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For the bachelor’s degree program in PHYSICAL ENGINEERING the state final
examinations (SZZ) include an oral exam in two subjects.

Compulsory subject
Applied physics
Elective subject

Structure and Physics of Solids

Mechanics of materials

Fundamentals of laser Technology and Photonics
Fundalementals of Scientific Computing
Principles of Plasma Physics
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Thematic areas of questions for the compulsory subject

Applied physics

The content of this state final examination subject is determined by the compulsory courses
of the study program:

02MECH Mechanics, 02ELMA Electricity and Magnetism, 02TER Heat and Molecular Physics,
02VOAF Waves, Optics and Atomic Physics, 02TSFA Thermodynamics and Statistical Physics

10.

Dynamics of a mass point — Newton’s laws of motion, Newton’s gravitation law,
Galilei’s principle of relativity, one-dimensional motion, linear harmonic oscillator,
mathematical pendulum.

Mechanics of a system of particles — impulse theorems, conservation laws, Kénig’s
theorem, two-body problem, Kepler’s problem.

Special theory of relativity — postulates of special relativity, Lorentz transformation,
length contraction, time dilation, proper time, interval addition of velocities,
Minkowski space-time, relativistic energy and momentum

Maxwell’s equations — integral and differential form of Maxwell’s equations in vacuum
and material environment, laws of Gauss, Amper and Faraday, vector and scalar
potential, Lorentz force

Electrostatic and magnetostatic fields — Coulomb’s law, electric intensity, energy of a
system of charged particles, electrostatic potential, multipole expansion, electric
dipole, polarization vector, magnetic dipole, magnetization vector, Biot-Savart’s law

Waves in dispersive and non-dispersive media — standing and travelling waves, energy
and the density of energy flow for a string, wave equation, dispersion relations, wave
packet and Fourier transformation, group and phase velocity, spherical and plane wave

Electromagnetic waves — plane electromagnetic wave, energy density, Poyntig’s
vector, intensity, polarization, interference and diffraction.

Atomic physics — black body radiation, Planck’s hypothesis, photoeffect, de Broglie’s
hypothesis

Thermodynamics — principles of thermodynamics, Maxwell’'s relations and
thermodynamical potentials, entropy, ideal gas and its properties, thermodynamical
equilibrium.

Statistical physics — the most probable distribution, Maxwell’s distribution of velocities,
canonical and grand canonical ensemble, partition sum, equipartition theorem
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Thematic areas of questions for the elective subject 1
Structure and Physics of Solids

The content of this state final examination subject is determined by the compulsory courses
of the study program:

11ZFPL Basics of Solid State Physics, 11MAPL Solid State Physics — Applications and Analytic
Methods, 11SPL Structure of Solid State, 11DAPL Diffraction Analysis of Solid State, 11APLG
Application of Group Theory in Solid State Physics

10.

Structure of solids - main types of bonds, bonding forces, atomic and ionic radii,
coordination numbers, macroscopic symmetry of crystals, crystal lattice, polytype,
isomorphism, polymorphism, solid solutions, interstitial compounds and intermediate
phases, liquid crystals, nanocrystals, amorphous substances, structural defects,
diffusion.

Symmetry of crystals - groups of symmetry, reducible and irreducible representations
of point groups of symmetry, properties of irreducible representations, decomposition
of reducible group representations, tables of characters for point groups of symmetry,
bases for irreducible representations of point groups of symmetry, direct product and
its use, ligand and crystal field, selection rules for optical transitions.

Mechanical properties of solids - elastic and plastic deformation, dislocation dynamics,
ductility and strength of solids, tensor description of the relationship between
symmetry and properties of crystals.

Thermal vibrations of atoms in crystalline solids - acoustic and optical branches of
vibration waves, phonons, thermal capacity, thermal expansion and thermal
conductivity of a crystalline lattice.

Electronic structure of solids - basic properties of wave functions and energy spectrum
of electrons in periodic electric field of crystals.

Physics of metals - model of free electrons, electrical, magnetic and thermal
properties, superconductivity.

Physics of dielectrics - orientational, ionic and electronic polarization, optical
properties, ferroelectrics, phase transitions.

Semiconductor physics - intrinsic and extrinsic semiconductors, electrical conductivity,
Hall effect, contact phenomena, PN transitions, photoelectric properties, surface
properties, transistors.

Theoretical foundations of main experimental methods used in solids studies - X-ray,
electron and neutron diffraction analysis, optical and Raman spectroscopy.

Applications of diffraction methods - utilization of x-ray absorption, methods to study
single crystals, powders and polycrystalline substances, phase analysis, tensometric
and texture analysis.
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Thematic areas of questions for the elective subject 2
Mechanics of materials

The content of this state final examination subject is determined by the compulsory courses
of the study program:

14TEM Engineering Mechanics, 14DYLS Dynamics of Linear Systems, 14EME1 Elastomechanics
1, 14FKO Physics of Metals, 14ZZKS Examination and Processing of Metals and Alloys

1. Forces and moments transmitted by slender members, truss girders.

2. Statics with friction, rolling and environment drag resistance.

3. Strain and stress in bodies, pure tension and compression, Hooke’s law.

4. Elastic stress and strain during symmetrical and unsymmetrical pure bending,
moment-curvature relation, statically indeterminate situations.

5. Kinetic motion equations of dynamic systems.

6. X-ray, electron and neutron diffraction, interaction of radiation with matter, Bragg’s
law.

7. Phase diagrams, binary alloy crystallization, segregation, dendritic growth.
8. Microstructure of materials, crystal lattice defects, diffusion in metals and alloys.
9. Basic mechanisms plastic deformation, hardening of singlecrystals and polycrystals.

10. Characterization of microstructure and mechanical properties.
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Thematic areas of questions for the elective subject 3
Fundamentals of laser Technology and Photonics

The content of this state final examination subject is determined by the compulsory courses
of the study program:

12LTB1 Laser Technology 1, 12LTB2 Laser Technology 2, 12ZAOP Fundamentals of Optics,
127ELD Fundamentals of Electrodynamics, 12ZFS Fundamentals of Photonic Structures

1. Principles of lasers - fundamentals of radiation interaction with matter, Einstein
coefficients, stimulated emission, inversion of population levels, radiation
amplification, threshold laser condition, rate equations.

2. Types of lasers according to active medium and their application.

3. Open resonators, laser radiation spectrum, longitudinal and transverse modes,
Gaussian beam, stability diagram, stable and unstable resonators.

4. Laser oscillator, operation modes — free-running mode, Q-switching, mode-locking.

5. Laser amplifier, gain saturation, amplified signal distortion, types and systems of laser
amplifiers.

6. Light radiation description, characteristics of the electromagnetic field and light wave
(amplitude, phase, energy, light intensity, light dispersion, color, and polarization).
Material effect — linear and nonlinear behavior of light, isotropic and anisotropic
media. Plane waves - complex refractive index, wave vector, characteristic admittance,
dispersion of light.

7. Light at the boundary between two homogeneous media - Snell's laws, Fresnel's
relations, total internal reflection, Brewster's angle, and their applications. Light beams
— Gaussian beam, propagation and divergence.

8. Optical interference and diffraction effects, statistical optical phenomena, conditions
for interference, scalar theory of diffraction, Fresnel and Fraunhofer approximation,
holographic method of wavefront recording and reconstruction.

9. Fundamentals of geometric optics, imaging equation, paraxial optical system, optical
power, basic optical instruments.

10. Optical waveguides, metal and dielectric waveguides, types of dielectric waveguides
and their properties, classification, optical fibers, realization technology, dispersion
effects, applications.
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Thematic areas of questions for the elective subject 4
Fundalementals of Scientific Computing

The content of this state final examination subject is determined by the compulsory courses
of the study program:

12UPF12 Introduction to Computational Physics 1,2; 12NME1 Numerical Methods 1; 12UVP
Introduction to Scientific Computing; 12POAL Computer Algebra

8.
9.

Parallel computing methods.

Computational dynamics of compressible fluids, Euler equations.

Quantum computing.

Artificial intelligence applications in physics.

Scientific documents creation with mathematical text, scientific publishing analysis.

Numerical methods for solving of linear equations systems, direct and iterative
methods, non-linear equations solving.

Methods for function interpolation and approximation, matrix eigenvalues and
eigenvectors.

Numerical derivatives and integration, quadratures.

Numerical solving of ordinary differential equations, Runge-Kutta methods.

10. Integrated computing systems a computer algebra, computer algebra algorithms.
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Thematic areas of questions for the elective subject 5
Principles of Plasma Physics

The content of this state final examination subject is determined by the compulsory courses
of the study program:
127ZFP Principles of Plasma Physics

10.

Basic characteristics and classification of plasma - Debye length, plasma frequency,
plasma parameter, Coulomb logarithm, collision frequency, cyclotron frequency,
Larmor radius, coupling parameter, ideal plasma, equation of state.

Particle description of plasma, drift, adiabatic invariants, magnetic mirror principle,
ponderomotive force, Particle-in-Cell simulation.

Kinetic and hydrodynamic description of plasma, derivation of kinetic equations,
Vlasov equation, elastic collisions, Fokker-Planck collision term, transition to two-fluid
hydrodynamics, pressure tensor, heat flux.

Electron plasma waves, dispersion relations, Landau damping, collisional damping,
upper hybrid wave, two-stream instability.

lon acoustic wave, plasma approximation, dispersion relation and damping, Alfvén
wave, magnetoacoustic wave.

Electromagnetic waves in plasma without and with static magnetic field, dispersion
relations, absorption mechanisms, cutoff frequency and resonance, CMA diagram,
parametric instabilities.

Magnetohydrodynamic (MHD) description of plasma, ideal and non-ideal MHD,
magnetic pressure, hydromagnetic equilibrium, parameter beta.

Diffusion, mobility, ambipolar diffusion, diffusion across the magnetic field, sheath
(near wall layer),collisionless shock wave, thermal and electrical conductivity of
plasma, electron-ion relaxation.

Atomic plasma physics, ionization and excitation states, collision and radiation
processes, plasma emission, optically thin and thick media, local thermodynamic
equilibrium, Saha equation, the principle of detailed equilibrium.

Nuclear processes in hot plasma, nuclear fusion, ignition temperature, Lawson
criterion, systems with magnetic confinement, principle of tokamak, principles of
inertial-confinement fusion.



