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 Course: Atomic physics and interaction of ionizing radiation with the matter.
Lecturer: assoc. prof. Kalin Gladnishki, PhD
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	30

	
	Practical exercises (school internships)
	

	Total in-class work
	75

	Out-of-class work
	Library preparation and work with other resources
	105

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	105

	TOTAL ACADEMIC WORK
	180

	ECTS credits in-class work
	3,5

	ECTS credits out-of-class work
	1,5

	TOTAL ECTS CREDITS
	6.0

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	30

	2. 
	Final exam
	70

	Outline of the course:

	        This course for undergraduates (bachelor students) presents the general concepts and principles of the physics of atoms, molecules, and the interaction of ionizing radiation with matter. It represents how our knowledge about the microscopic structure of matter and radiation came about and which crucial experiments forced an extension and refinement of existing classical theories, culminating in the development of quantum theory, which is now accepted as the basic theory of atomic and molecular physics. 


	Preliminary requirements:

	Courses on classical mechanics, calculus, probability theory, and mathematical statistics – undergraduate level should be taken in advance.


	Key competences acquired:

	After successful completion of the course, the students will acquire significant knowledge in physics of atoms, molecules, and the interaction of ionizing radiation with matter.


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Scale in atomic physics, nuclear physics and particle physics.
	1

	2
	Corpuscular properties of electromagnetic radiation.
	5

	3
	The quantum structure of atoms.
	6

	4
	The wave properties of particles.
	6

	5
	Atomic spectra. Spin of the electron.
	3

	6
	Development of quantum physics.
	6

	7
	Multielectron atoms in magnetic field.
	6

	8
	Molecules. Molecular spectra.
	3

	9
	Interaction of ionizing radiation with matter
	6

	10
	Detection of ionizing radiation
	3

	
	
	

	
	Seminars/Practical exercises
	

	1
	Corpuscular properties of electromagnetic radiation.
	4

	2
	The quantum structure of atoms.
	4

	3
	The wave properties of particles.
	4

	4
	Atomic spectra. Spin of the electron.
	4

	5
	Development of quantum physics.
	4

	6
	Multielectron atoms in magnetic field.
	4

	7
	Interaction of ionizing radiation with matter
	4

	
	Test
	2


Topics Covered on the Final Exam
	№
	Topic

	1
	The idea for atomism. Gas ionization. Elementary electrical charge. Thomson and Millikan experiments.

	2
	Movement of electrically charged particles in electric and magnetic fields. Determination of the specific electric charge of the electron.

	3
	“Channel-rays”. Parabola method for determining e/m ratio. Mass spectrograph. Isotopes separation.

	4.
	Thomson’s atomic model. The Rutherford experiment. Experimental setup, interaction cross section.

	5.
	Scattering of alpha particles off nuclei. Derivation of the Rutherford scattering formula.

	6.
	Proof of the Rutherford scattering formula. Geiger-Marsden experiment. Chadwick experiment.

	7.
	Excitation and ionization energies. The Franck-Hertz experiment.

	8.
	Photoelectric effect. The Einstein equation for the photoelectric effect. Corpuscular theory of light. Experiment of Joffé and Dobronrawov. Experiments of Bothe and Vavilov.

	9.
	Wave movement, properties and mathematical representation. Properties of the electromagnetic radiation.

	10.
	Blackbody radiation. Planck radiation law. Photoelectric effect.

	11.
	De Broglie’s hypothesis. Electron diffraction. Davisson and Germer experiment.

	12.
	Heisenberg's uncertainty principle.

	13. 
	Basic concepts of quantum mechanics. Operators and eigenvalues. The Schrödinger equation.

	14. 
	Particle in a potential box. The Schrödinger equation. Energy levels. 

	15.
	Potential barrier. Tunnel effect.

	16.
	Atomic spectra. Spectra of hydrogen atom. Balmer formula for the spectral lines. Ritz's combination principle.

	17.
	Bohr’s atomic model. Planetary model of the hydrogen atom. Orbital magnetic moment.

	18.
	The Rydberg-constant. Pickering series. Discovery of deuterium.

	19.
	Solution of the Schrödinger equation for Hydrogen. Separation of the center of mass and relative motion.

	20.
	The electron spin. The Stern–Gerlach experiment.

	21.
	The spectra of the alkalis. Atoms with more than one electron.

	22.
	Spin-orbit coupling and fine structure. Vector model. Landë factor.

	23.
	Atom in magnetic field. Larmor theorem. Magnetic effects on atomic spectra.

	24.
	The normal Zeeman effect. 

	25. 
	Anomalous Zeeman effect. Paschen–Back effect.

	26.
	Orbital, intrinsic and total angular momentum. Couplings of angular momenta.

	27.
	Atom in electric field.  Linear and quadratic Stark-effect.

	28.
	Fine structure of spectral lines. Spin-orbit coupling. Hyperfine structure: Lamb shift.

	29.
	Many-electron atoms. The Pauli principle. j - j and L-S coupling.  The periodic table.

	30.
	X-rays. Bremsstrahlung and characteristic X-ray radiation. Moseley's law. Absorption. Auger effect.

	31.
	The nature of the chemical bond. Heteropolar and homopolar bonding. Valence. Hybridization.

	32.
	Molecular spectra. Vibrational-rotational and electronic spectra of molecules. 

	33.
	Two-electron atom. Helium spectrum. Para-helium and ortho-helium.

	34.
	Emission and absorption of electromagnetic radiation by atoms. Photoeffect.

	35.
	Compton scattering of gamma rays. Positron. Electron-positron pair production. Total absorption coefficient of gamma-quanta.

	36.
	Bremsstrahlung. The Vavilov-Cherenkov effect.

	37.
	Ionization energy losses. Bethe-Bloch formula.

	38.
	Interaction of heavy charged particles with matter. The Bragg curve.

	39.
	Ionizing radiation detectors

	40.
	Exotic atoms, positronium, muonium. Muonic atoms. Pionic and Kaonic atoms. Anti-hydrogen atoms and other anti-atoms.
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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. 






