
A.V. Manohar Ph225A: General Relativity Problem Set 5

1. Compute the Riemann tensor for the metric

ds2 = e2A(r)dr2 + r2dΩ2
− e2B(r)dt2

using the Cartan method, and then compute the Ricci tensor and Ricci scalar.

2. Prove the geodesic deviation equation

(∇u∇u y)µ = −R
µ
λαβuλuβyα

where u is the tangent vector of a geodesic. Do this by considering a geodesic xµ(s)
and a neighboring geodesic xµ(s) + yµ(s), where y is infinitesimal. Assume torsion
vanishes.

3. Show that (no torsion)
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4. Show that for Riemann normal coordinates at a point P0
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If there is a metric, and g(eα, eβ) = ηαβ , then one has in addition

(d) gαβ(P0) = ηαβ

(e) gαβ,λ(P0) = 0

(f)

gαβ,λτ(P0) = −
1

3
(Rβλατ + Rαλβτ )P0

(g)

gαβ,λτ (P0) − gατ,λβ(P0) = Rαλτβ(P0)
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