
 

 
 
 
 
EÐL101M  ADVANCED TOPICS IN CLASSICAL PHYSICS 
 

• Credits: 10 ECTS 
• Course description:  

Aim: To provide a twenty-first century perspective on fundamental concepts of 
major areas of classical physics which are not seen (or not covered at enough 
depth) at the undergraduate level. 

Main topics: Statistical Physics, Fluid Dynamics, Optics 

• Learning outcomes  
 

Knowledge and understanding: 
To complete this course the student should be able to: 

1. Have a comprehensive view of the kinetic theory of gases and its 
connection to equilibrium thermodynamics 

2. Recognize the wide range of applications of the Boltzmann equation to 
classical equations governing fluids (Navier-Stokes) and collisionless 
systems (Liouville’s theorem and the Jeans equations) 

3. Comprehend phenomena that require Statistical Mechanics plus 
gravity such as phase mixing and violent relaxation 

4. Become familiar with turbulence and instabilities (Kelvin-Helmholtz, 
Raylegh-Taylor) in fluid mechanics  

5. Comprehend fundamental equations governing compressible and 
supersonic flows (shock fronts; Sedov-Taylor blast wave solution) 

6. Have a comprehensive view of the connection between geometric 
optics and quantum theory (such as the Eikonal approximation) 

7. Acquire advanced knowledge of the phenomena of diffraction 
(Fraunhofer and Fresnel), interference and coherence (e.g. 
radiotelescopes)  

• Preceding courses/prerequisites: classical mechanics, electromagnetism, 
and elementary thermodynamics 



 

• Teacher: Half of the course by Nordita staff member (Assistant Professor 
Cristobal Arriata), the other half by a local staff member (TBD)  

 
 
 
EÐL102M   ADVANCED TOPICS IN ELECTRODYNAMICS 
 

• Credits: 10 ECTS 
• Course description:  

Aim: To provide a modern perspective of a selection of topics in advanced 
Electrodynamics 

Main topics: Magnetohydrodynamics, Plasma Physics, Radiative Processes 

• Learning outcomes  
 

Knowledge and understanding: 
To complete this course the student should be able to: 

 
 

1. Comprehend the basic equations for electrically conducting fluids 
moving in magnetic fields 

2. Understand some of the applications of MHD (e.g. the origin of Earth’s 
magnetic field)  

3. Have a comprehensive view of the relevance of collective effects in 
plasmas (e.g. Debye shielding) 

4. Recognize the origin of non-equilibrium distributions in plasmas and 
the phenomena of plasma waves (kinetic theory and two-fluid 
formalism) 

5. Be familiar with fundamentals of radiative transfer (e.g. thermal black 
body radiation and radiative diffusion) 

6. Have a comprehensive view of the main radiation mechanisms such as 
Bremmsstrahlung and Synchrotron radiation as well as scattering 
mechanisms such as Compton and Inverse Compton scattering 

• Preceding courses/prerequisites: classical mechanics and 
electromagnetism 

• Teacher: Assistant Professor Habib Rostami 

https://www.nordita.org/people/staff/index.php?u=habib.rostami 

 

 
 
 
 
 
 
 

https://www.nordita.org/people/staff/index.php?u=cristobal.arratia
https://www.nordita.org/people/staff/index.php?u=habib.rostami


 

EÐL610M    GENERAL RELATIVITY 
 

• Credits: 10 ECTS 
• Course description: This course provides a basic introduction to Einstein's relativity 

theory: Special relativity, four-vectors and tensors. General relativity, spacetime 
curvature, the equivalence principle, Einstein's equations, experimental tests within 
the solar system, gravitational waves, black holes, cosmology. 

 
• Learning outcomes  

 
Knowledge and understanding: 
To complete this course the student should be able to: 

1. Define and explain the equivalence principle and its consequences 
2. State and explain the mathematical connection between spacetime 

curvature and gravity. 
3. State and explain Einstein's field equations. 
4. Explain the foundations of General Relativity. 
5. Explain  the basic properties of gravitational waves. 
6. State and explain the basic properties of black hole. 
7. State and explain the  basic models of relativistic cosmology. 

  
 Skills 

To complete this course the student should be able to: 
1. use tensors in calculations. 
2. compare solar system measurements to the results of weak field 

approximations to the field equations. 
• Teacher: Ass. Prof. Alexander Krikun 

https://www.nordita.org/people/staff/index.php?u=alexander.krikun 

 

EÐL208M QUANTUM FIELD THEORY 

• Credits:  10 ECTS 
• Course description: 

 Aim: To introduce perturbative quantum field theory and some of its applications in 
 modern physics.  

  

Main topics: relativistic quantum mechanics, bosonic and fermionic fields, 
interactions in perturbation theory, Feynman diagram methods, scattering 
processes and particle decay, elementary processes in quantum 
electrodynamics (QED).  

• Learning outcomes 

Knowledge and understanding: 
To complete this course the student should be able to: 

1. Define and explain relativistic wave equations for scalars, fermions, 
and gauge fields.  

https://www.nordita.org/people/staff/index.php?u=alexander.krikun


 

2. Be familiar with key concepts of quantum field theory including wave 
packets and their particle interpretation, correlation functions, 
scattering amplitudes, and cross sections.  

3. Be familiar with local and global symmetries of quantum systems and 
their implementation in quantum field theory.  

 Skills 

To complete this course the student should be able to: 
1. Use perturbative diagrammatic techniques to compute observables for 

scattering processes. 
2. Use the QED Feynman rules to compute elementary cross-sections of 

charged particles. 

3. Apply symmetry principles to organize and simplify calculations.  

• Preceding Courses / Prerequisites: Quantum mechanics 1 (EÐL509M), 
Spacetime physics (EÐL205G). 

• Teacher: 

 

EÐL209M  STATISTICAL METHODS IN DATA ANALYSIS 

• Credits:  6 ECTS 
• Course description: 

o Aim: to provide students with theoretical and practical experience in 
advanced statistical techniques for data analysis.  

o Main topics:  fundamental statistical concepts, statistical inference, 
error propagation, Monte Carlo sampling and Markov chains, non-
parametric statistics (e.g. Kolmogorov-Smirnov test) 

 
 

• Learning outcomes 
o Knowledge and understanding: 

To complete this course the student should be able to: 
1. Master fundamental concepts and procedures in such as 

distribution functions (Gaussian, Poisson) 
2. Comprehend and be able to apply measures of goodness-of-fit 

such as chi-square 
3. Be familiar with different statistical inference paradigms and 

recognize their applicability: frequentis, bayesian, likelihood, 
information criteria  

4. Be able to calculate, propagate and interpret uncertainties. 
5. Comprehend and be able to apply random sampling algorithms 

such Monte Carlo methods and their use with Markov chains 
6. Be familiar with concepts and applications of non-parametric 

statistical inferences such as the  Kolmogorov–Smirnov test 
 



 

o Skills: 
To complete this course the student should be able to: 

1. analyse experimental data with different statistical techniques; 
2. generate Monte Carlo simulations; 
3. estimate uncertainties in the analysis of experimental data. 

 

• Preceding courses/prerequisites: basic programming skills 

• Teacher: Woosok Moon 
https://www.nordita.org/people/staff/index.php?u=woosok.moon 

 

VON001F  THESIS SKILLS: PROJECT MANAGEMENT, WRITING SKILLS 
AND PRESENTATION 

Credits: 4 ECTS 

• Course Description: 
Introduction to the scientific method. Ethics of science and within the 
university community. 
The role of the student, advisors and external examiner. Effective and honest 
communications. 
Conducting a literature review, using bibliographic databases and reference 
handling. Thesis structure, formulating research questions, writing and 
argumentation. How scientific writing differs from general purpose writing. 
Writing a MS study plan and proposal. Practical skills for presenting tables 
and figures, layout, fonts and colors. Presentation skills. Project management 
for a thesis, how to divide a large project into smaller tasks, setting a work 
plan and following a timeline. Life after graduate school and being 
employable. 

 
• Learning Outcome: 

The students must demonstrate their ability to: 
- Identify ethical issues that may arise in research 
- Write a literature review appropriate for a thesis 
- Formulate research questions and structure a thesis 
- Write a thesis proposal using the literature review 
- Present research proposal and participate in honest and effective 
communications 
- Develop a work plan and timeline for a thesis research project 
 

• Preceding Courses / Prerequisites: None specified 
• Teacher: 

https://www.nordita.org/people/staff/index.php?u=woosok.moon

