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A - Special relativity

The Minkowski space: the Lorentz metric, geodesics and null geodesics.

The Poincaré group: the affine Lorentz group, the group of isometries of the Lorentz metric.
Analysis of its subgroups, interpretation in terms of "frame of reference".

Classification of the orbits of the Poincaré group: classical models of “elementary particles”. In-
troduction of “Spin”, “Mass”, “Helicity” for massless particles: the “photons”. Description of the
symplectic structure.

Interpretation of some orbits in terms of space of geodesics or null geodesics.
B - General relativity

Lorentz manifolds. Pseudo-riemmannian metrics. Geodesics, Levi-Civita connexion.

The “principle of general covariance”: the “Energy-Momemtum tensor” as a 1-form on the quo-
tient of the space of Lorentz metrics by the action of the diffeomorphisms with compact support.
The “Eulerian distributions”, models for “matter” in “space-time”: tensor valued distributions on
space-time satisfying “Euler's conservation equations”, regarded as a condition of invariance un-
der the group of diffeomorphisms of space-time.

e  Geodesics.
e  Strings.
e Shells.

e Continuous media.
The Einstein Equation.
A special solution of the Einstein equation: the Shwartzild solution.

A global model of universe: The Friedman-Lemaitre solution.
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