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DESCRIPTION OF COURSES

for M.S. programs in Condensed Matter Physics
(duration of study – 1 year, required amount of credits – 60, 1 credit equals to 36 hours)
Sets of courses proposed are focused on the following topics:
- Actual problems of condensed matter physics and Computational Modeling (courses 1-6). Obtained therein theoretical background and practical skills could be applied further for investigation of properties of the condensed systems, modeling of physical phenomena and processes, calculation of dielectric, optic and magnetic spectra. The following computational packages will be taught: MathCAD, Origin.

- Physical material science, the deep study of physics of the nanosize systems, optical phenomena in photonic crystals and glasses, nanosize heterostructures, polar materials for functional electronics (courses 7-10). Special attention is paid to physics and practical use of nanomaterials based on active dielectrics crystals.

Student could select either courses set close to one of topic or from different topics depending on courses taught at their Home University.

	One of the components of the program is the individual performing of research under the guidance of a professor, which finalized by the defense of research project.
№
	Course
	Description (prerequisite is given in parentheses if necessary)
	Credits

	1
	Actual problems of condensed matter physics

	Important concepts of condensed matter physics, in particular phase transitions, classic theory, modern theories of the critical phenomena, microscopic approaches.
	6

	2
	Physics of dielectrics

	Experimental and theoretical aspects of methods of research of dielectric compounds. Macro- and microscopic theories of electric polarization, dynamic phenomena, active dielectrics, ferroelectric materials. 
	8

	3
	Quantum processes in crystals

	The quantum- mechanics approaches to descriptions of spectroscopic investigations of crystalline compounds.
	5

	4
	Structural phase transitions

	Phenomenological theory of structural phase transitions in ferroics. Taking into account of fluctuations. The phase in the crystals with structural defects.
	6

	5
	Dynamics of crystal lattice 

	Experimental and theoretical researches of crystal lattice dynamics. Acoustic and optical oscillation modes. Dynamics of crystal lattice in the systems with phase transitions. The soft mode conception.
	6

	6
	Computer technologies in the solid state physics

	Application of computer technologies is studied in the solid state physics, Mathcad and Origin packages are used. The students solve algebraic equations, differential equations, systems of algebraic and differential equations; realize linearization, approximation and interpolation of experimental data; use matrix operations; learn the principles of graphic data processing and so on. (“Solid State Physics”)
	5

	7
	Physics of the nano- size systems

	Bases of nano- objects physics and methods of nanotechnologies are studied. Principles of nanoelectronic devices construction, logic and architecture of electronic nano- computers are considered.
	6

	8
	Optical phenomena in photonic crystals and glasses

	Bases of physics of photonic crystals and glasses are studied. The basic methods of photonic crystals growth, prospect of their practical application are examined. ("Physics of semiconductors", chapter "Energetic zones")
	7

	9
	Nano- size heterostructures
	The methods of synthesis and prospects of practical application of nanosize heterostructures are studied.
	5

	10
	Polar materials for functional electronics 
	A study of bases of physics of polar materials for functional electronics. The properties of piezoelectrics, ferro-, antiferroelectrics crystals and electrets are studied.

	6
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