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d2%/di? = T i,%+ A,
d29/di* = (= A, 9+ A, )
d3/di? = 0.

Notice that these accelerations are divergence-free.
Consequently they can be represented by “lines
of force.” analogous to those of a vacuum electric
field. At a value of i — £ where A, =0 (so polari-
zation is entirely e,), the lines of force are the
hyperbolas shown here [sketch (a)}. The direction
of the acceleration at any point is the direction of
the arrow there; the magnitude of the acceleration
is the density of force lines. Since acceleration is
_:cvo:mo_,w_ to distance from center of mass, the
force lines get twice as close together when one
moves twice as far away from the origin in a given
direction, When A, is positive, the arrows on the
force lines are as shown in (a); when it is negative,
they are reversed. As |4, | increases, the force lines
move in toward the origin so their density gocs
up; as _\*L decreases, they move out towaid in-
finity so their density goes down.

For polarization e, the force lines are rotated
by 45° from the above diagram. For intermediate
polarization (values of { — £ where A, and 4,, are
both nonzero), the diagram is rotated by an inter-
mediate angle [sketch (b)]

by = Wmﬂn tan Q.x\\._.L‘ )

Figure 35.2.
Plane Gravitational Waves. Polarization tansor:
ep

Metric perturbation:
Sl = B g

~Peppl

Tidal acceleration between two test particies:

Dn 9%k
T = R =g
= w_ﬂl I“.a.iam .r.:nzm:x:L

Separation between two test particies:

ny= {4 R ﬁ.w! ;emLc:l.ma:zmeu_
Position of test particle B in proper reference
frame of test particle A. (In drawing, A is the
central particle and B is any peripheral particle):

1

xgl = Xz + wﬁ \?w..c:i_m;erL

7

(a) Force lines for A, =0, A, >0
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Figure 7: Plot of cumulative shift of the periastron time from 1975 - 2000.
Points are data, curve is the GR prediction. Gap during the middle 1990s
was caused by closure of Arecibo for upgrading. [J. H. Taylor and J. M.
Weisberg, 2000, private communication].
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FIGURE 5. GRAVITATIONAL WAVEFORM expected from com-

]

SR T e et |

pact binary in-spiral, merger, and ring-down of a final black -
hole. During the in-spiral phase, a post-Newtonian approxima-
tion-carried to high powers of v/c beyond Newtonian order
accurately describes the orbit and waveform, with amplitude
A(f) and phase ¢(¢) that evolve nonlinearly with time. The
nmerger waveform is unknown at present; to determine it is the
primary goal of numerical relativity. The ring-down waveform
 is a superposition of damped normal modes. For each mode,
the damping coefficient « and frequency B have been thorough-
ly calculated by means of perrurbation theory and have been
cataloged as functions of the mass and spin of the black hole.
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v da & Figure 7: Waveforms from the inspiral of a compact E:wq_ computed using New- !
tonian gravity for the orbital evilution and the quadrupole-moment approximation

for the wave generation. (From Ref. [11].)
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