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S Y L L A B U S

Course: 

Electricity and Magnetism


Lecturer: assoc. prof. Victor Atanasov Atanasov
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	60

	
	Seminars
	30

	
	Practical exercises (school internships)
	

	Total in-class work
	90

	Out-of-class work
	Individual work in a library or with resources 
	40

	
	Problems solving
	35

	
	Self-training for the tests to the lectures
	15

	
	Consultations with lecturer
	15

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	105

	TOTAL ACADEMIC WORK
	195

	ECTS credits in-class work
	3

	ECTS credits out-of-class work
	3,5

	TOTAL ECTS CREDITS
	6,5

	№
	Grade components

	% of the grade

	1. 
	Tests
	10%

	2. 
	Practical exam (examination in practical skills)
	20%

	3. 
	Final exam
	70%

	4. 
	
	

	Outline of the course:

	The course in Electricity and Magnetism is the third part of the course in General Physics. It is designed for students in the third semester of their studies. The course is part of a longstanding tradition in the Department of Condensed Matter Physics.
The course consists of two main parts: i.) the general laws of electromagnetism and ii.) electrical and magnetic phenomena in matter. The first part contains three sections: 1) electrostatics; 2) stationary electric and magnetic fields and 3) alternating electromagnetic field. It is constructed on the principle of successive generalizations, allowing the students to get to Maxwell's equations in an elegant and obvious way. Special attention is paid to the basic phenomena that are coded in Maxwell's equations, such as the existence of, properties and physical characteristics of electromagnetic waves.
The second part concerns the electric and magnetic properties of matter in gas phase, plasma, electrolytes and metals. The model building in the case of dielectrics and plasma is based on classical physics, while for magnetism some quantum mechanical ideas (the quantization of magnetic moments) are explored. The plasma physics section is the only one in the general course dedicated to this most common state of matter.
Seminars deepen and illustrate with appropriate problems the lectures. Demonstrations of the discussed phenomena are also included in the syllabus.


	Preliminary requirements:

	The course requires knowledge of mechanics, basic special relativity, thermodynamics and statistical physics and vector calculus.


	Key competences acquired:

	In the presentation of the material simple and adequate models of phenomena are used. These models allow for the derivation of basic physical laws, the understanding of the essence of phenomena, the exposition of the principals behind some experimental methods. Therefore, the course is phenomenological and inductive and leads to the general laws in classical electrodynamics.
The knowledge of the material covered in the course is necessary for the understanding of optics, nuclear physics, electrodynamics and astrophysics.


Lectures plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	60

	1
	Electrostatic field (Coulomb’s law, electric fied, Gauss’ law, electric dipole, energy of the electrostatic field)
	8 (6)

	2
	Conductors and dielectrics in the presence of electric field (electric field in conductors, capacitance, electric field in dielectrics, modified Gauss’ law, mechanical forces in dielectrics)
	5(4)

	3
	Direct electric current (sources, Ohm’s law, work done by the electric current and the source, electromotive force, voltage, resistance)
	5(2)

	4.
	Electric and magnetic field of moving charges (interaction between moving charges, magnetic field, Lorentz force, mass spectrometry, charged particles accelerators)
	9(3)

	5.
	Magnetic field of electric current (Biot-Savart law, Ampere’s law, current loop, magnetic field of a solenoid, experimental methods for measuring magnetic field)
	4(5)

	6.
	Electromagnetic induction (major experiments and laws, generators and motors, self-inductance, mutual-inductance, transformers, eddy currents, magnetic field energy)
	5(4)

	7.
	Alternating electric currents (elements of an alternating current circuit, driven electromagnetic oscillations, resonance, AC power, free electromagnetic oscillations)
	4(3)

	8.
	Electromagnetic waves (Maxwell’s equations, displacement current, electromagnetic waves in free space and waveguide, density and energy flux of electromagnetic waves, momentum and angular momentum, mass of the electromagnetic waves, experiments)
	8(3)

	9.
	Dielectrics (dielectrics with polar and non-polar molecules, polarization of dense materials, piezo-electric phenomena, electrets)
	3

	10.
	Magnetism (magnetization, magnetic moments of atoms and electrons, diamagnetism, paramagnetism, ferromagnetism)
	4

	11.
	Electric current in gas, plasma, electrolytes and metals (electric discharge in gas, plasma characteristics, electrolysis, electricic current in metals, contact phenomena, thermoelectricity, superconductivity)
	5

	12.
	
	

	13.
	
	

	14.
	
	

	15.
	
	

	
	Seminars/Practical exercises
	30

	
	The covered topics and their duration in hours are given in brackets in the Lectures list
	

	
	
	


	Topics Covered on the Final Exam

№
	Topic

	1
	Electric charges. Electrostatic forces. Coulomb’s law. Superposition principle.

	2
	Electric field. Field of point charges and homogenously charged bodies. Lines of force.

	3
	Work done by electrostatic forces. Circulation of the electric field.

	4.
	Electric potential. Electric field and potential relations. Equipotential surfaces.

	5.
	Gauss’ law.

	6.
	The electric field and potential of a charges plane, cylinder and sphere. 

	7.
	Electric dipole. Dipole in electric field.

	8.
	Electrostatic energy. Energy of a system of charges. Energy of the electric field.

	9.
	Conductors in electric field. Electric field and potential in the bulk and on the surface of the conductor.

	10.
	Capacitance of an isolated conductor and capacitor. Energy of a capacitor.

	11.
	Electric field in the presence of dielectrics. Polarization vector. Modified Gauss’ law. Dielectic succeptibility.

	12.
	Mechanical forces in the presence of dielectrics. Electric field at the interface between two dielectics.

	13. 
	Electric current and voltage. Density of the electric current. Sources of electromotive force.

	14. 
	Ohm’s law. Resistance.

	15.
	Electric current in a closed circuit. Kirchhoff ‘s rules.

	16.
	Work done by electric current and e.m.f. source. Conservation laws.

	17.
	The origin of the magnetic field. Experimental phenomena.

	18.
	Interaction between moving charges. Magnetic field.

	19.
	Loretz force and motion of charge unter its influence. 

	20.
	Measuring the charge of particle. Mass spectrometers and accelerators.

	21.
	Biot-Savart law for the magnetic field of a current element. Magnetic field of a straight circular conductor.

	22.
	Ampere’s force. Current loop in magnetic field.

	23.
	Magnetic flux through a closed surface. Circulation of the magnetic field.

	24.
	Magnetic field of a solenoid and toroid.

	25. 
	Measuring techniques and Hall effect.

	26.
	Electromagnetic induction. Experimental phenomena. Relativity of the electric and magnetic fields.

	27.
	Faraday’s law. Lentz’ rule. Generators and motors.

	27.
	Mutual induction and self-induction. Inductivity. Solenoid.

	28.
	Transformers. Eddy currents. Skin effect.

	29.
	Energy of the magnetic field. 

	30.
	Alternating current circuit. Elements in an AC circuit.

	31.
	Complex method for an AC circuit.

	32.
	Driven electromagnetic oscillations. Resonance. Power of AC current.

	33.
	Free electromagnetic oscillations. Oscillating circuit.

	34.
	Displacement current. Maxwell’s addition to the Apmere’s law. 

	35.
	Maxwell’s equations for the electromagnetic field. Physical meaning.

	36.
	Electromagnetic waves in vacuum. Plane wave solutions.

	37.
	Electromagnetic waves in waveguide.

	38.
	Poynting vector. Mass, pressure and momentum of the electromagnetic field.

	39.
	Types of dielectrics. Dielectrics of polar and non-polar molecules.

	40.
	Polarization of dense materials. Segnetoelectricity, piezoelectricity, electrets.

	41.
	Magnetism. Classification of matter according to magnetic behaviour.

	42.
	Magnetic moments of atoms. Diamagnetism.

	43.
	Paramagnetism. Curie’s law.

	44.
	Ferromagnetism. Histeresis. 

	45.
	Electric discharge in gases. 

	46.
	Plasma. Debye radius and plasma frequency.

	47.
	Electric current in plasma. Relaxation processes. Thermonuclear fusion.

	48.
	Electic current in electorolytes. Faraday’s laws for electrolysis.

	49.
	Electric current in metals. Contact phenomena. Thermoelectricity. Superconductivity.
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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. 





