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Problem 1: Variation of the Einstein-Hilbert action

Vary the Einstein-Hilbert action (with cosmological constant)

SEH =
1

16πG

∫
M
d4x
√
−g (R− 2Λ) (1)

w.r.t. the inverse metric gµν to obtain the vacuum Einstein equations

Rµν −
1

2
Rgµν + Λgµν = 0. (2)

Hint: Show first that δRµν
ρ
σ = ∇µ (δΓρ

νσ)−∇ν (δΓρ
µσ) and neglect boundary terms.

Bonus question:
Within the Riemann tensor, substitute the Christoffel symbols Γρ

µν by an arbitrary
connection Aρ

µν that can be varied independently of the metric. Compute and solve
the equations of motion obtained from varying Aρ

µν .


