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This course covers various aspects of structure and evolution of self-gravitating stellar systems.
We start with a review of classical stellar dynamics, including potentials, orbits, equilibrium
models, continue with more advanced concepts such as relaxation and kinetic theory, and touch
upon some frontier research topics such as galactic archeology. The course is mostly theoretical,
but will make connections with state-of-the-art observational facilities and recent discoveries. In
the examples classes, we will consider both textbook problems and more open-ended exercises
drawn from contemporary astronomical literature.

• Fundamental concepts: potential–density pairs, Poisson equation and its solution.
Continuum limit, distribution functions. Orbits and integrals of motion.

• Equilibrium models of stellar systems: Jeans theorem, collisionless Boltzmann equa-
tion and its moments, Jeans equations. Models based on distribution functions. Particle-
and orbit-based models. Observational constraints for equilibrium models.

• Dynamical evolution of self-gravitating systems: collisional Boltzmann equation,
Fokker–Planck approximation, two-body relaxation. Gravitational thermodynamics, evo-
lution of star clusters. Galaxy mergers and tidal disruptions, dynamical friction, formation
of streams and shells, galactic archeology.

Prerequisites

The course relies extensively on standard mathematical tools such as calculus, ODEs and PDEs,
classical mechanics, etc. Some knowledge of astrophysics, in particular, the Part II course
”Stellar dynamics and structure of galaxies” would be a valuable asset. The Part III course
”Life and death of galaxies” in Lent is also recommended and covers a complementary range of
topics.

Literature

1. Binney, J. & Tremaine, S. Galactic dynamics 2nd edition. Princeton University Press,
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2. Bovy, J., Dynamics and Astrophysics of Galaxies. Princeton University Press (in prepa-
ration), current draft is available at https://galaxiesbook.org.

3. Saslaw, W., Gravitational physics of stellar systems. Cambridge University Press, 1985

Additional support

Three examples sheets will be provided and three associated examples classes will be given.
There will be a one-hour revision class in the Easter Term.
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