
Faculty of Natural Sciences

IMPORTANT NOTES

If for one subject you can find several different types (lecture, practice, laboratory) of courses then please choose
one and only one course from each type in order to be able to perform the subject's

requirements successfully.Civil Engineering courses are on the website seperately. Courses chosen
from the offer of Faculty of Civil Engineering will be checked and arranged individually by the

departmental coordinator.

BMETE11AX22 Physics 2 4

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

VE0 WED:12:15-14:00(T603); THU:12:15-14:00(T603);Lecture

VE1 THU:12:15-14:00(T603);Practice

 Elektrodynamics: Faradayrsquo;s law. Self induction, mutual induction. Magnetic properties of materials. Magnetic
data storage. Maxwell equations. Generation, propagation and reflection of electromagnetic waves. Basics of
geometrical optics. Wave optics, interference, diffraction. Polarized light. Basics of atomic Physics: Natural and
coherent light sources. Physical foundations of optical communication. Matter waves of de Broglie. The
Schrouml;dinger equation. The electron structure of atoms. Electron spin. Free-electron theory of metals. Band
structure of solids. Superconduction. Quantum-mechanical phenomena in modern electronics. Basics of nuclear
physics. Nuclear reactors. Elementary particles. Curiosities in cosmology. Fundamentals of the physics of the atomic
kernel, elementary particles, selected topics in cosmology.

BMETE11AX24 Physics 2i 4

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

IT0 MON:08:15-10:00(T603); WED:15:15-17:00(T603);Lecture

IE0 MON:08:15-10:00(T603); WED:15:15-17:00(T603);Lecture

IE1 WED:15:15-17:00(T603);Practice

IT1 WED:15:15-17:00(T603);Practice

 ELECTRIC FIELDS: Electric charges. Coulomb's law. Coulomb's constant and the dielectric constant. Electric field.
Electric field of a point charge, a dipole, a group of charges, continuous charge distributions. Electric field lines.
GAUSS' LAW: Electric flux. Gauss' law. Applications for charge distributions having a large degree of symmetry.
Conductors in electrostatic equilibrium. ELECTRIC POTENTIAL: Potential energy associated with the electrostatic
force. Electric potential difference (voltage) and electric potential. Equipotential surfaces. The electric potential of a
point charge, a group of charges, a continuous charge distribution. Mathematical relationship between the electric
field vector and the electric potential. Charged conductors in electrostatic equilibrium. CAPACITANCE AND
DIELECTRICS: Capacitance. Parallel plate capacitor, cylindrical capacitor, spherical capacitor. Parallel and series
combination of capacitors. Energy stored in a charged capacitor. The electric dipole in an external electric field:
torque, potential energy. Dielectrics. Atomic dipole moments and the polarization vector. Electric susceptibility,
relative dielectric constant. The electric displacement vector. Boundary conditions for the electric field vector and the
displacement vector. Energy density of the electric field. CURRENT AND RESISTANCE, DIRECT CURRENT
CIRCUITS: Electric current. Current density. Ohm's law. resistivity, conductivity, resistance. Power supplied by a
battery. Power dissipated in a resistor. Parallel and series combination of resistors. Kirchhoff's rules. RC circuits:
charging and discharging a capacitor. MAGNETIC FIELDS. SOURCES OF THE MAGNETIC FIELD: Magnetism.
Magnetic field. Magnetic force on a moving charge. Applications: cyclotron, velocity selector. Magnetic force on a
current-carrying conductor. Torque on a current loop. The magnetic dipole. The magnetic field strength. The
permeability of free space. Analogy between electricity and magnetism (electricity: acts on charges, is created by
charges; magnetism: acts on moving charges, is created by moving charges). The Biot-Savart law and some of its
applications. Magnetic force between two parallel conductors. The paradoxical nature of the force acting on a
moving charge (resolution of the paradox using special relativity). Ampere's law. Applications for a long straight wire
and a solenoid. The magnetic flux. Gauss' law in magnetism. The displacement current and the general form of
Ampere's law. Magnetism in matter. The magnetization vector. Ferromagnetism, paramagnetism, diamagnetism.
Boundary conditions for the magnetic field and the magnetic field strength. FARADAY'S LAW: Faraday's law of
induction. Motional emf: a straight conductor moving through a perpendicular magnetic field; emf induced in a
rotating bar. Lenz's law. Induced emf and the associated nonconservative electric field. Eddy currents. Maxwell's
four equations in integral and differential form. Electromagnetic waves. INDUCTANCE: Self-induction. Self-
inductance. RL circuits. Energy stored in an inductor. The energy density of the magnetic field. Mutual inductance.
Oscillations in an LC circuit. The RLC series circuit. LIGHT AND OPTICS: Measurements of the speed of light
(Roemer, Fizeau). Geometric optics, ray approximation. Reflection. Refraction and Snell's law. Total internal
reflection. Huygens' principle. Fermat's principle. Dispersion. INTERFERENCE OF LIGHT WAVES: Spatial and
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temporal coherence. Young's double slit experiment, the intensity distribution on the screen. Phasor addition of
waves. Generalization for N slits. Interference in thin films. Newton's rings. The Michelson interferometer.
DIFFRACTION AND POLARIZATION: Fraunhofer diffraction on a single slit, the intensity distribution on the screen.
Resolution of a single slit and a circular aperture. Rayleigh's criterion. Diffraction grating. The spectral resolving
power of a grating. X-ray diffraction in crystals, the Laue condition. Fresnel zones. Zone plates and phase Fresnel
lenses. Polarization of light waves: elliptical, linear, circular polarization. Polarization by selective absorption,
reflection (Brewster's law), birefringence, scattering. Optical activity. LASERS AND HOLOGRAPHY: Interaction
between light and matter: spontaneous emission, stimulated emission, absorption. Light amplification by population
inversion. Resonators. 3-level and 4-level optical pumping. Electrical pumping. Laser types (solid-state, gas, liquid,
semiconductor). Properties of laser beams. The basic idea of holography and its difference from conventional
photography. Applications of holography. INTRODUCTION TO QUANTUM PHYSICS: Blackbody radiation and
Planck's hypothesis. The photoelectric effect. The Compton scattering. Atomic spectra of low pressure gases. Bohr's
quantum model of the hydrogen atom. QUANTUM MECHANICS: Wave properties of particles, de Broglie's
hypothesis. The double slit experiment with massive particles. The wave function. The uncertainty principle. Particle
in a 1D box. The Schrouml;dinger equation. Particle in a well of finite height. Tunneling and its applications. The
simple harmonic oscillator.

BMETE11MF04 Seminar RP2 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

A1 WED:12:15-14:00;Practice

BMETE11MX22 Physics Laboratory for Civil Engineers 1

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

EA0Laboratory

BMETE11MX33 MSc Physics 4

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

VE0Lecture

VE1Practice

 The course covers introduction to two disciplines: Quantum Mechanics and Solid State Physics. After the semester
students should be able to understand the basic principles behind these two disciplines and solve some simple
problems. This will contribute to the understanding of the workings of modern electronics and nanotechnology.
Quantum mechanics: Experimental antecedents.The Wave function.Time dependent and time independent
Schrouml;dinger's equation.Simple problems. Tunneling. Angular momentum. The hidrogen atom. Perturbations.
Formal quantum mechanics. Operator calculus. Commutators, canonical conjugates and uncertainity relations.
Harmonic oscillator. Selection rules and spectrum of H. The He atom, the independent particle approximation. The
exclusion principle. Periodic system of elements. Molecules. molecular orbitals, chemical bonding, H-H bond.
Molecules of many atoms. Orbital hybridisation. Conjugated molecules, cyclic conjugated molecules. Rotation and
vibration of molecules. Franck-Condon principle, Rayleigh amp; Raman scattering. Classical and quantum statistics.
Solid State Physics: The solid state. Short and long range order. Crystallography. Bonds in crystals. Real and point
lattices. Symmetries and unit cells. The reciprocal lattice. Bravais lattices. X- ray diffraction methods. Electrical
conductivity. Drudel model. Sommerfeld model. Band theory of solids.Work function. Contact potential. The adiabatic
principle. Electrons in periodic lattices. Charge carrier characteristics. Crystal momentum. Effective mass. Band
theory. The tight binding model. Intrinsic and doped semiconductors. Semiconductor structures. Superconductivity.
Thermal properties. The transport equation. Onsager relations. Quantum theory of lattice vibrations. Optical
properties. Magnetic and dielectric properties of solids.

BMETE12AF14 Selected Topics in the Modern Technologies 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0Lecture

BMETE14AX04 Physics 1 Electrodynamics 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

A0Lecture
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 Maxwellrsquo;s equations. The electric field. Coulombs law. The electric induction. The electric voltage. Electric
potential. Surface charge distributions. Capacitors. Electrostatic field in insulators. Measurement of E and D in
insulators. Magnetostatics. Stationary fields and direct current. Kirchhoff's current and voltage laws. Electromotance.
Magnetic field of DC: Aperersquo; circiutal law. Qausistationary fields. Faradayrsquo;s law of electromagnetic
induction. Alternating current and voltage. Electromagnetic waves.

BMETE14AX05 Physics Laboratory 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

A0 FRI:10:15-12:00;Laboratory

BMETE14MX00 Modern Physics for Chemical Engineers 3

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

A0 THU:14:15-17:00;Lecture

BMETE15AF27 Quantum Mechanics 1 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

E0 TUE:14:15-16:00;Lecture

E1 WED:10:15-12:00;Practice

BMETE15AX02 Physics A2 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

GA TUE:08:15-10:00(D515);Lecture

 Properties of electric charges. Insulators and conductors. Coulomb's law. The electric field. Superposition. Electric
field lines of forces. The electric flux. Gauss's law. Examples: the electric field of some specific charge distributions.
The electric field inside and outside of conducting materials. Work and the electric potential. Capacitance and
dielectrics. The electric current in various media. Microscopic interpretation of current density and resistivity.
Classical and differential Ohm's law. Resistance and energy dissipation. Resistance and temperature. Low
temperature behavior of conductors. Footprints of quantum mechanics: residual resistivity, superconductors,
semiconductors. Batteries, electromotive force, internal resistance. Wheatstone bridge. Strain gauge. Magnetic
fields. The Lorentz law. Sources of magnetic fields. The non-existence of magnetic monopoles. The Biot-Savart law.
Ampere's law. Examples: the magnetic field of some specific current distributions. Forces acting on current carrying
conductors. Torque, magnetic moment, spin. Electric motor. The microscopic structure of ferromagnets. Faraday's
law of induction. Generators, transformers. Inductance, self-inductance. Energy stored in magnetic fields.
Displacement current, generalized Ampere's law. Maxwell's equations of the electromagnetic field. Electromagnetic
waves. Properties of radio, infrared, visible, ultraviolet, X-ray and gamma radiation. Thermal radiation. Heat
conduction. Heat convection. Infrared camera. Measurement of humidity. Solar cells. Literature: R. A. Serway:
Physics for Scientists and Engineers

BMETE15MF11 Evolutionary Game Theory 3

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 FRI:10:15-12:00;Lecture

 The main goal of this course is to demonstrate the ways how the game theory and evolutionary game theory
describe real-life situations affecting human behavior, economics, and biological systems. After a brief survey of the
basic concept of the traditional game theory (e.g., games, strategies, Nash equilibrium, etc.) we will study
evolutionary games that combine the concepts of game theory with the spirit of Darwinism. We will discuss the
decomposition of games and also the potential games related to physical systems. Using simple multi-agent
mathematical models we will investigate the effects supporting the maintenance of cooperative behavior in the
situations of different social dilemmas (e.g., prisoner's dilemma or public goods game) when the individual interests
prefer defection to cooperation. The predictions of the mathematical models will be contrasted with human and
animal experiments. Finally we study systems where the evolution is controlled by the competition between different
spatial strategy associations.
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BMETE15MF20 Wavelets, Coherent States and Multiresolution Analysis 3

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 TUE:16:15-18:00;Lecture

 The aim of the course is to provide an introduction into the characterization of complex distributions using simply
interpretable component functions. Topics to be discussed: Fourier analysis. Time-frequency analysis, window
Fourier transformation. Gaacute;bor transformation. Uncertainty principle, Shannonrsquo;s theorem. Continuous
wavelet transformation. Coherent states. The Weyl-Heisenberg and the affine group. The generalization of Hilbert
space basis sets: frames. Discrete wavelet transformation. Riesz bases. Multiresolution analysis. The refinement
equation. Biorthogonal and orthogonal scaling functions. Compactly supported wavelets: Daubechiesrsquo;
construction. Continuity, differentiability, vanishing momenta. Matrix elements of physical operators in wavelet bases.

BMETE47MC07 Evolutionary Psychology 3

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0_05Lecture

Evolutionary sciences and their hierarchy. The origin and fate of the Darwinian heritage in psychology. The notion of
adaptation. Modular and single factor based theories of evolutionary psychology. Hominid evolution and cognitive
architectures. Sexual and natural selection. Cultural multiplicity and evolution. Main topics: 1. Units and mechanisms
of evolution: groups, individuals, genes, memes. 2. Sexual selection. Mate choice and human mating strategies. 3.
Innateness and development 4. Social development; kin relationships and conflict. Reciprocity, group behavior,
cooperation, competition. Game theory and evolution. 5. Thought, cognition, and mental representation. 6. The
evolution of language and communication. 7. The evolution of emotion, and evolutionary psychopathology 8. Culture
and evolution

BMETE47MC20 Research Seminar 10

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T2_04Laboratory

BMETE47MC21 Master's Thesis 20

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T1_05Practice

BMETE809008 Nuclear Energetics and Sustainable Development 3

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 WED:14:15-16:00;Lecture

 In different countries in the world there are different approaches to sustainable development, environmental
protection, energy supply and nuclear energy. The possible ways of socio-economical development, sustainability,
role of traditional energy sources, renewable and nuclear energy are being heavily discussed in many countries by
stakeholders. The lecture will give an overview on current challenges of energy supply, and possible development
strategies. The most important topics to be discussed during the semester are the followings: a) definition of
sustainable development; different international programs, intentions and conventions; trends and structure of
energy production and consumption, their role in sustainable development; b) traditional energy resources, security
of energy supply, the role of different resources in economical development and economical independence; the role
of energy production in environmental pollution; c) climate change, global warming, Kyoto protocol; d) comparison of
fossil-, renewable- and nuclear energy production; comparison of different energy technologies from the perspective
of environmental, economical impact, security of energy supply; the role of renewable and nuclear energy in energy
mix; e) development of nuclear energy technologies, basics of nuclear reactors; health effects of ionizing radiation; f)
nuclear energy systems, nuclear fuel cycle; treatment and disposal of radioactive wastes; environmental impact of
nuclear power plants; g) nuclear safety; discussion of nuclear accidents (Chernobyl, Fukushima, TMI) h) application
of nuclear technologies outside the power industry (medical, agricultural, other applications).

BMETE80AF27 Sustainable Development and Energetics 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 WED:14:15-16:00;Lecture
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 In different countries in the world there are different approaches to sustainable development, environmental
protection, energy supply and nuclear energy. The possible ways of socio-economical development, sustainability,
role of traditional energy sources, renewable and nuclear energy are being heavily discussed in many countries by
stakeholders. The lecture will give an overview on current challenges of energy supply, and possible development
strategies. The most important topics to be discussed during the semester are the followings: a) definition of
sustainable development; different international programs, intentions and conventions; trends and structure of
energy production and consumption, their role in sustainable development; b) traditional energy resources, security
of energy supply, the role of different resources in economical development and economical independence; the role
of energy production in environmental pollution; c) climate change, global warming, Kyoto protocol; d) comparison of
fossil-, renewable- and nuclear energy production; comparison of different energy technologies from the perspective
of environmental, economical impact, security of energy supply; the role of renewable and nuclear energy in energy
mix; e) development of nuclear energy technologies, basics of nuclear reactors; health effects of ionizing radiation; f)
nuclear energy systems, nuclear fuel cycle; treatment and disposal of radioactive wastes; environmental impact of
nuclear power plants; g) nuclear safety; discussion of nuclear accidents (Chernobyl, Fukushima, TMI) h) application
of nuclear technologies outside the power industry (medical, agricultural, other applications).

BMETE80MD03 Nuclear Techniques Laboratory 5

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T1 TUE:08:15-12:00;Laboratory

 Critical experiment. Measurement of void coefficient. Neutron activation analysis. Determination of the values and
spatial distribution of thermal neutron flux. Measurement of delayed neutron parameters. Study of shielding
materials. Measurement of neutron and gamma dose rate. Analysis of xenon and samarium poisoning on simulator.
Measurement of reactivity coefficients on simulator. Analyses with the APROS system code. Thermal hydraulics
measurements on the TRATEL device. Particle Image Velocimetry.

BMETE80MD04 Fusion Devices 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0Lecture

 The course starts with two introductory lectures: the first one summarizes the physics basis needed to understand
the criteria for fusion energy producing devices, while the second reviews the main elements of fusion technology
and their functions. This is followed by two lectures of introduction to stellarator technology through the German
stellarator program, and three leactures dealing with the past, present and future of tokamaks. Spherical tokamaks
are discussed in a separate lecture followed by lectures introducing the most important milestones of German, US
and Japanese fusion programs. The last lecture presents the rapidly expanding Far-East fusion programs in the
context of the history of superconducting tokamaks.

BMETE80MD05 Nuclear Safety 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 MON:10:15-12:00;Lecture

 Introduction into nuclear safety ndash; basic terms, safety functions, physical barriers, defence in depth. Plant
states, design basis of a nuclear plant. Safety of nuclear plants ndash; safety systems, comparison of different
reactor types. Deterministic analysis ndash; methods, postulated initiating events. Probabilistic analysis ndash;
methods. Level 1, 2, and 3 PSA. Application of PSA in nuclear design. Design basis accidents ndash; course of an
LB LOCA accident in PWR reactors. Severe Accidents ndash; typical phenomena during SA. International Nuclear
Event Scale (INES) ndash; classification of events. Exercise: group work for classification. Lessons learned from
incidents, accidents. The Fukushima accident. National and international regulation of nuclear safety. Standards,
limits.

BMETE80MD06 Radiation Protection 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 FRI:08:15-10:00;Lecture

 Detailed introduction to terms and quantities of physical and biological dose of ionizing radiations. KERMA and
absorbed dose, equivalent dose and effective dose in relation to stochastic effects etc. Regulations of radiation
protection based on dose/risk dependence. International guidance, national regulatory systems. Concepts and
methods of external dose exposure measurements. Detection systems, data evaluation methods. Calculation of
internal dose exposure. Interpretation of acute and chronic exposure. Measurements for determining internal dose
exposure. Whole body and organ-specific counting, analysis of intakes. Instrumental analysis of environmental and
biological samples. Specific features of low activity sample analysis. Definition of analytical sensitivity on the basis of
uncertainties. Calculus of error propagation. Application of gamma spectrometry. Analysis of environmental and
biological samples including sampling and sample processing. Concepts of sampling systems, equations for sample
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collection on filter surfaces. Radon analysis. Analysis of environmental radioactivity in the presence of radon.

BMETE80MD07 Radioactive Waste Management 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 FRI:12:15-14:00;Lecture

 Overview of dose concept, hazardous effects of ionizing radiations and elements of health physics regulations.
Definitions of radioactive wastes. International guidance and national regulations on radioactive waste management.
Classifications of radioactive wastes, role and significance of radioactive wastes in the system of radiation protection.
Classification and radioactive waste according to their generation. Characteristic components of waste streams,
radiation protection and technological properties of representative waste components. Nuclear analytical procedures
applied for waste qualification and quantitation. Operations of radioactive waste processing. Collection, classification,
storage, volume reduction, conditioning, transport. Methods for qualification of processed wastes. Examples of
compound procedures for waste processing and management. Long-term interim storage and final disposal of
radioactive wastes. Qualification of disposal, radiotoxicity. Special waste processing methods of closed fuel cycle
systems: reprocessing, transmutation.

BMETE80MD08 Reactor Physics 4

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 THU:08:15-11:00;Lecture

T1 THU:11:15-12:00;Practice

 Description of the neutron gas, Boltzmann transport equation, boundary conditions, concept of criticality, diffusion
theory, one-group and multigroup appriximations, time dependence, kinetics equation, neutron spectrum, slowing
down theory, thermalization, fuel lattices, reactivity coefficients, burnup, numerical methods.

BMETE80MD09 Reactor Technology and Operation 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 WED:08:15-10:00;Lecture

 Structure of nuclear power plant reactors, main components. Nuclear power plant types. Possible technological
schemes. Fuel and assembly types, applied materials. Pressurized water reactors (PWRs). Traditional and
advanced PWRs. Boiling water reactors (BWRs). Heavy water reactors (HWRs). Other nuclear power plant types.
Typical data of power reactors. Structural materials. Reactivity compensating materials. Shielding materials.
Radiation damage. Reactivity coefficients, over and under moderation. Xenon and samarium poisoning. Spatial
distribution of power density. Main components of reactor instrumentation and control.

BMETE80MD10 Thermal Hydraulics 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 TUE:12:15-14:00;Lecture

 Technoloical realization of heat removal for different reactor types; distribution of heat source; differential equation
of heat conduction, solutions; hydraulics system of equations, heat transfer, boiling, instabilities, DNBR; two-phase
flow; temperature distribution of fuel, clad and coolant; reactor safety, design base accidents, thermal limits, thermal-
hydraulics codes.

BMETE80MF43 Large Fusion Devices 3

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 MON:12:15-14:00;Lecture

BMETE90AX02 Mathematics A2a - Vector Functions 6

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

A00 TUE:12:15-14:00; WED:16:15-18:00;Lecture

A01 MON:16:15-18:00;Practice

 Solving systems of linear equations: elementary row operations, Gauss-Jordan- and Gaussian elimination.
Homogeneous systems of linear equations. Arithmetic and rank of matrices. Determinant: geometric interpretation,
expansion of determinants. Cramer's rule, interpolation, Vandermonde determinant. Linear space, subspace,
generating system, basis, orthogonal and orthonormal basis. Linear maps, linear transformations and their matrices.
Kernel, image, dimension theorem. Linear transformations and systems of linear equations. Eigenvalues,
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eigenvectors, similarity, diagonalizability. Infinite series: convergence, divergence, absolute convergence.
Sewuences and series of functions, convergence criteria, power series, Taylor series. Fourier series: axpansion, odd
and even functions. Functions in several variables: continuity, differential and integral calculus, partial derivatives,
Young's theorem. Local and global maxima / minima. Vector-vector functions, their derivatives, Jacobi matrix.
Integrals: area and volume integrals.

BMETE90AX17 Mathematics A2c 6

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

CA0
MON:16:15-18:00(K375); TUE:12:15-14:00(K375); WED:16:15-18:00

(K375);
Lecture

BMETE90AX22 Calculus 2 for Informaticians 6

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

EN0-EB0 WED:08:15-10:00(T605); THU:12:15-14:00(T605);Lecture

EN1-EB1 FRI:08:15-10:00(E403);Practice

 Differential equations: Separable d.e., first order linear d.e., higher order linear d.e. of constant coefficients. Series:
Tests for convergence of numerical series, power series, Taylor series. Functions of several variables: Limits,
continuity. Differentiability, directional derivatives, chain rule. Higher partial derivatives and higher differentials.
Extreme value problems. Calculation of double and triple integrals. Transformations of integrals, Jacobi matrix.
Analysis of complex functions: Continuity, regularity, Cauchy - Riemann partial differential equations. Elementary
functions of complex variable, computation of their values. Complex contour integral. Cauchy - Goursat basic
theorem of integrals and its consequences. Integral representation of regular functions and their higher derivatives
(Cauchy integral formulae).

BMETE90AX26 Mathematics A2f - Vector Functions 6

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

EN0-VIK FRI:10:15-12:00(T603);Lecture

EN1-VIK WED:14:15-16:00(E402); THU:10:15-12:00(E402);Practice

 Solving systems of linear equations: elementary row operations, Gauss-Jordan- and Gaussian elimination.
Homogeneous systems of linear equations. Arithmetic and rank of matrices. Determinant: geometric interpretation,
expansion of determinants. Cramer's rule, interpolation, Vandermonde determinant. Linear space, subspace,
generating system, basis, orthogonal and orthonormal basis. Linear maps, linear transformations and their matrices.
Kernel, image, dimension theorem. Linear transformations and systems of linear equations. Eigenvalues,
eigenvectors, similarity, diagonalizability. Infinite series: convergence, divergence, absolute convergence.
Sewuences and series of functions, convergence criteria, power series, Taylor series. Fourier series: axpansion, odd
and even functions. Functions in several variables: continuity, differential and integral calculus, partial derivatives,
Young's theorem. Local and global maxima / minima. Vector-vector functions, their derivatives, Jacobi matrix.
Integrals: area and volume integrals.

BMETE90AX51 Mathematics A4 - Probability Theory 4

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

EN0-A0 MON:08:15-10:00(T604);Lecture

EA1-A1 WED:08:15-10:00(T604);Practice

 Notion of probability. Conditional probability. Independence of events. Discrete random variables and their
distributions (discrete uniform distribution, classical problems, combinatorial methods, indicator distribution, binomial
distribution, sampling with/without replacement, hypergeometrical distribution, Poisson distribution as limit of
binomial distributions, geometric distribution as model of a discrete memoryless waiting time). Continuous random
variables and their distributions (uniform distribution on an interval, exponential distribution as model of a continuous
memoryless waiting time, standard normal distribution). Parameters of distributions (expected value, median, mode,
moments, variance, standard deviation). Two-dimensional distributions. Conditional distributions, independent
random variables. Covariance, correlation coefficient. Regression. Transformations of distributions. One- and two-
dimensional normal distributions. Laws of large numbers, DeMoivre-Laplace limit theorem, central limit theorem.
Some statistical notions. Computer simulation, applications.
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BMETE90MX44 Mathematics M1c - Differential Equations 3

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

CA0 WED:08:15-10:00(H207); THU:08:15-10:00(H207);Lecture

 Preliminaries: one- and multivariate calculus, elements of linear algebra. Explicit first order ordinary differential
equations and it solution. Simple types. Linear systems. Higher order equations. Laplace transform, properties and
applications. Elements of the qualitative theory. On partial differential equations. Elements of variational calculus.

BMETE90MX46 Mathematics M1 - Differential Equations and Numerical Methods 8

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

G00 WED:08:15-12:00(KF87);Lecture

G02 FRI:12:15-14:00(KF83);Practice

G01 THU:14:15-16:00(KF83);Practice

Ordinary differential equations. Well-posedness of initial value problems. Various types of stability. Stability of
equilibria by linearization and Liapunov functions. Phase space analysis near equilibria and periodic orbits. The loss
of stability in parametrized families of equations. Explicit/implicit Euler and Runge-Kutta methods. Comparing exact
and approximate dynamics, error estimate between exact and approximate solutions. Retarded equations. Partial
differential equations. The standard initial and boundary value problems of mathematical physics. Separation of
variables. Fourier series as coordinate representation in Hilbert space. The method of finite differences for the heat
equation: error estimate and the maximum principle.

BMETE93MM02 Dynamical Systems 5

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 WED:10:15-12:00;Lecture

T1 WED:12:15-14:00;Practice

 Continuous-time and discrete-time dynamical systems, continuous versus descrete: first return map,
discretization.Local theory of equilibria: Grobmanndash;Hartman lemma, stable-unstable-center manifold,
Poincareacute;'s normal form.Attractors, Liapunov functions, LaSalle principle, phase portrait.Structural stability,
elementary bifurcations of equilibria, of fixed points, and of periodic orbits, bifurcation curves in biological
models.Tent and logistic curves, Smale horseshoe, solenoid: properties from topological, combinatorial, and
measure theoretic viewpoints. Chaos in theLorenz model. References:P. Glendinning: Stability, Instability and
Chaos, Cambridge University Press, Cambridge, 1994. C. Robinson: Dynamical Systems, CRC Press, Boca Raton,
1995. S. Wiggins: Introduction to Applied Nonlinear Analysis and Chaos, Springer, Berlin, 1988.

BMETE95MM05 Mathematical Statistics and Information Theory 5

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 THU:10:15-12:00;Lecture

T1 THU:12:15-14:00;Practice

 Multivariate statistical inference in multidimensional parameter spaces: Fisherrsquo;s information matrix, likelihood
ratio test. Testing hypotheses in multivariate Gauss model: Mahalanobisrsquo; distance, Wishartrsquo;s,
Hotellingrsquo;s, Wilksrsquo; distributions. Linear statistical inference, Gaussndash;Markov theorem. Regression
analysis, one- and two-way analysis of variance as a special case of the linear model. ANOVA tables, Fisher-
Cochran theorem. Principal component and factor analysis. Estimation and rotation of factors, testing hypotheses for
the effective number of factors. Hypothesis testing and I-divergence (the discrete case). I-projections, maximum
likelihood estimate as I-projection in exponential families. The limit distribution of the I-divergence statistic. Analysis
of contingency tables by information theoretical methods, loglinear models. Statistical algorithms based on
information geometry: iterative scaling, EM algorithm. Method of maximum entropy. References:Bolla, M.,
Kraacute;mli, A.: Theory of statistical inference (in Hungarian), Typotex, Budapest, 2005Csiszaacute;r, I., Shields, P.
C.: Information Theory and Statistics. A tutorial. In: Foundations and Trends in Communications and Information
Theory, 420-525. Now Publ. Inc., The Netherlands, 2004

BMETE95MM09 Statistical Program Packages 2 2

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

EN1Practice

 The goal of the course is to provide an overview of contemporary computer-based methods of statistics with a
review of the necessary theoretical background.1. How to use the SPSS (Statistical Package for Social Sciences) in
program mode. Writing userrsquo;s macros. Interpretation of the output data and setting the parameter values
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accordingly. Definition and English nomenclature of the dispalyed statistics.2. Introduction to the S+ and R Program
Packages and surveying the novel algorithmic models not available in the SPSS (bootstrap, jackknife, ACE).3.
Practical application. Detailed analysis of a concrete data set in S+. References: Mardia, K. V., Kent, J. T., Bibby, M.:
Multivariate analysis, Academic Press, New York, 1979Ketskemeacute;ty, L., Izsoacute;, L.: Introduction to the
SPSS Program Package, in Hungarian, ELTE Publishers, Budapest, 2005S+ or R User's Guide (together with the
program package)

BMETE95MM10 Limit- and Large Deviation Theorems of Probability Theory 5

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 TUE:08:15-10:00(H405A);Lecture

T1 THU:08:15-10:00(H405A);Practice

 Part I.: Limit theorems:Weak convergence of probability measures and distributions. Tightness: Helly-Ptohorov
theorem. Limit theorems proved with bare hands: Applications of the reflection principle to random walks: Paul
Leacute;vyrsquo;s arcsine laws, limit theorems for the maximum, local time and hitting times of random walks. Limit
theorems for maxima of i.i.d. random variables, extremal distributions. Limit theorems for the coupon collector
problem. Proof of limit theorem with method of momenta. Limit theorem proved by the method of characteristic
function. Lindebergrsquo;s theorem and its applications: Erdős-Kac theorem: CLT for the number of prime factors.
Stable distributions. Stable limit law of normed sums of i.i.d. random variables. Characterization of the characteristic
function of symmetric stable laws. Weak convergence to symmetric stable laws. Applications. Characterization of
characteristic function of general (non-symmetric) stable distributions, skewness. Weak convergence in non-
symmetric case. Infinitely divisible distributions:. Leacute;vy-Hinchin formula and Leacute;vy measure. Leacute;vy
measure of stable distributions, self-similarity. Poisson point processes and infinitely divisible laws. Infinitely divisible
distributions as weak limits for triangular arrays. Applications. Introduction to Leacute;vy processes: Leacute;vy-
Hinchin formula and decomposition of Leacute;vy processes. Construction with Poisson point processes (a la Ito).
Subordinators and Leacute;vy processes with finite total variation, examples. Stable processes. Examples and
applications. Part II.: Large deviation theorems:Introduction: Rare events and large deviations. Large deviation
principle. Computation of large deviation probabilities with bare hands: application of Stirlingrsquo;s
formula.Combinatorial methods: The method of types. Sanovrsquo;s theorem for finite alphabet. Large deviations in
finite dimension: Bernsteinrsquo;s inequality, Chernoffrsquo;s bound, Cramerrsquo;s theorem. Elements of convex
analysis, convex conjugation in finite dimension, Cramerrsquo;s theorem in R^d. Gartner-Ellis theorem. Applications:
large deviation theorems for random walks, empirical distribution of the trajectories of finite state Markov chains,
statistical applications. The general theory: general large deviation principles. The contraction principle and
Varadhanrsquo;s lemma. large deviations in topological vector spaces and function spaces. Elements of abstract
convex analysis. Applications: Schilderrsquo;s theorem, Gibbs conditional measures, elements of statistical physics.
References:A. Dembo, O. Zeitouni: Large deviation techniques and application. Springer, 1998R. Durrett:
Probability: theory and examples. Second edition. Duxbury, 1996B.V. Gnedenko, A.N. Kolmogorov: Limit theorems
for sums of independent random variables, 1951W. Feller: An introduction to probability theory and its applications.
Vol.2. Wiley, 1970D.W. Stroock: An introduction to the theory of large deviations. Springer, 1984S.R.S. Varadhan:
Large deviations and application . SIAM Publications, 1984D. Williams: Probability with martingales. Cambridge UP,
1990research papers, lecture notes

BMETE95MM16 Extreme Value Theory 3

Subject code Subject name ECTS credit

Course code Timetable informationCourse type

T0 WED:08:15-10:00;Lecture

 Review of the limit theorems, normal domain of attraction, stable low of distributions, alpha-stable domain of
attractions.Max-stable distributions, Fisher-Tippet theorem, standard extreme value distributions, regularly varying
functions and their properties, Frechet and Weibull distributions and characterization of their domain of attraction.
Gumbel distribution. Generalized Pareto distribution. Peak over threshold. Methods of parameter estimations.
Applications in economy and finance. References: A. J. McNeil, R. Frey, P. Embrechts: Quantitative Risk
Management Priceton University Press, 2005B.C. Arnold, N. Balakrishnan, H.N. Nagaraja: Records John Wiley and
Sons
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