General relativity
(Thematic of the complex exam)

1. Einstein equation from variational principle. Einstein—Hilbert and
Gibbons—Hawking—York action. Matter energy-momentum tensor.
Energy conditions.

2. Geodesic motion and geodesic deviation equation. Kinematic quantities,
optical scalars. Raychaudhuri equation, focusing theorem. Weak and
strong gravitational lensing.

3. Israel junction conditions on spacelike hypersurfaces. The Lanczos
equation.

4. The Arnowitt—Deser—Misner 3+1 decomposition of spacetime, the
Hamiltonian formalism of gravity.

5. Spherically symmetric black holes: Schwarzschild, Reissner-Nordstrom
and Vaidya spacetimes, Penrose—Carter diagrams.

6. Rotating black holes, Kerr spacetime. Boyer—Lindquist and Kerr—Schild
coordinates. Accretion disk and jet. The Penrose process.

7. Symmetries in general relativity. Killing vectors, conformal Killing
vectors, Killing tensors. The Carter constant in Kerr spacetime.

8. Black hole formation in the Oppenheimer-Snyder collapse. Black hole
mechanics, black hole thermodynamics.

9. Relativistic cosmology, the Standard Cosmological Model, cosmological
observations, and tensions.

10. Gravitational radiation, detection of gravitational waves.
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