dr. Wolfgang Dahmen 

Lecturers • Univ.-Prof. Dr. Wolfgang Dahmen 
• Univ.-Prof. Dr. Karl-Henning Esser 

Start Not fixed yet 

Frequency Not fixed yet 

Language English or German (as required) 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination  
 Homework 
 Presentation 

Es Examinations (and 
grading)  

• 1 Written or oral examination (100%) 
• Homework (required for examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Numerical Analysis I und II (e.g. from BSc Mathematics) or 
equivalent prerequisites 

Recommended 
requirements  

• Basis knowledge in linear algebra and functional analysis 

Required for  • Seminars, project work and master’s thesis in one of the fields above 
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Learning targets / 
learning outcomes 

With respect to the subject: 
• The students should get acquainted with major constructive 

approximation concepts such as spline approximation, Bezier 
representation of polynomials, sparse grids, rational approximation, 
wavelet and multiscale expansions as well as procedural methods for 
curve and surface generation such as subdivision schemes.  
They should acquire the necessary theoretical foundations for properly 
using these concepts and assessing their effectiveness.  This includes 
the capability of carrying out error and convergence analyses, the 
understanding of relevant stability notions as well as appraising the 
effectiveness of nonlinear approximation techniques like best n-term 
approximation or adaptive mesh refinement.  
The students should master the most important modern techniques for 
numerically implementing such methods in at least one application 
context, for instance, free form curve and surface modeling, signal and 
image analysis or data mining. 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• B-spline-Bezier-representations 
• recursive evaluation schemes 
• subdivision techniques 
• quasi-interpolation 
• Fourier analysis 
• fast Fourier transform 
• wavelet transform 
• function spaces 

Literature • Script 
• Additional literature along with the lecture 

Miscellaneous • None 
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Mathematics 

Module description Dynamical Systems 

Responsible for the 
module 

Univ.-Prof. Dr. Stanislaus Maier-Paape 

Lecturers • Univ.-Prof. Dr. Stanislaus Maier-Paape 
• Univ.-Prof. Dr. Sebastian Walcher 

Start Not fixed 

Frequency Irregular 

Language English or German (depending on the students) 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 
• Homework (required for examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Modules Analysis I and II (e.g. from BSc Mathematics) or equivalent 
• Module Linear Algebra I (e.g. from BSc Mathematics) or equivalent 

Recommended 
requirements  

• Basic knowledge of ordinary differential equations 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Students should learn to apply techniques of Analysis and linear 

Algebra, particularly in modeling. 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Discrete dynamical systems (iteration of maps) 
• prototypes (logistic map, symbolic dynamics and so on) 
• basic concepts (attractor, repeller, periodic points, topological 

conjugation, chaotic behavior) 
• examples 
• continuous dynamical systems (ordinary differential equations) 
• prototypes 
• basic concepts and examples 
• Poincaré map 
• hyperbolic invariant sets 
• bifurcation of dynamical systems (classification of local bifurcations and 

examples) 
• homoclinic points. 

Literature • R. L. Devaney, An Introduction to Chaotic Dynamical Systems, 
Benjamin-Cummings, 1986. 

• Katok, E. Hasselblatt, Introduction to the Modern Theory of Dynamical 
Systems, Cambridge, 1995. 

• J. Palis, W. de Melo, Geometric Theory of Dynamical Systems, Springer, 
1982. 

• Books about ordinary differential equations and bifurcation theory 

Miscellaneous • None 
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Mathematics 

Module description Finite Element and Volume Techniques 

Responsible for the 
module 

Univ.-Prof. Dr. Sebastian Noelle 

Lecturers • Univ.-Prof. Dr. Sebastian Noelle 
• Univ.-Prof. Dr. Wolfgang Dahmen 
• Univ.-Prof. Dr. Arnold Reusken 
• apl.-Prof. Dr. S. Müller 

Start Winter or summer semester 

Frequency Rotating with other specialized classes on numerical analysis 

Language English or German (as required) 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 
• Homework (required for examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements 

• Module Numerical Analysis IV 

Recommended 
requirements  

• Module Partielle Differentialgleichungen I (e.g. from BSc Mathematics) 
or equivalent knowledge 

Required for  • Seminars and master’s thesis in numerics of partial differential equations 

Learning targets / 
learning outcomes 

With respect to the subject: 
• The students should extend their comprehension of partial differential 

equations to include saddle point problems and nonlinear systems such 
as various models of continuum mechanics. They should understand the 
derivation and fundamental stability properties of advanced 
discretization concepts and their algorithmic realization, and master error 
control and adaptive refinement. Thus they shall prepare to contribute 
with new ideas to current research topics in this field. 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Selected topics of Finite Element Methods for elliptic and parabolic 
differential equations: stability, weak and mixed formulations, saddle 
point problems, Stokes- and Navier-Stokes equations, nonconforming 
discretizations, error estimates and adaptivity. 

• Finite Volume and Discontinuous Galerkin Methods for hyperbolic 
conservation laws, shocks, weak solutions, entropy principles, 
conservative discretization, TVD techniques, approximate Riemann 
solvers, entropy stability, convergence, error estimates and adaptivity. 

Literature • W. Hackbusch, Elliptic differential equations: theory and numerical 
treatment, Springer, 2003. 

• E. Godlewski, P.-A. Raviart, Hyperbolic systems of conservation laws, 
Ellipses 1991. 

• A. Quarteroni (ed.), Advanced numerical approximation of nonlinear 
hyperbolic equations, Springer, 1997. 

• B. Cockburn, G. Karniadakis, C.-W. Shu (ed.), Discontinuous Galerkin 
methods, Springer 1999. 

Miscellaneous • None 
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Mathematics 

Module description Iterative Solvers 

Responsible for the 
module 

Univ.-Prof. Dr. Arnold Reusken 

Lecturers • Univ.-Prof. Dr. Wolfgang Dahmen 
• Univ.-Prof. Dr. Arnold Reusken 
• PD Dr. Helmut Jarausch 

Start Summer Semester 

Frequency Not fixed 

Language English or German (as required) 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral or written examination (100%) 
• Homework (required for examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Module Numerical Methods for PDEs 
• Module Numerical Analysis IV 

Required for  • Seminars and master’s thesis in numerics of partial differential equations 

Learning targets / 
learning outcomes 

With respect to the subject: 
The students should 
• master fundamental iterative solution techniques that can be used for 

the solution of discretized partial differential equations 
• deepen their understanding of these techniques and achieve the ability 

to develop and adapt these methods flexibly for new problems 
• develop an understanding for basic notions related to the analysis of 

iterative solvers, such as rate of convergence, efficiency and robustness  
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Basic iterative solvers for large sparse linear systems 
• Krylov subspace methods 
• Preconditioning techniques 
• Multigrid methods 
• Domain decomposition methods 
• Convergence analysis of iterative solvers 

Literature • Reusken: Iterative methods for solving elliptic boundary value problems 
(script) 

• D. Braess: Finite elements. Theory, fast solvers, and applications in solid 
mechanics (Cambridge)  

• W. Hackbusch: Iterative Solution of Large Sparse Systems of Equations  
(Springer)  

Miscellaneous • None 
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Mathematics 

Module description Control Theory 

Responsible for the 
module 

Univ.-Prof. Dr. Wilhelm Plesken gen. Wigger 

Lecturers • Univ.-Prof. Dr. Wilhelm Plesken gen. Wigger 
• Univ.-Prof. Dr. Eva Zerz 

Start Winter or summer semester 

Frequency irregularly (as the need arises) 

Language English (or German) 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 
• Homework (required for examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Contents of modules Linear Algebra I und II (BSc Mathematics) 
• Contents of modules Analysis I und II (BSc Mathematics) 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
The students should  
• understand the basic ideas of controlling linear systems 
• acquire the basic knowledge of dealing with nonlinear control problems 
• develop understanding for algebraic analysis of differential equations 
• get to know a practical application of linear algebra 
• deepen the theory of modules over principal ideal domains in the context 

of a concrete case 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Dynamic systems 
• Linearity and time invariance 
• Stability 
• Controllability 
• State feedback and stabilization 
• Operability 
• Observer design and detectability 
• Frequency domain transfer matrix, realization theory, controller design 

Literature • D. Hinrichsen, A.J. Pritchard: Mathematical Systems Theory I, Springer 
2005 

• J.W. Polderman, J.C. Willems: Introduction to Mathematical Systems 
Theory, Springer 1998 

• E.D. Sontag: Mathematical Control Theory, Springer 1990 

Miscellaneous • None 
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Mathematics 

Module description Nonlinear Functional Analysis 

Responsible for the 
module 

Univ.-Prof. Dr. Josef Bemelmans 

Lecturers • Univ.-Prof. Dr. Josef Bemelmans 
• Univ.-Prof. Dr. Sebastian Maier-Paape 
• Univ.-Prof. Dr. Christof Melcher 
• Univ.-Prof. Dr. Heiko von der Mosel 
• Univ.-Prof. Dr. Michael Wiegner 
• PD Dr. Alfred Wagner 

Start Irregular 

Frequency Irregular 

Language German, possibly English 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination or presentation (100%) 
(as announced) 

• Homework (as requirement for the examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Modules Lineare Algebra I and II (e.g. from BSc Mathematics) or 
equivalent knowledge 

• Modules Analysis I, II und III (e.g. from BSc Mathematics) or equivalent 
knowledge 

Recommended 
requirements  

• Module Functional Analysis (e.g. from BSc Mathematics) or equivalent 
knowledge 

Required for  • None 

Learning targets / 
learning outcomes 

• Based on the module Functional Analysis I students will be introduced to 
nonlinear problems. Important tools such as fixed point theory and 
mapping degree are often applied in phyics and engineering. 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Fixed point theorems of Brouwer and Schauder 
• Mapping degree by Brouwer and Leary-Schauder 
• Nonlinear equations  
• Calculus in Banach spaces 
• Bifurcation theory 
• Monotone operators 

Literature • E. Zeidler: Nonlinear Functional Analysis and its Applications, Springer-
Verlag, New York 1990. 

• K. Deimling: Nonlinear Functional Analysis, Springer-Verlag, Berlin 1985 

Miscellaneous • None 
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Mathematics 

Module description Numerical Analysis III 

Responsible for the 
module 

Univ.-Prof. Dr. Wolfgang Dahmen 
Univ.-Prof. Dr. Arnold Reusken 

Lecturers • Univ.-Prof. Dr. Wolfgang Dahmen 
• Univ.-Prof. Dr. Arnold Reusken 
• Univ.-Prof. Dr. Lars Grasedyck 
• Univ.-Prof. Sebastian Noelle 

Start Winter semester 

Frequency Every winter semester 

Language English or German (as required) 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written examination (100%) 
• Homework (required for examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Numerical Analysis II (e.g. from BSc Mathematics) or equivalent 
knowledge 

Recommended 
requirements  

• Two 4+2 classes in calculus / analysis 
• Two 2+2 classes in numerical analysis 

Required for  • Module Numerical Analysis IV 
• Bachelor’s thesis in numerics 

Learning targets / 
learning outcomes 

With respect to the subject: 
The students shall 
• develop an understanding of the fundamental discretization principles of 

ordinary differential equations 
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 • understand basic techniques such as one- und multistep methods, step 
size control, extrapolation and semi-implicit as well as implicit 
approaches and master them actively 

• penetrate fundamental concepts such as stiffness of a problem and 
stability of an algorithm 

• deepen their ability to understand the working principles of fundamental 
numerical methods and to assess the scope of applicability of the 
methods 

• achieve the ability to develop and adapt methods flexibly for new 
problems.  

The tools acquired in this course will form the basis to master further 
algorithmic concepts for solving scientific and technological problems in 
future courses. 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Numerical methods for ordinary- and algebro-differential equations 

Literature • K. Strehmel, R. Weiner, Numerik gewöhnlicher Differen-tialgleichungen, 
Teubner 1998.  

• P. Deuflhard, F. Bornemann, Numerische Mathematik 2,  
de Gruyter 2002.  

• E. Hairer, G. Wanner, Solving Ordinary Differential Equations, Springer 
1996. 

Miscellaneous • None 

 



Elective Courses : Mathematics - Numerical Analysis IV 

 

Simulation Sciences 344 

Mathematics 

Module description Numerical Analysis IV 

Responsible for the 
module 

Univ.-Prof. Dr. Wolfgang Dahmen 
Univ.-Prof. Dr. Arnold Reusken 

Lecturers • Univ.-Prof. Dr. Wolfgang Dahmen 
• Univ.-Prof. Dr. Arnold Reusken 
• Univ.-Prof. Dr. Lars Grasedyck 
• Univ.-Prof. Dr. Sebastian Noelle 

Start Summer semester 

Frequency Every summer semester 

Language English or German (as required) 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination (100%) 
• Homework (required for examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Module Numerical Analysis III or equivalent background 

Recommended 
requirements  

• Three 4+2 classes in calculus / analysis 
• Two 2+2 classes in introductory numerical analysis 

Required for  • Bachelor’s thesis in numerics 
• Field numerics in master’s program
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Learning targets / 
learning outcomes 

With respect to the subject: 
The students shall 
• penetrate the classification of partial differential equations and develop a 

solid understanding of the underlying physical processes of energy-
minimization, diffusion and transport 

• develop an understanding of the fundamental discretization principles of 
partial differential equations 

• deepen their ability to understand the working principles of fundamental 
numerical methods and to assess the scope of applicability of the 
methods 

• based on this, achieve the ability to develop and adapt methods flexibly 
for new problems 

• master fundamental techniques such as finite difference methods and 
finite element methods 

• develop an understanding for the stability concepts related to methods 
for different types of differential equations 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Finite difference, finite element and finite volume methods for partial 
differential equations 

• Variational framework and weak formulations 
• Linear stability theory for time-dependent problems 
• Convergence and error estimates 
• Fast iterative solvers (relaxation, conjugate gradients, Krylov subspace 

methods, multigrid) 

Literature • D. Braess, Finite Elemente, Springer 2007 
• J. Strikwerda, Finite difference schemes and partial  

differential equations, Wadsworth 1989.  
• P. Knabner, L. Angermann, Numerik partieller Differentialgleichungen, 

Springer 2000.  

Miscellaneous • None 

 



Elective Courses : Mathematics - Partial Differential Equations II 
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Mathematics 

Module description Partial Differential Equations II 

Responsible for the 
module 

Univ.-Prof. Dr. Josef Bemelmans 
Univ.-Prof. Dr. Michael Wiegner 

Lecturers • Univ.-Prof. Dr. Josef Bemelsman 
• Univ.-Prof. Dr. Sebastian Maier-Paape 
• Univ.-Prof. Dr. Heiko von der Mosel 
• Univ.-Prof. Dr. Michael Wiegner 
• PD Dr. Alfred Wagner 

Start Winter semester 

Frequency Every winter semester 

Language German (WS 09/10), English (from WS 10/11 on) 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Oral examination 
• Homework (as requirement for the examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Modules Analysis I-II (e.g. from BSc mathematics) or equivalent 
knowledge 

• Module Linear Algebra I (e.g. from BSc mathematics) or equivalent 
knowledge

Recommended 
requirements  

• Module Partial Differential Equations (MSc Mathematics) or equivalent 
knowledge 

Required for  • Field partial differential equations, calculus of variations, numerical 
analysis, geometric analysis 

Learning targets / 
learning outcomes 

• The student should apply techniques of basics analysis lectures and 
basic lectures on differential equations to a key area of modern 
mathematics. They will learn how to become acquainted with a current 
research topic and will be introduced to the central role of partial 
differential equations in science and engineering.  
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• evolution equations 
• special equations 
• maximum principles 
• weak formulations 
• subsistence rate 
• regularity 
• nonlinear equations 
• qualitative theory 

Literature • L.C. Evans: Partial Differential Equations, AMS 1998. 
• M. Renardy, R. Rogers: An Introduction to Partial Differential Equations, 

Springer Verlag 2004. 
• E. Di Benedetto: Partial Differential Equations, Birkhäuser 1995. 

D. Henry: Geometric Theory of Semilinear Parabolic Equations, Springer 
Verlag 1981. 

• J. Smoller: Stock Waves and Reaction Diffusion Equations, Springer 
Verlag 1983. 

• G.R. Sell, Y. You: Dynamics of Evolutionary Equations, Springer Verlag 
2002 

Miscellaneous • None 

 



Elective Courses : Mathematics - Calculus of Variations I 
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Mathematics 

Module description Calculus of Variations I 

Responsible for the 
module 

Univ.-Prof. Dr. Josef Bemelmans 

Lecturers • Univ.-Prof. Dr. Josef Bemelmans 
• Univ.-Prof. Dr. Stanislaus Maier-Paape 
• Univ.-Prof. Dr. Christof Melcher 
• Univ.-Prof. Dr. Heiko von der Mosel 
• Univ.-Prof. Dr. Michael Wiegner 
• PD Dr. Alfred Wagner 

Start Winter semester 

Frequency Every winter semester 

Language German, possibly English 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination or presentation (100%) 
(as announced) 

• Homework (as requirement for the examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Modules Analysis I, II and III (e.g. from BSc Mathematics) or equivalent 
knowledge 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

• The students will be introduced to a classic area of mathematics. Terms 
as minimium, maximum and critical point, known from basic analysis 
lectures, will be extended and classic one-dimensional minimization 
problems presented. The students will learn how to formulate and solve 
minimization problems on their own. 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Euler-Lagrange equations of one-dimensional variational integrals 
• Sobolev functions on bounded domains 
• Dirichlet principle 
• Compactness criteria 
• Lower semicontinuity 
• Existence theory 
• Regularity of weak solutions 
• Variational applications 

Literature • G. Buttazzo, M. Giaquinta, S. Hildebrandt: One Dimensional Variational 
Problems, Oxford University Press 1988. 

• U. Brechtken-Manderscheid: Einführung in die Variationsrechnung, 
Wissenschaftliche Buchgesellschaft 1983. 

• W. Rudin: Reelle und Komplexe Analysis, Oldenbourg Verlag 1999 

Miscellaneous • None 

 



Elective Courses : Mathematics - Calculus of Variations II 
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Mathematics 

Module description Calculus of Variations II 

Responsible for the 
module 

Univ.-Prof. Dr. Josef Bemelmans 

Lecturers • Univ.-Prof. Dr. Josef Bemelmans 
• Univ.-Prof. Dr. Christof Melcher 
• Univ.-Prof. Dr. Heiko von der Mosel 
• Univ.-Prof. Dr. Michael Wiegner 
• PD Dr. Alfred Wagner 

Start Summer semester 

Frequency Every summer semester 

Language German, possibly English 

Duration 1 Semester 

Weekly hours 6 SWS 

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours 
207 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 Written or oral examination or presentation (100%) 
(as announced) 

• Homework (as requirement for the examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• Modules Analysis I, II and III (e.g. from BSc Mathematics) or equivalent 
knowledge 

• Module Calculus of Variations I 

Recommended 
requirements  

• None 

Required for  • None 

Learning targets / 
learning outcomes 

• Based on the module Calculus of Variations I, the students will be 
introduced to higher-dimensional calculus of variations. Many examples 
from physics and engineering can be formulated as minimization 
problems or in the framework of a critical point theory. Basic techniques 
for finding solutions to such problems will be taught. 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Euler-Lagrange equations of higher-dimensional variational integrals 
• Sobolev functions on bounded domains 
• Dirichlet principle 
• Compactness criteria 
• Lower semicontinuity 
• Existence theory 
• Regularity of weak solutions 
• Variational applications 

Literature • J. Jost, X. Li-Jost: Calculus of Variations, Cambridge University Press 
1998. 

• M. Giaquinta, S. Hildebrandt: Calculus of Variations I, II, Springer-Verlag 
Berlin 1996. 

• C.B. Morrey: Multiple Integrals in the Calculus of Variations, Springer-
Verlag New York 1966. 

Miscellaneous • None 
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Mathematics 

Module Description Complexity Theory and Quantum Computing 

Responsible for the 
Module 

Univ.-Prof. Dr. Erich Grädel 

Lecturers • Univ.-Prof. Dr. Erich Grädel 

Start Irregular 

Frequency Irregular 

Language English or German 

Duration 2 Semesters 

Weekly Hours 3 SWS 

Credit Points  9 CP 

Distribution of Work 
Load (in Hours) 

63 h Contact Hours 
207 h Private Study 

Form of Learning  Lecture   (2 SWS) 
 Tutorial  (1 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation Hours  

Form of Examination  Written Examination  
 Oral Examination 
 Homework 
 Presentation 

Examinations (and 
Grading)  

• 1 Written or oral examination (100%) 
• Homework (as requirement for the examination) 

Teaching Area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
Requirements  

• Module Mathematical Basics (e.g. from BSc Mathematics) or equivalent 
knowledge 

• Module Lineare Algebra I (e.g. from BSc Mathematics) or equivalent 
knowledge 

Reccmmended  
Requirements  

• Module Algebra I (e.g. from BSc Mathematics) or equivalent knowledge 
• Module Calculability and Complexity (e.g. from BSc Mathematics) or 

equivalent knowledge 

Required for  • Bachelor’s and Master’s thesis 

Learning Targets / 
Learning Outcomes 

The students should  
• be able to classify algorithmic problems with respect to their complexity. 
• They should know the most important complexity classes for 

deterministic, non-deterministic, parallel and probabilistic calculation 
models and should understand their interrelations.  

• master the basics and most important algorithms of quantum computing. 
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Learning Units 
(divided into weeks or 
overall overview of the 
content) 

• Deterministic, non-deterministic, parallel and probabilistic calculation 
models and the corresponding complexity classes 

• complete problems 
• complexity theory for optimization problems 
• Logic and complexity 
• Introduction to mathematical and physics basics of quantum computing 
• Quantum bits and quantum register 
• Quantum Gate Arrays 
• Important quantum algorithms, in particular the factorizing algorithm 

according to Shor 
• Quantum information theory 

Literature Lecture script 
• C. Papadimitriou, Computational Complexity, Addison Wesley 1994  
• M. Hirvensalo, Quantum Computing, Springer, 2001. 
• M. Nielsen and I. Chuang, Quantum Computation and Quantum 

Information, Cambridge University Press, 2000 

Miscellaneous • None 



Elective Courses : Mathematics - Optimization A 
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Mathematics 

Module description Optimization A 

Responsible for the 
module 

Univ.-Prof. Dr. Michael Herty 

Lecturers • Univ.-Prof. Dr. Michael Herty,  
Univ.-Prof. Dr. Dr. h. c. Hubertus Th. Jongen 

Start Summer semester 

Frequency Regularly. Typically every summer semester 

Language German or English (on request) 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
127 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination or 
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 written or oral examination (100%) 
• Homework (as requirement for the examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge in analysis and linear algebra 

Required for  • Module Optimization B 
• Module Optimization C 
• Numerical methods for Optimization 
• Special Topics in Optimization

Learning targets / 
learning outcomes 

With respect to the subject: 
• Knowledge of local and global analysis of (non) linear optimization 

problems 
• Knowledge of modern methods to solve (non) linear optimization 

problems 



Elective Courses: Mathematics - Optimization A 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Optimality criteria for problems without constraints 
• Optimality criteria for problems with constraints, Lagrange function, 

proposition of Karush-Kuhn-Tucker 
• Parametric and semi-infinite optimization 
• Convexity, duality, separation theorems 
• Linear inequality systems, constraint qualifications 
• Linear optimization, Simplex methods, ellipsoid algorithm of Khachyan, 

Karmarkar algorithm 
• Convergence concepts, gradient and Newton methods, SQP methods, 

conjugate directions, DFP and BFGS methods 
• Selected topics of current optimization research, e.g., non--smooth 

optimization, Morse theory, bundle methods, control problems 

Literature • H. Th. Jongen, P. Jonker, F. Twilt: Nonlinear Optimization in Finite 
Dimensions, Kluwer, 2000 

• H. Th. Jongen, K. Meer, E. Triesch: Optimization Theory, Kluwer, 2004 
• P. Spellucci, Einführung in die stetige Optimierung, Birkhäuser, 2004 

Miscellaneous • None 

 



Elective Courses : Mathematics - Optimization B 
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Mathematics 

Module description Optimization B 

Responsible for the 
module 

Univ.-Prof. Dr. Eberhard Triesch 

Lecturers • Univ.-Prof. Dr. Eberhard Triesch 

Start Winter semester 

Frequency Irregular 

Language German or English (depending on the students) 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
127 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination  
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 written or oral examination (100%) 
• Homework (as requirement for the examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge in analysis and linear algebra 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Knowledge of the most important algorithmic methods and structure 

propositions of discrete optimization 
• Ability to classify complexity theoretical optimization problems 

Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Graph theoretical problems 
• Flows in networks 
• integer linear optimization 
• Complexity theory (class P and NP, NP complete problems)
• Approximation algorithms 
• Probabilistic analysis 



Elective Courses: Mathematics - Optimization B 
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Literature • H.Th. Jongen, K. Meer, E. Triesch: Optimization Theory, Kluwer Verlag 
(2004) 

• B. Korte, J. Vygen: Combinatorial Optimization, Springer (2002) 
• A. Schrijver: Combinatorial Optimization, Springer (2003) 

Miscellaneous • None 

 



Elective Courses : Mathematics - Optimization C 
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Mathematics 

Module description Optimization C 

Responsible for the 
module 

Univ.-Prof. Dr. Michael Herty 

Lecturers • Univ.-Prof. Dr. Michael Herty 
• Univ.-Prof. Dr. Dr. h. c. Hubertus Th. Jongen 

Start Summer semester 

Frequency Every second summer semester 

Language German or English (on request) 

Duration 1 Semester 

Weekly hours 6 SWS  

Credit points  9 CP 

Distribution of work 
load (in hours) 

63 h Contact hours  
127 h Private study 

Form of learning  Lecture   (4 SWS) 
 Tutorial  (2 SWS) 
 Laboratory   
 Seminar   
 Project   
 Practical   
 Consultation hours  

Form of examination  Written examination or 
 Oral examination 
 Homework 
 Presentation 

Examinations (and 
grading)  

• 1 written or oral examination (100%) 
• Homework (as requirement for the examination) 

Teaching area  Computer Science 
 Engineering Sciences 
 Natural Sciences 
 Mathematics 
 Simulation Techniques 

Mandatory 
requirements  

• None 

Recommended 
requirements  

• Basic knowledge in analysis and linear algebra 
• Module Optimization A 

Required for  • None 

Learning targets / 
learning outcomes 

With respect to the subject: 
• Knowledge of the most important concepts of infinite dimensional 

optimization 
• Ability to work independently on continuous optimization problems 
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Learning units 
(divided into weeks or 
overall overview of the 
content) 

• Differentiability in Banach spaces 
• Optimization with ordinary differential equations (e.g. Pontryagin’s 

maximum principle, Hamilton-Jacobi Belmann equation) 
• Optimization problems with partial differential equations (e.g. variation 

problems, Lagrange multiplication theorems, functional analytical 
approaches) 

• Current topics of research in this field 

Literature • Luenberger, Optimization in Vector Spaces, Wiley, 1969 
• Tröltzsch, Optimierung mit partiellen Differentialgleichungen, Vieweg, 

2002 
• Lions Optimal Control of Systems, Springer, 1971 

Miscellaneous • None 
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Responsible Persons 
A 

Adrat 
Channel Coding and Modulation .............208 

Allelein 
Computational Nuclear Reactor Dynamics 

and Safety ..............................................71 
Computational Radiation Protection and 

Shielding.................................................62 
Energy Economics .....................................48 
MC-Method for Particle and Radiation 

Transport Simulation ..............................68 
Simulation Methods in Nuclear Engineering

...............................................................65 
Appelt 

Theory of Magnetic Resonance...............258 

B 

Bardow 
Energy Systems Engineering ....................46 

Behr 
Finite Elements in Fluids..........................134 
Parallel Computing in Simulation Sciences28 
SiSc Laboratory .........................................30 

Bemelmans 
Calculus of Variations I ............................348 
Calculus of Variations II ...........................350 
Nonlinear Functional Analysis..................340 
Partial Differential Equations II.................346 

Bientinesi 
Languages for Scientific Computing I ......321 
Languages for Scientific Computing II .....323 

Blügel 
Computational Magnetism .......................225 
Computational Material Sciences ............217 
Density Functional Theory - Hands-On....229 
Electronic Structure Theory I ...................221 
Electronic Structure Theory II ..................223 
Group Theory in Solid State Physics .......227 

Brecher 
Simulation and Control of Production Plants

.............................................................202 
Virtual Machine Tool – Modeling and 

Simulation.............................................200 
Büchs 

Cell Culture and Tissue Engineering .......183 
Bücker 

Parallel Algorithms...................................288 

C 

Carloni 
Computational Molecular Biology ............195 
From Molecular to Continuum Physics I ....16 

Corves 
Dynamics of Multi Body Systems.............147 
Machine Dynamics of Rigid Bodies .........150 

 

 

D 

Dahmen 
Approximation Theory and Data Analysis330 
Numerical Analysis III ..............................342 
Numerical Analysis IV..............................344 

Dronskowski 
ab initio Phase Prediction of Solid-State 

Materials...............................................260 
Quantum-Chemical Modeling of Complex 

Intermetallics ........................................262 

E 

Englert 
Simulation of Interactions in Molecular 

Crystals ................................................264 
Epple 

Process Control Engineering ...................119 
Process Measurement.............................121 

F 

Feldhusen 
Machine Design Process .........................144 

G 

Grädel 
Complexity Theory and Quantum Computing

.............................................................352 

H 

Hendricks-Franssen 
Modeling Flow and Transport Processes in 

Terrestrial Systems ..............................279 
Herty 

Optimization A .........................................354 
Optimization C .........................................358 

I 

Ismail 
Introduction to Molecular Simulations......116 

Itskov 
Continuum Mechanics .............................153 
Tensor Algebra and Tensor Analysis for 

Engineers I ...........................................155 
Tensor Algebra and Tensor Analysis for 

Engineers II ..........................................157 

J 

Jahnen-Dechent 
Cell Culture and Tissue Engineering .......183 

K 

Kneer 
Heat and Mass Transfer ............................51 

Kobbelt 
Basic Techniques in Computer Graphics 309 
Computer Vision ......................................313 
Data Analysis and Visualization.................24 
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Geometry Processing ..............................311 
Polynomial Curves and Surfaces.............315 
Subdivision Curves and Surfaces ............317 

Koch 
Applied Quantum Mechanics .....................11 

Kögerler 
Computational Magnetochemistry ...........266 

Kowalewski 
Introduction to Embedded Software ........293 

Kuhlen 
Virtual Reality...........................................319 

L 

Leitner 
Computational Chemistry for the 

Investigation .........................................268 
Leonhard 

Molecular Thermodynamics.......................44 
Liauw 

Inline Spectroscopy for Chemical Processes
.............................................................123 

Lichter 
Object Oriented Software Construction ...289 
Software Quality Assurance.....................291 

Lippert 
Concepts in Molecular Computational 

Quantum Chemistry .............................250 
SiSc Laboratory .........................................30 

Lüchow 
Computational Chemistry - Quantum Monte 

Carlo Methods ......................................270 

M 

Maier-Paape 
Dynamical Systems .................................332 

Marquardt 
Applied Numerical Optimization...............110 
Computer-Aided Process Design.............113 
Model Based Estimation Methods .............13 
Modeling Technical Systems ...................125 

Martin 
Atomistic Simulation of Defects in Solids.272 

Mathar 
Cryptography I .........................................210 
Cryptography II ........................................212 

May 
Lattice-Boltzmann Methods .....................139 

Meißner 
Quantum Theory of Particles and Fields 1 - 

Quantum Mechanics ............................233 
Quantum Theory of Particles and Fields 2 - 

Quantum Field Theory..........................235 
Quantum Theory of Particles and Fields 3 - 

Effective Field Theory...........................238 
Melin 

Chemical Process Engineering..................75 
Industrial Environmental Engineering ........78 
Medical Process Engineering ....................81 
Membrane Processes ................................84 
Product Design in Chemical Engineering ..87 

Modigell 
Fundamentals of Air Pollution Control .......90 

Multiphase Flow.........................................92 
Rheology....................................................94 

Mottaghy 
Artificial Organs and Implants / Assist 

Devices.................................................185 
Physiology ...............................................187 

Müller 
Energy Economics.....................................48 

Müller-Krumbhaar 
Crystal Growth (Xtal-Growth)...................248 
Phase-Field Methods...............................215 

N 

N.N. 
Atomistic Aspects of Modern Chemistry ..256 

Nabbi 
Computational Nuclear Reactor Dynamics 

and Safety ..............................................71 
Computational Radiation Protection and 

Shielding.................................................62 
MC-Method for Particle and Radiation 

Transport Simulation ..............................68 
Simulation Methods in Nuclear Engineering

...............................................................65 
Naumann 

Combinatorial Problems in Scientific 
Computing ............................................286 

Computational Differentiation ..................282 
Derivative Code Compilers ......................284 
SiSc Laboratory .........................................30 

Ney 
Advanced Automatic Speech Recognition

.............................................................303 
Advanced Pattern Recognition Methods .299 
Advanced Topics in Statistical Natural 

Language Processing...........................307 
Automatic Speech Recognition................301 
Pattern Recognition and Neural Networks

.............................................................297 
Statistical Natural Language Processing .305 

Noelle 
Finite Element and Volume Techniques ..334 

Noll 
Compiler Construction .............................295 

P 

Pavarini 
Strongly Correlated Systems ...................231 

Peters 
Turbulent Fluid Dynamics ..........................54 

Pfennig 
Kinetics of Mass Transfer ........................105 
Process Intensification and Thermal Hybrid 

Processes.............................................100 
Properties of Mixtures and Interfaces ......102 
Thermal Separation Processes .................97 
Thermodynamics of Mixtures...................107 

Pischinger 
Alternative Vehicle Propulsion Systems ....42 
Internal Combustion Engine Fundamentals

...............................................................35 
Internal Combustion Engines I...................37 
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Internal Combustion Engines II..................40 
Pitsch 

Combustion I..............................................56 
Combustion II.............................................58 

Plesken 
Control Theory .........................................338 

R 

Raabe 
Quantum-Chemical Modelling of Small and 

Medium-Sized Molecules .....................274 
Radermacher 

Approval and Usability of Technical Medical 
Devices.................................................179 

Computer Assisted Surgical Technology .176 
Medical Technology I ...............................172 

Reese 
Finite-Element-Technology ......................165 
Mechanics of Materials ............................169 
Plasticity and fracture mechanics ............167 

Reimerdes 
Fundamentals of Lightweight Design.......142 

Reusken 
Iterative Solvers .......................................336 
Numerical Analysis III ..............................342 
Numerical Analysis IV ..............................344 

Roller 
From Molecular to Continuum Physics II ...18 
Supercomputing in Engineering...............137 

S 

Sauer 
Computational Contact Mechanics ..........162 

Schmidt 
Nonlinear Structural Mechanics ...............159 

Schmitz-Rode 
Basic Physics of Medical Imaging............193 

Schöberl 
Fast Iterative Solvers .................................22 
Numerical Methods for PDEs.....................20 

Schröder 
Biological & Medical Fluid Mechanics I....189 
Biological & Medical Fluid Mechanics II...191 
Boundary-Layer Theory ...........................132 
Computational Fluid Dynamics I ..............128 

Computational Fluid Dynamics II .............130 
Schuppert 

Introduction to System Biology ................197 
Selke 

High Precision Monte Carlo Simulations in 
Statistical Physics.................................240 

Shah 
Basic Physics of Medical Imaging ...........193 

Stolten 
Fuel Cells - Today's Challenges in Modeling

...............................................................60 
Sutmann 

Parallel Algorithms for Classical Many-
Particle Systems...................................242 

T 

Terhal 
Quantum Information I .............................253 

Triesch 
Optimization B .........................................356 

V 

van der Kruk 
Hydrogeophysics .....................................277 

Vary 
Channel Coding and Modulation .............208 
Information Theory and Source Coding...206 

W 

Wiegner 
Partial Differential Equations II ................346 

Winkler 
Advanced Molecular Dynamics Simulations

.............................................................244 
Statistics and Dynamics of Macromolecules 

and Biopolymers...................................246 
Wolf 

Parallel Programming I ..............................26 
Parallel Programming II ...........................325 
Seminar Parallel Programming................327 

Z 

Zenke 
Cell Culture and Tissue Engineering .......183 

 

 



Responsible Persons 

 

Simulation Sciences 363 

Semester 
N 

Not Fixed / Irregular 
Advanced Automatic Speech Recognition

.............................................................303 
Advanced Pattern Recognition Methods .299 
Advanced Topics in Statistical Natural 

Language Processing...........................307 
Approximation Theory and Data Analysis330 
Atomistic Aspects of Modern Chemistry ..256 
Combinatorial Problems in Scientific 

Computing ............................................286 
Compiler Construction .............................295 
Complexity Theory and Quantum Computing

.............................................................352 
Dynamical Systems .................................332 
Finite Element and Volume Techniques ..334 
High Precision Monte Carlo Simulations in 

Statistical Physics.................................240 
Nonlinear Functional Analysis..................340 
Parallel Algorithms...................................288 

S 

Summer Semester 
ab initio Phase Prediction of Solid-State 

Materials ...............................................260 
Alternative Vehicle Propulsion Systems ....42 
Atomistic Simulation of Defects in Solids.272 
Basic Physics of Medical Imaging............193 
Biological & Medical Fluid Mechanics I....189 
Boundary-Layer Theory ...........................132 
Calculus of Variations II ...........................350 
Cell Culture and Tissue Engineering .......183 
Channel Coding and Modulation .............208 
Chemical Process Engineering..................75 
Combustion I..............................................56 
Computational Chemistry - Quantum Monte 

Carlo Methods ......................................270 
Computational Chemistry for the 

Investigation .........................................268 
Computational Fluid Dynamics I ..............128 
Computational Magnetochemistry ...........266 
Computational Molecular Biology ............195 
Computational Nuclear Reactor Dynamics 

and Safety ..............................................71 
Computer Assisted Surgical Technology .176 
Computer-Aided Process Design.............113 
Continuum Mechanics .............................153 
Control Theory .........................................338 
Cryptography I .........................................210 
Derivative Code Compilers ......................284 
Dynamics of Multi Body Systems.............147 
Electronic Structure Theory I ...................221 
Energy Economics .....................................48 
Fast Iterative Solvers .................................22 
Finite-Element-Technology ......................165 
From Molecular to Continuum Physics II ...18 
Geometry Processing ..............................311 

Inline Spectroscopy for Chemical Processes
.............................................................123 

Internal Combustion Engines I...................37 
Introduction to Embedded Software ........293 
Introduction to Molecular Simulations......116 
Iterative Solvers .......................................336 
Kinetics of Mass Transfer ........................105 
Languages for Scientific Computing II .....323 
Machine Dynamics of Rigid Bodies .........150 
MC-Method for Particle and Radiation 

Transport Simulation ..............................68 
Model Based Estimation Methods .............13 
Modeling Flow and Transport Processes in 

Terrestrial Systems ..............................279 
Modeling Technical Systems ...................125 
Nonlinear Structural Mechanics...............159 
Numerical Analysis IV..............................344 
Optimization A .........................................354 
Optimization C .........................................358 
Parallel Computing in Simulation Sciences28 
Parallel Programming II ...........................325 
Phase-Field Methods...............................215 
Plasticity and fracture mechanics ............167 
Process Control Engineering ...................119 
Product Design in Chemical Engineering ..87 
Properties of Mixtures and Interfaces ......102 
Quantum Information I .............................253 
Quantum Theory of Particles and Fields 1 - 

Quantum Mechanics ............................233 
Quantum Theory of Particles and Fields 3 - 

Effective Field Theory...........................238 
Quantum-Chemical Modeling of Complex 

Intermetallics ........................................262 
Quantum-Chemical Modelling of Small and 

Medium-Sized Molecules .....................274 
Rheology....................................................94 
Simulation Methods in Nuclear Engineering

...............................................................65 
Simulation of Interactions in Molecular 

Crystals ................................................264 
Software Quality Assurance ....................291 
Statistical Natural Language Processing .305 
Statistics and Dynamics of Macromolecules 

and Biopolymers...................................246 
Subdivision Curves and Surfaces............317 
Supercomputing in Engineering...............137 
Tensor Algebra and Tensor Analysis for 

Engineers II ..........................................157 
Theory of Magnetic Resonance...............258 
Thermal Separation Processes .................97 

W 

Winter Semester 
ab initio Phase Prediction of Solid-State 

Materials...............................................260 
Advanced Molecular Dynamics Simulations

.............................................................244 
Applied Numerical Optimization...............110 



Semester 

 

Simulation Sciences 364 

Applied Quantum Mechanics .....................11 
Approval and Usability of Technical Medical 

Devices.................................................179 
Artificial Organs and Implants / Assist 

Devices.................................................185 
Atomistic Simulation of Defects in Solids.272 
Automatic Speech Recognition................301 
Basic Techniques in Computer Graphics 309 
Biological & Medical Fluid Mechanics II...191 
Calculus of Variations I ............................348 
Combustion II.............................................58 
Computational Chemistry - Quantum Monte 

Carlo Methods ......................................270 
Computational Chemistry for the 

Investigation .........................................268 
Computational Contact Mechanics ..........162 
Computational Differentiation ..................282 
Computational Fluid Dynamics II .............130 
Computational Magnetism .......................225 
Computational Magnetochemistry ...........266 
Computational Material Sciences ............217 
Computational Radiation Protection and 

Shielding.................................................62 
Computer Vision ......................................313 
Concepts in Molecular Computational 

Quantum Chemistry .............................250 
Control Theory .........................................338 
Cryptography II ........................................212 
Crystal Growth (Xtal-Growth)...................248 
Data Analysis and Visualization.................24 
Density Functional Theory - Hands-On....229 
Electronic Structure Theory II ..................223 
Energy Systems Engineering ....................46 
Finite Elements in Fluids..........................134 
From Molecular to Continuum Physics I ....16 
Fuel Cells - Today's Challenges in Modeling

...............................................................60 
Fundamentals of Air Pollution Control .......90 
Fundamentals of Lightweight Design.......142 
Group Theory in Solid State Physics .......227 
Heat and Mass Transfer ............................51 
Hydrogeophysics .....................................277 
Industrial Environmental Engineering ........78 
Information Theory and Source Coding ...206 
Internal Combustion Engine Fundamentals

...............................................................35 
Internal Combustion Engines II..................40 

Introduction to System Biology ................197 
Languages for Scientific Computing I ......321 
Lattice-Boltzmann Methods .....................139 
Machine Design Process .........................144 
Mechanics of Materials ............................169 
Medical Process Engineering ....................81 
Medical Technology I...............................172 
Membrane Processes................................84 
Molecular Thermodynamics.......................44 
Multiphase Flow.........................................92 
Numerical Analysis III ..............................342 
Numerical Methods for PDEs ....................20 
Object Oriented Software Construction ...289 
Optimization B .........................................356 
Parallel Algorithms for Classical Many-

Particle Systems...................................242 
Parallel Programming I ..............................26 
Partial Differential Equations II ................346 
Pattern Recognition and Neural Networks

.............................................................297 
Physiology ...............................................187 
Polynomial Curves and Surfaces.............315 
Process Intensification and Thermal Hybrid 

Processes.............................................100 
Process Measurement.............................121 
Quantum Theory of Particles and Fields 2 - 

Quantum Field Theory..........................235 
Quantum-Chemical Modeling of Complex 

Intermetallics ........................................262 
Quantum-Chemical Modelling of Small and 

Medium-Sized Molecules .....................274 
Seminar Parallel Programming................327 
Simulation and Control of Production Plants

.............................................................202 
Simulation of Interactions in Molecular 

Crystals ................................................264 
SiSc Laboratory .........................................30 
Strongly Correlated Systems ...................231 
Tensor Algebra and Tensor Analysis for 

Engineers I ...........................................155 
Theory of Magnetic Resonance...............258 
Thermodynamics of Mixtures...................107 
Turbulent Fluid Dynamics ..........................54 
Virtual Machine Tool – Modeling and 

Simulation.............................................200 
Virtual Reality...........................................319 

 


