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 Nuclear and Particle Physics
                                                              S Y L L A B U S
 Course:  Nuclear Physics
Lecturer:  Prof.  Dr.habil.  Georgi Rainovski
	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
	55

	
	Homework preparation
	20

	
	
	

	
	
	

	Total out-of-class work
	75

	TOTAL ACADEMIC WORK
	150

	ECTS credits in-class work
	2.5

	ECTS credits out-of-class work
	2.5

	TOTAL ECTS CREDITS
	5.0

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	40

	2. 
	Final exam
	60

	Outline of the course:

	          The course aims to give a simple and up-to-data introduction to the physics of atomic nucleus. The major sub-topics in Nuclear physics, namely Nuclear structure, Nuclear decays and radioactivity, Nuclear reactions and Applications, comprise the main parts of the course. Within these main parts a broad selection of nuclear phenomena and characteristics are introduced and discussed as a special emphasis is made on the experimental roots of nuclear science. The course begins with the bulk properties of atomic nucleus and gradually moves towards more complex picture of the nucleus as a quantum mechanical many-body system which dynamics is primarily determined by the strong nuclear interaction but it is also affected by the Coulomb and the weak nuclear interaction. The properties of nuclear decays and reactions are also introduced and discussed not only as tools to study the atomic nucleus but also as phenomena which form the basis of the nuclear technology. 


	Preliminary requirements:

	The course is for advanced undergraduate students who have already covered the general and the theoretical courses on Classical mechanics and Electrodynamics. Certain knowledge of basis of the quantum mechanics is also helpful. Mathematical background on the level of ordinary and partial differential equations and vector and tensor calculus should be sufficient to follow the course presentation.


	Key competences acquired:

	After successful completion of the course the students will have a more complete understanding of the nuclear physics. Will be familiar with the modern understanding of nuclear interaction, nuclear structure. Will acquire practical skills in solving problems from the area of the modern nuclear physics.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Basic concepts in Nuclear physics. Units and dimensions. Nuclear properties. Nuclear chart. Elements of quantum mechanics.
	3

	2
	Nuclear properties – the nuclear radius, (e,e’) experiments, nuclear form factor, mass and abundance of nuclides, biding energy, the valley of stability.
	3

	3
	Nuclear properties –algebra of the angular momentum, nuclear spin and parity, nuclear electromagnetic moments, hyperfine structure, NRM, nuclear excited states.
	3

	4.
	Nuclear force. The deuteron. Isospin. Nucleon-Nucleon scattering. Properties of nuclear force. Exchange forces.
	3

	5.
	Nuclear models – nuclear shell model.
	3

	6.
	Nuclear models – nuclear collective models.
	3

	7.
	Nuclear physics instrumentation – gas filled counters, scintillation detectors, semiconductor detectors, energy measurements, coincidence measurements and time resolution. Accelerators.
	3

	8.
	Radioactive decay – radioactive decay law, quantum theory of radiative decays, production and decay of radioactivity, types of decays, natural radioactivity, radioactive dating, Mössbauer effect.
	3

	9.
	α decay.
	3

	10.
	β decay.
	3

	11.
	γ decay.
	3

	12.
	Nuclear reactions – types of reactions and conservation laws, energetics of nuclear reactions, reaction cross-sections, experimental techniques.
	3

	13.
	Nuclear reactions – Coulomb scattering, nuclear scattering, optical model, compound-nucleus reactions, direct reactions.
	3

	14.
	Neutron physics and nuclear fission – neutron sources, absorption and moderation of neutrons, neutron reactions, characteristics of nuclear fission, fission reactors, nuclear explosives.
	3

	15.
	Nuclear fusion – characteristics of nuclear fusion, solar fusion, nuclear astrophysics, thermonuclear reactors.
	3

	
	Seminars/Practical exercises
	

	1
	Solving Basic quantum mechanics problems.
	4

	2
	Solving problems related to nuclear masses, nuclear radii and static momenta.  
	6

	3
	Nuclear models – shell model, nuclear vibrations and rotations
	4

	4
	Radioactive decay law
	6

	5
	Production and decay of radioactive isotopes 
	6

	6
	Nuclear reactions
	4


Topics Covered on the Final Exam

	№
	Topic

	1
	Basic concepts in Nuclear physics. Units and dimensions. 

	2
	Nuclear properties. Nuclear chart. Elements of quantum mechanics.

	3
	Nuclear properties – the nuclear radius, (e,e’) experiments, nuclear form factor, mass and abundance of nuclides, biding energy, the valley of stability.

	4
	Nuclear properties –algebra of the angular momentum, nuclear spin and parity, nuclear electromagnetic moments, hyperfine structure, NRM, nuclear excited states.

	5
	Nuclear force. The deuteron. Isospin. Nucleon-Nucleon scattering. 

	6
	Properties of nuclear force. Exchange forces.

	7
	Nuclear models – nuclear shell model.

	8
	Nuclear models – nuclear collective models.

	9
	Nuclear physics instrumentation – gas filled counters, scintillation detectors, semiconductor detectors, energy measurements, coincidence measurements and time resolution. Accelerators.

	10
	Radioactive decay – radioactive decay law, quantum theory of radiative decays, production and decay of radioactivity, types of decays, natural radioactivity, radioactive dating, Mössbauer effect.

	11
	α decay.

	12
	β decay.

	13
	γ decay.

	14
	Nuclear reactions – types of reactions and conservation laws, energetics of nuclear reactions, reaction cross-sections, experimental techniques.

	15 
	Nuclear reactions – Coulomb scattering, nuclear scattering, optical model, compound-nucleus reactions, direct reactions.

	16 
	Neutron physics and nuclear fission – neutron sources, absorption and moderation of neutrons, neutron reactions, characteristics of nuclear fission, fission reactors, nuclear explosives.

	17
	Nuclear fusion – characteristics of nuclear fusion, solar fusion, nuclear astrophysics, thermonuclear reactors.
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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. 






