| > restart;
| > with(Riemann):with(Canon):

> with(TensorPack) : CDF(0) : CDS(index) :
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file 3
eq 39- using sopuerta thesis equations

[ In this file we continue to follow the equations outlined by Senovilla et al. (2007) with the assumptions
for dust. In particular this file examines the equation 39 with the various terms involved in the time
differentiaton of €q26 to eq39
e

\ 4
> read "EFE" : read "SFE" :read "fids" :read "eqs2" :read "Seneqs2f" : read "vids" :

>
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| Equation 39

sk ok s ke sk sk sk sk ok s sk s sk sk sk sk sk sk s sk sk sk sk sk sk s ke s skeosk sk skoskeskoskosk

| Proof of eq39:
>eq[39]):=2-P[-a,b]-mu[-B]—13-P[-a, b]-omega[c]-omega -¢,-B] —3-P[-a, b]
-omega[c|-omegal -b,-C]=0:T(%);
3P, "0 ‘0, —13P, "0 ‘0, ,+2P, "n,=0 (1.1)

;The first step involves a time derivative of eq26 using eq38:
>eq[26] :=2- Pla, b]-theta[ -B] + 3-P[a,-b]-omega[b, d,-D]=0:T(%);
b b d
2P " 9),b+3P“b(z) =0 (1.2)

[ We start with identities for the magnetic and electric compnents of the Weyl tensor, for dust
| (for references see Sopuerta thesis, or Ellis 1970)

>sop[3.18]1:=H[-a,-b]= ; ‘Pl[-a,c]-P[-b,d] - (omega[ -d,-C] + omega[ -¢,-D]) :
T(%);




1 d
Hab_EPa CPb (O)c,'d+0)d,'c) (1'3)
>sop[3.17] == E[—a,—b]—;-P[—a,—b]-omega-omega—omega[—a]-omega[—b] T (%);
1 2
Eab:?Pab(’o _(Da(l)b (1.4)

;Furthermore, eq 2.107 of Sopuerta 1996 (thesis), for dust:

>sop[2.107] == P[-a,c]-P[-b,d]-E[-c,-d, B] +3-H[ -a,-b]-omegal[b]| = ; ‘Pl[-a, b]
mu[ -B]: T(%):;
b

d N2 _ b
P,°P,"E_, " +3H,,0 =P, U, (1.5)

a

U)lr—t

>

> templ = subs(a=c, b=d, sop[3.17]) : T(%);
1 2
Ecd=?Pcdm -0, 0, (1.6)

> temp?2 = cod(templ, b) : T(%);

b1 b 22 b b b
E,, —?Pcd oa-l-?Pcdoooa — 0.0, —O o, (1.7)

>

> temp3 = expand(TEDS(temp2, sop[2.107])) : T(%);
1 d b 2 2 d b d b
?Pach P, ® +?Pa‘:Pb P00 =P ‘P, 0,0, (1.8)

c d b p 1 b
—-P, P, 0, " 0,+3H_ ,® —gPa [

> temp4 == TEDS(P[ -c,-d, B]=0, temp3) : T(%);
2

c d N c d N
3Pa Pb Pcdoooa Pa Pb 0, 0,

b b b
—P,P, 0. "0, +3H,,0 1.9

_ 1 b
_?Pa l'L;b

[ > temps == TEDS(sop[3.18], temp4) : T(%);
2

¢ d b c d ;
?Pa Pb Pcdo)(o —Pa Pb ®, 0,

"—p P, 0, "o, (1.10)

a

3 b, cp d 3 b, cp d 1
+EO) Pa Pb O)C‘,d—i_zw Pa Pb Ox)d’_c_? a
;Now we use the identity
> temp = P[ -a, c]-omegal -c]=omega| -a]: T(%);

P,‘0 =0, 1.11)

[ > temp6 = expand(TEDS(temp, temp5)) : T(%);



%Pa ‘P,P,00"-P, P, 0, "bmd—k%m ‘PP, 0y,
+%w bPa ‘P, d(od;c—Pb d(od "b(an%Pa bu A

=>temp =P[-a,c]-P[-b,d]-P[-c,-d]=P[-a,-b]:T(%);

PP, chdzpab
=> temp7 = 3- expand( TEDS(temp, temp6)) : T(%);
-3P,°P, d(oc ”b(od+ % ® bPa ‘P, d(nc’.d—l-%m bPa ‘P, dood’.c

+200 "bPab—3Pb dmd "bwazPa bu;b

:Now

> expr == P[-b,d]-omegal -d, B]: T(%);

P, dwd;b

o, by dub+(x)d "d
=> expr3 = TEDS(omega[ -d, D]1=0, expr2) : T(%);
®, "bu du b
=> expr4d = TEDS(omega[ -d, B]-u[ -b]=dotomegal -d], expr3) : T(%);

u ddotomega d

> exprs = TEDS(dotomega[ -d]=- i -theta-omegal -d], expr4) :T(%);
> expré = TEDS(dotomega[ -d]=- i -theta-omegal -d ], expr5) :T(%);
[ > expr7 := TEDS(omegal -d]-ul[d]=0, expr6) : T(%);
0
> expr8 = expr=-expr7 . T(%);
d N
P, o, =0

;and so we have
> temp8 = expand(TEDS(expr8, temp7)) : T(%);
-3P,°P, ‘o

;b 9 b ¢ d 9 b ¢ d
c O)d+?(’o Pa Pb (l)c’,d+3(l) Pa Pb (’od;c

=> expr2 = Absorbg(expand(TEDS(P[ -b,d]=g[-b,d] +u[-b]-uld], expr)))

: T(%);
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t200 P, ,=P, U,
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| Now

> expr == P[-b,d]-omegal -¢c,B]: T(%);

P, %o, "

=> expr2 = Absorbg(expand(TEDS(P[ -b,d]=g[-b,d] +u[-bl-uld], expr))) : T(%);
o, P dub+(x)c ’.d

=> expr3 := TEDS(omega[ -c, Bl-u[ -b]=dotomegal -c], expr2) : T(%);

u ddotomega o, "d

> exprd = TEDS(dotomega[ -c]=- i -theta-omegal - c], expr3) T (%);
—%udemc—i-(oc"d
[ > temp9 = expand(TEDS (expr = exprd4, temp8)) : T(%);
9 b ¢ d 9 b ¢ d ¢ d ;b
EO) P, P, (oc;d+?co P, P, o0, t2P, "o,u bo 200 P, ,

c N b
3P, 0,0, =P, U,

B temp10 = expand( TEDS(omega[ -d]-u[d]=0, temp9)) : T(%);
9 9

b c d b c d N c
Eco P, P, mc’.d+5(o P, P, cod’,c—i-Zcoco Pab—3Pa ®,0,

;d

=Pab“m
i*****************************************
;also
> expr = P[-b,d]-omegal -d,-C]:T(%);
Pbdwdx
=> expr2 = Absorbg(expand(TEDS(P[-b,d]=g[-b,d]) +u[-bl-u[d],expr))) : T(%);

d
® ;..U ”b+°)b;c

>

B templl = expand(TEDS(expr =expr2, templ0)) : T(%);
%co bPa ‘P, d(oc’.d+ % ® bPa “u,u d(od’.c+ % ® bPa ‘0,200 "bPab

sd
c

c _ b
—3P, ©0,0 =P, WL,

> templ2 = expand(TEDS(omega[b]-u[ -b]=0, templl)) : T(%);
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9 » d 9 b b d b
S5 P,°P, @, ,+ 50 P,‘w, +200 P, , =3P, ‘0,0, =P, "u, (133)
j*****************************************
| and also
> expr == P[-b,d]-omegal -¢,-D]: T(%);
d
P, "o, , (1.34)
[ > expr2 = Absorbg(expand(TEDS(P[ -b,d]=g[-b,d] +u[-bl-uld],expr))) : T(%);
o, ulu,to,, (1.35)

> expr3 := TEDS(omega[ -¢,-D]-u[d]=dotomegal -c], expr2) : T(%);

u dotomega ,, .+ (1.36)
> exprd = TEDS(dotomega[ -c]=- § -theta-omegal - c], expr3) T (%);
2
—?ubeﬂ)c‘i‘ﬂ)c’b (1-37)
=>
> templ3 = expand(TEDS(expr =exprd, templ2)) : T(%);
X0 bPa ‘u,00 + % ® bPa ‘O, % ® bPa ‘0, 200 "bPab (1.38)

c d b
_3Pa w0, _Pa Hop

B templ4 = expand( TEDS(omega[b]-u[ -b]=0, templ3)) : T(%);

9 b 9 b b cd b
S50 P, cmc’,b+3m P,f0, 200 P, =3P, ‘0,0, =P, "n, (139
B templ5 == subs(d =-b, D=-B, templ4) : T(%);
3 b 9 b b b
50 P, cmc’.b+3m P,’0, . t200 P, =P, "n, (1.40)

B templ6 = expand(TEDS(2-omega-omega[ B]-P[ -a,-b]=2-omega[d]-omega[ -d,-B]-P|
-a,b],templ5)) : T(%);

3 b 9 b d b b

50 P, o, ,+ 50 P,w, +20 ‘0, ,P, "=P, "1, (1.41)
> templ7 = expand(TEDS(omega[d]-omegal -d,-B]-P[ -a, b] =omega[b]-omega[ -b,-C]
‘Pl-a,c],templ6)) : T(%);

3 b 13 b b

50 Pacmc;b—i-Tco P,w, =P, ", (1.42)
[ > templ8 = subs(b=e, B=E,c=b,C=B,e=d, E=D, templ7) : T(%),

3 d b 13 d b_ d

E(o P, (ob;d+7co (od;bPa =P, [T (1.43)

[ which is eq 39



-omega[c]-omegal -b,-C]=0:T(%);
3P, "0 ‘0, ~13P, "0 ‘@, ,+2P, "n,=0
=> PrintSubArray(eq, 1, 39, y);
L,T,,=pu,u,
2P pmuuy,t g,y
3,P %, u’=0
4,dX “=u X,

5,du “=u by @

d i 2 _
21,Pa CPb (!)Cd,fu +3 e(l)ab_o

>eq[39]==2-P[-a,b]-mu[ -B] —13-P[ -a, b]-omega[c]-omega[ -¢,-B] —3-P[-a, b]

b
~ Ly d
6’ua;b_? Pab+cab+0)ab_ uaub
7,0=u a},a
_1 c d 1 c d 1
8’Gab_3pa Pb ucd+5Pb Pa c;d epab
9 —Lpoepd, _Lp ocpd
’(Dab 2 a b ucd 2 b a uc,‘d
1 bed
10,0)“—311” Cu o,
f
1, o,, Naper® U
_1 ab
12, ® Em ®,,
13, "iff(iff(omega[-a,-b] = 0,omega[-a]),omega = 0)"
2
14,coac(ocb=—(o Pab—i-(ob(oa
1 1 1 1 ab
15’Eub;a_?”a;b_zd”a“b_zdub”a_i_w
1 1 1 1 1
16’_gucua;b—i_gucub;a—i_gubuac_gubuca__uaubc—i__uaucb_o
17,6 ,,=0
| 1
8,Ma’,b—?epab+0)ab
19, u a,-c;d_“ a;d;c:R Cpealt ’
2 2
20,d0ttheta+%9 —2m +%u=0

(1.44)



1 2
?Pab(’) +Eab=0

_ c d
23’Eab_cabcdu u

22,0,0,—

_1 d s
24’Hab_3naec Ccdbfu eu

a b I 2 a_
25.P 40" '+ 00 =0

b bd _
26,2P "0 ,+3P “, 0" =0

a _ a
27, ® ),a—2du o,

_1 c d d ;c 1 c i
28’Hab_5Pa Pb (Q) +3Pb P (Q)

2
9,0, o0"" = dua—i-Pabwcmb;c—P bmcmc;b—dupcopwa

;m a

30, w0 + dotmu =0
31, (W+p)du “+P“"p,
32,du “=0

;a

fdot

33,u,=-

M u=(cl—1)p+e2o

35, dotomegaabz—% o, ,

36, dotomega = - % 0w

37,6 (c]p— % c2 coz) -0

0 b b b 1 b
38, 0 (P ) =P Mot y+ 0 “Of = 8PS,

b b b
39,-3P, "0 ‘0, —13P, "0 ‘o, ,+2P, "n,=0 (1.45)

> save eq, "Seneqs3" :

> read "Seneqs3" :




