GRAVITATION PC4771 2003 : Dr R.A. Battye THE EINSTEIN EQUATIONS IN A NUTSHELL Energy-momentum tensor of a perfect fluid :

T^{μν} = (ρ + P )U^μU^ν − P g^{μν} and ∇_μT^{μν} = 0 . Energy conditions :

Weak : ρ > 0 , ρ + P > 0 . Strong : ρ + 3P > 0 .

SEP to geodesic equation :

SEP :

d^2x^μ dτ^2 = 0 , η_{αβ} dx^α dτ dx^β dτ = 0 (light) or 1 (particles) .

Transformation : x^{′μ} → dx^μ = J^μ_ν dx^{′ν} → g_{μν} dx^{′μ} dτ dx^{′ν} dτ g_{μν} = 0 or , 1 and d^2x^{′α} dτ^2 + Γ^{′α}_{γν} dx^{′γ} dτ dx^{′ν} dτ = 0 ,

where g_{μν} = J^α_μJ^β_ν η_{αβ} , Γ^{′α}_{γν} = J^{′α}_βJ^ρ_γ ∂_ρJ^μ_ν .

Einstein equations : G_{μν} = R_{μν} − 1 2 g_{μν} R = 8πGT_{μν} , or R_{μν} = 8πG ( T_{μν} − 1 2 g_{μν} T ) . Newtonian limit :

ds^2 = e^{−2φ}dt^2 − dx^2 − dy^2 − dz^2 , → ẍ^i − ∂^iφ e^{−2φ}ṫ^2 = 0 , d^2x dτ^2 = −∇φ + O(φ^3) .

→ Γ^i_{tt} = −∂^iφe^{−2φ} , Γ = 0 otherwise , and R_{tt} = ∇^2φ ∇^2φ = 4πGρ . Gravitational Radiation : ∂_ρ∂^ρh_{μν} = −16πG ( T_{μν} − 1 2 η_{μν} T ) , in a gauge where ∂^μh_{μν} − 1 2 ∂_ν h = 0 .