
Exercises, week 4

1 Christoffel symbol

Using the definition of the Christoffel symbol{
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show that it transforms as an affine connection, i.e.{
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2 Particle motion

Show that the equation of motion for a particle in a gravitational field
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= 0 . (3)

transforms as a contravariant vector using the transformation rule of an affine
connection Γ.

3 Covariant derivative 1

Show that the covariant derivative of a contravariant vector

∇κV
µ = ∂κV

µ + Γµ
κλV

λ , (4)

transforms as a tensor using the transformation rule of an affine connection Γ.
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4 Covariant derivative 2

Show that the covariant derivative of a covariant vector

∇κVµ = ∂κVµ − Γλ
κµVλ , (5)

transforms as a tensor using the transformation rule of an affine connection Γ.

5 Covariant derivative 2

Show that the covariant derivative of the metric vanishes

∇κgµν = 0, (6)

in case the affine connection is given by the Christoffel symbol, Γλ
µν =

{
λ
µν

}
.
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