SYLLABUS

Subject: PHYSICS (Faculty of Geology, Semester I)

1. Mechanical motion. Material point (MP). Perfectly rigid body. Counting system. Definition of trajectory, track and displacement. Vectors and their main properties. 

2. Velocity: linear and angular. Definition of velocity. Average velocity. Momentum velocity. Velocity vector. Determination of distance by set dependence of speed on time. Angular velocity. Axial vector of turning angle and angular velocity. Connection between linear and angular velocities.
3. Acceleration. Connection between velocity and acceleration. Tangential and normal acceleration.
4. Role of initial conditions. Search of dependence of velocity and acceleration on time with set dependence of MP radius-vector on time: integration of motion equations as a reverse task of mechanics. 
5. Inertial counting systems, 1st Law of Newton. Approach to motion of point from different counting systems. Inertial and non-inertial counting systems. 1st Law of Newton. Examples of inertial counting systems. 
6. Galileo’s principle of relativity. Formulation of the Galileo’s principles of relativity. Similarity of space and time properties of all inertial counting systems. Mathematical formulation of Galileo’s principle of relativity: Galileo’s transformation. Synchronizing of clocks in different inertial counting systems by  etalon clock. Limits of application of Galileo’s principle of relativity. Unity of space and time. Notion of 4-dimensional space-time. Minkowski’s diagrams: notion of light line and light point. 
7. Mass, force, Newton’s second law. Notion of force. Inertia and its measurement – mass. Introduction of notion as an equality of ratio of mass of two objects to reverse ratio of their accelerations. Newton’s second law. Notion of impulse. Measures of mass, acceleration and force in the system SI. 
8. Forces, Newton’s 3d Law. Interaction of objects. Newton’s third law. Mathematical recording of Newton’s 3d law.  General classification of forces: fundamentals forces. Four types of fundamentals forces. Study of some of the fundamentals forces. Forces obtained from fundamentals forces: homogenous gravity force, tension force, friction force, air resistance force. 
9. Law of Impulse Conservation. Law of impulse conservation for one material point: Newton’s second law for material point in light of impulse presentation, conservation of separate projections of impulse vector and conservation of impulse vector. Law of conservation of impulse of N particles systems: definition of closed system, Newton’s second law for every particle in the system, “reduction” of system particles interaction forces according to Newton’s third law, complete impulse of particles system, mathematical representation of law of change of impulse of particles system, formulation of law of conservation of impulse for closed system of particles. Example: absolutely non-tensional impact of two objects. 
10. Reactive motion. Notion of motion of material point with changeable mass on the example of a rocket. Equation of Meschersky. Formula of Ziolkovsky. 
11. Gravity force and weight of objects. Gravity force. Weight of objects. Formulation of general formula for weight of objects. Weight of objects in elevator moving in homogenous field of gravity with acceleration: a) upwards vertically, b) downwards vertically, c) sidewise. 
12. Work of force. Power. Definition of elementary displacement. Work of force in elementary displacement. Elementary track. Additional and separable work. Work of force at the set track. Examples of calculation of work. Notion of power. Measuring of work in the system SI.
13. Conservation forces. Notion of force field. Stationary field. Notion of conservation forces work of which does not depend on the form of track. Notion of conservation forces as forces of stationary field, work of which on the closed trajectory is equal to null. Equivalency of two formulations. 
14. Potential energy of a particle. Connection of force and potential energy. Introduction of notion of potential energy. Connection of field force and potential energy. Notion of partial derivative and gradient. Forces of field as antigradient of potential energy. 
15. Kinetic energy of a particle. Work of resulting force at the time of displacement of material point. Case of free system of particles: dependence of increase in kinetic energy on work of not only external but internal forces as well. 
16. Law of conservation of energy in mechanics. Formulation of law of conservation of energy for one material point: full mechanic energy of particle in the field and conditions of its conservation. Formulation of energy conservation law for system of particles: notion of dissipative forces, internal and external forces and their work, condition for conservation of full mechanic energy of a system of particles. Universal law of conservation of energy in nature. 
17. Central and absolute tensional impact of spheres. Formulation of general notions of resulting speeds. Study of certain examples.
18. Theorem of motion of mass centres. Notion of mass centre. Velocity and acceleration of mass centre of a system. Formulation of theorem of motion of mass centre. 

19. Koenig’s theorem. Dependence of kinetic energy of material point on selected inertial counting system. Dependence of kinetic energy of system of particles on selected inertial counting system. Koenig’s theorem. 

20. Momentum of force. Momentum of impulse. Notion of momentum of force and impulse as vector derivatives of radius-vector (at the point of application of force or impulse correspondingly) and force or impulse correspondingly. Examples of determining momentum of impulse. 

21. Law of conservation of impulse momentum. Law of change of impulse momentum for one particle. Law of change of impulse momentum for system of particles. Formulation of law of conservation of impulse for a system of particles. 

22. Main equation of motion of absolutely rigid object. Notion of translation and rotation motions of absolutely rigid object. Introduction of notion of object inertia momentum with in relation to axis Z. 

23. Inertia tensor. Motion of absolutely rigid object in relation to several axes. Projections of impulse momentum on axes X, Y, and Z. Axial inertia momentum. Precentral inertia momentum. Notion of inertia tensor. Main axes of tensor and main inertia momentums. 

24. Calculation of axial inertia momentum. Transition to continuous object. Inertia momentums of material point, homogenous bar, cylinder and sphere. 

25. Shteiner’s theorem. Formula connecting objects’ inertia momentums at the time of their rotation about axis parallel to the axis of the mass centre. Formulation of Shteiner’s theorem. 

26. Kinetic energy of an object, which is rolling and rotating. Full kinetic energy of an object at the time of its rotation. Analogy to the kinetic energy of translation motion: during rotation, inertia momentum is performing the role of mass whereas role of linear velocity is performed by angular velocity. Kinetic energy of an object rotating and translating.

27. Gyroscopes. Gyroscopic effect. Notion of gyroscope. Gyroscopic effect. Precession. Precession of gyroscopes under the force of gravity. 

28. Harmonic  oscillations. Mechanical oscillations. Putting potential energy in a row of position of stable balance. Return force. Conditions for formation of oscillations. Determination of harmonic oscillations: equation of harmonic oscillations. Equation of material point movement at harmonic oscillation. Energy of a system performing small oscillations. 

29. Free mechanical oscillations. Determining free oscillations. Mathematical pendulum: equations of motion, frequency, period, amplitude, and initial phase.

30. Damped mechanical oscillations. Role of forces of friction. “Seldom friction”. Equation of motion for damped oscillation, its solution. Decrement of damped oscillation. Dependence of object displacement on equilibrium position with small and large decrements of damping. 

31. Forced mechanical oscillations. Determining forced oscillations. Equation of motion for forced oscillations. Process of restoring oscillations. Dependence of amplitude of oscillations on frequency and forcing power.  Addition of oscillations. Phenomenon of “beating”

32. Tension and potential of gravitational field. Notion of gravitational field. Tension of gravitational field. Law of universal gravity. Potential energy of interaction of two masses. Gravitational field created by mass distributed in space. Connection between potential and tension of gravitational field. 

33. Motion of space objects. Kepler’s laws. Motion of the Earth around the sun: example of field of central forces. Formulation of Kepler’s laws. Study of Kepler’s laws in light of laws of conservation of energy and impulse momentum. 

34. Systems of numerous particles. Notion of ideal gas. Tasks of molecular physics. Aggregate states of objects. Notion of unit of weight and relative unit of mass in molecular physics. Mol. Molar mass. Definition of ideal gas. Dynamic, static and thermodynamic methods of research of systems of numerous particles. 

35. Equation of ideal gas state. Definition of thermodynamic system. Parameters of state. Equilibrium state of thermodynamic system. Closed thermodynamic systems. Parameters characterizing equilibrium state of object. Connection between these parameters. Pressure (P), volume (V) and temperature (T). Units of thermodynamic temperature. Empiric connection between P, V and T. Role of rarefaction of gas for precision of equation of state of ideal gas. Avogadro’s law. Equation of Mendeleev-Kliperon. Dalton’s law. 

36. Pressure of gas on walls of container. Assumption of task. Calculation of pressure on walls of container: determining number of particles reaching the wall, impulse transferred to the wall, square of average square speed of molecules, formulas of pressure. 

37. Theorem of even distribution of energy by degrees of liberty. Notion of degrees of liberty of an object: material point, 2-atom molecule. Distribution of kinetic energy by degrees of liberty for 1- and multiple atom molecules. 

38. Internal energy of thermodynamic system. Contents of internal energy (IE). IE as additive value. IE as function of state. Work in thermodynamics. 

39. First law of thermodynamics. Two processes which may lead to change of IE of a system: work of external forces and non-mechanical ways of transferring energy to the system. Notion of heat. Physical nature of heat transmission. Rules and laws of thermodynamics. 

40. Internal energy and heat capacity of ideal gas. Adiabatic equation of ideal gas. 

41. Polytropic processes. Work of gas in polytropic processes. 

42. Main theses of theory of probabilities. Probability. Theorems of addition and multiplication of probabilities. Averages of random values. Distribution function. Conditions of norm establishing. Average values. 
43. Notion of micro- and macro- states. Number of parameters for setting micro and correspondingly macro- state of a system. Connection between micro- and macro- states in light of probabilities. Statistical values. Binominal distribution. 
44. Maxwell’s distribution. Speeds in Decart coordinates system. Volume density of probability. Formulation of function of distribution of gas molecules by speeds. Maxwell’s law of distribution by speed module. 
45. Average, most probable and average square speed. 

46. Boltzmann’s distribution, Maxwell-Boltzmann’s distribution. Behaviour of gas molecules under the influence of gravitational forces. Search of dependence of concentration of molecules on height above the Earth’s surface. Boltzmann’s distribution. Maxwell-Boltzmann distribution. Gibbs’ distribution. 

47. Entropy. Difference between equilibrium and disequilibrium systems.  Definition of entropy, its connection with probability. Entropy as function of state of thermodynamic system. Properties of entropy. Second law of thermodynamics. Entropy and irreversible processes. Entropy and temperature (Nernst’s theorem) – third law of thermodynamics. 

48. Entropy of ideal gas. Heat capacity, temperature and entropy for reversible process. Expression of mol entropy of ideal gas through representation of variables of temperature and volume. 

49. Fluctuations. Definition of fluctuation. Average square and relative average square fluctuation for one molecule of a system of independent particles (molecules of ideal gas). Connection of fluctuation of thermodynamic values with quantity of molecules in the system. 

50. Coefficient of performance of thermo machine (Diesel cycle, internal combustion engine). Carnot cycle. 
51. Free running distance of molecules. 
52. Empiric equations of transfer phenomena. Relaxation process. Origin of transfer of matter. Notion of flow. Diffusion. Heat conducting. Internal friction. 

53. Real gases. Van-der-Waals equation. Evaluation of limitations of application of Mendeleev-Kliperon equation. Real volume of gas molecules. Van-der-Waals equation and its constants: intermolecular force and effective real volume of the gas molecules. Internal energy of Van der Waals gas. 

Semester II

1. Electrization of objects. Electric charge. Interaction of electric charges in vacuum. Electric field and its intensity. 

2. Electric dipole. Field of dipole. 
3. Ostrogradsky-Gauss theorem. Tension of evenly charged continuous string and continuous lateral surface (plane). Field intensity between two continuously parallel and evenly charged lateral surfaces. 
4. Work at the time of displacement of a charge in electric field. Potential. Formulas for work at the time of displacement of charge in electric field and potential. 
5. Conductors in electric field. Electro capacity. Energy of charged conductor. Neutral conductor (metal sphere) in electric field, phenomenon of electrostatic induction. Notion of equipotential surface. Electrostatic protection. Notion of electric capacity of a conductor. Measures of electric capacity and electric constant. Formula of energy of charged conductor. 
6. Dielectrics. Dielectrics in electric field. Polarization of dielectrics. Electric field in dielectrics. Dielectric permeability. Vector of electric induction. 
7. Condenser. Energy of electric field.
8. Electric current. Strength of current. Electro motive force. Voltage.
9. Current in metal conductors. Resistance. Ohm’s law. Work and power of current. Electrical circuits. Kirchgoff’s rules. 
10. Contact difference of potentials. Thermoelectric phenomena. Emission of electrons. Thermoelectric emission. Electronic lamps. 
11. Semiconductors. Current in semiconductors. Proper and supplementary conductivity of semiconductors. Semiconductor rectifiers, amplifiers and thermoelectric batteries. 
12. Current in liquids and gases. Electrolysis. Faraday’s law. Current in gases. Induced independent and non-independent gas discharges. Types of independent gas discharges. 
13. Magnetic fields. Constant magnet and circular current. Magnetic fields of magnets and currents. Magnetic interaction of currents in vacuum. Intensity of magnetic field. Amper’s formula. Bio-Savara-Laplace’s law. Magnetic fields of solenoid and toroid. 
14. Magnetic induction. Dia-, para- and ferro- magnetic substances. Notion of magnetic induction.  Magnetic induction current. 
15. Influence of magnetic field. Influence of magnetic field on a conductor with current. Movement of charged particles in electric and magnetic fields. Determination of charge and mass of electron. 
16. Electromagnetic induction. Faraday’s law. Lenz’s rule. Fucco’s currents. Mutual inductivity. 
17. Energy of magnetic field. Electromagnetic theory of Maxwell. 
18. Contour rotating in magnetic field. Sinusoidal alternating current. Work and power of alternating current.
19. Generalized Ohm’s law. Electric resonance. Power coefficient of electric field.
20. Three-phase current. 
21. Electromagnetic oscillations and electromagnetic waves. Closed oscillating contour. Hertz’s vibrator. Auto-oscillating contour. Frequency diapason of electromagnetic waves. Radio communication. 
22. Nature of light. Corpuscular theory. Wave theory and its evolution to electromagnetic theory of light. Photoelectric effect and discrete character of radiation, spreading and absorption of light, notion of quantum and photon. Corpuscular wave dualism. 
23. Optics. Reflection and refraction of light. Full reflection. Dispersion of light. Spectrums. Thin lenses. Microscope. Eye as an optic system. Spectrum sensitivity of eye. 
24. Main photometric characteristics. 
25. Absorption of light. Physico-chemical and physiological action of light. 
26. Interference of light. Interferometer. Application of interferometry. Michaelson’s research and special theory of relativity. Interference of light reflected from transparent films. 
27. Diffraction. Diffractive abilities of optic devices. Diffraction on openings. Diffractive spectrums. Diffraction grating. Dispersion of light in turbid environment. Diffraction of microparticles. De Broyle’s waves. 
28. Polarization of light. Natural and polarized light. Polarization of light in tourmaline. Polaroids. Double refraction of a beam. Polarization of light in Iceland spar. Nicol’s prism. Rotation of oscillation plane of polarized light. Polarometer. 
29. Thermal radiation and radiation of absolutely black object.  Notion of thermal radiation and absolutely black object. Kirchoff’s law. Laws of radiation of absolutely black object. Quantum character of radiation. Plank’s formula. 
30. Structure of the atom. Nuclear model of atom’s structure. Discretion of energetic states of the atom. Bohr’s postulates. Quantum theory of structure of the atom of hydrogen. Explanation of spectrums of radiation and absorption of hydrogen. Quantum theory of structure of multiple electron atoms and formation of optical and characterizing spectrums. 
31. Luminescence. Laws of photoluminescence and their practical use.
32. Induced radiation. Quantum generators. Lasers and masers. 
33. Photon. Photoeffect. Laws of photoeffect. Photoelements. Mass and impulse of photon. Light pressure. Compton’s effect. Fluctuations of light. 
34. Atomic nuclei. General information on atomic nuclei. Isotopes. Natural radioactivity. Alfa-, beta- and gamma-radiation. Laws of radioactive decay. Methods of observation and registration of microparticles. 
35. Nuclear reactions. Artificial radioactivity. Energy of bond. Defects of atomic nucleus mass. Reaction of decomposition. Chain reaction. Nuclear reactor. Types of nuclear reactors. 
36. Thermonuclear reactions (reactions of synthesis). Types of thermonuclear reactions in nuclei of stars. Energy of stars. 
37. Elementary particles. Cosmic rays. Types of elementary particles. Types of interaction of objects of the matter.  
