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Course title: 

Electrodynamics in Material Media: Microscopic Approach and Constitutive Relations 

 
Duration: 12 hours 
 
PhD Program: Mathematical and physical sciences for advanced materials and technologies (MPHS) 
 
Name and Contact details of unit organizer: 

Name: Giovanni Miano 
Affiliation: Scuola Superiore Meridionale 
Website: https://www.nanophotonics.it 
Email: g.miano@ssmeridionale.it 

Course Description: 

Electrodynamics in material media describes how electromagnetic fields interact with matter by relating 
microscopic interactions at the atomistic and molecular levels to macroscopic phenomena described by constitutive 
relations. The classical microscopic approach, based on the Maxwell-Lorentz equations, posits that the fundamental 
physical laws are the microscopic Maxwell equations in vacuum and classical equations of motion for the particles 
where all matter is treated as a collection of point charges and currents (electrons and nuclei). The electromagnetic 
field the particles produce fluctuate rapidly on atomic and molecular scales. In contrast, the macroscopic approach 
simplifies this by averaging over small volumes and short times to derive the macroscopic Maxwell equations.  
The purpose of the course is to bridge the gap between the classical macroscopic model, which relies on constitutive 
relations, with the classical microscopic approach that utilizes the Maxwell-Lorentz model and kinetic theory. The 
course is aimed at engineering, physics and mathematics students.  

Syllabus: 

1. Classical macroscopic approach to electromagnetic field – matter interaction: constitutive relations 
2. Charged particles and electromagnetic field  
3. Kinetic equations for free charged particles and electromagnetic field systems 
4. A paradigmatic example: ideal plasma (completely ionized gas) 
5. Atoms and electromagnetic field 
6. Kinetic equations for atom — electromagnetic field systems 

Assessment: 

The final exam requires students to give an oral presentation on a course-related theme, which they can choose 
themselves, provided it receives prior approval from the instructor. Alternatively, if requested, the instructors can 
propose a theme to the students. 
The presentation must be about 30 minutes long and can be done with the help of slides. The presentation will be 
followed by questions from the instructor which start from the presentation itself but can range over the entire 
course content. 

Suggested reading and online resources: 

- Lecture Notes on specific topics of the course will be provided to students during the course. Suggested books: 
- Yu L. Klimontovich, The kinetic theory of Electromagnetic processes, Springer Verlag, 1983. 
- L.D. Landau, E.M. Lifshitz, Electrodynamics of Continuous Media, Pergamon (1984 


