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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	60

	
	Seminars
	30

	
	Practical exercises (school internships)
	0

	Total in-class work
	90

	Out-of-class work
	Work with lecture materials and preparation for the 
	60

	
	Individual work – problem solving. Preparation of home work.
	90

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	150

	TOTAL ACADEMIC WORK
	240

	ECTS credits in-class work
	3.0

	ECTS credits out-of-class work
	5.0

	TOTAL ECTS CREDITS
	8.0

	№
	Grade components

	% of the grade

	1. 
	Test
	15%

	2. 
	Homeworks
	15%

	3. 
	Final exam
	70%

	4. 
	
	

	Outline of the course:

	This is a completing course of the general physics education for the students in physics. It introduces the physics of microworld. The course is foreseen for BSc students in “Physics and Informatics” and in “Communication and physical electronics”. The course covers four main topics: quantum physics, atomic physics, nuclear physics and particle physics.  It starts with basics of the quantum mechanics and its mathematical apparatus. The structure of the atoms is discussed and the modern interpretation of the chemical properties of the elements is given. The interaction of the ionizing radiation with the matter is described. The structure of the atomic nucleus is discussed. The today’s understanding of the elementary constituents of the matter is explained together with their properties and interactions. The aim of the course is to give a conceptual description of the quantum world as well as to show the contemporary understanding of the structure of the matter.


	Preliminary requirements:

	The students are required to have basic knowledge in Physics and university level mathematics.


	Key competences acquired:

	The students are expected to obtain a conceptual idea for the quantum description of the sub-atomic world as well as to be familiar with the today’s paradigm for the structure of the matter. 


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Structure of the matter, space-time, Universe. Open questions.
	1

	2
	Specific heat. Eisenstein model. Debye model.  Black body radiation.  Plank hypothesis. Photo-effect. 
	2

	3
	Atomic spectra. Rutherford atomic model. Bohr model. 
	3

	4.
	Particles and waves. Compton scattering. Davisson-Germer experiment. De Broigle hypothesis.  Heisenberg uncertainty principle. Schrödinger equation.  1D wave equation. Phase velocity. Group velocity. Continuity equation. Free particle general solution and in it's interpretation. Interactions. Boundary conditions. Stationary states.
	5

	5.
	1D problem. Particle in 1D potential well. 1D barrier.    Boundary conditions. Harmonic oscillator. 
	4

	6.
	3D problem. Schrödinger equation. 3D potential well. Free particle. Periodic boundary conditions.   Quantization of  the angular momentum. Point-like Coulomb potential.
	5

	7.
	Spin. Spin and statistics. Pauli principle. Fermi gas. Boze gas. Quantum statistics. Existence of the spin - experimental proof. 
	2

	8.
	Electron shell structure. Larmor's theorem. Zeeman effect. Spin-orbital interaction.  
	3

	9.
	Tomas-Fermi model and equation. Periodic system of elements. Hartree approximation.  Screened Coulomb potential. Single particle states. Bounded states. 
	6

	10.
	Nucleons. Deuterium. Electron scattering and diffraction. . Nuclear charge distribution. Structure of the nuclei. 
	5

	11.
	Atomic mass. Light nucleus. Semi-empiric mass formula. Liquid drop nuclear model. Nuclear shell model. Spin-orbital interaction. Nuclear spin and parity.
	5

	12.
	-,-,-decays. Decay chains. Radioactive families. Natural radioactivity. Nuclear reactions. Nuclear fusion and fission. Applications.
	6

	13.
	Elementary particles. Discovery of the electron, neutron, pion and antimatter. Particle accelerators. Particle physics experiments. Symmetries – discrete and continuous. Neuther's theorem. Quantum numbers. P-,CP-,CPT- symmetry.
	6

	14.
	Deep inelastic scattering. Quark model. Strong interactions. Colour. QCD. 
	3

	15.
	Electro-weak interactions. W- and Z- bosons. Spontaneous symmetry breaking. Higgs boson. Neutrinos -masses and oscillations. 
	3

	
	History of the early Universe.
	1

	
	Seminars/Practical exercises
	

	1
	Units in the atomic and nuclear physics. Lorenz transformations. Relativistic kinematics. 
	2

	2
	Wave and corpuscular properties of the light. 
	2

	3
	Atomic spectra. Rydberg constant. Bohr model.
	2

	4.
	Rutherford scattering.
	1

	5.
	De Broigle waves.  Heisenberg uncertainty principle.
	1

	6.
	Schrödinger equation. 
	4

	7.
	Operators.
	2

	8.
	Multi-electron atoms. Mechanical and magnetic momentums. Periodic system. 
	3

	9.
	Zeeman effect.
	2

	10.
	Test. 
	1

	11.
	Atomic nucleus. Empiric and mass formulas. Nuclear reactions. 
	2

	12.
	Nuclear decay.
	3

	13.
	Interaction of the elementary particles.
	4

	14.
	Test
	1


Topics Covered on the Final Exam
	№
	Topic

	1
	Structure of the matter. Space-time. Universe. Open questions.

	2
	Specific heat. Eisenstein model. Debye model.  Black body radiation.  Plank hypothesis. Photo-effect. 

	3
	Atomic spectra. Rutherford atomic model. Bohr model. 

	4
	Particles and waves. Compton scattering. Davisson-Germer experiment. De Broigle hypothesis.  Heisenberg uncertainty principle. Schrödinger equation.  1D wave equation. Phase velocity. Group velocity. Continuity equation. Free particle general solution and in it's interpretation. Interaction. Boundary conditions. Sationary states.

	5
	1D problem. Particle in 1D potential well. 1D barrier.    Boundary conditions. Harmonic oscillator. 

	6
	3D problem. Schrödinger equation. 3D potential well. Free particle. Periodic boundary conditions.   Quantization of  the angular momentum. Point-like Coulomb potential.

	7
	Spin. Spin and statistics. Pauli principle. Fermi gas. Boze gas. Quantum statistics. Existence of the spin - experimental proof. 

	8
	Electron shell structure. Larmor's theorem. Zeeman effect. Spin-orbital interaction.  

	9
	Tomas-Fermi model and equation. Periodic system of elements. Hartree approximation.  Screened Coulomb potential. Single particle states. Bounded states. 

	10
	Nucleons. Deuterium. Electron scattering and diffraction. . Nuclear charge distribution. Structure of the nuclei. 

	11
	Atomic mass. Light nucleus. Semi-empiric mass formula. Liquid drop nuclear model. Nuclear shell model. Spin-orbital interaction. Nuclear spin and parity.

	12
	-,-,-decays. Decay chains. Radioactive families. Natural radioactivity. Nuclear reactions. Nuclear fusion and fission. Applications.

	13
	Elementary particles. Discovery of the electron, neutron, pion and antimatter. Particle accelerators. Particle physics experiments. Symmetries – discrete and continuous. Neuther's theorem. Quantum numbers. P-,CP-,CPT- symmetry.

	14
	Deep inelastic scattering. Quark model. Strong interactions. Colour. QCD. 

	15
	Electro-weak interactions. W- and Z- bosons. Spontaneous symmetry breaking. Higgs boson. Neutrinos -masses and oscillations. 

	16
	History of the early Universe.
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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. 





