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1. Decision to establish the course

This courseplan was established by the department of physics 2006-10-dd as
a course within the Masters Programme “Physics of Materials and Biological
Systems” and as a stand-alone course in physics at Göteborg university.

The responsible department is physics.
The course belongs to the following main areas: physics
The course plan is valid from 2007-07-01.

2. Level

This is a continuation course on the advanced level

3. Prerequisites

Basic undergraduate physics, some numerical analysis and computing. Some
familiarity with MATLAB is recommended.

Applicants must prove knowledge of English: TOEFL test result of at
least 600 points (computerized 250 points, on Internet 100 points) or IELTS
test result of at least 6.0, including at least 6.5 for the Writing. This re-
quirement does not apply to students with a Bachelor degree from an En-
glish speaking university, or to students having passed English level B at
Swedish/Nordic Upper Secondary School.

4. Learning outcomes

The course introduces the students to important computational methods in
physics; namely stochastic, continuum, and particle methods. The main aim
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with the course is to refine computational skills by providing direct experi-
ence in using a computer to solve problems in physics. A large number of
different numerical techniques are applied to problems taken from quantum,
classical, and statistical physics. The aim is to develop an understanding of
modeling physical systems using various numerical techniques. The course
is designed to bridge the gap between undergraduate level physics and com-
putational research.

After having taken ”Computational physics,” the student should be able
to:

• efficiently use MATLAB to solve numerical problems, to make interface
to C and/or Fortran code, and to visualize computational results.

• explain the basic ideas behind the Metropolis Monte Carlo, the kinetic
Monte Carlo and the molecular dynamics simulation techniques.

• describe how finite differences, finite elements, and Fourier transforms
can be used to solve partial differential equations.

• understand the limitations of mean field approaches and how they can
be circumvented using numerical techniques.

• integrate knowledge in modeling physical systems with various numer-
ical techniques.

• critically choose numerical techniques for solution of problems in var-
ious fields in physics.

• write well-structured technical reports where computational results are
presented and explained.

• communicate results and conclusions in a clear way.

5. Content

The course gives an introduction to three important computational methods
in physics: stochastic, continuum, and particle methods.

The stochastic methods, often called Monte Carlo methods, are a col-
lection of techniques where random numbers play an essential role. We will
introduce the Metropolis algorithm and apply it to problems in material sci-
ence and in statistical and quantum mechanics. High-dimensional problems
can be treated which are intractable with other numerical techniques.
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We will also show how stochastic methods can be used to solve kinetic
and diffusion problems and consider Brownian motion and reaction kinetics
in connection to heterogeneous catalysis.

Finite element and finite difference methods are used to solve partial
differential equations. These are central in physics and of key importance
in engineering. We will introduce these continuum methods and illustrate
how they can be used to solve various problems in physics. The Fast Fourier
Transform will also be introduced as an efficient technique to solve partial
differential equations.

Particle methods can be used to solve both few-body and many-body
problems. They are based on the solution of ordinary differential equa-
tions. We will demonstrate how they are used as powerful tools in molecu-
lar modelling in materials and biosciences. The technique is then known as
molecular dynamics simulation and gives much insight into the behaviour of
interacting many particle systems.

6. Literature

The course is based on lecture notes and articles.
Recommended additional material:

1. As reference book (for more advanced students): J.M.Thijssen, ”Com-
putational Physics” (Cambridge University Press).

2. For MATLAB: Eva Pärt-Enander and Anders Sjöberg, ”The MAT-
LAB Handbook” (Addison Wesley Longman).

3. For numerical methods: Willliam H. Press et al., ”Numerical Recipes;
The Art of Scientific Computing” (Cambridge), and Michael T. Heath,
”Scientific Computing: An Introductory Survey”, (McGrawHill).

7. Examination

The examination will be based on exercises and homework assignments
(75%) and a final exam (25%).

The final grade for the course is obtained when all compulsary parts of
the course have been approved. Students that have failed the course twice
has the possibility of asking for another examiner. Such a request must be
registered to the relevant institution.
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8. Grades

The grades are Fail (U), Pass (G) and Excellent (VG). If there are established
criteria for G and VG, they have to be made avaible to the student. The
instructor must be informed within a week after the course starts if the
student would like to receive ECTS grades

9. Course evaluation

The evaluation of the course is done by the teacher and students together
during and after the course.

10. Additional information

The Masters Programme in ”Physics of Materials and Biological Systems” is
given in collaboration with the Physics Departments at Chalmers University.
The course is identical to and given together with the course TIFxxx ”Com-
putational Physics” in a corresponding Masters Programme at Chalmers.

4


