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Exercise 50 (12 credit points): Reissner—Nordstrom solution

The aim of this exercise is to calculate the the electromagnetic field and the spacetime metric outside of a
static, spherically symmetric charge distribution with mass parameter M and charge parameter Q.

For this purpose, use the general spherically symmetric ansatz

ds? = — e’ 42 4 M) @r? + 2 dOY? (1)
for the metric and calculate the electromagnetic field strength tensor F#¥, for example, by solving the inho-
mogeneous Maxwell equations FV¥,, = 4rj#. (Check: F" = —F"0 = e=(AM)/2Q /42, otherwise FF' = 0.)

Afterwards, compute the components of the energy-momentum tensor given by

1 1
Tw = ¢ (Fy VBN — 18w Feo PW) .

Now calculate the metric functions v and A by means of the Einstein equations G¥, = » T#,,.
(Use the components of the Einstein tensor G#, arising from the ansatz in eq. (1) given in the lecture course.)

Choose the integration constant appropriately such that you obtain the correct Newtonian limit and compare
the resulting metric to the Schwarzschild solution.

Exercise 51 (8 credit points): Classical tests of GR for the Reissner—Nordstrom solution
Find a coordinate transformation 7(r) to transform the Reissner—-Nordstrom metric into its isotropic form
ds? = — A(F) dt* + B(7) (d?z + 72 sz) ,

where

M M\? Q2 ?
A(F) = 2+7—<1+_) +

o7 E and B (f) =

and calculate the coefficients a1, a3, B1, B2 introduced in the lecture, which are the coefficients of an expansion
of 1/A(7) and B(7) with respect to u := 1/7:

1
ol 14 a; Mu + ay M*u? + O(u®), B(F) =1+ B1 Mu + B M?u* + O(u®).
Use this result to analyse how a charge Q of the Sun would influence the classical tests of general relativity
in the solar system.
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