Physics 429: General Relativity
Homework Assignment # 8

In this assignment, we will consider metric tensors. You should work
together on this assignment, but each individual should turn in their own
work.

1. For r > 2m, the Schwarzschild solution has a metric tensor field given

by
(1 —2m/r) 0 0 0
B 0 —(1=2m/r)™* 0 0
S = 0 0 20 ’
0 0 0 —r%sin?d

where the coordinates are labelled according to t = 2%, r = 2!, 0 = 22,
and ¢ = 2. (Here, units are chosen such that G = ¢ = 1.) Find the
lengths of the following vectors and the angles between them:

(a) M = dp;
(b) w = 61;
(c) v =08 + (1 —2m/r)dl.

2. Classify each vector above as timelike, spacelike, or null.

3. Write the Minkowski metric in spherical coordinates (t,7,6,¢). What
are the components of 7, in spherical coordinates?



Consider the following coordinate transformation on Minkowski space-
time:

u=t+r v=t-—r

0 2

where the coordinates are labelled according tou = 2%, v = 21, § == «

and ¢ = 23

4. Write the Minkowski metric in (u,v,0,¢) coordinates. What are the
components of 7, in these coordinates?

5. For the coordinates (u,v, 6, ¢), find the lengths of

(a) a* = o}, and

(b) B = 4t

6. What is the inner product between o and ("7



