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Modern Astrophysics and Cosmology are based nowadays on precise observational data and numerical
simulation of physical models against which to test theoretical predictions. We aim to give in this course a
modern vision of Astrophysics and Cosmology, starting with the origin of the universe, inflation, primordial
nucleosynthesis, large scale structure and star formation, the seeds for the future galaxies. For the galaxies,
we will also study the role played by the stars in the chemical evolution of the interstellar medium, focusing
on the formation of our own galaxy, the Milky Way, and the universe as a whole.

PROGRAM

1- The expanding universe:
Space-time geometry. Cosmological redshift. Hubble diagram and distances.

2- Friedmann-Robertson-Walker model and dynamics of the expanding universe:
Einstein equations. Cosmological principle and Friedmann equations. Expansion: matter, radiation and
cosmological constant dominated universes.

3- Thermal history:
Entropy and equilibrium distributions. Neutrino decoupling. Primordial nucleosynthesis. Matter-antimatter
asymmetry. Dark matter and Dark energy.

4. Cosmic microwave background radiation:
Recombination and last scattering. Sach-Wolfe effect. Temperature anisotropy power spectrum and
polarization. Observations: COBE, WMAP and PLANCK.

5. Inflation:
Problems of the standard cosmological model. Dynamics of a scalar field in an expanding universe. Primordial
spectrum: scalar and tensor components. Reheating of the universe.

6. Large scale structure:
Cosmological gauge invariant linear perturbation theory. Evolution of density perturbations. Cold/hot dark
matter. Observations.

7. Galaxies:
Fundamental subsystems. Morphological classification.

8. Galaxies:
Interstellar medium and stellar populations. Main physical variables of the problem.

9. The Milky Way:
Spatial structure and kinematics. On-line numerical models.

10. The Milky Way:
Historical review of the models. Main observational constraints. Present status and model.

11. Galaxy formation:
Cold dark matter. Global scheme. Status of the problem.
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