
Problem Set 10: Gravitational Radiation and Lensing

Astrophysics and Cosmology through Problems

Due 4 December 2008

I will put some useful notes for gravity waves here, as they are not covered by Padmanabhan.

The problems will not require use of all these formulae, but I include them for reference. For weak

gravitational fields, the metric of spacetime is nearly that of flatspace; that is,

gµν = ηµν + hµν

where hµν ! 1 and obeys (semicolons are covariant derivatives, commas are partial derivatives):
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hα
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!h̄µν = h̄;α
µνα = 0

h̄µα
;α = 0 “Lorentz gauge”

hµ0 = 0 hα
α = 0 “Transverse-traceless” gauge

(you use either one gauge or the other, but not both!). The stress-energy tensor for gravity waves

is
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where the brackets denote an averaging over several wavelengths; this formula was derived in TT

gauge (see, e.g., Misner-Thorne-Wheeler Sec. 36.7).

The gravity wave power emitted by a nearly-Newtonian, slow-moving (v ! c) source is:
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where the brackets here indicate averaging over a few periods of the objects motion (assuming

periodicity) and

Ijk ≡

∫

(xjxk −
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is the reduced quadrupole moment tensor.

1. An angry Toronto motorist shakes his fist at another motorist. Using order-of-magnitude

estimates, calculate the power of the gravity waves he emits, and calculate what fraction of

the total energy he uses goes into gravity waves.
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2. Two stars of mass M1 and M2 separated by a distance R revolve about each other in a

non-relativistic orbit. Due to gravitational radiation dissipating their energy, R evolves in

time. Find R(t). How long will it take for their orbit to entirely decay away?

3. Padmanabhan 5.12.






