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Course annotation 

The course deals with application of computer algebra system (Mathematica) and its application 

to a number of selected problems in physics. When solving scientific problem one often needs 

tools for analytical derivations of formulas, numerical calculations, graphical representation, 

solution of differential equations, etc. All these tools are provided by computer algebra systems 

(CAS). A vast variety of available tools ensure that scientists can concentrate on solving 

scientific problems and allow fast result checking without resorting to different and often 

incompatible software. Unfortunately, self-study of very complicated contemporary CAS would 

require much time and efforts, and this essentially motivates the existence of this course.  

 

The proposed course consists of three parts. The first part of the course (the first month) is 

devoted to the basics of CAS Mathematica. It introduces base syntax, most often used 

commands and suggestions on help system usage. This part is concluded with an overview of 

main programming paradigms, i.e. procedural, object oriented and functional programming 

styles.  

 

The second part is intended to demonstrate how one or another selected physical problem can 

be fully formulated, solved and presented using CAS Mathematica. The doctorate student can 

select the problem according to his/her interest and experience. The suggested list includes: 

electric circuits (two ports, transient processes, transient oscillations in LC contours), charged 

particle motion in electric and magnetic fields (both homogeneous and inhomogeneous), 

cyclotron resonance, Fermi-Dirac distribution and its application to electron density in 

semiconductors, interference of waves, Fourier transform and Fourier spectroscopy, digital 

filters, percolation, introduction to Monte Carlo method, Brusselator, nonlinear pendulum, 



solitons (Burgers and KdV equations), quantum oscillator, quantum 2L system, quantum wells 

quantum barriers. Usually acquaintance with one or two problems are enough to understand 

potential and usefulness of CAS in solving physical problems. 

 

The third part deals with the particular problem students want to solve. The suggested practice 

is that students themselves or their supervisors provide the problem for partial or full solution 

using Mathematica. The supervised work of students on the problem in hand constitutes the 

major part of the assessment in the exam. 
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