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FACULTY OF PHYSICS
AUTUMN SEMESTER 2016/2017
	Row No.
	Course Title
	Department
	Level (Year)
	Language
	ECTS
	Semester

	1
	Quantum statistical physics
	Theoretical Physics
	B (1)
	English
	6
	1

	2
	Physics of clusters, nanoparticles and nanosystems
	Metal Physics
	B (4)
	English
	4
	1

	3
	Physics of Bose-systems
	Theoretical Physics
	M (1)
	English
	4
	1

	4
	Fundamental problems of quantum mechanics
	Theoretical Physics
	M (1)
	English
	5
	1

	5
	Migration and transformation of electron excitations in condensed matter
	Experimental Physics
	M (1)
	English
	8
	1

	6
	Nucleogenesis in the Universe
	Astrophysics
	M (1)
	English
	4
	1


COURSES DESCRIPTION

	Status

	Course code / number in the book: 
Quantum statistical physics
Taught by: Mykola Stetsko

		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Contact hours

	
	Bachelor
	6
	2 semesters
	Autumn, Spring
	80
	
	Year of study

	Weekly lectures/seminars

	Prerequisites


	1st

	1/1(Autumn),  2/2(Spring)
	Quantum mechanics, Statistical physics

	Languages

	Examination

	Assessment


	English
	Written exam

	100-point scale


	Aims and objectives: provide with knowledge of physical phenomena in quantum statistical physics. Main objectives are to analyze the fundamental problems of quantum statistical physics and develop necessary mathematical methods for the problems of many particle physics. These issues are of particular interest due to its importance for understanding of condensed matter theory.
Intended capabilities: to know basic concepts and methods of quantum statistical physics, namely, second quantization method, coherent states, two-time and Matsubara Green’s functions, diagrammatic representation for Matsubara Green’s functions, to be capable of solving basic problems of quantum statistical physics.

Description. The course covers the following topics: Second quantization and its application to many-particle  physics; Coherent states for Bose and Fermi systems; Two-time Green’s functions; Matsubara Green’s functions; Diagrammatic representation for Matsubara Green’s functions, Dyson equation; Electron-phonon interaction; Basic concepts of superconductivity; Spin and pseudo-spin systems.
Reading list:

1. N. N. Bogoliubov.  Lectures on Quantum Statistics. Problems of Statistical Mechanics of Quantum Systems. 
New York: Gordon and Breach, 1967.

2. A. L. Fetter, J. D. Walecka, Quantum theory of many-particle systems. N. Y.:McGraw-Hill, 1971.
3. A. E. Zagoskin, Quantum theory of many body systems. Berlin, New York, Heidelberg: Springer Verlag, 1998.

4. G. D. Mahan, Many-Particle Physics. N. Y.: Plenum press, 1993.
5. J. W. Negele, H. Orland, Quantum Many-Particle Systems. Westview Press, 1998.
6. E. Fradkin, Field Theories of Condensed Matter Systems. Cambridge: Cambridge University Press, 2013.
7. A. Atland, B. Simons, Condensed Matter Field Theory. Cambridge, Cambridge University Press, 2010.


	


	Status

	Course code / number in the book:  
PHYSICS OF CLUSTERS, NANOPARTICLES AND NANOSYSTEMS
Taught by: 
 Stepan Mudry

		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Contact hours

	
	Barchelor
	4
	1 semester
	Autumn, Spring
	64
	
	Year of study

	Weekly lectures/seminars

	Prerequisites  

	4
	32/ 32
	Structure of bulk solids, physical properties of crystalline and amorphous materials, Material science

	Languages

	Examination

	Assessment


	English
	Written exam
	100 point scale

	Aims and objectives: Provide with  knowledge concerning the dependence of physical properties on size of solids in the nanometer regime and explain, using the understanding the main laws of physics and chemistry   why these dependences occur. The objective of the course is also to describe the quantum size effect and how it changes the properties of properties, which are important for nanotechnologies.


Description:  Introducing part of part of Physics of Clusters, Nanoparticles and Nanosystems consists the basics of physics and chemistry of clusters, their features in comparison with atoms and bulk solids.  Significant part of lectures and seminars offers the knowledge on fractal structure of cluster systems and the relation between structure and  physical- chemical properties. Large part of course is based on the considering of behavior of electrons in nanoclusters and nanoparticles. Structure, properties and synthesis of carbon- based clusters, fullerenes and carbon nanotubes as well as their application are considered in relation with other nanoparticles.  Quantum size effect and its influence on physical properties of quantum wells, wires and dots is discussed using the basics of quantum mechanics.


Reading list: 
1.Frank J. Owens, Charles P. Poole Jr. The Physics and Chemistry of Nanosolids Wiley-Interscience, New Jersey, 2008


	


	Status

	Course code / number in the book: 
Physics of Bose-systems
Taught by: Andrij Rovenchak


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Contact hours

	
	Master

	4

	1 semester

	Autumn

	32
	
	Year of study

	Weekly lectures/seminars

	Prerequisites


	1st

	1 / 1

	Statistical physics; Quantum statistics


	Languages

	Examination

	Assessment


	English
	Written exam

	100-point scale


	Aims and objectives: provide with knowledge of physical phenomena in quantum liquids and gases as well as with relevant mathematical techniques. Main objectives are to analyze processes in Bose-systems and to learn the methods for studies of ideal bosons and diluted systems of laser-cooled atoms of alkali metals. These issues are of particular interest due to recent experimental advances in this area.
Intended capabilities: to know basic physical properties of Bose-systems and theoretical methods for studying them; to be capable of obtaining  main relations for an ideal Bose-gas and using techniques of quantum field theory for studies of bosonic systems with interactions. 


Description. The course covers the following topics: History of Bose-system studies; Ideal quantum gases (derivation of the distribution functions, thermodynamics of the ideal Bose-gas, ideal Bose-gas in an external field); Bose-systems with a finite number of particles; Gross–Pitaevskii equation; Bogoliubov’s method of approximate second quantization; Bose-systems with strong interactions; Physical grounds of experimental techniques for cooling and trapping atoms.
Reading list:

1. N. N. Bogoliubov.  Lectures on Quantum Statistics. Problems of Statistical Mechanics of Quantum Systems. 
New York: Gordon and Breach, 1967.

2. Bose–Einstein Condensation, ed. by A. Griffin, D. W. Snoke, S. Stringari. Cambridge University Press, 1995.

3. C. J. Foot.  Atomic Physics. Oxford University Press, 2005.

4. A. Griffin.  Excitations in a Bose-condensed liquid. Cambridge University Press, 1993.

5. L. D. Landau & E. M. Lifshitz.  Statistical Physics. Oxford: Pergamon Press, 1980.

6. C. Pethick & H. Smith.  Bose–Einstein Condensation in Dilute Gases. Cambridge University Press, 2002.

Online resources:

BEC Homepage,  http://www.colorado.edu/physics/2000/bec/

Bose-Einstein Condensation at NIST,  http://www.bec.nist.gov/



	


	Status

	Course code / number in the book:  
Fundamental problems of quantum mechanics
Taught by: Volodymyr Tkachuk

		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Contact hours

	
	Master

	5
	1 semester

	Autumn

	48
	
	Year of study

	Weekly lectures/seminars

	Prerequisites


	1st

	2 / 1

	Quantum mechanics

	Languages

	Examination

	Assessment


	English
	Written exam

	100-point scale


	Aims and objectives: provide with knowledge of physical phenomena in quantum information. Main objectives are to analyze the fundamental problems of quantum mechanics processes in the framework of quantum information.  These issues are of particular interest due to recent experimental achievements in this area.
Intended capabilities: to know foundations of quantum information, namely, theoretical basis of quantum cryptography, quantum teleportation, quantum computing and quantum computers, decoherence; to be capable of solving basic problems of quantum information. 


Description. The course covers the following topics: Mathematical foundations of quantum mechanics; Two state quantum systems; Quantum communications; Quantum computing and quantum computers; Measurement in quantum mechanics; Geometry of quantum state space; Evolution of a quantum system; Decoherence; Operator identity and mean value of functions of bosonic operators.

Reading list:

1. P. A. M. Dirac. Principles of Quantum Mechanics, Oxford University Press, 1967.
2. A.  Einstein. “Can quantum-mechanical description of physical reality be considered complete”. Phys. Rev. 47, 777–780 (1935).

3. Bell’s Theorem, Quantum theory, and Conception of Universe, ed. by M. Kafatos. Dordrecht: Kluwer, 1989.
4. M. A. Nielsen, I. L. Chuang. Quantum Computation and Quantum Information, Cambridge University Press, 2000.
5. W. H. Zurek “Decoherence, einselection, and the quantum origins of the classical”. Rev. Mod. Phys. 75, 715–765 (2003).


	


	Status

	Course code / number in the book:
"Migration and transformation of electron excitations in condensed matter"
Taught by:  Anatoliy Voloshinovskii


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Contact hours

	
	Master
	8

	1 semester

	Autumn

	108(36)

	
	Year of study

	Weekly lectures/seminars

	Prerequisites


	5st - - - -

	1 / 2

	Common course of physics


	Languages

	Examination

	Assessment


	English

	Written exam

	100-point scale


	Objectives: to familize students with pecularities of excitation energy transformation in condensed matter.
.
Intended capabilities: to have essential basics of the knowledge about luminescence excitation mechanisms in materials in different aggregate states, to be able to investigate the spectral parameters and kinetics of luminescence to determine the nature of elementary oscillator and physics parameters of atoms, molecules and ions; to understand the features of the luminescent systems development (scintillators, phosphors, dosimeters, etc..), and the fluorescent analysis

Description. 

Definition and classification of luminescence, main characteristics of luminescent materials. Field of oscillators radiation, polarization of radiation. The quantum states of atoms and energy terms, resonance luminescence and fluorescence. Radiative processes in gases. The polarization of resonant luminescence. Frank-Condon principle. Features of molecular luminescence. Energy band model of crystals. Time characteristics of recombination luminescence. Luminescence decay kinetics. Traps and methods for their parameters determining. Thermoluminescence and color centers. The dosimetric sensors based on TSL. Electron-phonon interaction. Energy schemes of crystals doped with lanthanide ions. Features of transition metal ions luminescence. Sensitized luminescence. Upconversion. Free excitons. Self-trapping of electronic excitations. The main types of radiation defects in solids.

Reading List:
1. G. Blasse, B.C. Grabmaier. Luminescent materials. Springer-verlag, 1994.
2. R. Ronda. Luminescence. WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 2008.
3. Sh. Shionoya, W.M. Yen, H. Yamamoto. Handbook of phosphors. CRC Press 2006.
4. P.A. Rodnyi. Physical Processes in Inorganic Scintillators. CRC Press 1997.


	


	Status
	Course code / number in the book: 
"Nucleogenesis in the Universe"
Taught by:  Bohdan Melekh

		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Contact hours
	
	Master
	7.5

	1 semester

	Autumn

	64

	
	Year of study

	Weekly lectures/seminars

	Prerequisites

	1st - - - -

	1 / 1

	Nuclear Physics, Stellar Evolution, Nebular Astrophysics, Basics of the Cosmology    

	Languages

	Examination

	Assessment

	English

	Written exam

	100-point scale

	Objectives: provide with knowledge concerning the basics of the origin of the chemical elements nuclei from the stellar evolution, explosions of supernova and Big Bang nucleosynthesis, as well as ways of enrichment the interstellar medium with heavy elements, the knowledge of the diagnostic methods to compare the predictions of the nucleosynthesis theories with data of the astronomical observations.

Intended capabilities: to have essential basics of the knowledge on the Nuclear Astrophysics for the practical work, to comprehend the origins of the chemical elements in the Universe through both the stellar nucleosynthesis as well as the explosive one, to assess the age of the supernova remnants, to work on developing the simulations of the chemodynamical evolution and the photoionization modelling with purpose to assess the spatial distribution of elements in the various galaxies, to determine the primordial helium abundance from both the nebular abundances and theory of the Big Bang Nucleosynthesis.

Description. The main aim of Course is to give basic knowledge on the origin of the chemical elements nuclei, and make review of the basics and methods of nuclear astrophysics, required in astrophysical tasks related to the description of physical processes into the stars of various spectral types, during explosion of supernovae as well as in era of Big Bang Nucleosynthesis. Also, the main ways to enrich the interstellar medium by heavy chemical elements as well as diagnostic methods to assess the age of supernova remnants are described. It is shown how results of the nuclear astrophysics can be used in chemodynamical simulations of the galaxies as well as in photoionization modelling of their nebular components.


Reading List:
1. S.E. Woosley & A. Heger The Evolution and Explosion of Massive Stars // Reviews of Modern Physics, Vol. 74, 2002

2. David Tytler, John M. O'Meara, Nao Suzuki & Dan Lubin Reviews of Big Bang Nucleosynthesis and Primordial Abundances // Physica Scripta, 85, p. 12, 2000

3. Heyvaerts, in  Late stages of Stellar evolution , edited by C. de Loore, Ecole EADN de Ponte de Lima, Lect. Notes Phys. (Springer Verlag, 1991) 313.

4. Melekh B.Ya. Photoionization analysis of chemodynamical dwarf galaxies simulations / Melekh B.Ya., Recchi S., Hensler G., Buhajenko O.// Monthly Notices of the Royal Astronomical Society. – 2015. – Vol. 450. – Issue 1. – P. 111-127.


	


