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(2) LEARNING OUTCOMES

The aim of the course is the introduction of the physics of phase transitions for interacting particle
systems. After an introduction in the concepts of symmetry breaking, its causes, and the order
parameter, the simple Ising model within the Curie-Weiss approximation, where all spins interact
with each other, is analyzed. In this context, the important concepts of critical exponents and the
mean field are introduced. Subsequently, the above results are generalized in systems with local
interactions, for which various approximations are used. These methods are used in multiple system
models. Furthermore, the phenomenological Landau Theory of phase transitions is developed. This
method highlights the importance of symmetries and their breaking, the order parameter and the
concept of universality. to the thermodynamics of phase-transitions, two basic mean-field theories
(Weiss and Bragg-Williams) are analyzed, in which the crucial role of interactions is showcased. These
methods are applied to several systems. Subsequently, the Landau phenomenological theory for
phase changes is developed. This method highlights the importance of symmetries and their
breaking, the class parameter and the concept of universality. Also, the significance of fluctuations in
phase transitions is analyzed, as well as and their role in invalidating the predictions of mean-field
theory. Finally, the importance of the quantum nature in phase transitions is discussed.

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

e Describe phase transition phenomena in the context of mean-field theory of interacting systems.

e Identify physical laws underlying phase transitions in various condensed matter systems.

e Explain the role of symmetry and symmetry breaking at phase transitions.

e  Find the order parameter of a transition and construct the Landau free energy expansion.

e Comprehend the notion of fluctuations and the conditions under which they invalidate mean-
field theory.

e Evaluate physical quantities related with critical phenomena in different physical systems.

e Calculate critical exponents in the context of mean-field theory.

e Combine concepts and physical laws of correlations to interpret the critical behavior of condense
matter.

By successfully attending and completing the course the student will acquire the following skills:
e Ability to search, analyze and compose data and information, using the appropriate
technological tools.

e Ability to work autonomously.

e Train free, creative and inductive thinking.

e Train analytical and synthetic thinking.

o Ability to solve problems.




(3) SYLLABUS

e  Ferromagnetism. Exchange Interaction. Ising Model. Curie-Weiss Model

e Bragg-Williams Approximation. Applications.

e  Bethe Approximation. Bethe Lattices. Applications.

e Symmetry. Order parameter. Construction of Landau functional.

e 1%torder and 2™ order phase transitions. Critical Points. Critical Exponents. Correlation Length.
Scaling Laws. Fluctuations. Response functions.

e Linear response in external time-dependent excitation. Fluctuation-Dissipation Theorem.

® Phase —transitions in quantum systems. Superfluids, Stoner magnetism.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Yes

Electronic communication with the students using ICT
(Information and Communications Technology)
eclass platform

Lectures 39
Exercises 26
Individual Study/ Study and 110

Analysis of bibliography /
Preparation

Course Total 175

Final written exams in Greek
Open-ended questions, Problem solving




(5) ATTACHED BIBLIOGRAPHY

- Suggested bibliography

e  STATISTICAL PHYSICS, F. Mandl|
e  STATISTICAL PHYSICS AND THERMODYNAMICS, E. N. EconomouE.N. Owovépou

- Related academic books:

e K.Huang, Statistical Mechanics, Wiley (1987)

e Principles of condensed matter physics P.M. Chaikin, T.C. Lubensky, Cambridge University Press
1995.

e R.K. Pathria, Statistical Mechanics, Butterworth-Heinemann, 1996

J. P. Sethna, Statistical Mechanics, Oxford University Press, 2010

M. Kardar, Statistical Physics of Particles, Cambridge University Press

M. Kardar, Statistical Physics of Fields, Cambridge University Press




