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A successful career in physics is impossible without a deep knowledge of her language – 

mathematics. The goal of the course is to teach basic mathematical methods used in modern 

branches of physics: condensed matter physics, the theory of disordered systems, 

lowdimensional nanostructures physics, etc. The course is focused on the development of 

mathematical thinking and the ability to apply well-developed mathematical techniques for 

solving commonly used types of problems in physics. Classes are held in the form of seminars, 

where in the first part theoretical foundations of the mathematical methods used are given, and 

then examples of problems are treated and solved. A wide range of issues from the theory of 

functions of a complex variable and special functions to selected questions of the percolation 

theory and the foundations of group theory are considered. 

Course structure: 

1. Theory of functions of a complex 

variable 

1.1. Functions of a complex variable, 

a mapping and a branch point, limit 

and continuity of functions of a 

complex variable, derivative of a 

function of a complex variable, 

Cauchy-Riemann condition 

1.2. Integration of the function of a 

complex variable, singular points, 

Laurent series, residue theorem 

1.3. Сonformal mapping 

 

2. Calculation of integrals and 

special functions 

2.1. The use of symmetry in the 

calculation of integrals of a 

function, integrals of even and odd 

functions, integration over a 

contour, Jordan's lemma 

2.2. Gamma function, Beta function, 

error function, integral exponential 

function, integral cosine and sine 

2.3. Solution of the Laplace 

equation in cylindrical and spherical 

coordinates, Bessel functions and 

their properties, spherical functions 

and their properties 

 

ITMO University 

 

 

 



3. Approximate methods in physics 

3.1. Asymptotic series, approximate 

methods for solving algebraic 

equations, the method of steepest 

descent (stationary phase method) 

3.2. Quasiclassical approximation in 

quantum mechanics (Wentzel-

KramersBrillouin method) 

3.3. Variational methods in 

quantum mechanics 

4. Disordered systems and 

nonlinear phenomena 

4.1. Percolation (percolation) in a 

lattice with defects, site percolation 

problem, bond percolation 

problem, clusters, percolation 

transition for various types of 

lattices 

4.2. Non-linear Schrödinger 

equation, tackling infinities in 

physical systems 

4.3. Linearization of nonlinear 

systems of differential equations, 

singular points of the phase space 

of a nonlinear dynamical system, 

bifurcation, attractor of a dynamical 

system 

5. Integral transformations and 

integral equations 

5.1. Fourier transform, delta 

function and Green function 

5.2. Laplace transform, types of 

integral equations and methods for 

solving them 

6. Group theory and its applications 

6.1. Definitions and properties of an 

abstract group, conjugacy classes, 

translational and rotational 

symmetry groups and the 

associated conservation laws, the 

Bloch theorem, the Wigner 

theorem, point symmetry groups 

6.2. Representations of groups and 

their properties, character of 

representation, product of 

representations, selection rules, 

method of invariants 

 


