COURSE OUTLINE

(1) GENERAL

School of Science
Physics

Undergraduate (postgraduate course offered to
undergraduate students)

10EK411
MATHEMATICAL PHYSICS

Lectures
Specialised Knowledge

No
Greek

Yes (in the English language for Erasmus students)

https://eclass.uoa.gr/courses/PHYS230/




(2) LEARNING OUTCOMES

The course provides the student with the opportunity to become familiar with the use of approximate
mathematical methods for solving complex physical problems as well as advanced techniques for
solving wave type partial differential equations for a range of boundary conditions.

By successfully attending and completing the course, the student will be able to:

e Use orthogonal polynomials as a basis for solving the Laplace, diffusion, Helmholtz and Poisson
equations for various boundary conditions.

e Use advanced integration techniques in the complex plane.

e Calculate a variety of mathematical transforms and their inverses (Fourier, Laplace, Hilbert, Mellin)
and be able to use them in solving physical problems.

¢ To be able to find the asymptotic expansions of special functions defined through integral relations
and to understand their connection to physical problems.

¢ Calculate Green's functions for a series of wave-type equations.

e To use the technique of Green's functions to solve problems of non-relativistic and relativistic
Quantum Mechanics.

¢ To solve Fredholm and Volterra type integral equations focusing on their application to scattering
problems in Quantum Mechanics.

The course aims at the following general competences:
e Search for, analysis and synthesis of data and information, with the use of the necessary
technology.
e Working independently.
e Analytical and synthetic thinking.
e  (Critical thinking.
e Problem solving.




(3) SYLLABUS

Special functions and orthogonal polynomials. Expansion in eigenfunctions. Laplace,
diffusion, Helmholtz, Poisson equations (4 hours).

Hilbert transform. Dispersion relations. Advanced complex integration techniques and their
applications (12 hours).

Saddle point and stationary phase approximations. Asymptotic expansions (10 hours).
Green's functions: Construction of Green's functions for the Helmholtz, Poisson, Laplace
equations and for the wave equation (8 hours).

Problems in Cartesian, spherical and cylindrical coordinates with homogeneous and
inhomogeneous boundary conditions. Expansion in orthogonal polynomials. The importance
of propagator and Green's function in quantum mechanics (8 hours).

Integral equations: Fredholm and Volterra equations. Relation to Green's equations. Exact
solution techniques through expansion in orthogonal polynomials and through integral
transformations (Fourier, Laplace, Mellin, Hankel). Solving through iterative approaches (10
hours).




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face (Distance learning in special circumstances)

Yes

Electronic communication with the students using ICT.
Computer-aided lectures, e-class platform.

Lectures 52

Individual Study/ Study and 48
Analysis of bibliography /
Preparation

Exercises at home 50

Course Total 150

e Final written exams in the Greek language (or English)
combined, if necessary, with an oral exam




(5) ATTACHED BIBLIOGRAPHY

Suggested bibliography:

e  Mathematics of Classical and Quantum Physics, F. W. Byron & R. W. Fuller (Dover)

e  Methods of Theoretical Physics, P. M. Morse & A. H. Feshbach (Mc Graw Hill)

e  Methods of Mathematical Physics, R. Courant & D. Hilbert (Wiley)

e Elements of Green’s Functions and Propagation, G. Barton (Oxford Science Publications)
e  Mathematical Physics: A modern introduction to its foundations, S. Hassani (Springer)

Instructor's notes and plenty of notes online




