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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	0

	
	Practical exercises (school internships)
	0

	Total in-class work
	45

	Out-of-class work
	Independent work (work in Library, home preparation)
	45

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	45

	TOTAL ACADEMIC WORK
	90

	ECTS credits in-class work
	1.5

	ECTS credits out-of-class work
	1.5

	TOTAL ECTS CREDITS
	3

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	

	2. 
	Final exam
	100

	3. 
	
	

	4. 
	
	

	Outline of the course:

	This is a first course in general relativity, which briefly introduces the mathematical foundations of the theory, and illustrates its application in a wide range of gravitational scenarios. The physics of compact objects is discussed, as well as gravitational radiation, geodesic dynamics, and a brief introduction to modern cosmology.


	Preliminary requirements:

	…Vector and tensor calculus; Partial differential equations; Theoretical mechanics; Electrodynamics; Special relativity


	Key competences acquired:

	After completing the course the students will get acquainted with the basic concepts  and techniques in the theory of genaral relativity. A wide range of fundamental applications are covered, necessary for further studies in the field.


Lessons plan
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Mathematical foundations of general relativity. Manifolds, vectors, tensors, metric.
	3

	2
	Affine connection. Parallel transport. Geodesics.
	3

	3
	Curvature and torsion. Bianchi identities.
	3

	4.
	Einstein  field equations. Derivation and physical interpretation.
	3

	5.
	Spherically symmetric vacuum metrics. Derivation of the Schwarzschild solution.
	3

	6.
	Geodesics in the Schwarzschilld spcetime. Classical tests of  general relativity.
	3

	7.
	The Kruskal continuation of the Schwarzschild solution. Black holes.
	3

	8.
	Charged black holes. The Reissner-Nordström solution.
	3

	9.
	Rotating black holes. Kerr and Kerr-Newman solutions.
	3

	10.
	Spherical solutions for stars. Exact interior solutions.

	3

	11.
	Relativistic stars and gravitational collapse.
	3

	12.
	Weak gravitational fields. Linearized theory of gravity and gravitational waves.
	3

	13.
	Black hole thermodynamics.
	3

	14.
	Quantum theory of black holes. Hawking radiation.
	3

	15.
	Cosmology. Friedmann-Robertson-Walker metric and its properties.
	3


	Topics Covered on the Final Exam
№
	Topic

	1
	Mathematical foundations of general relativity. Manifolds, vectors, tensors, metric.

	2
	Affine connection. Parallel transport. Geodesics.

	3
	Curvature and torsion. Bianchi identities.

	4.
	Einstein  field equations. Derivation and physical interpretation.

	5.
	Spherically symmetric vacuum metrics. Derivation of the Schwarzschild solution.

	6.
	Geodesics in the Schwarzschilld spcetime. Classical tests of  general relativity.

	7.
	The Kruskal continuation of the Schwarzschild solution. Black holes.

	8.
	Charged black holes. The Reissner-Nordström solution.

	9.
	Rotating black holes. Kerr and Kerr-Newman solutions.

	10.
	Spherical solutions for stars. Exact interior solutions.


	11.
	Relativistic stars and gravitational collapse.

	12.
	Weak gravitational fields. Linearized theory of gravity and gravitational waves.

	13.
	Black hole thermodynamics.

	14.
	Quantum theory of black holes. Hawking radiation.

	15.
	Cosmology. Friedmann-Robertson-Walker metric and its properties.
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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.






