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COMPUTATIONAL MATHEMATICS OF EVOLUTIONARY EQUATIONS

Educational Objectives (Cele ksztatcenia)

After completing the course, students will be able to select appropriate numerical
algorithms and implement them to approximate and visualise solutions of various
mathematical models.

Requirements (Wymagania)

Basic knowledge of calculus, linear algebra and ordinary differential equations.
Elementary familiarity with Python programming is recommended. The course
Foundations of Computational Mathematics is not required but recommended, as it
provides useful background on basic numerical methods and computational
techniques.

Program content (Tresci programowe)

Evolutionary equations are used to model time-dependent phenomena in many
scientific fields, including biology, medicine, chemistry and physics. In most relevant
cases these equations cannot be solved analytically, that is, by closed mathematical
formulas. Instead, their solutions must be approximated using numerical algorithms
implemented on computers. Computational mathematics plays a centralrole in this
context by providing algorithms that approximate and visualise the behaviour of such
systems. Important properties of numerical algorithms include accuracy, efficiency,
robustness and stability.

This course is devoted to numerical methods for equations evolving in time and
space. Mathematical models first need to be discretised in space and time and then
solved by suitable numerical algorithms. We will study the construction and analysis
of such algorithms and investigate their main properties.

The course introduces important discretisation techniques including finite difference
methods, finite element methods and spectral methods. Particular attention will be
given to equations modelling fundamental physical phenomena, such as the wave
equation and the heat equation.

The course combines theoretical understanding with practical computation. For the
practical component we will use the Python programming language.
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