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Nuclear and Particle Physics
S Y L L A B U S

Course: 

Molecular Physics


Lecturer: Assoc. Prof. Milena Todorova Georgieva
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Tutorials
	30

	
	Practical exercises (school internships)
	

	Total in-class work
	60

	Out-of-class work
	Individual work in a library or with resources 
	30

	
	Problems solving
	30

	
	Self-training for the tests to the lectures
	10

	
	Consultations with lecturer
	5

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	75

	TOTAL ACADEMIC WORK
	135

	ECTS credits in-class work
	2

	ECTS credits out-of-class work
	2,5

	TOTAL ECTS CREDITS
	4,5


	№
	Grade components

	% of the grade

	1. 
	Tests
	30%

	2. 
	Final exam
	70%

	Outline of the course:

	The lecture course represents a consistent and modern presentation of the main concepts, values, laws, and experimental facts in the molecular physics and the classical thermodynamics by using first year courses mathematical apparatus. The simplest thermodynamic system, the ideal gas, is studied applying two complementary approaches (thermodynamic and molecular kinetic). Real gases are also considered (Van der Waals equation, internal energy, Joule-Thomson effect) as well as basic principles of statistical physics (the Boltzmann’s and Maxwell’s distributions). The application limits of the classical theory of heat capacity are discussed emphasizing the need of quantum-mechanical understanding and description of matter.
The thermodynamic principles studied and the fundamentals of the molecular-kinetic theory are applied when considering the structure and properties of liquids, the first order phase transitions and the transfer phenomena in gases like diffusion, internal friction and thermal conductivity. The fundamental thermodynamic laws and processes are shown in appropriate practical demonstrations which helps to clarify their physical nature.

Course tutorials include solving problems from the major sections of the lecture course. In each section in the seminars and in the individual student’s work different types of problems are solved with different levels of difficulty.
By listening to this course students acquire basic knowledge in the field of molecular physics and thermodynamics, necessary for other courses, and for the preparation of a diploma thesis.




	Preliminary requirements:

	Good knowledge of the already studied material in Physics and Mathematics


	Key competences acquired:

	Understanding of physical phenomena and processes in the molecular kinetic theory and successful application of theory in problem solving.


Lectures plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	30

	1
	Thermodynamics of ideal gas. (Thermodynamic system and basic thermodynamic parameters, internal energy, first law of thermodynamics, ideal gas equation of state, Joule's law for the internal energy of the ideal gas, isochorous, isobaric, adiabatic and polytropic processes for ideal gas).
	6(6)

	2
	Fundamentals of Molecular Kinetic Theory and Statistical Physics. (Molecular kinetic model of the ideal gas pressure. Molecular kinetic meaning of the absolute temperature. Internal energy and molar heat capacities of gases and solids. Average number of collisions and mean free path for gas molecules. Van der-Waals equation for real gases. Internal energy of the real gas. Joule-Thomson effect. Boltzman and Maxwell distributions.)
	8(8)

	3
	 The second law of therodynamics. (Cyclic processes in thermal machines. Carnot Cycle. Various formulations of the second law. Carnot's theory. Equation and inequality of Clausius. Entropy. Thermodynamic probability. Statistical meaning of the second law of thermodynamics.)
	6 (6)

	4.
	Structure and properties of liquids. (Comparison of liquid properties with the properties of gases and solids. Concept of liquid structure. Internal cohesive pressure and surface energy. Wetting and capillary phenomena.)
	2 (2)

	5.
	Transfer phenomena. (Transmission phenomena in gases - diffusion, internal friction and heat conduction, phenomenological law and molecular kinetic model for each of these phenomena. Osmosis and osmotic pressure.)
	           2 (2)

	6.
	Phase transitions and phase equilibria. (First-order phase transitions. Fluid evaporation. Clausius-Clapeyron equation. Dependence of the saturated vapor pressure on the temperature and the surface liquid form. Transition gas-liquid. Critical state and critical parameters. Attaining low temperatures. Sublimation and melting of solids. Melting temperature dependence on the pressure. Concept of phase diagram. Triple point.Polymorphism.)
	6 (6)


Final Exam Topics
	№
	Topic

	1
	Thermodynamic system. Molar quantity. Types of thermodynamic systems. Еquilibrium state. Basic thermodynamic parameters. Thermodynamic processes.

	2
	Zeroth principle of thermodynamics. Internal energy of thermodynamic systems. Joule's experiments - mechanical equivalent of heat. First law of thermodynamics.

	3
	The Gas state. Ideal gas. Experimentally established laws for ideal gases. Equation of state.

	4.
	Ideal gas work upon expansion. Jaule's law for the internal energy of the ideal gas. Heat capacity. Iso- processes. Enthalpy. Robert Meyer equation. Isothermal process - calculating the ideal gas work.

	5.
	Adiabatic process. Poisson's law derivation for the ideal gas system. Comparison of isothermal and adiabatic processes. Work during adiabatic processes.

	6.
	Polytropic processes for the ideal gas system. Polytropic process equation. Molar heat capacity dependence on the polytropic factor

	7.
	Basic principles of the molecular kinetic theory. Molecular kinetic model for the ideal gas pressure. Basic Equation of the molecular kinetic theory derived by  Clausius.

	8.
	Molecular kinetic meaning of absolute temperature. Equipartition theorem. Internal energy of ideal gas. Molar heat capacities of gases - comparison with experimental results and deficiencies of the classic theory. "Freezing" degrees of freedom at low temperatures.

	9.
	Internal energy of the crystalline solid state. Classical view. Molar heat capacities – Dulong-Petit model. Quantum mechanical treatment - Einstein model. Debye model. 

	10.
	Average number of collisions and mean free path (m.f.p.) – molecular kinetic model. Temperature dependence of the m.f.p.

	11.
	Boltsmann’s distribution law for molecules in conservative force field. Oxygen delivery at high altitudes - hyperventialtion.



	12.
	Probability distribution. Maxwell’s velocity distribution law. Average, most probable, root mean squared velosities.

	13. 
	Real gas interparticle interactions. Van der Waals equation of state for real gases.

	14. 
	Internal energy of the real gas. Adiabatic expansion in vacuum. Internal energy of Van der Waals gas. Joule - Thomson efects. Inverse temperature definition.

	15.
	Equilibrium and nonequilibrium processes. Reversible and irreversible processes.  Conversion of heat to mechanical work – cyclic processes. Efficiency of a heat engine.

	16.
	Second law of thermodynamics – Kelvin’s formulation. Principle of refrigerator engine. Clausius’ formulation of the Second Law. Spontaneous and non spontaneous processes.

	17
	Carnot’s cycle. Efficiency of Carnot’s heat engine. First Carnot’s theorem. Absolute temperature.

	18.
	Second Carnot theorem. Reduced heat. The Clausius inequality and the equation for the Carnot cycle and for an arbitrary cyclic process. – mathematical formulation of the Second Law. Entropy.

	19.
	Nernst heat theorem. Entropy in isolated and open system. Entropy fomulation of the Second Law.

	20.
	Macro- and microstate of a thermodynamic system. Statistical weight of a microstate. Entropy and statistical weight – Boltzmann’s law. Statistical point of the Second Law.

	21.
	Fick’s first law and molecular kinetic model of diffusion in gasses. Diffusion coefficient.

	22.
	Internal friction in gasses – experimental observations, Neuton’s Law and the molecular kinetic model. Internal friction coefficient.

	23.
	Heat conductivity of gasses – Furrier Law and molecular kinetic model. Relation between the heat conductivity coefficient, the internal friction coefficient and the specific heat capacity of the gas at constant volume. Heat conductivity and internal friction in gasses at low pressures.

	24.
	 Comparison of properties of liquids, gasses, and solid state materials. Structure of liquids. Molecular kinetic description of the liquid state. Specific heat of water.  

	25. 
	Internal cohesive pressure and surface tension. Surface energy of a liquid. Laplace’s formula.

	26.
	Osmosis and osmotic pressure. Molecular kinetic model of osmosis

	27.
	Phase definition. Polymorphysm. Phase equilibria. First order phase transitions. Heat of the phase transition. Second order phase transitions.

	28.
	Evapouration of liquids. Saturated vapor. Critical temperature. Dependence of saturated vapour pressure on the curvature of the free surface of the liquid. Boiling.

	29.
	Air hummidity – absolute and relative. Influence of hummidity on humans.

	30.
	Clapeyron-Clausius equation. Vapour pressure temperature dependence.

	31.
	Liquification of gasses. Critical temperature and critical state. Van der Waals vs. experimental isotherms.

	32.
	Critical parameters determination. Reduced Van der Waals equation. Attaining low temperatures.

	33
	Melting and sublimation of the crystalline state. Melting temperature vs. pressure. Anomalous behaviour of ice and water. Phase diagram of water. Tripple point.
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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. 
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