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= IV GEWNERAL PREIATVITY

The problem of motion in Newtonian and Einsteinian gravity 183

accelerations. Then each body must satisfy the following equation of motion
(Damour and Deruelle, 1981a; Damour, 1982):

a'=A(E-2)+c A -2, 5,) +e *AY(E-2.5.8.3.3)

+e P Ay(2—2,5-¥)+0(c™°), (154)
with f 4’\
Ah=—Gm'R™ 2N/, S
4 =Gm'R™H{N'[ —v* 202+ 4(u') + J(Nv')? + S(Giv/R) + 4(Gmn'/R)] “DRESIED
iy A MALES”
+ (' =v")[4(Nv)-3(Nv')]}. (156) . )
AL=Bi+C,+Di, (157) {4 COR PO RATIN G-
Bi=Gm'R™2{N'[ - 20"* +4v'*(00') — 2(0t')? + 303(N')? + 93 (N')? STRONG - SELF-Fikep

—6(v0')(Nv')? —2&(Nv')* + (Gm/R)( — 1302 + 512 —3w')+¥(Nv)* E FFECTS
—=39(Nv)(Nv') +5(NV')?) +(Gm'/R)(4v' — 8(vv') + 2(Np)?
—4(Nv)(Nv')—6(Nv')?)]
+ (' = 0" )[VA(NV') + 40" 3 (Nv) — 503 (Nt') — 4(vr')(Nv)
+4(vv')(Nv') —6(Nuv)(Nv')> +3(Nr')?

+(Gm/R)(—%(N¢~)+%¢Nr’n+(Gm'.ﬁR)t—2(Nr)—2(Nr’))];. (158)
Ci=Gm' R *N'[ —5m* —9m'* —2mm], (159)
D;=<g+2$>(zv‘—v")<@) +(2S—“+Zs’fl)(u’—u")(@) . (160)

m m R Ju m m R /.

/s

—

TA T4 4,
g 7 / fl.AV..A.i..!lA,,
s=2G*mm'R™*{V'[ = V2 +2(Gm/R) - 8(Gm'/R)] ' £ KADIATION

+NU(NV)[3V?—6(Gm/R)+3}(Gm'/R)]}. (161) DAMP I L

The two parameters m and m’ appearing in eqs. (154)-(161) are the A
‘Schwarzschild masses’ of the condensed bodies. They are two constants | p—
which appear in the external gravitational field, in which are hidden many = (T
internal structure effects (see the discussion of the ‘effacement of internal e
structure’ in Section 6.14). On the other hand, the spin tensors undergo a slow - £
evolution (on the post-Newtonian time scale, i.e. .2 times the orbital ; i5
period) which is also obtained in the Einstein-Infeld-Hoffmann-Kerr-type PROFA O
approach (Damour, 1982, and references therein). Introducing, a la Schiff, a
suitable spin-vector, S, associated with S,,, the law of evolution (‘spin
precession’) reads for the first body (see also references in Section 6.13.2) e AFice

& |6m" & (3. .. 1
a:[me<2r—21 >:|X3’+O(‘;4> “62' \\____’__.__——J




RELATIVISTIC, TIMING FORMULA

Damour and Deruelle (36, 47] proved that it is possible to describe all of the in-
dependent O(v?/c?) timing effects in a simple mathematical way common to a wide
class of alternative theories. This made it possible to revert to a theory-independent
analysis of timing data, and led to the possibility of working within a strong-field
analog of the PPN formalism, the so-called [37] “parametrized post-Keplerian” ap-
proach. The part of the Damour-Deruelle phenomenological timing model describing
orbital effects reads

|t to= FIT 6% (570 7] (2.13)

where t; denotes the Lsolu-system barycentric (infinite frequency) arrival time, T the
pulsar proper time (corrected for aberration, see below),

{p"} = { B, To, €0, wo, Zo} (2.1b)
is the set of Keplerian parameters,
r {(?"} = {k,7, B, 1, 3,60, ¢, 2} ] (2.1¢)
the set of separately m mcasurablc post-Keplcnan Luueteu,  and
{¢"*} = {6.,A, B, D} (2.1d)

the set of not separately measurable post-Keplerian parameters. The right hand side
of Eq. (2.1a) is given by

F(T)=D7*T + Ar(T) + As(T) + As(T) + A4(T)] , (2.22)
Ap=zsinw[cosu = e(1 +6,)] + z[1 = €*(1 + 6)*]"/* cosw sinu , (2.2b)
Ap=7sinu, (2.2¢)
As=—2r In{l — ecosu — s[sinw(cosu — ¢) + (1 — €?)"/? cosw sinu]} ,(2.2d)

= A{sin[w + A,(u)] + esinw} + B{cos[w + A,(u)] + ecosw} , (2.2¢)

where

z=z9+z(T - To) , (2.3a)
e=eo+¢(T -Ty), (2.3b)

and where A.(u) and w are the following functions of u,

2
w=wo+ kA(u), (2.3d)

1/2
A,(u) =2arctan [ & c tan E] i (2.3¢)

and u is the function of T' defined by solving the Kepler equation

u—esiny=2r [(T ;‘To) - -Po (T ﬂTo) ] ‘ (2.3¢)

'
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