Physics MSc 2026

FINAL EXAM TOPICS

1. Approximation methods in quantum mechanics. Time-independent degenerate and
nondegenerate perturbation theory. Time-dependent perturbation theory.

2. Description of mixed states in quantum mechanics. The density operator and its properties. The
time evolution operator.

3. Relativistic quantum mechanics. Klein-Gordon equation. The Dirac equation. Conservation of
angular momentum; the spin. Negative energy solutions, antiparticles. Solution for particle in rest.
Parity, invariance under space inversion.

4. Particles and their interactions. The nuclear force. Classification of hadrons. Strong interaction,
quarks, gluons. Beta decay. Neutrinos. Leptons. Essential conservation laws, symmetries. Violation of
space inversion symmetry. Weak interaction and its mediating bosons.

5. Quantum statistics. Symmetry requirements for systems of identical particles, fermions and bosons.
Description of many-particle states by occupation numbers of one-particle states. The grand canonical
ensemble. Derivation of average occupation number for ideal Fermi gas and ideal Bose gas based on
grand canonical ensemble.

6. The black-body radiation. Photon properties: energy, momentum, polarization. Density of photon
states in wave-vector space. Mean number of photons in thermal equilibrium with walls of enclosure
of given volume and photon frequency in given infinitesimal interval, spectral distribution of black-
body radiation (Planck’s formula). Power emitted by black body.

7. Lattice structure. Bravais-lattice, basis. Coordination number. Most frequent lattice types. Primitive
cell. Wigner—Seitz-cell. Reciprocal-lattice. The first Brillouin-zone.

8. Lattice vibrations. The adiabatic (Born-Oppenheimer) approximation. Harmonic approximation.
Dispersion relation of the lattice vibrations. Acoustic and optical vibrations.

9. Statistical hypothesis testing and parameter estimations. The general method and steps of
hypothesis testing. T-tests, Chi-square test for the variance, F-test for comparing two variances.
Properties of parameter estimations. The method of maximum likelyhood estimation.



