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Exercise 1 – Geodesic equation

In the lecture the field Γ was introduced as

Γαµν = 1
2g
αβ (∂νgµβ + ∂µgνβ − ∂βgµν) , (1)

together with the geodesic equation

ẍµ + Γµαβ ẋ
αẋβ = 0 , (2)

where ẋµ = dxµ

dλ .

(i) Show that the geodesic equation is equivalent to the following expression:

ẋα
(
∂αẋ

µ + Γµαβ ẋ
β
)

=: ẋα∇αẋµ = 0 . (3)

(ii) Consider the metric gµν = ηµν + hµν and evaluate the geodesic equation in the Newtonian limit, i.e.
Φ is sufficiently small and time-independent and geodesics are considered in the non-relativistic limit
|ẋ0| � |ẋi| with i ∈ I(3). Use for hµν the result from problem set 5 for a point mass (hµν = −2Φδµν
with the gravitational potential Φ).

Exercise 2 – De-Donder gauge

The De-Donder gauge or harmonic gauge was used in the lecture and in the exercise sheets. Nevertheless,
the form of the de Donder gauge condition is not unique. Show the equivalence of the following expressions
of this gauge:

gµνΓαµν = 0 =⇒ ∂µh
µα = 1

2∂
αtrη(h) , (4)

where g = η + h with h being small compared to η; therefore, we consider only the linear order in h.



Exercise 3 – Metric and geodesics of the 2-sphere

Consider the metric of a 2-sphere of radius R:

ds2 = gµνdxµdxν = R2
(
dθ2 + sin2 θdφ2

)
(5)

with µ, ν ∈ I(2). Why does this describe the metric of a 2-sphere?
The metric encodes all information on the geometry of the manifold. Choosing x1 = θ and x2 = φ, read off
the matrix gµν .
Compute the non-vanishing Christoffel symbols for the two-sphere.
(Hint: Γλµν = Γλνµ , so only a few components have to be computed explicitly.)
Find the geodesic equations on a sphere using these Christoffel symbols.

General information

The lecture takes place on Monday at 10:00-12:00 and on Wednesday at 10:00-12:00 in A348.

Presentation of solutions:
Thursday at 08:00 - 10:00 in A 348

There are two tutorials:
Monday at 12:00 - 14:00 in A 249
Friday at 14:00 - 16:00 in A 348

The webpage for the lecture and exercises can be found at

www.physik.uni-muenchen.de/lehre/vorlesungen/wise_19_20/tvi_tc1_gr/index.html


