
GENERAL RELATIVITY, SPRING 2014
Test 1: Sample Questions

(In addition - review all homework problems!)

1. Demonstrate that the the metric

ds2 =
dx2 + dy2

1 − x2 − y2
(1)

describes a curved two-dimensional space (hint - make a plane-polar type coordinate transformation and
calculate the circumference of a circle).

2. A styrofoam ball is held half way down in a bucket of water. The lead ball is let go as the bucket dropped
from a tall building. As the bucket falls, does the ball stay where it is relative to the bucket, rise to the
surface of the water, or sink to the bottom? Explain you answer in terms of the equivalence principle?

3. Consider the coordinate system p = x, q = eby where b is a constant.

a) Sketch curves of constant p and q in the Cartesian plane

a) Find the basis vectors and components gij of the (p, q) co-ordinate system. What are the lengths of the
basis vectors?

c) What is the line element in the (p, q) co-ordinate system?

d) Do curves of constant p and q intersect orthogonally?

4. A train passes a pair of lights seperated by some distance, that flash simultaneously in the frame of
reference of the Earth (in which the train is moving). In the train’s frame, which one blinks first - the one
nearer the front end of the train or the one nearer the back end of the train? Explain your answer.

5. A train, 100m long in its own frame, is moving at a speed of 0.8c relative to the ground. As the rear end
passes a signal light, that light flashes.

a) When do the flash’s photons reach the train’s front according to clocks on the train?

a) When for the flash’s photons reach the train’s front according to clocks on the ground?
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