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BASICS IN MATERIALS SCIENCE:  
STATISTICAL MECHANICS AND FUNDAMENTAL MATERIALS PHYSICS 

Module code 
2c 

Student  
workload 
180 hours 

Credits 
6 ECTS 

Semester 
1st 

Frequency 
winter term 

Duration 
1 semester 

1 Types of courses: 
a) lecture 
b) class 

Contact hours 
a) 45 hrs (2 SWS) 
b) 15 hrs (2 SWS) 

Independent study 
120 hours 

Class size 
a) 20 students 
b) 20 students 

2 Learning outcomes 
Students possess knowledge of the basic principles and technologies of materials processing includ-
ing casting, sintering, forming, heat treatment and surface modification. They also understand 
basic thermodynamic concepts for phase stability and liquid-solid or solid-solid phase transfor-
mations, as Maxwell relations and phase diagrams, and can apply them to solve simple materials 
science problems. Concerning mechanical behaviour of materials, the students understand the 
definition of mechanical equilibrium and are able to apply it to simple problems. They have an 
overview on the different mechanical properties and their assessment methods, including the mi-
crostructural strengthening mechanisms of materials. The students know the basic physical proper-
ties of functional materials and how they are related to the microstructure. They are able to discuss 
the correlation between processing, microstructure and properties of materials and have the basic 
skills to apply their knowledge to solve materials science problems. 
 
The students are familiar with fundamental concepts of statistical mechanics and know how to con-
nect macroscopic material properties to atomic and molecular features by using probability theory 
and statistical methods. They are able to derive the Boltzmann distribution of energies by using the 
equal probability principle of equilibrium states. Using statistical mechanics, they are able to relate 
properties such as temperature, pressure and specific heat to atomistic variables for a number of 
cases such as ideal gases and crystalline solids (Debye theory). They understand how magnetic 
properties such as para-and ferromagnetism are connected to spin degrees of freedom and can de-
rive from a simple statistical starting point the magnetization curve for a paramagnet and the Curie-
law for a ferromagnetic material. They are also familiar with basic principles of quantum statistics 
and know and the difference between fermions and bosons. The students can use the variational 
approach to study the evolution of a system towards equilibrium (Ginzburg-Landau theory). 

3 Subject aims 

 Overview on important engineering manufacturing processes: Casting, powder processing, 
metal forming, surface treatment, heat treatment 

 Thermodynamical concepts to describe phase equilibria and phase transformations in  
liquid and solid states 

 Introduction to mechanical properties of materials and their assessment methods 

 Microscopic origin of plastic deformation and fracture 

 Fundamental relations between microstructure and mechanical properties, incl. strength-
ening mechanisms for engineering materials 

 Introduction to functional (electrical, magnetic, optical) properties of materials 

 Physical origin of functional properties, key quantities and their relations 

 Introduction to key concepts of probability theory: probability distributions, expectation 
values, central limit theorem 

 Basics of ensemble theory; microcanonical, canonical and grand canonical ensemble 

 Boltzmann distribution and equipartition theorem 

 Statistical approach to temperature and pressure: Virial theorem and equation of state of 
ideal gases  

 Specific heat of crystalline solids (Debye theory) 

 Introduction to variational formalism (Euler-Lagrange) 

 Ginzburg-Landau theory of magnetism 

4 Teaching methods 
lecture, group work 

5 Prerequisites for participation 
None 
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6 Assessment methods 
written examination (2 hours), bonus points can be gained by providing solutions to the problem 
sheets in class. 

7 Prerequisites for the assignment of credit points 
passing the exam 

8 This module is used in the following degree programmes as well 
None (IMOS informieren!) 

9 Impact of grade on total grade 
6/113 

10 Responsibility for module 
Prof. Dr. Alexander Hartmaier, Prof. Dr. Fathollah Varnik 

11 Other information 
Literature: McQuarrie: Statistical Mechanics, C. Garrod: Statistical mechanics and thermodynamics, 
D.R. Gaskell; Introduction to the thermodynamics of materials, D.A. Porter & K.E. Easterling; Phase 
transformation in metals and alloys. 

  


