
 
 

Quantum Collisions: Theoretical Foundations 

 
Teaching hours: 15 h 
 
Prerequisites: The course is primarily open to all PhD students at Gdansk University 
of Technology. 

This course is compulsory for PhD students assigned to the Physics tracks at the 
Doctoral School at Gdańsk University of Technology. 

This course is a part of the monographic lecture “Quantum Collisions: Theoretical and 
Experimental Techniques”. This course describes the theoretical foundations of 
quantum collision processes. The experimental techniques are treated in the course 
“Quantum Collisions: Experimental Techniques”. 

 

Course outline 
 
Content 
 

We begin with a short introduction to basic concepts of quantum dynamics of collision 
processes. The concepts will be visualized by solving scattering problems for simple 
model potentials. This is followed by a discussion of approximations methods for the 
calculation of cross section data. Finally we will show how to use the cross section data 
to simulate the transport of charged particles in gases and condensed matter. 
 
 

General topics coverage: 
1 Introduction to quantum scattering theory 
2 Methods for the calculation of cross sections 
3 Monte Carlo simulation of charge transport 

 
 

Teaching mode 

The course will be conducted online. The students are expected to follow the material 
provided on the moodle e-learning platform. The course is entirely delivered in 
English. 

 

 



 

 

Examination 

The progress of the students is monitored by online quizzes. 

 

Fundamental readings: 

1 J. R. Taylor, Scattering Theory, Dover Publ., Mineola, NY (2009) 
2 F. A. Gianturco, The Transfer of Molecular Energies by Collision, Springer, Berlin 

(1979) 
3 D. J. Tannor, Introduction to Quantum Mechanics – A Time-Dependent 

Perspective, University Science Books, Sausalito, CA (2007). 
4 M. Dapor, Transport of Energetic Electrons in Solids: Computer Simulation with 

Applications to Materials Analysis and Characterization, Springer-Verlag, Cham 
(2017). 

 
 
 

 

Quantum Collisions: Experimental Techniques 

 
 
Teaching hours: 15 h 
 
Prerequisites: The course is primarily open to all PhD students at Gdansk University 
of Technology. 

This course is compulsory for PhD students assigned to the Physics tracks at the 
Doctoral School at Gdańsk University of Technology. 

This course is a part of the monographic lecture “Quantum Collisions: Theoretical and 
Experimental Techniques”. This course describes the experimental techniques used for 
the study of collision processes. The theoretical foundations are treated in the course 
“Quantum Collisions: Theoretical Foundations”. 

 

Course outline 
 
Content 
 

This part of the lecture will be devoted to experimental methods and instrumentation 
employed in studies of low-energy charge particles interactions with atoms and 
molecules. 
Especially, following  selected topics will be presented and discussed: 
 



1. Survey of collisional processes occurring  during electron-atom/molecules 
scattering 

2. Survey of experimental methods of electron scattering physics 
3. Instrumentation: electron emission systems, electron energy analyzers and 

monochromators, lens systems and detectors 
4. The electron optics of the cylindrical deflector 
5. The electron optics of the ideal cylindrical field with space charge 
6. Survey of cross sections for electron scattering from atoms and molecules 


