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Subject objectives

In this course | am going to introduce basic notions of ergodic theory: measure preserving systems, Bikhoff
theorem, mixing systems, weak mixing systems, Bernoulli and Kolmogorov systems. We will investigate
basic examples of systems with those properties and origins of ergodic theory in physics. Spectral theory of

Koopman operator and metric entrop

y are going to be discussed.

Learning outcomes

Course outcome

Subject outcome

Method of verification

[K7_WO03] demonstrates
knowledge advanced computation
techniques, supporting the work of
a

mathematician and understand
their limitations.

A student understands how to
exploit a computer to simulate
dynamical systems

[SW1] Assessment of factual
knowledge

[K7_U10] understands the
mathematical foundations of the
analysis of algorithms and
computational processes,
constructs algorithms with good
numerical properties, used to
solve typical and unusual
mathematical problems

A student is able to estimate the
complexity of algorithms used to
study the trajectories of dynamical
systems

[SU3] Assessment of ability to
use knowledge gained from the
subject

[SU4] Assessment of ability to
use methods and tools

[K7_WO02] has enhanced
knowledge of a selected branch of
mathematics,theoretical or
applied, knows classical
definitions and theorems and their
proofs and connections with other
fields,understands problems being

examined

A student gives basic definitions of
ergodic theory

[SW1] Assessment of factual
knowledge
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Subject contents

Course content — lecture
1. Hamiltonians, measure preserving systems, Liouville's theorem.

2. ldeal gas, Clapeyron equation, equipartition of energy, Boltzmann ergodic hypothesis.

3. Geodesic flow on surfaces with negative curvature. Hard spheres system.

4. Kac' lemma, Poincare recurrence theorem.

5. Differential equations on torus. Ergodic properties of the circle rotation.

6.Ergodic theory of Markov processes, Ito diffusion, infinitesimal operators.

7. Spectral theory of Koopman operators, entropy.

Course content — seminar
Solving problems related to the content of lectures.

Prerequisites
and co-requisites

Probability theory, stochastic integral, stochastic differential equations

Assessment methods Subject passing criteria Passing threshold Percentage of the final grade
and criteria Test 50.0% 100.0%
Recommended reading Basic literature Cornfeld, Fomin, Sinai "Ergodic theory"

Supplementary literature Katok, Hasselblatt "Introduction to the modern theory of dynamical

systems" 1995

Kallenberg "Foundations of modern probability” 2002

eResources addresses

Example issues/
example questions/

tasks being completed

Prove that a given system preserves a given measure. Prove ergodicity/weak mixing/mixing of the system.

Practical activites within Not applicable

the subject
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