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Subject name and code

Functional Analysis and Partial Differential Equations, PG_00215086

Field of study

Quantum Information Technology

Date of commencement of
studies

October 2025 Academic year of 2026/2027

realisation of subject

Education level

Master’s studies Obligatory subject group in the

field of study
Optional subject group

Subject group

Mode of study

full-time studies at the university

Mode of delivery

Year of study 2 Language of instruction English
Semester of study 3 ECTS credits 6.0
Learning profile academic Assessment form credit
Conducting unit
Name and surname Subject supervisor
of lecturer (lecturers) Teachers
Lesson types Lesson type Lecture Tutorial Laboratory | Project Seminar SUM
Number of study 30.0 30.0 0.0 0.0 0.0 60
hours
E-learning hours included: 0.0
Learning activity Learning activity Participation in didactic Participation in Self-study SUM
and number of study hours classes included in study consultation hours
plan
Number of study 60 0.0 0.0 60
hours

Subject objectives

The aim of the course is to introduce the principal concepts and methods of functional analysis and to
demonstrate their application to the study of partial differential equations. The first part of the course
develops the theory of Banach and Hilbert spaces, bounded linear operators, duality, weak convergence,
compactness and spectral properties of operators. Particular attention is given to fundamental results such
as the Hahn—Banach theorem, the Riesz representation theorem and the Lax—Milgram theorem.

The second part introduces classical and weak methods for partial differential equations. Students study first-
order equations, the Laplace, Poisson and heat equations, fundamental solutions, Green functions and
energy methods. The course then develops weak derivatives and Sobolev spaces, including approximation,
extension, trace and embedding results, and uses this framework to formulate and analyse weak solutions of
elliptic and parabolic equations.

A further objective is to enable students to recognize the role of functional-analytic methods in establishing
existence, uniqueness, regularity and stability properties of solutions of partial differential equations.
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Learning outcomes

Course outcome

Subject outcome

Method of verification

[QITL3_WO04] knows advanced
methods of theoretical and
mathematical physics necessary
in creating models of quantum
mechanics

The student knows the principal
theorems of functional analysis,
including the Hahn-Banach
theorem, the Riesz representation
theorem and the Lax—Milgram
theorem, and understands the
assumptions and conclusions of
these results.

[SW4] test/exam - oral or written

[QITL3_WO02] has in-depth
knowledge in the field of advanced
mathematics and mathematical
and computer methods, necessary
to solve physical problems of
medium complexity, and
advanced knowledge in the area
of quantum information and its

technological aspects

The student can solve
representative first-order
equations using characteristics
and can apply fundamental
solutions, Green functions, mean-
value properties and energy
methods to basic elliptic and
parabolic equations.

[SW4] test/exam - oral or written

Subject contents

Functional analysis

The spaces \(L"p(X,\mu)\).

Orthogonal projections.

The Lax—Milgram theorem.
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Normed spaces and Banach spaces. Examples and non-examples.

Riesz representation theorem for Hilbert spaces.

Orthonormal systems and orthonormal bases.

10. Hahn-Banach extension theorem.
11. Geometric forms of the Hahn—Banach theorem and separation of convex sets.

12. Weak and weak-* convergence.

13. Adjoint operators.
14. Compact operators.

15. Spectrum and resolvent of a bounded linear operator.

Partial differential equations

Liouville theorem.

Energy methods.
Heat equation.
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Boundary-value problems and Green functions.

10. Mean-value properties for the heat equation.

11. Weak derivatives.
12. Sobolev spaces.

13. Approximation by smooth functions.
14. Extension theorems for Sobolev functions.

15. Trace theorem.

16. Sobolev inequalities and embedding theorems.
17. Weak formulations of elliptic and parabolic equations; existence and uniqueness of weak solutions.

Riesz lemma and non-compactness of the closed unit ball in infinite-dimensional normed spaces.
Bounded linear operators and equivalent characterizations of continuity.
Hilbert spaces and orthogonality.

First-order partial differential equations and the method of characteristics, including nonlinear examples.
Laplace equation and harmonic functions.

Fundamental solution of the Laplace operator.

Poisson equation and representation by the fundamental solution.
Mean-value property for harmonic functions.

Prerequisites
and co-requisites

A solid background in undergraduate real analysis, linear algebra and multivariable calculus is required.
Students should be familiar with metric spaces, sequences and series of functions, Lebesgue integration
and basic measure theory. Familiarity with ordinary differential equations is recommended.

Assessment methods
and criteria

Subject passing criteria

Passing threshold

Percentage of the final grade

collogium

51.0%

50.0%

exam

51.0%

50.0%

Recommended reading

Basic literature

Basic literature

1. H. Brezis, Functional Analysis, Sobolev Spaces and Partial
Differential Equations, Springer.
2. L. C. Evans, Partial Differential Equations, American Mathematical

Society.

3. W. Rudin, Functional Analysis, McGraw-Hill.

Supplementary literature

Supplementary literature

1. J. B. Conway, A Course in Functional Analysis, Springer.
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Example issues/
example questions/
tasks being completed

Work placement Not applicable
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