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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	30

	
	Practical exercises (school internships)
	0

	Total in-class work
	75

	Out-of-class work
	Self-exam preparation
	60

	
	Individual preparation for solving problems given to the practical exercises for homework
	60

	Total out-of-class work
	120

	TOTAL ACADEMIC WORK
	195

	ECTS credits in-class work
	2.5

	ECTS credits out-of-class work
	4

	TOTAL ECTS CREDITS
	6.5


	№
	Grade components

	% of the grade

	1. 
	Exam 
	100

	Outline of the course:

	The course "Physical Applications of the Group Theory" is intended primarily for advanced undergraduate and graduate students from the physical faculties, but also the course can be useful and for students from mathematical and other faculties, to acquaint them with modern and powerful methods and results of the theory of groups and group representations and to show wide scope of applications.   
Although the exposition in the course is at mathematically rigorous level we tried to make all explanations very explicit, the language less abstract as is possible, and have illustrated the results by many examples and applications. The basic concepts and constructions most commonly used in the theory and in the physical applications are introduced in a way that is easy for the students to acquire and to assimilate them. 




	Preliminary requirements:

	The preliminary requirements for the students to learn successfully the course "Physical Applications of the Group Theory" are to have solid knowledge in the following disciplines:
· Linear Algebra
· Real and Complex analysis
· Tensor Analysis
· Differential Equations



	Key competences acquired:

	After the course "Physical Applications of the Group Theory", the students will acquire wide range of skills to theoretical and computational aspects of the theory of groups as well as to applications of the groups in physics.  …
Designed for advanced undergraduate and graduate students, this course gives a com-prehendsive overview of the main aspects of both finite and continuous groups, with an emphasis on applications to fundamental physics. The course gives to the students knowledge to that aspects of the group theory which are important for the building of the Standard Model. Also the applications of group theory to the classification of elementary particles are treated in detail.



Lessons plan 

	№
	Topic:
	Acad. Hours

	
	Lectures
	

	1.
	Finite groups: an introduction
Group axioms. Finite groups of low order. Permutations.

	3


	2.
	Finite groups: basic concepts
Conjugation. Simple groups. Sylow’s criteria. Semi-direct product. Young Tableaux.

	3


	3.
	Finite groups: representations 
Introduction. Schur’s lemmas.The A4 character table. Kronecker products. Real and complex representations.

	3

	4.
	Finite groups: representations 
Embeddings. Zn character table. Dn character table. Q2n character table. Some semi-direct products.


	3


	5.
	Finite groups: representations 
Induced representations. Invariants. Coverings

	3


	6.
	SU(2) 

Introduction. Some representations. From Lie algebras to Lie groups. SU(2) → SU(1, 1). 

	3

	7.
	SU(2) 

Selected SU(2) applications. The isotropic harmonic oscillator  The Bohr atom. Isotopic spin.

	3

	8.
	Linear topological spaces

Finite Hilbert spaces. Fermi oscillators. Infinite Hilbert spaces.


	3



	9.
	Classification of compact simple Lie algebras 

Classification. Simple roots. Rank-two algebras. Dynkin diagrams. Orthonormal bases.


	3

	10.
	Lie algebras: representation theory 
Representation basics. A3 fundamentals. The Weyl group. Orthogonal Lie algebras. 


	3

	11.
	Lie algebras: representation theory 
Spinor representations. SO(2n) spinors. SO(2n + 1) spinors. Clifford algebra construction. Casimir invariants and Dynkin indices. Embeddings. Oscillator representations.

	3

	12.
	SU(3)
SU(3) algebra. α-Basis. ω-Basis. α’-Basis. The triplet representation. The Chevalley basis.

	3


	13.
	SU(3) in physics 

The isotropic harmonic oscillator redux. The Elliott model. The Sakata model. The Eightfold Way.


	3


	14.
	The groups of the Standard Model 
Space-time symmetries. The Lorentz and Poincaré groups.  The conformal group. 


	3


	15.
	The groups of the Standard Model 
Beyond the space-time symmetries. Color and the quark model. Invariant Lagrangians. Non-Abelian gauge theories. The Standard Model. Grand Unification. Possible family symmetries. Finite SU(2) and SO(3) subgroups. Finite SU(3) subgroups.

	3

	
	
	

	
	Seminars/Practical exercises
	

	1.
	Finite groups: an introduction
Group axioms. Finite groups of low order. Permutations.

	2


	2.
	Finite groups: basic concepts
Conjugation. Simple groups. Semi-direct product. Young Tableaux.

	2


	3.
	Finite groups: representations 
Introduction. Schur’s lemmas.The Kronecker products. Real and complex representations.

	2

	4.
	Finite groups: representations 
Embeddings. Zn character table. Dn character table. Q2n character table. 


	2


	5.
	Finite groups: representations 
Induced representations. Invariants. Coverings

	2


	6.
	SU(2) 

Introduction. Some representations. From Lie algebras to Lie groups. SU(2) → SU(1, 1). 

	2

	7.
	Classification of compact simple Lie algebras 

Classification. Simple roots. Rank-two algebras. Dynkin diagrams. Orthonormal bases.


	4

	8.
	Lie algebras: representation theory 
Representation basics. A3 fundamentals. The Weyl group. Orthogonal Lie algebras. 


	2


	9.
	Lie algebras: representation theory 
Spinor representations. SO(2n) spinors. SO(2n + 1) spinors. Clifford algebra construction. Casimir invariants and Dynkin indices. Embeddings. Oscillator representations.

	4

	10.
	SU(3)

SU(3) algebra. α-Basis. ω-Basis. α’-Basis. The triplet representation. The Chevalley basis.

	2

	11.
	The groups of the Standard Model 
The Lorentz group. 


	2


	12.
	The groups of the Standard Model 
The Poincaré group. 


	4



Topics Covered on the Final Exam

	№
	Topic

	1.
	Group axioms. Finite groups of low order. Permutations.


	2.
	The symmetric group Sn


	3.
	Conjugation. Simple groups. Sylow’s criteria. 


	4.
	Semi-direct product. Young Tableaux.


	5.
	Finite groups: representations. Introduction. Schur’s lemmas.



	6.
	The Kronecker products of representations. Real and complex representations.


	7.
	Embeddings. Zn character table. Dn character table. Q2n character table. Some semi-direct products.



	8.
	Induced representations. Invariants. Coverings


	9.
	The SU(2) group.  



	10.
	Representations of the SU(2) group. 


	11.
	From Lie algebras to Lie groups. SU(2) → SU(1, 1).



	12.
	Selected SU(2) applications. The isotropic harmonic oscillator  The Bohr atom. Isotopic spin.


	13.
	Linear topological spaces. Finite Hilbert spaces. Fermi oscillators. Infinite Hilbert spaces.



	14.
	Classification of compact simple Lie algebras. Simple roots. Rank-two algebras. 



	14.
	Dynkin diagrams. Orthonormal bases.



	15.
	Representation theory of Lie algebras. Representation basics. A3 fundamentals. 



	16.
	The Weyl group. Orthogonal Lie algebras. 



	17.
	Spinor representations. SO(2n) spinors. SO(2n + 1) spinors. 



	18.
	Clifford algebra construction. Casimir invariants and Dynkin indices. 



	19.
	Embeddings. Oscillator representations.



	20.
	SU(3) algebra. α-Basis. ω-Basis. α’-Basis. 


	21.
	The triplet representation of the SU(3) algebra.. The Chevalley basis.


	22. 
	The isotropic harmonic oscillator redux. 



	23.
	The Elliott model.


	24.
	The Sakata model.



	25.
	The Eightfold Way.



	26.
	Space-time symmetries. The Lorentz group. 



	27.
	The Poincaré group. 



	28.
	The conformal group. 



	29.
	Beyond space-time symmetries. Color and the quark model. 


	30.
	Invariant Lagrangians. Non-Abelian gauge theories.



	31.
	The Standard Model. 



	32.
	Grand Unification. 


	33.
	Possible family symmetries. Finite SU(2) and SO(3) subgroups. Finite SU(3) subgroups.
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� Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 
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