[ Einstein-Whitehead model of GW150914 (?)

=by Lluis Bel (retired from CNRS, France)

Abstract

A fully relativistic encounter of two 35 solar masses point-like objects, somehow mimicking the
binary merger GW150914 described by LIGO Scientific and VIRGO collaborations (Ann. Phys.
(Berlin) 529 No 1-2)

Using Maplel8 language

=One body Whitehead model of Schwarzschild's solution

[> restart:

>

gl4.4]

gl4.11]

gl4.2]

g[4.31]

gl1.1]

gl2,2]

9[3.3]

gl1.,2]

gl2,3]

gl3.1]

> with(tensor):

:=(-1+2*mp/r)*cn2;
=(-1+2m) e
=(2*mp*x/r"2)*c;
g, . = 2mpxc
4,1 2
=(2*mp*y/r"2)*c;
q, = 2mpyc
4,2 2
=(2*mp*z/r"2)*c;
g, .= 2mpzc
4,3 2
1=1+2*mp*xXN2/r3;
2 mpX
g, =1+ rf
1=1+2*mp*y~2/r"3;
2 mpy®
Gy 2 =1+ gy
1=1+2*mp*z"2/rN3;
2
2mpz
O3 3:=1+ £
1=2*mp*xX*y/rn3;
_ 2mpXxy
91,2-= 3
r
1=2*mp*y*z/r"3;
2mpyz
92,3 3
r
1=2*mp*x*z/r"3;
2mpxz
93,1 3

)

)

©)

(4)

()

(6)

()

(8)

©)

(10)

Pagina 1 de 11



> ri=sqrt(xX"2+y"2+z7°2);

i r::\/x2+y2+z2 (11)
[> coord := [x,y,z,t]:

[> g_compts := array(symmetric,sparse,l..4,1..4):

[> g_compts[4,4]:=g[4,4]:

[> g_compts[4,1]:=g[4,1]:

[> g_compts[4,2]:=9[4,2]:

[> g_compts[4,3]:=g[4,3]:

[> g_compts[1,1]:=g[1,1]:

[> g_compts[2,2]:=g[2,2]:

[> g_compts[3,3]:=9[3,3]:

[> g_compts[1,2]:=g[1,2]:

[> g_compts[2,3]:=g[2,3]:

[> g_compts[3,1]:=g[3,1]:

[> g := create([-1,-1],eval(g_compts)):

[> ginv:=invert(g, "detg"):

[> D1g:=dlmetric(g,coord): D2g:=d2metric(D1lg,coord):
[> CF1 :=Christoffell(D1g):

Dropping the ignore # label makes the compilation longer.

\

#RMN:-=Riemann(ginv, D2g, Cfl):

#RICCI :=simplify(Ricci(ginv,RMN));

“tensor/Christoffel2/simp™ :=proc(x) simplify(x,trig) end proc:
Cf2:=Christoffel2 (ginv,Cfl):

Cf2c:=get_compts(Cf2):

Cf2p:=act(subs,mp=m,Cf2):

Cf2pc:=get_compts(Cf2p):

\

IIVIIVIIVII

\

\%

[ Two bodies plane MOtioN------=-==-==mmm oo

> z:=0; vz:=0;

0
vz:=0 (12)

> b:=simplify(Cf2c[4,4,4]+2*Cf2c[4,4,1]*vx+CFf2c[4,1,1]*vx"2
+2*Cf2cl4,4,2]*vy+Cf2c[4,2,2]*vy"2+2*Cf2c[4,1,2]*vx*
vy);

b:=‘___;%_§§_<2mp(mpxzf—%mpyZ&—FZCmpvxx X 4y (13)

(+v*) "¢
+2cmpvy\/x27+y2y+cvxx3Jrcvxxyz+cvyx2y+cvyy3+mpvx2x2
+2mpvxvyxy+mpvy2y2+vx m vxZJTf

+ 4 vx vy X xz—i—yzy—vyzxz\/m—i—vy2 X2 +y y))

> bp:=simplify(Cf2pc[4,4,4]+2*Cf2pc[4,4,1]*vxp+CF2pc[4,1,1]*vxp"2
+2*Cf2c[4,4,2]*vyp+CF2pc[4,2,2]*vypr2+2*Cf2pc[4,1,2]*
VXp*VYyp);

(14)
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bp = ;(2 (m2x2c2+m2y202+2cmzvxpx\/ x2+y2 Jrcmvxpx3
(x24—y2)wzc

+cmvxpxy2+20mp2vyp\/ x2+y2 y+cmpvypx2y+cmpvypy3+m2vxp2x2
+2mzvxpvypxy+m2vyp2y2+mvxp2x2\/ x2+y2 —mvxpzx/ x2+y2 y2

+ 4 m vXp vyp X x2+y2 y—mvypzxzx/ x2+y2 +mvyp2 x2+y2 y2)>

> odevx:=simplify(ax+Cf2c[1,4,4]+2*Cf2c[1,1,4])*vx+Cf2c[1,1,1]*
+2*Cf2c[1,2,2])*vy"2+2*Cf2c[1,1,2]*vx*vy=b*vXx):

> odevy:=simplify(ay+Cf2c|[2,4,4]+2*Cf2c[2,1,4]*vx+Cf2c[2,1,1]*
+2*Cf2c[2,2,2]*vy"2+2*Cf2c[2,1,2]*vx*vy=b*vy):

> odevxp:=axp+Cf2pc[l,4,4]+2*CF2pc[1l,1,4]*vxp+CF2pc[l,1,1]*vxp"2
+2*Cf2pc[1,2,2]*vypn2+2*CFf2pc[1l,1, 2]*vXp*vyp=bp*vxp:

> odevyp:=simplify(ayp+Cf2pc[2,4,4]+2*Cf2pc[2,1,4]*vxp+CF2pc[2,1
1]*vxp"2
+2*Cf2pc[2,2,2]*vypn2+2*CF2pc[2,1,2]*vxXp*vyp=bp*vyp):

> ¢:=299792458.0; # m/s
¢ := 2.997924580 10°

> G:=6.6738480*107(-11); #  *m~3/(kg*sh2);
G := 6.673848000 10"

> DTS:=149597870700; # m
DTS := 149597870700

> MS:=2.0*10"30; # *kg
MS := 2.000000000 10%°

> R:=DTS; Rp:=DTS;
R := 149597870700
Rp := 149597870700
> M:=MS; Mp:=MS; # kg
M := 2.000000000 10%°
Mp := 2.000000000 10%°

> GM:=G*M; #  *kg*s"2;

GM := 1.334769600 10%°
> GMp :=G*Mp; #  *kg*s"2;
] GMp := 1.334769600 10
[ KONTUZ Gravity Waves---------===s=m-mmmommm e

> M-=35*M: GM:=35*GM:

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)
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M := 7.000000000 10*
GM := 4.671693600 10°*

[0 72—
| > #M:=1; CM:=G;

> Mp:=35*Mp; GMp :=35*GMp;
Mp := 7.000000000 10%
i GMp := 4.671693600 10”
[> R:=175*107"3; # R:=256*4*R;
i R := 175000
[> Rp:=175*10"3; # :=256*4*Rp;
i Rp := 175000
[> m:=GM/c”2; mp:=GMp/c"2;
m :=51979.60146
mp := 51979.60146

# m

# m

(23)

(24)
(25)

(26)

(27)

> Omega:=sqrt(CGMp/(4*R"3)); Initial value. Guess from Newton's theory

Q :=466.8207016

> Per:=evalf(2*Pi1/0mega); # s
Per :=0.01345952587
> Per/(60*24*365); # years
2.560792593 10
> X0:=R; xp0:=-x0; y0:=0; yp0:=0;
x0 := 175000
xp0 := -175000

y0:=0

i yp0:=0

[> vx0:=0; vxp0:=-vx0; vy0:=x0*Omega; vypO:
vx0:=0
vxp0:=0

vy0 := 8.169362278 10’
vyp0 := -8.169362278 10’

> odex = diff(x(t), t) = vx(t); odexp :=

_d _
odex := pm X(t) =vx(t)

odexp := % Xp(t) =vxp(t)

diff(y(t), t) = vy(t); odeyp :=

> odey :

=-vy0;

diff(xp(t), t)

diff(yp(t), O

(28)

(29)

(30)

(31)

(32)

(33)

vxp ()

(34)

vyp(t)
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odey := da

ot Y =w()

odeyp := EL yp(t) =vyp(t) (35)

:Whitehead two bodies gtavitational interaction (LI. Bel)------

> odevx:=subs(x=(x()-xp(1)),y=(y(©)-yp(t)),vx=vx(t) ,vy=vy(t),ax=
diff(vx(t),t),odevx):

> odevy:=subs(Xx=(x(t)-xp(t)),y=(y(t)-yp(t)),vx=vx(t), vy=vy(t),
ay=diff(vy(t),t),odevy):

> odevxp:=subs(X=(xp(t)-x(t)).,y=(yp(t)-y(t)),vxp=vxp(t) ,vyp=vyp
() ,axp=diff(vxp(t),t),odevxp):

> odevyp:=subs(X=(Xp(t)-x(1)),y=Cyp(t)-y(t)),vxp=vxp(t), vyp=vyp
(0 ,ayp=diff(vyp(t),t),odevyp):

> sys:=odex,odexp,odey,odeyp,odevx,odevxp,odevy,odevyp:
> fnes:={x(t) ,xp(t),vx(t),vxp(t),y(t),yp(t),vy(t),vyp(t)};
fncs := {vx(t), vxp(t), vy(t), vyp(t), x(t), Xp(t), y(t), yp(t) } (36)
> 1cs:=x(0)=x0, xp(0)=xp0, y(0)=0, yp(0)=0, vx(0)=vx0, vxp(0)=
vxp0, vy(0)=vyO,
vyp(0)=-vyO;
ics :=x(0) =175000, xp(0) = -175000, y(0) =0, yp(0) =0, vx(0) =0, vxp(0) =0, vy(0) (37)
=8.169362278 10’, vyp(0) = -8.169362278 10’

B dsn:=dsolve({sys, ics},fncs,numeric,method=gear,abserr=1.*10"
(-10),relerr=1.*10"(-10) ,output=listprocedure);
dsn:= [t=proc(t) ... end proc, vx(t) =proc(t) ... end proc, vxp(t) =proc(t) (38)

end proc, vy(t) =proc(t) ... end proc, vyp(t) =proc(t) ... end proc, x(t) =proc(t)
end proc, xp(t) =proc(t) ... end proc, y(t) =proc(t) ... end proc, yp(t) =proc(t)

| end proc|

B X, XpP,VX,VXp,Y,YpP,VY,Vvyp:=op(subs(dsn, [x(t),xp(t),vx(t),vxp(t),y
(D),yp(H) . vy(1), vyp(t)]))
X, Xp, VX, VXp, ¥, YP, VY, Vyp := proc(t) ... end proc, proc(t) ... end proc, proc(t) (39)

end proc, proc(t) ... end proc, proc(t) ... end proc, proc(t) ... end proc, proc(t)
_end proc, proc(t) ... end proc

> Omega := 466.8207016;

Q :=466.8207016 (40)
> Per:=eval f(2*Pi1/0mega) ;
i Per :=0.01345952587 (42)
> Ti:=-Per;

= -0.01345952587 (42)

> Tf:=9*Per; r(Tf);
Tf:=0.1211357328

(43)
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i 2.49643052300143 10°
> ro=t->sqrt((x(t)- Xp(t))"2+(y(t) -yp(t))"2);

r=t—y (X(t) —xp(t)%+ (y(t) —yp(t))?

> TestV:=t->sqrt(l- (vx(t)"2+vy(t)"2)/c’\2) ;
2 2
TestV::t—>/1— V(1) 4+ w(t)

CZ

> plot(TestV(t),t=Ti..TF);

0.99]

0.98

0.96

0 0.02 0.04 0.06 0.08 0.10 0.12
t

> plot(r(t),t=Ti..TF);

4. x 108
3.x10°%
2. x 10°%]
1. x 109

/'\

0 0.020.040.060.080.100.12
t

> plot(1-2*m/r(t),t=Ti..TF);

(43)

(44)

(45)

Pagina 6 de 11



0.9]

0.8]

.6

0 0.02 0.04 0.06 0.08 0.10 0.12

t

> plot([x(t),xp()].t=Ti..TF);

400000 1

ZOO?piy

-200000 |

-400000 |

06 008 010 0.12
t

> plot([y(t),yp(t)],t=Ti..TF);
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0 002 004\ 006,008 010 012

plot([vy(t),vyp(t)],t=Ti..Tf,color=[red,blue]);
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008 010 012

> theta:=t->arctan(y(t)/x(t));

- y( )
] 0: t—>arctan( (0 (46)
> plot([theta(t)],t=Ti..TF);
15|
L,
b
0 002 | 0.04 06 008 010 0.12
t
0
-1.b
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> Omega:=t->sqrt(GM/(4*r(t)"3));
Qo [T M

] 4o

> plot([Omega(t)],t=Ti..TFf, color=red);

300

(47)

250 1

200 1

100 |

50

0 002 004 006 008 010 012

> H:i=t->(M"2*c"3*(2*c*r () +2*vx () *x () +2*vy () *y (t) *mp-Mr2*c™N4*r
(OM2)/(r(O)N2*sgre(-M 2*cr2*(2*c2*mp*r (P)N2-c"2*r (£)N3+4*c*
mp*r () *vx(t)*x(t)+4*c*mp*r () *vy () *y () +2*mp*vx(t)"2*x(t)
N2+8*mp*vx () *vy () *x () *y () +2*mp*vy ()" 2*y ()" 2+r (£)N3*vx ()
AN2+r (0)N3*vy (£)"2)/r (t)"3)));

H:=t— (M?c® (2 cr(t) +2vx(t) X(t) + 2 vy(t) y(t) mp — M? c4r(t)2))/ (48)

r(t)®

NUZ(— L (M?c? (22 mpr(t)2 —c®r(t)® + 4 cmpr(t) vx(t) x(t)

-+4cmpNU\Nﬂ)yﬂ)+2nmvﬂ02xuf—k8mpvﬂn\NH)XH)WU

+2mpwy(t)y(t)? +r(t)?

[ Kontuz: FMPA2, =mmmmmmmm e e
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> Hp:=t->(Mp"2*c"3*(2*c*r (t)+2*vxp () *xp () +2*vyp () *yp(t) *m-
Mp/r2*c™ha*r (0)N2)/ (r(E)"2*sqrt(-Mpnr2*ch2*(2*c " 2*m*r (t)"2-cN2*r
(ON3+4*c*m*r (£) *vxp () *xp () +4*c*m*r () *vyp () *yp(t)+2*m*vxp
(ON2*xp ()" 2+8*m*vxp () *vyp (£) *xp () *yp (L) +2*m*vyp ()" 2*yp (L)
N2+r (D)N3*vxp ()M2+r ()3 *vyp()2)/r(t)"3)));

Hp:=t— (Mp?c® (2 cr(t) + 2 vxp(t) xp(t) + 2 vyp(t) yp(t) m — Mg c*r(t)?) ) (49)

HUZ(rT%g(MﬁéqZC%nHU@—&HU3+4cmruﬂmmnme
r(t

+4cmr(t) vyp(t) yp(t) +2mvxp(t)®xp(t)> +8 mvxp(t) vyp(t) xp(t) yp(t)
12

| F2muypyp0” +r0 wp)? + 1) wpn)?) ) j

| H=Hp Hamiltonians---==-=======mmmmm e

> plot([H(B)], t=Ti1..TF);

0 002 004 006 008 010 0.2

9. x 10%%7

-1. x 10

1.1 x 138 |

-1.2 x 10138
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