| > restart;

| > with(Riemann):with(Canon):
> with(TensorPack) : CDF(0) : CDS(index) :

Chapter XX
Tensor analysis using indices - Senovilla et al. - Shearfree for
dust
page 3

if o . b=0 =>upe=()
Author: Peter Huf
file 4-eq43
-using Sopuerta equations - correct version

[ In this file we continue to follow the equations outlined by Senovilla et al. (2007) with the assumptions
for dust
e

\ 4
[> read "EFE" : read "SFE" :read "fids" :read "eqs2" :read "Seneqs3d" :

sk ok s sk sk sk sk sk ok s sk sk sk sk sk ok s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s skeosk skok skokesk koo

;Equation 43

sk ok s sk sk sk sk sk ok s sk sk sk sk sk ok s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s skeosk skok skokesk koo

;The original eq43 is

>eq[42];

m_aybdottheta_3+4wco_Bw_%b—i-%p_Bm_a7b+8wePz_a!bo)_B—uP_a!be_B (1.1)
+ 13—6 W “ap9 T (co_a,be— % m_a’cco_cjb) 0_,+ (% eu_B—8coco_Bw_a,b
— 2—0 (06(0_3) P_, ,=0

=> eq[43] = (;)(mu +p - (136 j -0)2) -omegal -a, b]-theta[ - B] + theta- ( (1;2)

-omega-omega - (i) “(mu+p) ) ‘P[-a, b]-theta[ -B] + ( (S) -theta-theta — (i)




-omega-omega + (é)-(mu—l—&p))P[—a blmu[-B]+ (Z)-theta-omega[—a, c]
d

-omega[ -c, b]-theta[ -B] — (l)-omega[—a,d]-omega[— c]-omega[ -c, b]-theta[
-B]1=0:T(%);
1 _ 16 2 b nz o2 5 5 b S 42
) (u-l—p : m)ma e;b+e( o0 —n 3p)Pa e’,b+(9e 1.2)
2 2 1 1 b 7 b d b
-3 0 +gu+3p)Pa u’,b-l-gemac(oc 06,——o0, ‘0, . "0,

=0
=*******************************************************
;proof of eq43:
| We commence with eq42 :

>eq[42] = (mu - (16 ) ~0mega~0mega) -P[-a, b]-theta[ -B] = (

3 ) -omegal -a, c]

-omega[ -¢, b]-theta[ - B] + ( thsta )-P[—a, b]-mu[ -B]: T(%):;
16 2 b 1 b 1 b
(u—Tw)Pa 0,50, 0,"0,+30P, "1, (13)
;step 1. substituting eq40:
> temp = expand(;-theta-eq[40]) T (%);
8 b 1 b 1 b
e ®woOP, w,.b-l-?ePa u;b-l-?ema 0.,=0 (1.4)

[ > #temp2i=op (1, op (1, temp) ) =-0p(2, op(1, temp) ) ~op(3, op (1, temp) ) : T(%);

> temp2 = isolate(temp, -theta-omega- P[ -a, b ]-omega[ —B]) T (%)

1 b 1 b
—?(DGP ,b——?ePa M;b—?e(ﬂa 6,,,, (1.5)
> temp3 = 3- TEDS(temp2, eq[42]) : T(%);
16 2 b 3 b b
B(M—Tm)Pa 0,50, 0,"0,+0P, "1, (1.6)

> eq43a = temp3;
16 2

3
eqd3a =3 (u— 2o ) Py =0 0, 0,0 TP, 1, (1.7)
[> save eq43a, "eq43a";
2. multiplying by ® ea
> temp4 = expand(omega[ -e, a]-temp3) : T(%);
b 2 b 3 b b
-l6ow,“P,"0,0 +30, P, 9;bu=3 o, ‘0, 0."0,to, 0P, "u, (18)

:Now subs the identity for P



>temp = Pl-a,b]l=g[-a,b]l tu[-a]-ul[b]:T(%);

b b

P, =u,u"+g, 1.9)
[ > temp3 = TEDS(temp, temp4) : T(%);
—160)20)e ‘0 ,u bua+3uwe ‘0 ,u bua— 160)2ga b(oe “0,+3ug, b(oe ‘0., (1.10)
3 b b b
=S o, ‘o, @, "0, +0p,0,uu,+0g, 1,0, ¢
> temp4 = Absorbg(temp3) : T(%);
—16oazcoe “0,u bua+3u(oe ‘0 ,u bua— 16w, be’.bo)2+3 o, be;bu 1.11)
_3 b b b
=50, ‘o, @, "0, +t0n,0,u"u,to,"0p,
> temps = ;~TEDS(omega[—e,a]-u[—a]—O, temp4) : T(%);
16 b 2 b 1 b 1 b
-5 0, 0,0 to, e;b”:E‘”ea‘”a ‘o, 6’.b+?we ou ., (1.12)
[ > temp6 = collect( temp5, [omegal -e, b], theta[ -B]], distributed’ ) : T(%);
(u— 13—6 032) 0,0, b=% o, ‘0, ‘o, ”e,,b+ % o, beu’,b (1.13)
[ > temp7 = subs(a=d, e=a, lhs(temp6) = expand(rhs(temp6))) : T(%);
16 2 b d b 1 b
(u—Tco)G;bcoa =5 0, a)dcwc 9,-1;"‘?(% ou., (1.14)
| now subs 6*eq41
> temp = expand(theta-eq[41]) : T(%);
800w ,0,"+00, ‘0."0 ,+0, 01 ,=0 (1.15)
[ > ttemp2:=op (1, op(1, temp)) =-op(2, op(1, temp)) — op(3, op(1, temp) ) : T(%);
> temp?2 = isolate(temp,-8-omegal -a, b]-theta-omega-omegal -B]) : T(%);
800w ,0,"=-00, ‘0, "0 ,—0, "0pn, (1.16)
> temp3 = -temp2 : T(%);
8wbo Lo, b=9(oa Ccocbe’.b-l-a)abeu;b a.17)
> temp8 = ;~TEDS(temp3, temp7) : T(%);
% (u—g—6 0)2) 0,0, b=% ®, dwd ca)c be),b—l-%wa beu;b (1.18)

> temp9 = TEDS(omega[ -a, d]-omega[ -d, b]=omega[ -a, c]-omega[ -c, b], temp8) : T(%);
1 16 2 b_ 1 d b 1 b
3 (u—Tm)e;bma =g(oa wdca)c 9,-1)"‘30% ou ., (1.19)




> step42b = 3- temp9 : T(%);

16 2 p_ 1 d b 1 b
(u—Tm)G’.bo)a =5 0, (odca)c 9,.b+?(oa ou.,

. 2
3: using eq14b:0)aco)cd0)db=—0) o)ab
> temp = subs(c=e,d=c,e=d,eq[14 b]) : T(%);

2
o, ‘0,0, =-0n,’
[ > templ0 := TEDS(temp, temp9) : T(%);
1 16 2 b 1 2 b 1 b
?(u—Tm)e’.bo)a =—€(o o, 6,.b+5(oa ou.,

;4: we set up 2 equations:
> eql = expand(omegala]-eq[40]) : T(%);

80P, "0 ‘0 ,+P,"u,0 4o ‘0,0 ,=0
=> eql = expand(TEDS(omega[a]-omegal -a,b]=0,eql)) : T(%);
-8wP, o ‘o ,+P, bu’_bw “=0
=> eql = expand(TEDS(omegala]-P[ -a, b]=omega[b],eql)) : T(%);
Soo ., o b+p’,bco =0

> eq2 = expand(omegala]l-eq[42]) : T(%);

o ‘P, bey,bu—g—6 ‘P, be;bcozzé o ‘o, ‘@, be;b—i-%m ‘ep, "u b
=> eq2 = expand(TEDS(omegala]-omegal -a, c]=0,eq2)) : T(%);
‘P, be’_bu— 13—6 ‘P, be)_bm2=% o ‘0P, bu’_b
=> eq2 = expand(TEDS(omegala]-P[ -a, b]=omegal[b], eq2)) : T(%);
0 ,um ”—ﬁe b ’ bzéeu;bm b
> eql = eql —op(1, op(1, eql)) : T(%):
b

b
L,0 =800, ,0

(> eq12 =3 expand(TEDS(eql, eq2)) : T(%):
—166;,)0)2(0 b+39’.bu(o "=800 0 b(o;b
[ 5:eq42 with id
> stepSa = expand(TEDS(eq[14 a], eq[42])) : T(%);
16 2]

b b b 2 1 b 1 b
P 9),bH—TPa eJ,bO)Z—?Pa 0,0 +EOJ O)ae;b-i-?ePa [

(1.20)

(1.21)

(1.22)

(1.23)

(1.24)

(1.25)

(1.26)

(1.27)

(1.28)

(1.29)

(1.30)

(1.31)



> step5b = stepSa + ; ‘P[-a, b]-theta[ - B]-omega-omega: T(%);
29 2

b b L » 1 b
P, ey,bu—?Pa 9),bm=50) a)ae’,b—i-?GPa 1 1.32)

_6:step6
| commencing by time propogating eq43
>eql42]:T(%);

16 2 b
(M_Tm)Pa 9,4b=

> step6 = dotT (eq[42]) : T(%);

0P, u, (1.33)

(dotmu — 33—2 (Ddotomega) P, be;b+ (u— % 0)2) dotP , be;b + (u (1.34)

2
13—6 0 j P, b dottheta 5= % dotomega |, C(oc b@),b + % o, Cdotomegac bG,,b

+ 0, C(l)c ? dottheta BT % dottheta P , bu;b + % 0 dotP , bu’_b

+

b
0P, " dotmu b
> stepba := TEDS(dotmu =-mu-theta, step6) : T(%);
P’ (-eu— % (Ddotomega) + (u— 13—6 0)2) dotP, "0 , + (u (1.35)

2
_ 16 0 j P, b dottheta 3= % dotomega |, ‘o

b

¢ 0,7t % o, Cdotomegac bG,.b

1

* 3

®, C(l)c ? dottheta BT 1 dottheta P , bu;b +

b
3 OdotP , "1,

W= =,

b
+ GPa dotmu b

> stepbb = expand(TEDS(dotomega =- ‘;‘ - omega-theta, step6a) ) : T(%);

P, 70,00+ 2P, "0 0 0 +doP, "0 u— > doP, "6 0 (1.36)

2
+P, ? dottheta Y % P, Y dottheta O :% dotomega |, ‘v "6 b

C

+ % o, cdotomegac ”e,.,, + % ®, C(DC b dottheta BT % dottheta P bu;b
1 b 1 b
+ 3 OdotP , ", + 3 OpP,  dotmu
> step6c = expand(TEDS(dotP[ -a, b]1=0, step6b)) : T(

20);
P, 70,00+ St P, "0 0 0+ P, dontheta yu— < P, P dotthera o (1.37)




=% dotomega |, C(DC be,,b+ % ®, Cdotomegac ”e,.b+ % ®, C(z)c b dottheta b

+ % dottheta P , bu’_b + % oP, b dotmu b

=> temp = isolate(eq[20 ], dottheta) : T(%);

dottheta = % 0’ +20 — % u (1.38)
=> tdot = expand(TEDS(dottheta = thetadot, temp) ) : T(%);

thetadot = % 0’ +20 — % u (1.39)
=> temp3 = cod(tdot,-b) : T(%);

thetadot = -% 06 ,+t400 ,— % [T (1.40)

:and using eq38 (rewriting)

> temp = P[ -a, b]-dottheta| - B) = P[ -a, b]-thetadot| - B] + omega[ -a, b]-theta[ -B] — ;

-theta-P[ -a, b]-theta[ -B] : T(%);

P, " dottheta ,=P , " thetadot ,+ o, "0 , — % or,"0, (1.41)
> step6d = expand( TEDS(temp, step6c)) : T(%);
2 2
3P, "0 ,0u4 P, 0,0 0+ P, ihetador , — < P, "o thetadot,,  (1.42)
2
+tuo, bG’,b—13—6 0 o, bG’,bZ%dotomegaa c(,oc bG’_b
+ Lo cd Yo+ 1w o dottheta , + L dotthetaP
5 W, dotomega . TS ®, O, dottheta , 3 ottnetar , W .,
+%9Pa bdotmu’,b
> T(temp2);
8000 0, =00, ‘0. "0, ,-0, " 0u, (1.43)
[ > stepbe := expand( TEDS(temp2, step6d)) : T'(%);
2 2
3P0, 00 0P, 0 0 0+ P, ihetador y— 0 P o thetador,  (1.44)
+ro, ”e,,b—13—6 OJZ(Da be’,b=%d0t0megaa C(DC ”e,.b
d 0, +~ o ‘o, " douh L dotthetap ?
+ - o, dotomega . 5t 5 ®, O, dottheta ,+ 3 ottheta P | "L ,

b
or B dotmu b




> step6f == expand(TEDS(temp3, step6e) ) : T(%);

2
2P, ”e,,beu+%13a 0,0 0+4P, ”umm;b—%Pa T (1.45)
64 b 3 8 b 2 b 16 2 b
_TP“ a)w’,b-l—?Pa O u,+Ho, 6’,b—7w o, 0,

:% dotomega |, C(DC be;b+ % o, cdotomegac ”e,.,,+ % ©, C(DC bdottheta;b

1 b 1 b
+ 3 dottheta P | "L , + 3 OpP,  dotmu ,

> stepbg = expand(TEDS(dotomega[ -a,cl=- 2 -theta-omegal -a, c], stepéf) ) T (%);

3
b 112 b 2 b 1 b
-2P, 6’,b9u+TPa 0,0 0+4P, uww},b—EPa LY (1.46)
64 b 3 8 p 2 b 16 2 b
_TP“ m(o’,b-l—?Pa O u,tho, O;b—Tw ®, 0,=

1 dw, C(:)C bG;b—l—%ma Cdotomegac be;b+%ma C(oc bdotthetal.b

+ % dottheta P bu’_b + % oP, b dotmu b

[ Now we need an identity for dottheta
> temp = dottheta| - B]=theta] -B,-E]-ule]: T(%);
dottheta ., =8 , . u ° (1.47)

;which, because of torsion-free assumption of scalars, can be written, in reverse
> temp = theta| -E,-B]-u[e] =dotthetal -B] : T(%);

0. .,u “=dottheta b (1.48)
;Now, using eq18
> templ = thetadot| -B]=cod(theta[ -E]-ulel,-b) : T(%);
thetadot , =0 . u ©, +60 , ,u° (1.49)

[ > temp2 = TEDS(temp, templ) : T(%);
thetadot , =6 . u ¢ . T dottheta (1.50)

=> temp3 = isolate(temp?2, dottheta| -B)) : T(%);

dottheta ,= -9 ,u ¢ . T thetadot , (1.51)
:using the correct version of eq18

>eq[18] =u[-a,-B]= :1; -theta-P[ -a,-b] +omega[ -a,-b]: T(%);

1
Uan=7 0Pyt 0, (1.52)




> temp4 = TEDS(subs(a=-e, A=-E, eq[18]), temp3) : T(%);
s
3
[ > temp4a = TEDS(Ple,-b|=P[-b, e], temp4) : T(%);
1

dottheta),b= 9’.69P eb—e;e(o eb—i-thetadot;b

dottheta , = 3 0.0P, 6—9;20) eb—i-thetadot;b
=> temp5 = cod(tdot,-b) : T(%);
thetadot = -5 00 , +400 ,~ 2 1,
=> temp6 = TEDS(temp5, temp4a) : T(%);
dottheta = —% 0.,0P, =0 ,0° — % 06 ,+400 ,— % 199

=> temp7 := Absorbg(TEDS(P[-b,e]l=g[-b,e] +u[-bl-ule], temp6)) : T(%);

dottheta , = —% 006 . u eub—ee;b—e;em eb+40)(0’.b— % [T
[ > temp7a == TEDS(P[-b,e]=g[-b,e] +ul[-bl-ule], temp6) : T(%);
dottheta ., = —% 06, u eub— % Og, 69’.6—9’.60) eb— % 06 ,+400 ,— % [T

[ > temp7 = Absorbg(temp7a) : T(%);

21

dottheta b= 3

ee’.eu eub_ee;b_e;em eb+40~)0~)’b_%u’b

>

;replacing in the main term we have:
> step6h := TEDS(temp7, step6g) : T(%);

b 112 b 2 b 1 b
-2P, 6’,b9u+TPa 0,0 0+4P, uco(o;b—EPa LN
64 b 3 8 b 2 b 16 2 b .
_TP“ mw’,b-l—?Pa O L,tuo, e;b—Tm 0, 0,=
_ie ¢ be +i ¢ dot be _L c bee e
6 ('Oa (DC b 3 ('Oa oomegac b 6 (Da (J)c ,,eu Mb
1 b b 1 b
_E‘”ac(’)c 0.,0°%+20, ‘o, OO, O, ‘o,
+ % dottheta P bu’_b + % oP, b dotmu b
B step6i = expand(TEDS(omega[ -c, b]-u[ -b]1=0, step6h)) : T(%);
b 112 b 2 b 1 b
-2P, 9,-b9“+TPa 0,0 6+4P, MCOOJ,.b—?Pa LU,
64 b 3 8 b 2 b 16 2 b
_TP“ m(o,.b+?Pa O u,tho, 6’.b—70) 0, 0,=

(1.53)

(1.54)

(1.55)

(1.56)

(1.57)

(1.58)

(1.59)

(1.60)

(1.61)



b
+ — GPa dotmu b

;and using eq38 (rewriting for mu)
> temp == P[-a, b]-dotmu[ -B]=P[ -a, b]-mudot[ -B] + omega[ -a, b]-mu[ -B] — L -theta

3
‘Pl-a,b]l'mu[-B]:T(%);
b | b

b b
P, a’otmu;bZPa mudot’,b—i-(oa u;b—?ePa 19 (1.62)
[ > mudot|[ -B]=cod( -mu-theta,-b) : T(%);
mudot b= -uo b ue b (1.63)
> step6jl := TEDS(mudot[ - B] =cod(-mu-theta,-b), temp) : T(%);
b b 4 b b
P, “dotmu ,=-P e,.bu—?epa W,+o, n, (1.64)
=>
[ > step6j = expand(TEDS (step6jl, step6i)) : T'(%);
b 112 b 2 b 1 b
-2P, 9’.b9u+TPa 0,0 6+4P, me;b_?Pa Hu ., (1.65)
64 b 3 8 h 2 b 16 2 b
_TP“ m(o,.b+?Pa O u,tHo, 6’.b—70) o, 0,
_ 1 b 1 b 4 b 52 5 b
_?dozthetaPa u;b—?Pa 9’,b6u—3Pa Gu;b—gewa ‘0,"0,
+%wacdotomegacb9’_b—%ma chbe’_em ‘ot2o, cwcbmm;b
1 b 1 b
— 7 ® ‘o, Wyt 5 o, CRU
B temp = isolate(eq[20], dottheta) : T(%);
dottheta=—%92+2 (02—%;1 (1.66)
B step6k = expand(TEDS(temp, step6j)) : T(%);
b 112 b 2 b 1 b
-2P, 6’,b6u+TPa 0,0 06+4P, I’L(D(D;b_zpa MU, (1.67)
64 b 3 8 b 2 b 16 2 b
—TPa o)oa’.b-l-?Pa O h,tro, 6’,b—70) o, 0,=

5 b2 2 b 2
_EP“ eu’_b—l——Pa O W, —

b b
3 P, up,——P, 6,00

1
6 a




dw, ‘o ”e,.b+%ma Cdotomegacbe’,b—%o) ‘v "0 o

20, 0,700 ,— 0 (ocbu;b+?coab6u;b

> stepbl = expand(TEDS(dotomega[ -c,b]=- g -omega[ -c¢, b]-theta, step6k) ) T (%);

112 2 b 1 b
-2 P 9 eu—i-TP 6,,b0) O+4P, umw;b—zPa Hu .,
64 8 b 16 2 b
_TP m(ob—k?P O U, +Ho eb_T(”(’)a 0.,=
5 2 2 1 1 b
iy Gub—i-?P wub—gP up,——P, 0,0u
7 b b
—Eema ‘0,70 ,—~ 0, 6,0 +20 YO
1 b 1 b
_Z(‘)ac(’)c Wyt 3 o, ou,
[ > TERM431 == Ihs (step6l) : T(%);
b 112 2 b 1 b
-2P, 9,~b9“+TP 9,,b(o 0+4P, How , =P, U,
64 3 8 b 2 b 16 2 b
_TP a)o)’,b-l—?Pa O h,tro, 6;,)—?0) o, 0,
[ > TERMA43r = rhs(step6l) : T(%):
5 2 b o 1 b 1 b
le ‘o g, — L 0 2 b
— o, 0, 70,-—o0, o, +2n RRCYGI
1 b 1 b
ey ‘o, Wyt 3 o, ou.,
> TERM43 = TERM43] — TERM43r=0:T(%);
5 112 2 b 1 b
—?P 9 GM+TP 9,,b(0 0+4pP, “O)(D;b_?Pa Ly,
64 b 3 b 2 b 16 2 b
_TPC’ O 0,+2P, "o p,+Ho, 6’,,)—?(0 0, 0,
5 7 b 1 b
-l-? Oub—i-gew o, 6,,b+30)acwc 0,0
20, C(ocb(o(o;bJr%o)acmcbu;b—%mabeu;b=0

=> TERM43a = collect(TERM43, [theta[ -B], P[ -a, b], theta], ‘distributed’ ) : T(%);

1 b b 1 ¢ b 1 b
50, ‘0,780,020, ‘o, OO, + 0,0, H, =0, ou.,

(1.68)

(1.69)

(1.70)

(1.71)

(1.72)



+%P bezu’.b+ (—%u%—%wz) 60 ,P, b+€9(oa cmcbe’,b+(uma b

b 1 64 3 2 b
—Tw ®, )6’,b+(4uww;b—?uu;b—7w ®,+t20 u;b)Pa =0

| multiplying by ® “
> TERM43b = expand(omega[a |- TERM43) : T(%);

5 112 4
3(0 96u+9

1 b 64
-5 ‘P, ME =5 O ‘P,

0,0 0+40 P, noo, (1.73)

b b

3 b 2
oo,t20 P, "o p,+o ‘po, "6,

2 2
_ﬁ(’)am(’) be’b_i_%o)apabe u’b‘i_%mae({)ac be’b

c

1 a c b e a c b 1 a c b
EO) (Da O)C 9’,8(1) b—2(l) O)a (l)c ooco,,b—i-zoa (Da (DC l"“;b
1

(> TERM43¢ = expand(TEDS(omegala ]-omegal -a, c] =0, TERM43b)) : T(%);

5 112 b 2 b
—?m“P 9 eu—i-T ‘P,"0,006+40 ‘P, "now, (1.74)

—Lgap

2 2
—13—60) 0o, 6,,b+%(o “p "o u;b—%co ‘o, bGu’.b=0

[ > TERM43d = expand(TEDS(omegala ]-omegal -a, b]=0, TERM43c)) : T(%);
5 112

S0P, 0t 0 P, "0 0 0440 P, o0, (1.75)

3 2
MR, =5 © ‘P, b ,+20 P, o [T

2
+=0 ‘P, "0 ,=0

B TERMA43e := expand(TEDS(omegala]-P[ -a, b]=omega[b ]|, TERM43d)) : T(%);

—%9;[,614 +%e coeco +4u(o0) o - —uu’.b(ob—63—4m3(o;b0)b (1.76)

b

+20)ub(o +96ub =0

[ > TERMA43f= collect( TERM43e, [ theta, omega[ -b ], mu[ - B]], distributed’) : T(%);

b—ﬁof(o;boab—i-(—iﬁ)bu R b)e (1.77)

TERMA43f= (4 HO® , O 3 3 9



2 2
+ (—%um "fow w b) u,.b+%9 u.,o b=0)
;Now from step 4:

>eql :T(%);

w,0"=800 "0, (1.78)
(> eq2: T(%);
b 16 2 p_ 1 b
0 ,um —Te;bw ® =?6u;bm 1.79)
>eq3 = ;-(rhs(eql) =lhs(eql)) : T(%);
4co(1)b(0’.b=%u;b(o b (1.80)
(> TERM43g = expand(TEDS(eql, TERM43e)) : T(%);
%uwm;bw b—% (03co,.b(o " % 0 0w b(o’.b—%e’.beu(o b (1.81)
+%9)_b0)290) b=0

sk ok s sk sk sk sk sk ok s sk sk sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk skoskeosk skosk sk
sk ok s sk sk sk sk sk sk s ke sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk sk s skeosk sk skeoskesk skosk

[ REMAINING TERMS:
16 112

>eq[43] = (;) . (mu +p - (3 ) .(02) -omega[ -a, b]-theta[ - B] + theta- ( (9)
-omega-omega - (;) “(mu +p) ) -P[-a, b]-theta -B] + ( (3) -theta-theta — (i)

-omega-omega + (é) “(mu+3-p) )P[ -a,b]'mu[-B] + (Z) -theta-omegal -a, c]

-omega[ -c, b]-theta[ -B] — (3‘ ) -omega[ -a, d]-omega[ -d, c]-omega[ -c, b]-theta[

-B]1=0:T(%);
1 _ 16 2 b 112 2 5 5 b 5 42
5 (H-I-p 5 m)ma e).b+e( SO~ H 3p)Pa 9,-b+(99 (1.82)
2 2 1 1 b 7 b 1 d b
_? +EM+EP)Pa M’,b+g90)ac(i)c eb_zma (Ddcmc eb
=0
B T(subs(p =0, expand(eq[43])));
1 b 8 2 b 112 b 2 5 b
E“‘”a 9’,,7—?0) o, 9’.b+—9 P,"6, 0 9—?Pa 0.,0u (1.83)




> T(TERM43);

5 b 112 b 2 b 1
_?Pa e,‘be“+TPa 9,,b(0 0+4pP, “O)(D;b_?Pa wuy ., (1.84)

N
2

b

3 b 2 b b
P,7oo, +2P, "opn,tpo, 6, ———o o, 0,

b 2 7
P,"0pu,+—00, o

* 6

olu o,

c b 1 c
o, O)O)),b+4 0, O

=> REMAINDER = expand(lhs (subs(p =0, eq[43]))) — lhs(TERM43) : T(%);

1 b 8 2 b 8 b 2 1 b
“5 ko, 9’.b+?(o o, 9,-b_?Pa m“,-bJFEPa R, (1.85)

b

—2m B

a

1 b
W, — 3 ©, 6p,=0

3
®, 0, mcbe;b—4Pabumw’,b+63—4Pabw .,
b Ly e Pu.e L e e
DW= 0, O, Tyt 0, By,

;to prove the equation, we can try to show that REMAINDER=0
>eq[40]: T(%);

c b e c
0) o, 9;6(0 pT20, o,

80P, o ,+P,"u,+o, "0 ,=0 (1.86)
> temp = isolate(eq[40], P[ -a, b]-mu[ -B]) : T(%);

b b b
P,"n,=80P,"0,-0, "0, (1.87)

[ > reml = expand(TEDS(temp, REMAINDER =0)) : T(%);
2
Lo, be;b+% 0 o, be;b—

%madmdccocbe;b—%maCcocbe’,emeb (1.88)

b 1 b
O 3 o, 6pn,=0

(> eq[41]: T(%):

b b

c b
+to, o 9,-1;""%

S0 0, . W, =0 (1.89)

(> step42b: T(%);

16 2 b_ 1 d b 1 b
(u—Tco)e;bcoa =5 0, o, ‘o, 9,—1;"‘?‘% ou ., (1.90)

> temp = mu-omegal -a, b]-theta[ -B] = ; -omegal -a, d]-omega[ -d, c]-omega[ -c¢, b]

-theta[ -B] + ; -omegal -a, b]-theta-mu[ -B] + 136 -omega-omega-omegal -a, b ]
‘theta[ -B]: T(%);
2
Ho be;b=% o, d(od C(oc ”e’,b+ % o, beu;b+ 13—6 O o, be;b (1.91)




> rem2 = expand(TEDS(temp, reml)) : T(%);

3 d c b 1 c b e c
_Zm“ ®w, O, 9,,b—3(oa ®, 9,,6(0 pT20, 0

b

C

0w, (1.92)

1 b _
— 7 9 ‘o, n,=0
[ > temp = omegal -a, c]-omega[ -c, b]-omega[ - b, e]-theta[ - E]=omega[ -a, d]-omega[ -d, c]
-omegal -c¢, b]-theta[ -B]: T(%);
C

o, wcbwbee;e:wa dmdcm ”e,,b (1.93)

[ > rem3 := expand(TEDS(temp, rem2)) : T(%);

3 d c b | c b e c b
L0, 0, 0, ey,b—zma . 6,0 ,F20, 0, 00, (1.94)
1 b B
—Zcoacmc w.,=0
;from previous file
> read "Seneqs3d" :
> eq[41 ¢]: T(%);
b d b b
8o, ‘0, 00,to, ‘0o, ‘0,0, ,+0, ‘©, "n,=0 (1.95)
[ 50 we have:
> rem4 == rem3 + i-eq[41 cl:T(%);
—%ma dmdc(ocbe;b—%ma c(ocbe;ew eb+%ma Ccocdmdbe;b=0 (1.96)

B temp = omega[ -a, d]-omega[ -d, c]-omega[ -c, b]-theta[ - B] =omega[ -a, c]-omega[ -¢, d]
-omegal -d, b]-theta[ -B]: T(%);

d b d b
o, 0, 0,."0,=0, ‘0, “0,"6, 1.97)
[ > rem5 = expand(TEDS(temp, rem4) ) : T(%):
—%macmcdmdbe;b—%coacwcbe’,ecoeb=0 (1.98)

B temp = omega[ -a, c]-omegal - ¢, b]-omegale,-b]-theta[ - E] =-omega[ -a, c]-omega[ -¢, d]
-omegal -d, b]-theta[ -B]: T(%);

(oaccocbe;e(o =0, ‘o, (odbe;b (1.99)

[ > rem6 = expand(TEDS(temp, rem5)) : T(%):
"LHS is a constant, RHS is a tensor - suggest reverse the equation”
0=0 (1.100)

|_thus completing the proof
sk sfe sie sk sfe sie sk sfe sie sk sfe sie st sfe sk sk sfe sk sk sfe sk sk sfe sk sk sfe sk sk sfe sk sk sfe sl sk sfeosie sk sfe sk sk sfe sl sk sfe sk sk sfe sie sk sfe sk sk sfeosie sk sfeosie sk sfeosie sk sfe sk sk sfe sk sk sfeoske sk sk skeseoske skeskeosk skesk

sk ok s sk s sk sk sk ok s sk s sk sk sk ok s sk sk sk sk sk ok s sk s sk sk sk s sk s sk sk sk sk sk sk skeosk skok sk
sk ok s sk sk sk sk sk ok s ke sk sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk sk sk sk sk sk s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk stk sk skoskeosk ko sk




sk s sfe sk sfe sk ske sk sl s sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk st s sk sk sk sk stk sk sk skeosk sk sk

;and so we have shown:
1 16 2 112
>eq[43] = (2 ) : (mu +p- (3 ) g0 ) -omegal -a, b]-theta[ - B] + theta- ( (9 )

)-(mu +p) ) ‘P[-a, b]-theta[ -B] + ((g)-theta-theta — (i)

3
-omega-omega + (é)-(mu +3-p) )P[ -a,b]'mu[-B] + (Z)-theta-omega[ -a,c]

-omega-omega - (

-omegal - ¢, b]-theta[ -B] — (1 ) -omegal -a, d]-omega[ -d, c]-omega[ -c, b]-theta[

4
-B1=0:T(%);
1 _ 16 2 b 1z 2.5 _ 5 b S
5 (u+p 3 w)o),, e;b+e( o O~ 3p)Pa e,,b+(9e (1.101)
2 2 1 1 b 7 b 1 d b
-3 0 "‘g“"‘jl’)Pa u)_b—i-geoaacwc 0,— 50,0, 0, "0,
0
>
>

> PrintSubArray(eq, 1, 43, yes);
LT, ,=pu,u,

2’Pab:uuab+gab

13, "iff(iff(omega[-a,-b] = 0,0mega[-a]),omega = 0)"




c b_ 2 b b
4o, o, =-0 P, +0 0,
15, —u —Lu —iduu —du,u +o°
> b;a 2 a;b 2 a”’b 2 b™a
1 1 1 1
b+ ucub;a+ ubua c ubuc;a_ uaub

17,6 ,,,=0

I
18.u,,=5 0P, t0,,

a a _ a b
19,” ,'C,'d_u ,'d,'C_R bcdu

20, dottheta + % 0 —2am + % w=0
d fo2 _
21,Pa CPb O)Cd,fu _+_3 e(!)ab—o

1 2
?Pab(’o +Eab:0

_ d
23,Eab_cabcdu cll

22,m,0,—

_ 1 d /
24’Hab_5nae ‘ Ccdbfu “u

25.P 0" u f+%90) “=0

a b a bd _
26,2P “"0 ,+3P 0"’ =0

a a
27, ,~a_2d“ ®,

PbcP dCOd

a

_ 1 d dc 1
28,H,,=5 P, P, 0"+
b c

b c
0) cob’,c—Pa 0 0,,

29,0,,0 "¢ =P,
30, 0 + dotmu =0
31, (W+p) du “+P “"p,

32,du “=0
f"a
33,u,=- ot

3 u=(cl—)p+2w

35,d0tomegaab=-% bow,,

,C



2

39(0

36, dotomega = -
1 2
37,0 (C]p—?CZ(D ) =0

9
38, — (P f)=P  f 4o bf,.b—i or“'r,
ot 3
b c b c b _
39,-3P, o mb’,c—13Pa 0 wc;b-l-zPa W=
40,-80P, "0 ,+P, "0, +0,"6,=0

41, -80w o, "to, ‘o be,.b+(oa bu’,b=0

c

42,(oabdottheta,.b+4(0(x),.b0)ab+% "u,+8w0P Lo, —P, "0, 1
—|—13—60)2 _a’bG’.b—l-(oaabe—%waC(ocb)e;b—l-(%eu;b—E%w(o;bwab
—i—ocoem )Pa b=0

43,%(u+p——m2)0) b+e(%of—%u—%p)1)a”e,.b+(%ez (1.102)
—% 2+%u+%p)P bub—k%ewacwcbeb——a)admdcwcbeb
=0

> save eq, "Seneqs4" :



