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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	

	Total in-class work
	45

	Out-of-class work
	………………………………………………………
	45

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	45

	TOTAL ACADEMIC WORK
	90

	ECTS credits in-class work
	1.5

	ECTS credits out-of-class work
	1.5

	TOTAL ECTS CREDITS
	3


	№
	Grade components

	% of the grade

	1. 
	Final exam
	100

	2. 
	
	

	3. 
	
	

	4. 
	
	

	Outline of the course:

	Functional analysis is a branch of mathematical analysis concerned mostly with the study of vector spaces and spaces of functions. In particular, the integral transformations of functions, such as the Fourier transform and Laplace transform, can be viewed as opera-tors between function spaces. This point of view turned out to be very useful for the study of differential and integral equations, which also find various applications in physics.
The main goal of this course is to provide a self-contained introduction to the basic con-cepts in modern functional analysis. The idea is to make contact with physics and its ap-plications like quantum mechanics and statistical physics. The students will gain knowledge on many important topics such as metric spaces, linear operators, integral equa-tions and distributions.


	Preliminary requirements:

	To study “Functional analysis” without obstacles, one needs to be already familiar with the following mathematical disciplines: 

•
Linear algebra 

•
Analytic geometry

•
Calculus

•
Tensor analysis 

•
Complex analysis


	Key competences acquired:

	After the course the students will be familiar with most aspects of modern functional analysis, which are necessary for their work in the field of theoretical and mathematical physics. Some of these aspects include theory of Banach and Hilbert spaces, operators and their algebras, and applications in physics


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1.
	Linear spaces: Definition. Examples. Linear dependence and independence. Finite and infinite dimensional spaces. Direct sum of linear spaces. Tensor product of linear spaces. Linear and affine manifolds.
	3

	2.
	Metric and normed spaces: Normed spaces. Definition. Examples. Metric spaces. Definition. Examples. Important inequality for integrals and sums. The lp(m) space. The lp space. The C([a;b]) space. The Ck([a;b]) space. The Lp([a; b]) space.
	3

	3.
	Banach spaces: Definition. Examples. Separability. Completeness. 

	3

	4.
	Hilbert spaces: Inner product spaces. Examples. Orthogonal and orthonormal systems. Gram-Schmidt orthogonalization. Hilbert spaces. Examples. Distance between a point and a subspace. Orthogonal complements. Fourier series in Hilbert spaces.
	6

	5.
	Operators: Linear operators. Definition and examples. Dirac notations. Conjugated and self-conjugated operators. Invertible and unitary operators. Eigenvectors, eigenvalues and eigendecomposition. Spectral decomposition. Spectral theorems. 
	9

	6.
	Integral equations: Main classes of integral equations. Examples. Integral equations with singular kernel. Fredholm’s theorem. 
	9



	7.
	Mathematical foundations of quantum mechanics: Basic principles and equations of classical mechanics. Algebra of the observables in classical mechanics. 
	6

	8.
	Basic concepts and postulates in quantum mechanics: State space. Observables. Correspondence principle. Canonical quantization. Quantum measurement. Evolution operator. Schrodinger wave equation.
	6


	Topics Covered on the Final Exam

№
	Topic

	1.
	Finite and infinite dimensional spaces. Linear and affine manifolds. 

	2.
	Direct sum of linear spaces. Tensor product of linear spaces.

	3.
	Normed spaces. Definition. Examples.

	4.
	Metric spaces. Definition. Examples.

	5.
	Important inequality for integrals and sums.

	6.
	The lp(m) space. The lp space.

	7.
	The C([a;b]) space. The Ck([a;b]) space. The Lp([a; b]) space.

	8.
	Banach spaces: Definition. Examples. 

	9.
	Banach spaces: Separability. Completeness.

	10.
	Inner product spaces. Examples.

	11.
	Orthogonal and orthonormal systems. Gram-Schmidt orthogonalization.

	12.
	Hilbert spaces. Examples.

	13.
	Distance between a point and a subspace. Orthogonal complements.

	14.
	Fourier series in Hilbert spaces.

	15.
	Linear operators. Definition and examples.

	16.
	Dirac notations.

	17.
	Conjugated and self-conjugated operators

	18.
	Invertible and unitary operators.

	19.
	Eigenvectors and eigenvalues.

	20.
	Eigendecomposition

	21.
	Spectral decomposition. Spectral theorems.

	22.
	Main classes of integral equations.

	23.
	Examples of integral equations.

	24.
	Integral equations with singular kernel.

	25.
	Fredholm’s theorem.

	26.
	Basic principles and equations of classical mechanics. Algebra of the observables in classical mechanics.

	27.
	Basic concepts in quantum mechanics

	28.
	State space

	29.
	Observables

	30.
	Correspondence principle

	31.
	Canonical quantization

	32.
	Quantum measurement

	33.
	Evolution operator. Schrodinger wave equation.
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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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