
Übungen zur Vorlesung Relativitätstheorie und Kosmologie II: Problem Sheet 9

1 Let
gµν = ηµν +<

(
Aµν exp(ikαxα)

)
, Aµν ∈ C ,

be the metric of a linearized plane wave in the gauge Aµνkµ = 0 = Aµνuµ = Aµ
µ,

where kµ∂µ = ω(∂t + ∂z), uµ∂µ = ∂t. Introducing the variables u = t − z, v = t + z,
find the geodesics, neglecting terms which are quadratic in the Aµν’s when helpful.

2 Consider a pointlike body of mass m0 and angular momentum JN moving in an el-
liptic, Kepler orbit of eccentricity e in the field of a central mass of mass m. The den-
sity distribution of the central mass is spherically symmetric and time-independent.
Assume that, in Cartesian coordinates, this motion takes place in the z = 0 plane.
Show that the time-dependent part of the quadrupole moment of the system takes
the form

qi j = 3m0r(ϕ(t))2

 cos2 ϕ(t) sinϕ(t) cosϕ(t) 0
sinϕ(t) cosϕ(t) sin2 ϕ(t) 0

0 0 0

 .
Using the explicit form of r(ϕ(t)) derived in lectures, derive an expression for the
linearised metric perturbation hxx, to first order in the eccentricity e.

3 Consider the metric

g = gSchw −
4J sin2 θ

r
dt dϕ ,

where gSchw denotes the Schwarzschild metric.

i. Show that are geodesics for the metric g of the form γ(τ) = (t(τ), r(τ), θ = 0).

ii. Show that if sr = 0 at some point then it is zero along the whole such geodesic
γ.

iii. Write-down explicitly the gyroscope equation on γ assuming that sr = 0. (Can
you solve it?)
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