Wi~ n={ {-cA2, 0, 0, 0}, {0, 1, 0, 0}, {0, 0,1, 0}, {0, 0,0, 1}}
Out[1]= {{_C2I Ol Ol 0}1 {Ol l/ Ol O}l {OI Or ll O}I {OI Ol Ol l}}

2= coords = {t, x, y, z}

oul- {t, x, v, z}

nsl= (*the quadrupole tensor is *)
- qlt_, u_, v_] :=M=xp[t][[u]] «p[t][[v]]
nsi= (*#with pt[t][[u]] being a four-coordinate position function
$XA{\mu} (t)$ that describes the position of the stars in the binaryx)

ne- PReplace =
p » Function[{t}, {t, Subscript[r, o] * Cos[wt], Subscript[r, o] *Sin[ wt], 0}]

oufsl= p » Function[{t}, {t, roCos[wt], ro Sinfwt], 0}]

(*let's populate the entries of the second time-
derivative of the quadrupole tensorx)

n571- Qddot = Array[ Simplify[D[Evaluate[ gq[t, #1, #2] /. pReplace], {t, 2}]1] &, {4, 4}]
: Part 2 of p[t] does not exist. >
: Part 3 of p[t] does not exist. >
: Part 4 of p[t] does not exist. >
. Further output of will be suppressed during this calculation. >
out[57] {{2 M, -Mw (twCos[tw] +28in[tw]) ro, Mw (2Cos[tw] -twSin[tw]) ro, 0},
{-Mw (twCos[tw] +28in[tw]) ro, ~2Mw’ Cos[2tw] ry, -2Mw’ Sin[2 tw] r3, 0},
{Mw (2Cos[tw] -twsSin[tw]) ro, —2Mw? Sin[2 t w] rg, 2Mw? Cos[2 tw] rg, O},
{0, 0,0, 0}}

nei- (*let's populate the entries of the metric perturbation. e
is the parameter of the strength of the perturbation =x)

mnsel= ¥ = (27 (3 R)) Qddot

4 M 2Mw (twCos[tw] +2S8in[tw]) ro 2Mw (2Cos[tw] -twSin[tw]) ro
out[58]= {{—, - , , 0},
3R 3R 3R
{ 2Mw (twCos[tw] +28in[tw]) ro 4Mw? Cos[2tw] r2 4Mw? Sin[2 tw] r? }
3R ' 3R ' 3R Y

{ZMw(ZCos[tw]—thin[tw})ro 4Mw? Sin[2 tw] r? 4Mw?Cos[2 tw] r? }
3R ' 3R ' 3R ol
(0, 0,0, 0}}

n4o)= (#evaluated at the retarded timex)
tRetardedReplace=t > t-R/c
R

Outf40]= £t > - —+ t
c
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ne7- (#with a replacement for the Minkowski cartesian background coordinatesx)

n25- RReplace =R » SQrt[xA2 +yA2 +2zA2]

2

out25]= R = A [X“ + y2 + 72

ns9= ¥ // MatrixForm

Out[59]//MatrixForm=

2Mw (2Cos[tw]-twSin[tw]) ry 0

4M 2Mw (twCos[tw]+2Sin[tw]) ¥y
3R B 3R
2Mw (twCos[tw]+28in[tw]) ro 4Mw? Cos[2 tw] r?
B 3R B 3R
2Mw (2 Cos[tw]-twsSin[tw]) r, 4Mw? sin[2 t w] r?
3R B 3R
0 0

n4el= (#Evaluate the metric tensor on the coordinates

3R

4Mw? Sin[2 t w] r? 0
- 3R

4Mw? Cos[2 tw] rzg 0
3R

0 0

(described by RReplace) *)
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ineo]- gMetric = Evaluate[n+ ey /. tRetardedReplace /. RReplace]

4Me
Out[60]= { {— c?+

34 (%% +y2+ 22
2,92 452 2,92, 52 2 4y2 472
2Mew ((t@]wCos{(t@)w]+zsin[(t@)w])ro

(e}
34[x%2+y?+2?
2,242 2,24 52 242452
2Mew (ZCOS[(t—@)w] - (t—@]wsin{(t—ajw})ro

, 0},
34/x%+y?+2?

2,42, 52 2,42, 52 2,2 452
2Mew ((t—@)wCos [t—@)w]JrZSin[(t—@)w])ro

34 (x%+y2+ 22
2,02, 52 . 2,92 452
4Mew2Cos{2 (t— =y )w] r? 4Mew25‘1n[2 (t—@]w} rZ

—

[e]

1- . -

, 0},
34/x% +y?+2? 34[x%+y?+2?
2492, 52 2,32, 52 2,2, 52
Y e O Wz B

C
34/x%+y?+2?

i

’

{

2+ 2+2
4Mew2Cos{2 [t—E)w] r2

14 , 0}, 0, 0,0, 1}}

34(x%+y2+ 22

2= (*# the inverse metric *)

ne1= gInv = Inverse[ gMetric ];
In[56]:=

4= (#*now we define the christoffel symbols,
the Riemann, Ricci and Einstein tensorss)

In[15]:= I‘[gg_: Y_r §_I K_] :=
(1/2) Sum[gInv[[y, a]l]] ( D[gg [[a, x]] , coords[[E]] 1 +D[agg [[a, 1] .
coords[[x]] 1 - D[gg[[§, x]], coords[[a]] ] ) , {a, 1, 4}]
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In[16]:=

Riemann[gg_, ¥_, §_ ., x_, 6_] :=

D[T[gg, ¥, €, 6], coords[[x]]]-D[T[gg, ¥, § x], coords[[6]] ] +

Sum[ I‘[ggl Y K, a] r[ggl a, §, 9] _r[ggl Y 6, a] r[ggl a, &, K]I {al 1, 4}]

ngo- Ricei[gg_, ii_, jj_] := Sum[Riemann[gg, al, ii, al, jj]l, {al, 1, 4}]

n3i- ScalarR[hh_] := Sum[gInv[[ al, a2]] Ricci[hh, al, a2], {al, 1, 4}, {a2, 1, 4}]

n32i- TensorEinsteinG[gg_, ii_, jj_] :=
Sum[ gInv[[ii, al]] gInv[[jJ, a2]] Ricci[gg, al, a2], {al, 1, 4}, {a2, 1, 4}] -

In[50]:

In[52]:

out[52]= {{
3¢t

(1/2) ScalarR[gg] gInv[[ii, jj]]

(x*Take first-order correction on € to Einstein tensorx)

GravG =
Array[Simplify[ SeriesCoefficient[ TensorEinsteinG[gMetric , #1, #2],
{4, 4}]
1

x2+y2+22)5/2

2 M w? (—3 c? (xz—y2> —lZny«/X2+y2+22 w+4 <x2—y2> <x2+y2+22) wz)
j{x2+y2+zz
{2 t - w]+

C

2 (73 c?xy+3c (x2—y2> AXP+viez? wrdxy (x2+y2+22> wz)
2{x2+y2+z2 1
{2 t- w] r?,

c 3¢’ (%% +y?+2z?)

Cos

Sin

{€, 0,1}]1] &,

Mwre (—(y2+22) (x2+y2+z2>3/2w3+c2«/x2+y2+zz w (4x2—2 (y2+zz> +3txyw> +

3 2

c (—6xy+2 tx?w-t (y2+z2)w)+c(x

2{x2+y2+22
Cos{ t-

(e]

3/2
w] + (xy(x2+y2+zz> 2

+y2+z2> w? <xy+t (y2+z2> w))

c(+y?+2?) 0’ (2%7+3 (Y +2%) -txyw)+c® (4x*-2 (P +2°) +3txyow)+

c? A [x? +y? + 22 w(6xy—2tx2w+t<y2+zz)w)) Sin{ t-
c

2(x2+y2+22
w]+
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4c? <x2+y2+22) w?

j{x2+y2+z2
—cy+2x«lx2+yz+z2 w)Cos{Z t - w]+

=

2{x2+y2+z2
cx+2y«/x2+y2+z2 a)) Sin{2 t - w] o |,
c

3 05 (x2+y2 +ZZ>5/2

Mw ro (xy (x2+y2+z2>3/2w3—c (x2+y2+zz) w? (3x2+2y2+322+txyw) +

c3 (2x2—4y2+222+3txyw)—c2'\/x2+y2+z2 w(—6xy+tx2w+t(—2y2+z2>w))

Cos{ t - w]—((x2+z2) (x*+y?+2%) 77 W 4 A fxPryP e 2
c

w(2x2—4y2+222+3txyw)—c<x2+y2+z2)w2 (—Xy+tx2w+tzzw)+

2(x2+y2+22
a3 (—6xy+tx2w+t(—2y2+zz>w>)Sin{ t - w}—

c
j(x2+y2+zz
4 c? <x2+y2+22)w2 cx+2y«/x2+yz+z2 w COS[Z t - w}‘i’
c

j{x2+y2+z2 1
cy-2xA(x?+y%+z? w) Sin{Z t - w] To |,
c

3 c5 (x2+y2+22)5/2

Mz w (x (x2+y2+z2>3/2w3—c (x2+y2+22> w? (-y+txw)+c (-6y+3txw) +

j(x2+y2+z2
3?4 (xP+yiez? (2x+tyw)) Cos[ t -

(e}

(y (x2+yZ+z2)3/2w3—3c2«/x2+y2+z2 Ww(-2y+txw) -c <x2+y2+22) W (x+tyw) +
, j{x2+y2+z2 1
3¢ (2x+tyw))sin[ t - w} ro},{
c

3 CS (x2+y2 +ZZ>5/2

Mwre (—(y2+zz) (x2+yz+zz>3/2w3+c2'\/x2+y2+z2 w (4x2—2 (y2+z2> +3txya)> +

CB

W]+

(f6xy+2 tx?w-t (y2+22) w) +C (x2+y2+z2) w? <xy+t <y2+22> w))

5
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{2 2 2
X +y+z
COS{ t- w]+(xy(x2+y2+zz>3/2w3+

c
c(+y?+2?) 0’ (2x7+3 (Y +2%) -txyw)+c® (4x°-2 (P +2°) +3txyow)+

2(x2+y2+z2
clex2+y2+z2 w (6xy—2tx2w+t (y2+zz) w)) Sin{ t- w] +

C

2

j{x2+y2+z2
—cy+2x«lx2+yz+z2 w)Cos{Z t - w]+

[e]

4 c? <x2+y2+22) w

2{x2+y2+22
cx+2y«/x2+y2+z2 w) Sin{Z t - w] o |,

[e]

L 2

2 2 2 2 2 2 2
. 5 5 25/22Mc (2x—y—z)+y<x +y +z)w
3¢t (xP+y°+2z°)

»_\{x2+y2+z2
ct+3«/x2+y2+z2>wCos[t— w}+

(¢]

C

j(x2+y2+22
3c?octAf/x?+y?+z? w2+(x2+y2+22)w2) Sin{ t - w} To -

C

j(x2+y2+zz
[2 t- w}f

C

c? w? (cz (x2+y2—2 zz) -4 <x2+y2> <x2+y2+zz) wz) Cos

j{x2+y2+zz
2c(x2+y2—222)«/x2+y2+z2 wsin[2 t - w] rZ |,

C

1

2 2 2 2 2
. 5 ; 5 5/2M 6 C xy+(x +Vi+ 2z )w
3ct (xP+y°+2°%)

—(y <x2+y2+22) w? + c? (By+txw) +c«lx2+y2+z2 w (3x—tyw))
»_\{x2+y2+z2
Cos[ t - w}—(x (x2+y2+z2)wz—c«/x2+y2+z2 w(3y+txw) +

c
j(x2+y2+22
w] o +

c? (3x—tyw)) Sin{ t -
c
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[e]

j{x2+y2+z2
<—02 (X2+y2—222> + 4 <x2+y2) <x2+y2+22) w2> Sin[Z t - w} rg ,
c

2 2 2
X2 +y2+z
2620 |-2¢ (X +y®-222) h? g2 s 22 wCOSP tl:]w]Jr

Mz |[6c?x- (x2+y2+22> w?

2{X2+y2+22
3c?-ctafx?+y?+z? w2+<x2+y2+22)w2 Cos[t— w]f
c

j{x2+y2+zz
c ct+3«lx2+y2+z2)wsin{ t - a)] To -
c
j{x2+y2+zz
2c?w? [[3c?x+6cyAlx?+y?+2? w—4x(x2+y2+zz)w2 COS[Z t - w}+
c
j(x2+y2+z2
3c?y-6cxAlx?+y?+z? w—4y(x2+y2+zz)w2 Sin[Z t - w} r? },
c

1
3/2
{ 5 5 5 5 5/2ero (xy<x2+y2+zz) / w-c (x2+y2+22) w?
3¢’ (xP+y*+2%)

(3x2+2y2+322+txyw)+c3 (2x2—4y2+2 z2+3txyw>—

2(x2+y2+22
c? A [x% +y? + 22 a)(—6xy+tx2w+t(—2y2+zz>w>)Cos{ t - w}—

C

(<x2+z2> <x2+y2+22)3/2w3+c2'\lx2+y2+z2 w (2x2—4y2+2z2+3txyw) -

c(x*+y?+z?) 0? (-xy+txPw+tzio) v’ (-6xy+txwrt (-2y° +2?) w))

j{x2+y2+22
Sin{ t - w]—4c2 (x2+y2+z2)w2

C

cx+2y«/x2+y2+z2 w
2{x2+y2+22
cy—2x«/x2+y2+z2 a)) Sin{2 t - w] o
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1

2 2 2 2\ 2
. 5 5 5 5/21\/1 6 c xy+(x +Vi+z )w
3¢t (xXP+ye+2z7)

—(y <x2+y2+22) w? + c? (By+txw) +cf\lx2+yz+z2 w (3x—tyw))
»_\{x2+y2+22
Cos[ t - w}—(x (x2+y2+22)w2—c«/x2+y2+22 w(3y+txw) +

c
j(x2+y2+z2
c? (3x—tyw))sin{ t - w] o +
c
j{x2+y2+z2
2 c?w? —2c<x2+y2—2z2>«/x2+y2+22 wCos{Z t - w]+
c
2{x2+y2+zz
<fc2 (x2+y2—2zz>+4<x2+y2> <x2+y2+zz)w2> Sin[Z t- w} r

1

2M |-c? <x2—2y2+22) + X (x2+y2+22> W
304 (x2+y2+z2)5/2

x? +y? + 22
3cz—ct«/x2+y2+z2 w2+(x2+y2+z2)w2 Cos[t— w]—

j{x2+y2+z2
c ct+3«/x2+y2+z )wsin{ t - w] o +
c
2{x2+y2+z2
c? w? (02 (X2+y2—222)—4<x2+y2> <x2+y2+22)w2)Cos[2 t - w}—

c

2{x2+y2+22
2c(x2+y2—222)«/x2+y2+22 wSin[2 t- w] rg ,

C

- M z —602y+(x2+y2+22)w2

C

2{x2+y2+22
ct+3«/x2+y2+zz)wCos{tf w]+
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3cz—ct«/x2+y2+z2 w2+<x2+y2+z2)w2
2{x2+y2+22
2c20w? |[3c?2y-6cxA[/x?+y?+2? w—4y(x2+y2+zz)w2)00s{2 t - a)]+
c
(—3c2x—6cy/\/x2+y2+z2 w+4x<x2+y2+zz) wz)

Sin

[e]

2{x2+y2+22
Sin[ t - w] ro -

1
{ Mz w (x (x2+y2+z2>3/2w3—c(x2+y2+zz)w2 (-y+txw) +
3C5 (x2+y2+22)5/2
2{x2+y2+z2
S (-6y+3txw) +3c?q/x2+yi+z? 0w (2x+tyw) Cos[ t - w]+
c

(y (X2+y2+z2>3/2w3—302«/X2+y2+22 w(-2y+txw)-c <x2+y2+22) w? (x+tyw) +
j(x2+y2+z2 1
3¢3 (2x+tyw)) Sin[ t - w} To,
c

3¢t (%% +y?+22)

3c?-ctAlx?+y?+z? w2+<x2+y2+22)w2

5/2

2 Cos[

Mz 6c2x—(x2+y2+zz>w

%% +y? + 22 2(x2+y2+22
t - w}—c ct+3A[x?+y?+z? wSin[ t - w} To -
c c
j{x2+yz+z2
2 c? w? 3(:2x+6cy«[x2+y2+z2 w—4x(x2+y2+zz)w2 Cos[Z t - w}+
c
j{x2+y2+z2
?;czy—6cx«lx2+y2+z2 w—4y<x2+y2+22)w2 Sin[2 t - w} rg ,
c

C

j{x2+y2+zz
ct+3«/x2+y2+zz)wCos{tf w]+
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302—ct«/x2+y2+z2 w2+<x2+y2+z2)w2
2{x2+y2+22
302y—6cx«/x2+y2+22 w—4y(x2+y2+zz>w2)C0s{2 t - a)]+
c

2 2 2
X +y + 2z
(—3czx—GCy»\[x2+y2+z2 w+4x<x2+y2+22)w2 [2 t—C w}
c

1
rg , ZM[C2 (x2+y2—222)+

[e]

2{x2+y2+z2
Sin[ t - w] ro -

2 c? w?

Sin

3 c4 (x2+y2+22)5/2

(x2+y2+zz> w? (x (x2+y2+22) wWrcalx?+yv?+z? wBy-txw)+c? 3x+tyow)

+y2+zz) w+c? 3y-txw) -

j{x2+y2+22
cAfx?+y?+2? w(3x+tyw)) Sin{ t - w] o +

3 ¢? (xz—y2> +12cxy«lx2+yz+z2 w-4 (x2—y2) (x2+y2+z2) wz)
2
3c?xy+3c (—x2+y2> AxZ+yiez? w-

c? w?

%% +y? + 2?2

COS[2 t - w]+2

c
4xy (x2+y2+22) wz) Sin

n53- GravG // MatrixForm
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QOut[53])//MatrixForm=

—(y?+2?) (xz+y2+zz)3/2 w3i+c? A[x?+y?+2% w (4x%-2 (Y*+2z2)+3 txyw)+c® (-6 xy+2 t X% w-t (y?+2?) w)+c (x3+y?+22) w? (xy+t

Mw re [

Mwr, (xy (x2+y2+z2)3/2 wi-c (x*+y?+z?) 0? (3 x*+2y?+3 224+t xyw)+c® (2x%-4y?42 2243 t Xy w)-c? wlx2+yz+z2 W (-6 Xy+t x? w+t (-2

Mzw ((x (x2+y2+22)%2 3 -c (%




