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Quantum mechanics
Themes of the complex exam

The postulates of quantum mechanics, pure and mixed states, density operator, the
measurement problem, Bell inequalities

Measurements, expectation value, variance, standard deviation, Heisenberg inequality,
intelligent states.

Representations, evolution operator, Schrodinger and Heisenberg picture

Time evolution of the quantum system, constants of motion, Ehrenfest’s theorem
The harmonic oscillator, stationary states, coherent and squeezed states

Angular momentumin quantum mechanics

Hydrogen atom as a Coulomb problem, spectrum and the corrections
Stern-Gerlach experiment, spin, Pauli equation

Symmetries and conservation laws in quantum mechanics

. Stationary perturbation theory, with some simple applications (e.g. Stark effect of the

H atom)
Interaction picture and time dependent perturbation theory
Two-level system in an external resonant field, the Rabi problem

Perturbation theory of the interaction of an atomic system with the electromagnetic
field.

The many-body problem, systems of identical particles, bosons and fermions
The method of second quantization for many-body systems

Approximation methods for the determination of stationary states of many-body
systems

Scattering problems in quantum-mechanics, scattering cross section, Lippmann-
Schwinger equation

Approximation methods in scattering problems, the method of partial waves and the
Born approximation

One and three-dimensional problems: potential-well, hard sphere, bound and
scattering states

Basics of relativistic quantum mechanics, Klein-Gordon equation, Dirac equation
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