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(2) LEARNING OUTCOMES

The course provides the student with the opportunity to become familiar with basic concepts and
theorems of the mathematical Group Theory, as well as to learn methods for systematically solving
problems related to the impact of symmetry transforms to the phenomenological properties of
physical systems. By successfully attending and completing the course, the student will be able to:

Understand the origin of conservation laws in Physics.

Understand in depth properties of operators and their connection to physical observables
(angular momentum, spin).

Use Group theoretical tools to extract spectral properties (eigenvalues, eigenstates) of
Hamiltonian operators of quantum systems with specific symmetries.

Use Group Theory to describe the modes of mechanical systems in symmetric set-ups.

Use Group Theory to derive selection rules, implied by underlying symmetries, for possible
transitions in quantum mechanical systems.

The course aims at the following general competences:

Search for, analysis and synthesis of data and information, with the use of the necessary
technology.

Working independently.

Analytical and synthetic thinking.

Critical thinking.

Problem solving.




(3) SYLLABUS

Introduction: Symmetry transforms and conservation laws. Definition of a group.
Classification of groups, examples. Constructive approach to low-order finite groups.

Cyclic groups. Rearrangement lemma. Subgroups, cosets, Lagrange theorem.

Direct product of groups. Homomorphism-isomorphism. Factor groups. Conjugation classes,
normalizer.

Permutation group. Cayley theorem. Young diagrams and Young tableaux.

Representations of groups. Schur’s lemmas. Great Orthogonality Theorem. Character tables.
Decomposition of reducible representations. Projection operators, construction of basis
functions of irreducible representations.

Examples and applications in Physics: Bloch’s theorem. Symmetry and block-diagonalization
in various eigenvalue problems. Degeneracies. Degeneracy lifting due to a perturbation.
Irreducible tensor operators, direct product representation, selection rules in optical
transitions.

Continuous groups. The SO(2) group. Lie groups. Lie algebra.

The SO(3) and SU(2) Lie groups.

Cartan subalgebra, roots, weights, the SU(N) group, representations, Young tableaux.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face (Distance learning in special circumstances)

Yes

Electronic communication with the students using ICT.
Computer-aided lectures, e-class platform.

Lectures 52

Individual Study/ Study and 95
Analysis of bibliography /
Preparation

Exams 3

Course Total 150

Written final exam in Greek.




(5) ATTACHED BIBLIOGRAPHY

Suggested bibliography:
e |.Vergados, Group Theory, volumes A’ and B’, E. Kalamaras Editions, 1991 (in Greek)
e M.S. Dresselhaus, Applications of Group Theory to the Physics of Solids, MIT 2002
e F.W. Byron and R.W. Fuller, Mathematics of Classical and Quantum Physics, Dover, 1992

Instructors’ notes and plenty of notes online.




