COURSE OUTLINE

(1) GENERAL
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(2) LEARNING OUTCOMES

In this course the student acquires the necessary knowledge for the understanding of the magnetic
properties of matter (diamagnetism, ferromagnetism, antiferromagnetism), superconductivity,
dielectric and optical properties of solids, mainly on the basis of microscopic principles and quantum
mechanics.

With the completion of the course the student is able to:

Describe the phenomena of diamagnetism, ferromagnetism, antiferromagnetism, superconductivity,
dielectric phenomena, and ferroelectricity.

Recognise the importance of strong correlations with respect to these phenomena.

Trace back the aforementioned phenomena to first principles of many-body quantum mechanics.

Calculate critical phase-transition temperatures in magnetic, superconducting and ferroelectric
materials.

Explain the basic notions, principles and laws related to strong correlations.

Solve many-body problems with approximate methods.

Compose models that describe materials with strong correlations.
Evaluate the approximate solutions of models.

The course aims at the following general competences

Working independently

Production of free, creative and inductive thinking
Analytical and synthetic thinking

Critical thinking

Time management

Creativity

Meeting Deadlines and Keeping Schedules
Problem solving




(3) SYLLABUS

® Quantum theory of magnetism. The magnetic Hamiltonian and the electronic spin.
Diamagnetism and paramagnetism.

e Second quantization formalism. Origin of the spontaneous magnetization and of the magnetic
interactions.

o  Models of magnetic systems. Types of magnetic order: ferromagnetism, antiferromagnetism.
Magnons. Magnetization correlations and magnetic order transitions.

e Attractive electron interaction. Cooper pairs.
e Microscopic theory of superconductivity: BCS and Valatin-Bogoliubov theory. Isotopic effect.

e  Order parameter correlations and superconducting order transitions. Landau-Ginzburg phase
transition theory.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

Computer-aided lectures, use of Overhead Projectors,
eclass platform

Lectures 26
Exercises 26
Individual Study/ Study and 98

Analysis of bibliography /
Preparation

Course Total 150

Final written exams in Greek

Open-ended questions, Problem solving
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