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45 hours: 15 Lectures (30 hours) and 15x1 hours of practical training 

 

1. Introduction (Overview of the course; Models of space and time in classical physics; 

Models of space-time after Einstein). 

2.  Fields in Minkowski space-time (Review of Special Theory of Relativity; Four-Vectors 

and tensors; A review of Elementary Particles in flat space-time). 

3. Energy-momentum tensors (Energy of particles; Stress-energy tensors of classical fields; 

Canonical and Metrical Energy-Momentum Tensors). 

4. Mathematical foundations of GR (Covariant derivatives and Christoffel symbols; Parallel 

transport; Riemann tensor). 

5. Physical foundations of GR (Equivalence Principle; Metrics and Potential; Newton's 

Law). 

6. Einstein's theory for gravitation (Einstein Equations; Action for Gravitational Field; 

Lovelock's theorem). 

7.  Spherically symmetric space-time (Birkhoff's Theorem; Schwarzschild's Solution; 

Schwarzschild singularities). 

8. Effects of GR (Motion of test particles; Experimental verification of GR; Post-Newtonian 

approximation). 

9. The initial-value problem and singularities (Penrose Conformal Diagrams; Initial-value 

problem in GR; Exploring Schwarzschild singularities). 

10. Black holes (Types of Black Holes; Information paradox and no-hair theorem; BH 

thermodynamics). 

11. Gravitational waves (Weak field approximation of Einstein equations; Plane wave 

solutions; Generation of gravitational waves). 

12. Gravitational lensing(Description and history of gravitational lensing; Basics of 

gravitational lensing; Microlensing). 

13. Alternatives to GR (Why to modify GR; Timeline of models of gravity; Testing of 

alternatives to GR). 

14. Higher dimensional theories of gravity (Kaluza-Klein theory; Braneworld paradigm; 

Higher dimension braneworlds). 

15. Overview of course. 
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