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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	60

	
	Seminars
	30

	
	Practical exercises (school internships)
	

	Total in-class work
	90

	Out-of-class work
	………………………………………………………
	120

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	120

	TOTAL ACADEMIC WORK
	210

	ECTS credits in-class work
	3

	ECTS credits out-of-class work
	4

	TOTAL ECTS CREDITS
	7


	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	50%

	2. 
	Final exam
	50%

	3. 
	
	

	4. 
	
	

	Outline of the course:

	This course consists of two parts. In part Thermodynamics, the principles of thermodynamics, the method of the thermodynamic potentials, and the conditions for equilibrium of the thermodynamic states are presented. Several applications of the principles and the method of the thermodynamic potentials are considered. Part Statistical Physics encompasses classical and quantum statistical physics, as well as quantum statistics. The method of Gibbs and the principal distribution functions are presented. Several applications of Gibbs’ method are considered.


	Preliminary requirements:

	The course requires knowledge on the methods of the mathematical physics, classical mechanics, electrodynamics, and quantum mechanics. 


	Key competences acquired:

	After the course, the students will acquire skills in the calculation of quantities and properties of macroscopic systems using the methods of the thermodynamics and statistical physics.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Basics of the thermodynamics. State, parameters, zeroth principle, processes. First principle of the thermodynamics. Equation of state. Principal processes and their equations. Principal caloric properties. Principal thermal properties. Carnot’s cycle. Second principle of the thermodynamics. Carnot’s theorem. Thermodynamic temperature. Inequality of Clausius. Entropy. Principal inequality of the thermodynamics
	8

	2
	Thermodynamic potentials. Internal energy. Enthalpy. Free energy of Helmholtz. Free energy of Gibbs. Relations between thermodynamic properties. Third principle of the thermodynamics. Thermodynamic properties in the limit T→ 0. Conditions for equilibrium and stability for closed systems. Thermodynamic inequalities. Principle of Le Chatelier – Brown. Thermodynamic potentials for open systems. Conditions for equilibrium and stability for open systems
	8

	3
	Thermodynamics of gases. Thermodynamics of elastic rods. Thermodynamics of paramagnetics. Joule – Thomson effect. Magnetic refrigeration
	5

	4.
	Conditions for equilibrium for heterogeneous onecomponent systems. Triple point. Critical point. Phase transitions of first order. Clapeyron - Clausius equation. Phase transitions of second order. Ehrenfest equations. Superconducting phase transition. Phase transition liquid – gas. Van der Waals theory for the critical phase transition liquid – gas. Curie – Weiss theory for the ferromagnetic phase transition. Landau theory for the second-order phase transition
	8

	5.
	Conditions for equilibrium for heterogeneous binary systems. Ideal gas mixtures. Dalton’s law. Gibbs’ theorem. Entropy of mixing. Dilute binary solutions. Ideal solutions. Osmotic pressure. Equilibrium with respect to the solvent. Raoult’s law. Equilibrium with respect to the solute. Henry’s law. Conditions for equilibrium for heterogeneous multicomponent systems. Chemical equilibrium and chemical reactions. Mass action law
	8

	6.
	Basics of classical statistical physics. Statistical ensembles. Distribution functions. Classical microcanonical distribution. Classical canonical distribution. Equipartition theorem. Maxwell – Boltzmann distribution. Classical ideal monoatomic gas. Classical non-ideal monoatomic gas. Classical grand canonical distribution. Equivalence of the canonical distribution
	8

	7.
	Basics of the quantum statistical physics. Quantum canonical distribution. Quantum grand canonical distribution. Free energy of ideal multiatomic gases. Heat capacity of ideal diatomic gases. Quantum theory of magnetism
	5

	8.
	Bose – Einstein distribution. Fermi – Dirac distribution. Classical limit of the quantum distributions. Thermodynamic quantities for non-relativistic ideal gases. Degenerate electron gas in metals. 
Condensation of ideal Bose gases. Thermodynamic quantities for relativistic ideal gases. Planck’s formula for black body radiation

Thermodynamic quantities for black body radiation. Heat capacity of solids. Equation of state of solids
	10

	
	
	

	
	Seminars/Practical exercises
	

	1
	Laws of thermodynamics
	6

	2
	Thermodynamic potentials
	6

	3
	Phase transitions
	6

	4.
	Classical statistical physics
	6

	5.
	Quantum statistical physics
	6

	
	
	


Topics Covered on the Final Exam

	№
	Topic

	
	Thermodynamics

	1
	Basics of the thermodynamics

	2
	State, parameters, zeroth principle, processes

	3
	First principle of the thermodynamics

	4.
	Equation of state. Principal processes and their equations

	5.
	Principal caloric properties

	6.
	Principal thermal properties

	7.
	Carnot’s cycle. Second principle of the thermodynamics

	8.
	Carnot’s theorem. Thermodynamic temperature

	9.
	Inequality of Clausius. Entropy. Master equation

	10.
	Direction of natural processes

	11.
	Thermodynamic potentials. Internal energy

	12.
	Enthalpy

	13. 
	Free energy of Helmholtz

	14. 
	Free energy of Gibbs

	15.
	Relations between thermodynamic properties

	16.
	Third principle of the thermodynamics. Thermodynamic properties in the limit T→ 0

	17.
	Conditions for equilibrium and stability for closed systems

	18.
	Thermodynamic inequalities. Principle of Le Chatelier - Brown

	19.
	Thermodynamic potentials for open systems

	20.
	Conditions for equilibrium and stability for open systems

	21.
	Thermodynamics of gases

	22.
	Thermodynamics of elastic rods

	23.
	Thermodynamics of paramagnetics

	24.
	Joule – Thomson effect

	25.
	Magnetic refrigeration

	26.
	Conditions for equilibrium for heterogeneous onecomponent systems

	27.
	Triple point. Critical point

	28.
	Phase transitions of first order. Clapeyron - Clausius equation

	29.
	Phase transitions of second order. Ehrenfest equations

	30.
	Superconducting phase transition

	31.
	Phase transition liquid – gas

	32.
	Van der Waals theory for the critical phase transition liquid – gas

	33.
	Curie – Weiss theory for the ferromagnetic phase transition

	34.
	Landau theory for the second-order phase transition

	35.
	Conditions for equilibrium for heterogeneous binary systems

	36.
	Ideal gas mixtures. Dalton’s law. Gibbs’ theorem. Entropy of mixing

	37.
	Dilute binary solutions. Ideal solutions. Osmotic pressure

	38.
	Equilibrium with respect to the solvent. Raoult’s law

	39.
	Equilibrium with respect to the solute. Henry’s law

	40.
	Conditions for equilibrium for heterogeneous multicomponent systems

	41.
	Chemical equilibrium and chemical reactions. Mass action law

	
	Statistical Physics

	1
	Basics of classical statistical physics

	2
	Statistical ensembles. Distribution functions

	3
	Classical microcanonical distribution

	4.
	Classical canonical distribution 

	5.
	Equipartition theorem

	6.
	Maxwell – Boltzmann distribution 

	7.
	Classical ideal monoatomic gas

	8.
	Classical non-ideal monoatomic gas

	9.
	Classical grand canonical distribution

	10.
	Equivalence of the canonical distribution

	11.
	Basics of the quantum statistical physics

	12.
	Quantum canonical distribution

	13. 
	Quantum grand canonical distribution

	14. 
	Free energy of ideal multiatomic gases

	15.
	Heat capacity of ideal diatomic gases

	16.
	Quantum theory of magnetism

	17.
	Bose – Einstein distribution

	18.
	Fermi – Dirac distribution

	19.
	Classical limit of the quantum distributions

	20.
	Thermodynamic quantities for non-relativistic ideal gases

	21.
	Degenerate electron gas in metals

	22.
	Condensation of ideal Bose gases 

	23.
	Thermodynamic quantities for relativistic ideal gases

	24.
	Planck’s formula for black body radiation

	25.
	Thermodynamic quantities for black body radiation  

	26.
	Heat capacity of solids

	27.
	Equation of state of solids
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� Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






