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Short description
(Skrécony opis przedmiotu)

General relativity is the modern theory of gravity, describing how
matter and energy influence the geometry of space and time. It
governs planetary orbits, light deflection, cosmic expansion, and
properties of compact objects. This theory is essential for under-
standing cosmology, gravitational waves, and extreme astrophysi-
cal phenomena. In this lecture, I will outline the basic principles
of general relativity and show how they lead to remarkable predic-
tions. The lecture will combine simple theoretical ideas with key
observational tests and applications.

Introduce and explain basic concepts of curved space-time.
= Present key equations and their physical meaning.

= Discuss classical tests of general relativity (light bending,
time dilation, gravitational redshift).

= Show applications in black holes and gravitational waves.

Description
(Petny opis przedmiotu)

1. Review of tensor calculus and special relativity (2 classes):
Index notation, metric tensor, raising/lowering indices,
Minkowski spacetime, four-vectors, Lorentz transforma-




tions, covariant derivatives, Christoffel symbols.

2. Principles of general relativity (3 classes): Riemann curva-
ture tensor, equivalence principle, principle of general co-
variance, Einstein field equation, stress-energy tensor --
cases of perfect fluid and electromagnetic fields.

3. Vacuum solution:

= Non-rotating black holes (3 classes): Schwarzschild solu-
tion, singularities, motion of test particles, different orbits,
perihelion precision, bending of light.

= Rotating black holes (2 classes): Basic idea of Kerr metric,
ergosphere, and frame dragging.

4. Non-vacuum solution:

= Structure of white dwarfs and neutron stars (2 classes):
Tolman—Oppenheimer—Volkoff (TOV) equation, maxi-
mum masses and role of equation of state.

5. Gravitational waves (3 classes): Linearized Einstein equa-
tion, solution of wave equations, transverse-traceless (TT)
gauge, quadrupole formula, LIGO/Virgo and detection
principles.

o Software (recommended): Mathematica
(https://www.wolfram.com/mathematica)

o Basics knowledge of classical mechanics (required), spe-
cial relativity (preferred), electromagnetism (preferred),

differential equations (required), and tensor notation (pre-
ferred)
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Learning outcomes
(Efekty uczenia si¢)

Upon completing this course, students will learn the mathematical
foundations of curved spacetime, including tensors and differen-
tial geometry, and solve Einstein’s field equations for key scenar-



https://www.wolfram.com/mathematica

i0s like black holes and gravitational waves. They will apply these
concepts to analytical problems, connect theoretical predictions to
observable astrophysical phenomena, such as gravitational lensing
and cosmological observations, and evaluate the physical implica-
tions of general relativity in modern astrophysics (WG _01,

WG 02, WG _03). Knowledge P8S WG, practical skills P8S U,
social skills: P8S_KK

Assessment methods and

assessment criteria
(Metody i kryteria oceniania)

1. 50% end-semester written examination

2. 50% reading project of papers on topics aligned to the
course

The lecturer is available every week during the planned time for
the course.

Contact with the lecturer: skalita@astrouw.edu.pl;
s.kalita@uw.edu.pl.
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