
GENERAL RELATIVITY

Homework problem set 8, due at 20.01.2017.

� PROBLEM 16 Komar integrals. (9 points)

Using Komar integrals, calculate the following quantities:

(a) (3 points) Mass of the Reissner-Nordström black hole.

(b) (3 points) Electric charge of the Reissner-Nordström black hole. (You have calculated the
electromagnetic field strength tensor in the previous homework.)

(c) (3 points) Angular momentum of the Kerr black hole.

� PROBLEM 17 Perturbations around Minkowski space-time. (9 points)

Consider an infinitesimal coordinate transformation of the type

xµ → x̃µ = xµ + ξµ(x) , |ξ| � 1 . (17.1)

(a) (3 points) Show that, to linear order in ξ, the metric transforms as

gµν(x)→ g̃µν(x̃) = gµν(x̃)−
(
∇̃µξν(x̃) + ∇̃νξµ(x̃)

)
. (17.2)

Now assume that the metric can be written as

gµν(x) = ηµν + hµν(x) , |hµν | � 1 . (17.3)

It means that we are dealing with small perturbations around Minkowski space-time, ηµν =
diag(−1, 1, 1, 1).

(b) (2 points) How does hµν transform under the coordinate transformation (17.1) to linear
order in ξ and hµν?

(c) (2 points) Show that, given the form of the metric (17.3), the form of the Riemann tensor
to first order in hµν is

Rµνρσ = 1
2

(
∂ρ∂νhµσ + ∂σ∂µhνρ − ∂ρ∂µhνσ − ∂σ∂νhµρ

)
. (17.4)

(d) (2 points) Show that (17.4) is invariant under the infinitesimal coordinate transformations
(17.1).
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