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Exercise 1 – Einstein tensor for weak field
Consider the weak field approximation (linearized gravity) and regard the metric as a small perturbation h
around Minkowski space η with g = η + h.
(i) Find the linearized Einstein tensor neglecting all terms O(h2 )
G(1)
µν =


1
∂µ ∂ λ h̄λν + ∂ν ∂ λ h̄λµ − ηµν ∂ λ ∂ ρ h̄λρ − h̄µν
2

(1)

with h̄µν = hµν − 21 ηµν h and h = hµ µ .
(ii) Recall the harmonic gauge with g µν Γα
µν = 0 and show that the linearized Einstein tensor in this gauge
is given by
1
G(1)
µν = − h̄µν .
2

(2)

(iii) Compare the linearized Einstein tensor with the equation of motion of the Fierz-Pauli action.

Exercise 2 – Geodesics in the space-time of the sun
Approximate the space-time outside of the sun with mass M as
ds2 = gµν dxµ dxν = −f (r) dt2 +
with f (r) := 1 −

2GM
r



1
dr2 + r2 dΩ2
f (r)

(3)

and dΩ = dθ2 + sin2 θ dφ2 .

(i) Convince yourself that the limit r → ∞ is correct.
(ii) Write down the Lagrangian of a massive point particle moving in this space-time.
(iii) Exploit the explicit independence of the metric on t and φ to find the corresponding constants of
motion E and L.
From now on restrict to the equatorial plane θ =

π
2.

(iv) Find a relation for E 2 using uµ uµ = −1 with the four velocity u.
(v) Subtracting the rest energy and the radial kinetic energy, find the effective potential for this particle.
(vi) Sketch the effective potential for L 6= 0, discuss possible geodesics and take the non-relativistic limit.
From these results how can you decide whether you have to use General Relativity or Newton’s gravity
to describe the solar system?

Exercise 3 – Bending of light
Verify that the gravitational bending of light passing near the sun is
δ = 1.7500

R
R

where R is the distance at which the light passes from the center of the sun and R
the sun.

(4)
is the radius of
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Friday at 14:00 - 16:00 in C 113 and A 249
Friday at 16:00 - 18:00 in A 249

The webpage for the lecture and exercises can be found at
www.physik.uni-muenchen.de/lehre/vorlesungen/wise_17_18/tvi_tc1_gr/index.html

