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Practicalities of the course

Lectures and exercises take place in Hall U9 in Undergraduate Centre
* Lectures on Wednesdays at 12:15 -14:00

* First lecture September 6", 2023
* Exercises on Fridays at 12:15-14:00

The course is done by solving the weekly exercises

* A new topic is introduced every Wednesday and the same topic may be
continued on Friday’s exercise class. Solutions of homework problems will be
discussed on Friday’s class as well

* The return deadline of exercise solutions is always on Thursday at 21:00
Code of Conduct: Collaboration and group work in learning is encouraged, but

* Copying the homework solutions from others is forbidden

* Everyone prepares their solutions independently



Passing the course

The grading of this course is based on weekly home exercises

20 pts/week  => total 240 pts

* Minimum criteria for passing is 50% of the max points (120/240) and 30% of
the points from both parts (MATLAB and MATHEMATICA)

DISCLAIMER: The final grading is adjusted if necessary

e There is no exam



Contents and Learning goals

The main learning goal of this course is the development of one’s skills in computational modelling and
problem solving in physics and engineering. BSc level studies in Math, physics and engineering is assumed
and some experience in programming. Active participation in this course greatly develops one’s fluency in
using Matlab and Mathematica software which both are general programming tools backed up with
extensive mathematical capability.

Learning is facilitated by weekly homework problems which illustrate mathematical and algorithmic
approaches in solving tasks which are frequently encountered in studies and research work, but which
cannot be solved using only pen and paper. The instruction of the course elaborates the theoretical
backgrounds of homework tasks but addresses also mathematical and programming concepts which are
relevant for solutions.

Course topics include e.g. data analysis, linear algebra, applications of mathematical transforms, differential
and integral equations. Contents may vary slightly every year to avoid unnecessary repetition and to foster
development.

After the course one should feel comfortable when facing and solving problems encountered in science and
engineering disciplines. Typical examples are data analysis, modelling and visualization tasks or
programming challenges involving implementation of sophisticated mathematical operations.



Matlab topics

 Week 1: Basic Matlab commands, plotting of data
* Week 2: Data importing, file operations, data analysis

* Week 3: Optimization
 Week 4: Fourier transform and frequency domain analysis
* Week 5: Finite-difference methods

* Week 6: Intro to machine learning

* Week 7: Exam weak, no teaching



Selected studies from previous years:
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Optimization
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Fourier analysis
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Dynamic systems
Predicting the future?
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Machine learning
Knowledge from data

classification
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Mathematica overview

The second part of the course focuses on the mathematical calculation, problem
solving, and visualization using Mathematica and Wolfram Language (WL).

WL is a high-level “knowledge-based” programming language including roughly
6000 functions.

The power of Mathematica is that it combines analytical (symbolic) and
numerical computations, with a huge number of efficient built-in functions
and sophisticated visualization tools.

Mathematica has a very useful help tool, with lots of examples and applications,
but sometimes finding a correct function can be tedious and time-consuming



Mathematica topics

Week 8: Notebook documentation and basics of Wolfram language
Week 9: Calculus (differentiation, integration, etc.)

Week 10: Visualization and graphics

Week 11: Differential equations (ODE and PDE)

Week 12: Data analysis, manipulation and optimization

Week 13: Engineering applications



Mathematica examples

Symbolic and numerical calculus (Differential) equation solution
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