
PHYSICS 717 PROBLEM SET 11due: Monday, April 20, 2009, at the beginning of le
tureProblems1.: Derive starting with
Gab = 8πTaband

gαβ = ηαβ + hαβthe linearized equation
−

1

2
∂λ∂λh̄αβ + ∂λ∂(β h̄α)λ −

1

2
ηαβ∂λ∂γ h̄λγ = 8πTαβwhere

h̄αβ ≡ hαβ −
1

2
ηαβh.(Hint:: Evaluate the Ri

i tensor and Ri

i s
alar in the frame in whi
h Γλ

αβ = 0. )2.: Re
all from le
ture that the Lorentz gauge residual gauge �xing 
onditions h = 0 and hµ0 = 0 
an both besatis�ed simultaneously. Che
k this expli
itly by showing that
{

A00 + 2iβ0k0 =
−1

2
Aα

α, i [βik0 + β0ki] = −A0i

}(whi
h 
omes from h0α = 0) together with ∂µh̄µν=0 implies
iβγkγ =

1

2
Aα

αwhi
h is equivalent to h = 0. (The de�nition of the notation is from le
ture.)3.: Green's fun
tion exer
ise: Suppose you are told that the gravitational waves in a world di�erent from oursobey the following equation:
∂λ∂λh̄αβ(t, ~x) − m2h̄αβ(t, ~x) = −16πTαβwith an external sour
e given by

Tαβ = MΘ(t)δ(3)(x)δα0δβ0where {M, m} are positive 
onstants. (Θ(t) is a step fun
tion whi
h is unity when t > 0 and zero otherwise).Compute the time average
〈h̄αβ〉 ≡ lim

T→∞

1

T

∫ T

0

dth̄αβ(t, ~x)for the solution satisfying boundary 
onditions h̄αβ|t=−1/m = 0 and ∂th̄αβ|t=−1/m = 0. You may �nd thefollowing integral useful:
∫

∞

−∞

dy
y sin(yc)

1 + y2
= πe−cfor c > 0.4.: Cal
ulate the gravitational radiation luminosity of a spining thin uniform metal rod of mass M and length l,spinning at frequen
y w around a symmetri
al perpendi
ular axis. Estimate the ele
tromagneti
 luminositywhi
h would arise from the slight ex
ess of ele
trons pushed toward the ends by �
entrifugal for
e.� (Notethe ele
tromagneti
 radiation is approximately quadrupole in this 
ase sin
e the dipole 
harge distribution isapproximately zero.) If the rod has a reasonable density (10g/
m3) and is rotating at a reasonable frequen
y(1 kHz), will ele
tromagneti
 or gravitational radiation be more important in slowing the rotation?
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