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together with exercises 6, 8.2 and 8.3 from the 3rd exercise sheet.

Exercise 10 (6 credit points): Motion in the gravitational field

The equation of motion for a test particle in a gravitational field is given by

ẍµ + Γµ
νκ ẋν ẋκ = 0 , (1)

where ẋµ = dxµ/dτ, τ is the proper time and Γµ
νκ = 1

2 gµσ (∂κ gσν + ∂ν gσκ − ∂σ gνκ).

10.1 Repeat briefly the derivation of (1) from the variational principle δ
∫

dτ = 0 as presented in the lecture.
Why can the derivation not be used for photons?

10.2 Derive (1) from the alternative variational principle

δ
∫

gµν ẋµ ẋν dλ ≡ δ
∫
K dλ = 0 ,

where λ is an affine parameter and ẋµ = dxµ/dλ.
Show that this derivation also holds for photons and determine K for the solution of (1).

Exercise 11 (6 credit points): Christoffel symbols

Derive the transformation properties of the Christoffel symbols

Γµνλ =
1
2
(

gµν,λ + gλµ,ν − gνλ,µ
)

under a coordinate transformation xµ → x′µ(xα).

(The result shows that the Christoffel symbols do not form a tensor.)
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