
GENERAL RELATIVITY, SPRING 2014
Homework Set 2: Due start of class Thursday, Jan 30th

Reading: Hartle Chapters 3 and 6

1. Using equation 6.14 from Hartle (p119) for the gravitational redshift far from a massive object,
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(
1− GM
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)
ω? (1)

and taking it to be exact, estimate the fractional change in the frequency one would observe far away
from:

a) The Earth

b) The Sun

c) A white dwarf star

d) A neutron star

e) A stellar-mass black hole

if someone was shining a torch out to space from the surface of the object.

Assuming the light from the torch is the the visible blue part of the spectrum, what values of M and
R would cause that light to be redshifted into the microwave band of the spectrum? Are there any
astrophysical objects from which one could observe that great a shift?

Typical masses and radii of the above objects can be found in Hartle and via the information superhighway.

2. Einstein’s birthday present consists of a long wooden handle with a cup at the end. A spring is attached
to the bottom of the cup and a heavy ball attached to the free end of the spring. When no force is applied,
the spring’s natural length is less than the depth of the cup. The ball is pulled up out of the cup and
allowed to hang over the side (see my artist’s impression on the last page of the lecture 4 notes).

You hold the pole vertically upwards. Without touching the ball or cup, moving the the pole upwards or
sideways, or letting the pole hit the ground, and keeping the pole vertical at all times, explain how you
could get the ball back inside the cup. Explain how the Equivalence Principle leads you to this answer.

3. Hartle, Chapter 3, Q4.

4. Hartle, Chapter 6, Q3.
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