
 

title of module  Module 1: Concepts of Quantum Mechanics 

 

credit points 5  available in semester(s) 1 

hours per week 3  compact course 
 

     

lecturer(s) Institute of Theoretical Physics at RUB 

  

teaching methods 
 

lecture: 2 hours per week 
exercises: 1 hour per week 

  

evaluation of learning 
progress  

active participation during lectures, weekly homework 
corrected by teaching assistant and/or interactive 
presentation of homework during exercises 

  

mode of examination  30 - 45 min end-of-term oral exam or 2-hour end-of-
term written exam 

  

learning objectives students acquire advanced knowledge on selected topics 
of concepts and techniques of quantum mechanics and 
quantum statistical mechanics as needed in the realm of 
(bio)molecular systems such as molecules, clusters, 
liquids, solids and surfaces. This knowledge will be 
necessary to better understand dynamics and 
simulation, electronic and molecular structure, and 
theoretical spectroscopy of the aforementioned systems. 

  

soft skills  
 

notetaking during lectures, independent post-

preparation study of module contents and reading of  

relevant literature; interactive presentation in front of 

an audience 

FAKULTÄT FÜR CHEMIE UND BIOCHEMIE 

Master Program Molecular Sciences and Simulation 

 



contents of module introduction to/motivation of quantum mechanics (2h) 
 
review of basic quantum mechanics: real-space and 
momentum-space representation, Hilbert space concept 
and bra/ket notation (2h) 
 
harmonic oscillator: algebraic solution, ladder operators 
(2h) 
 
Pauli principle and antisymmetrization of wavefunction, 
spin/orbital angular momenta and their coupling (4h) 
 
non-degenerate time-independent perturbation theory, 
variational principle (Rayleigh-Ritz), Hartree Fock (4h) 
 
time-dependent quantum mechanics: Schrödinger, 
Heisenberg and Dirac picture, time-dependent 
Schrödinger equation, Heisenberg equation of motion, 
time evolution operator, propagator/Green function 
concept (4h) 
 
time-dependent perturbation theory: 
intermediate/interaction picture, transition 
probabilities, constant and periodic perturbations, 
sudden approximation (4h) 
 
introduction to quantum-statistical mechanics: 
statistical/density operator, thermal density matrices, 
quantum-statistical expectation values, statistical 
mixtures and pure states, thermal Boltzmann operator, 
restricted summation for identical particles, classical 
limit, interpretation of canonical partition function as 
path integral, basic ideas of path integral formalism of 
quantum mechanics and quantum-statistical mechanics: 
time-dependent propagator, free particle solution, 
thermal propagator (Feynman-Kac) and connection to 
statistical mechanics (6h) 

 


