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PN theory: Far-zone physics 

Recall the wave-zone solution to  ⇤ = �4⇡µ =)

Must add the integral over the wave zone  W
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General form of wave-zone fields 
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General form of wave-zone fields 
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General form of wave-zone fields 



General form of wave-zone fields 
In the far-away wave-zone, keep only 1/r terms @kr = nk
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Ïjk(⌧) +

4G

rc

4

1X

`=1

n

L

c

`
`!

d

`

d⌧

`
MjkL(⌧)

h

0j
N = �2G

c

3

(n⇥ J0)j

r

2
� 2G

c

3
@k
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Far wave-zone fields & TT gauge 

(from now on, r -> R, nj -> Nj) 
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Far wave-zone fields & TT gauge 
After a gauge transformation: 

To kill the h00 & h0j terms: 

Insert βj 

Free to choose α so that h = 0:

Note that 
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Wave zone physics: Gravitational waves 
Geodesic deviation: D2⇠↵

ds2
= �R↵

���u
�⇠�u�

In the rest frame of an observer 

d2⇠j

dt2
= �c2R0j0k⇠

k

=
1

2
@⌧⌧h

jk
TT ⇠

k

=
G

2c4R
Äjk

TT⇠
k

⇠j(t) = ⇠j(0) +
1

2
hjk
TT(t�R/c)⇠k(0)



Wave zone physics: Gravitational waves 
Wave in the z-direction 
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Wave zone physics: The quadrupole formula 
Requires two iterations of the relaxed Einstein equation: 
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q  By convention, the quadrupole formula is called the ``Newtonian’’-
order result 

q Higher order PN corrections can be calculated by further 
iterating the relaxed equations 

q  3 iterations needed for 1 & 1.5 PN order, 4 for 2PN order etc, 
but full details usually not needed 



Waves from a binary system 
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Beyond the quadrupole formula: 
For a binary system in a circular orbit: 
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Shapiro 
time delay 

Beyond the quadrupole formula: 

Combine with the leading term: 
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