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(2) LEARNING OUTCOMES

The aim of this course is to introduce the student to stochastic processes and their relevance in
physical phenomena. After an introduction to probability theory and estimation theory, the student
is exposed to the concept of random walks, where the analysis focuses on their properties and the
importance of dimensionality. Taking the continuum limit, the concept of Brownian motion is
introduced. Its properties are analyzed using stochastic differential equations, and the corresponding
Fokker-Planck equation. Finally, Brownian path-integrals are introduced and their relationship with
quantum mechanics are analyzed.

With the completion of the course the student is able to:
e master the basic concepts of probability and estimation theory;
e understand the concepts behind the central limit theorem, as well as the criteria for its
failure;
e explain the role of dimensionality in the properties of random walks;
e understand the notion of Brownian motion and its applications
e use the tools and methodologies of Brownian motion to solve advanced problems by first
finding the correct differential equations, and then solving them;
e understand the concept of Brownian path-integrals and where they are applicable;
e solve simple problems in probability, estimation and detection
e solve first passage time problems using the diffusion equation with various boundary
conditions
e apply techniques from stochastic processes in a wide range of situations;
e use the tools, methodologies, language and conventions of stochastic processes to test and
communicate ideas and explanations not only in Physics but in other fields as well;

By successfully attending and completing the course the student will acquire the following skills:

e Ability to search, analyze and compose data and information, using the appropriate
technological tools.

e Ability to work autonomously.

e Train free, creative and inductive thinking.

e Train analytical and synthetic thinking.

e Ability to solve problems.

e  Ability to making a convincing presentation of a technical subject and the ability to think on their
feet, answering questions on the material




3. SYLLABUS

Introduction: Random variables, distributions, moments, moment generating function, Bayes
Theorem.

Estimation Theory: Hypothesis testing, estimation of variables using MMSE, MAP

Central Limit Theorem: proof, examples where it fails (Cauchy)

Discrete random walks: Fundamental equation, Polya Theorem, Mean number of distinct sites
visited

Levy processes

Diffusion Equation: Properties, Probability Current, Boundary conditions, First passage time
calculation

Green’s function

Brownian motion: Properties, nondifferentiability, Ito — Stratonovich differences

Stochastic Diff. Equation

Fokker Planck Equation: Properties

Ornstein-Uhlenbeck Process — Langevin Equation

Classical Caldeira — Leggett Model

Introduction to Brownian path integrals: Feynman - Kac formula, Derivation, Applications




(3) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

e-class platform

Electronic communication with the students using ICT
(Information and Communications Technology)
Computer-aided lectures, use of Overhead Projectors,

Lectures/ exercises 52
Individual Study/ Study and 98
Analysis of bibliography /

Preparation

Course Total 150

Homeworks

Presentation at the end of the semester on an application of
the course material in a real physical situation
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