;> restart;with(Riemann):with(Tensor Pack): with(Canon): CDF(0): CDS(index):

to vorticity if o ;=0 =>006=0

Author: Peter Huf
| eq72b - omega|a]*cod(-a) contraction of SSSeq72
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> read "EFE" : read "SFE" :read "fids" :read "Seneqs80" :
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;proof of eq72b: We commence with SSSeq72:
>temp = eq[72]:T(%);
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> templ = expand(6-‘l’4-‘p"- (expand(rhs(temp) — lhs(temp) =O))) :T(%);
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;taking the covariant derivative:
> temp2 := cod(templ,-a) : T(%);
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;and contract by omega[a]
> temp3 = expand(omegala]-temp2) : T(%);
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[ > SSSeq72 = ((3* p""2/Psi*2 +1/3) *theta”2-2* (Psi®2 + 1) *omega™2 +1/2*mu + 3
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:Now we use the following identities:

> tempd == p"[-A]=p""-PU-ul[-a]-6— p -P(‘;'c‘z’u[—a]
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: T(%);
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> temps = TEDS(du[ -a]-omegala] =Psi-w2, TEDS(omegala]-u[ -a]=0, expand(omegala |
temp4) ) ) : T(%);
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> temp6 == eq[71]:T(%);
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[ > temp7 == p"[-A]="p""* PU*theta* u[ -a]- p""* PU/ p" *du[ -a]: T(%);
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| and so

> temp8 = TEDS(du[ -a]-omegala] =Psi-(1)2, TEDS(omegala]-u[ -a]=0, expand(omegala ]
temp7)) ) : T(%);
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> temp9 = subs(a=-a,A=-A, mu[A]=PU*theta*ul[a|-PU*dulal/ p") : T(%);
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> templ0 == p[-A]="p"-mu[-A]: T(%);
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> templ1 = expand( TEDS(temp9, expand( MTELS( [temp9, temp10], cod(PU=p + mu,
-a))))) : T(%);
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;hence
> templ2 == TEDS(omega[a]-u[ -a]=0, expand(omegala]-templl)) : T(%);
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;and also
>templ3 == TEDS(omega[a]-u[ -a]=0, expand(omegala]-eq[66])) : T(%);
30 ‘poo,
@10, = (1.15)
> templ4 = TEDS(omega[a]-u[ -a]=0, expand(omegala]-temp9)) : T(%);
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;and so we subs these (temps 5,6,8,9,10,12,13,14) all into the original equation, plus other identities:
>

> templ5 :=fact0r<expand( ‘p"~Psi~expand( TEDS(PU:p + mu, TEDS( omegala]-omega[ -a]

— o, expand( TEDS(dul -a]-omega[a ] = Psi-o , expand( TEDS(omegala]-u[ -a] =0,
expand(TEDS (temp 14, expand( TEDS(temp13, expand( TEDS(temp12,
expand(TEDS (temp 10, expand( TEDS(temp9, expand( TEDS(temp$,
expand(TEDS(temp6, expand(TEDS(temp5, temp3))))))))))))))))))))))))) : T(%);
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> templSa := collect(templ5, [ p"", Psi, omega]) : T(%);
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| from eq72a

> temp72a == (6*mu”2 + 12*mu*p + 6 * p~2) * omega™4 * Psi*6 * p"""= - (-78*mu* p"
¥ p'"=T8Fp* p"* p'" 24 pFmun2* p'" A2 + 24/ plFpA2E p'A2-4% p" * mu
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-162*mu* p" " 2* p"-162*p* p" " 2* p" 4+ 180* p' M -48* *mu* p"* p'"-48*p
*p"E " 436% p'3-8F p'r2) *omega™d + (9Fmut p'r3 +9%p* p A3+ 12
*p"Emur2EF p"t +36F plFpr2* p'"-4/3%* p' 2 *theta”2 + p' M2 Fmu-3* p' 2
*p+8* p*mu* p" *theta”2 +8* p"*p* p' *theta™2 +48* p" Fmu*p* p'")
*omega”2) * Psi®4- ((108* p" "5 +72* p"4) *omega™4 + (72 *mu* p""3* p"
*theta™2 +72*p* p""3* p'" *theta”2-24* p' "4 *theta"2-18*mu* p'"4-54*p
* p" ") *omegat2) * Psi®2 + 108 * omega”2 * p' 6 * theta”2 : T'(%);
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;eliminating P
> templ5b = collect(expand( p' -subs(temp72a, templS5a)), [omega]) : T(%);

(-249° 1 p? — 28 ¥ pp p? + 108 ¥ up? p — 24 ¥ p2 p* + 108 ¥ p p? p” (1.20)
— 120 o + 8 up " + 8 ppp =20 ¥ pP + 108 W' p? p”
F108Y ppt p =252 W pP + 2 W upP p + T2 p pPpt — 180 W P
— 108 pP —8 W' p? — 144 W pP — 48 W pH) o' + (-12¥ up?pr e’
— 12 P 0 24 e — W L 8 — T2 ppt 0+ 144 W P
— 18P — T2 W up pPp 36 W upt — 54 P2 P p 108 W p pt
FAY PO 48 PO 108070 + 6 upt + 18 pp? +36 ¥ up?
+108W pp® +16 ¥ p* 0" +72p° 6" +24 ¥ upt + 2% ppt) o +
—l2p’2‘1’5up”0)a(x),.a—12p'2‘lﬁpp”(x)am’.a+24‘lﬁpA0)00);a
—|-4\P5p’30)aw’,a+36‘1’3p’5(0a(x)’,a+24‘l’3pA0)a(o),a)(o—54pp692

—%‘I"sz64—3\I-’2u2pA—18up692—27T2p2pA—4T’2upA92—12‘}’2ppA9

—18¥ uppt —12p°0" =0

\VARY}

vV V V



VvV V V

vV V V

\Y

templ6 = isolate(expand(templ5-Psi- p"), p"") : T(%);
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| from eq72a:
> temp17 = p""=(-72*Psi"6 *mu”2 * omega™2 * p" " "2-144 * Psi”*6 * mu * omega”2 *p
*p'" A2 4234 * Psi®6 * mu * omega2 * p' 2% p"" -T2 * Psi®6 * omegat2 * p2* p'" 2

+ 234 *#Psi™6 * omega™2 *p * p" 2% p" -T2 * Psi®6 * omega™2 * p" M + 12 * Psi®6
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;subs in temp15:
> templ8 = subs(templ7, temp15) :T(%);
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[> op(40,0p(1, templ8));
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> templ9 = collect(templ8, [omega[ -A4], ®]);
temp19:= (=12 up'p" @, — 129 pp'p" o, +24¥ pP 0 +4¥ pP o, +36¥ p' o, (1.26)

6
+ 24 ‘}‘3p’3 (x)a) oo_, + |30 p”p'u+3O‘P6p”p’p—54 ‘P4],Lp'2p”

4 4 4
— 54 ppPp 424 up'p"+24%¥ pp'p"

+ ! (69 W (-729° 1*p? — 144 ¥ pp p?

6 2 6
181 p 436 ¥ upp + 18 ¥ p2p!

6 6
+ 234 1 p? p =129 P p P+ 234 p P p — 2 p A+ 129 p

6 6 4 4 4
+12W pp'p" —12W pP +486 W up? p"+486 W ppPp"—540 ¥ p°




F 144 WpP p 144 p pP p" — 108 W pP — 324 W pP 424 W P

1 6
216 p®)) + —— ; e (6w
I8Y wp'+36%¥ upp'+18Y¥ p p’

_72\{l6u2p”2_144\P6uppn'2+234\I_16up2pn_72\{;6p2pu2 +234\P6pp2pn
6 6 6 6 4
—RY P 2V up p 12 pp'p" — 12 pP +486 ¥ up”p”
4 3 4 5 4 2 4 2 4 P
+486Y pp"p"—540Y p" + 144 up"p"+ 144 pp~p"—108 ¥ p
324 pP 424 pP —216 W pP)) +4 ¥ pru+4 ¥ pp

6 6 2 6
+ ! (2% up (729 W p? — 1449 up p™”

6 2 6 6
1I8W W p'+36¥ upp' +18¥ pp’

+ 234 1p? p =129 2P+ 234 p pP p — 12 p A+ 129 p
F12¥ " — 129 p? + 486 W' p? p" + 486 W' p pP p — 540 W p?
F 144 1 pP p + 184 W ppPp — 108 W p* — 324 W pP 124 9 P

216 ¥ %)) —96 ¥ pP — 144 ¥ p? — 16 ¥ pP — 16 W' pP — 2 ¥ p*
—72‘P2pA—48 ‘I’zps) 0)4+ —6‘1’4u2p”p'—18 ‘P4p2p”p'

6 2 4 2
+—— : e (6w (-24 ¥ wp?pro
I8YW up'+36%Y upp'+18%¥ p p'

24 P e =216 W up  p 8 — 216 W ppfp e —36 W 1 pPp”

144 wppPp = 2T upt — 108 PP pP p =27 W ppt AW P e

F Y PP 132470 3 upP 9 p P 54 upP + 162 p p?))
I

6 4 2
* 6 2 6 6 2 (69" p* (-24 ¥ up”pe
I8Y wp'+36%¥ upp'+18Y¥ pp’




4 2 2 2 4 2
24 P 0 =216 W Lt p" 0 — 216 ppfp 8 — 36 W 1 pPp”
144 wppPp = 2T upt — 108 PR pP p =27 W ppt AW P e

FW PP 432470 =3 upP +OW p P+ 54V upP + 162 W pp?))
4 2 4 2 4
—4Y 6 p"p'u—4V¥Y 0 p'"p'p =24 up"p'p

+ ! (12¥°up (249 up?pre

18 +36 ¥ upp + 18 ¥ p2p’

24 P p e =216 W up  p e — 216 ppf p e —36 W 1 pPp”
4 4 4 4 4 3 2
— 144 upptp =27 up" — 108 W pPpPp" =271V pp" +4¥ p° o
2 2 4 4
FT2W PP +324p7 0 3 P +OW p P+ 54 upP +162 W pp?))

+ 72070 4459 upP 24 W ppt + 11T ppP + 12 W ppP + 144 W pP 0

4 5 2 2 4 4
+§\Pp'ze F U PO T PP+ IS p pP 18 upf 54 p pt

+24‘P4p’392+16‘1’2p’392) 032—12]9’594—%\Pzp'394—18up592—3‘1’2u2p3

—54pp’592—27‘1’2p2p’3—4‘{‘2up’392—12‘P2pp'362—18‘{"2upp3=0

>
=> convert(templ8, string);

"30*Psi*6*omega™4* p" * p" *mu-+30*Psi6*omega4* p" * p" Fp-54*Psi 4 * p" 2% (1.27)
omega™4* p" *mu-54*Psi"4* p" " 2*omega™4* p" *p +24*Psi"4*omegat4F p" * p' E
mu+24*Psi®4*omega”4* p" * p" *p-6*Ps1™4*mu”2* p" *omega"2* p' - 18*Psi4*pi2*
p" *omega2* p" +6*PsiN6*mu”2*omega”4*(-72*Psit6*mu”2*omega”2* p"" A 2-144*
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Psi®4*mu*p* p" 2% p" -27*Psi®4*mu* p" "4 +24*Psi*4*omega2* p" *3-108*Psi*4*
pr2* p"A2* p" -2 7*PsiMEp* p" N4 +-4%PsiM4* p" A3 *theta”2-216*Psi*2*omegat2*
pAS+HT2%Ps1A 2% p" A 5*thetat2 +324* p" AT *theta”2-3*Psi®4*mu* p" 3 +9*Psi"4*p*
U3 +54*PsiA 2 *mu* p" NS +162*PsiM2*¥p* p" A5)/(18*Psit6*mu”2*omega 2 *

" +36*PsiM6*mu*omega”2*p* p" +18*Psi*6*omega2*p 2*'p" ) +6*Psi6*
omega™4*p”2*(-72*Psi*6*mu”2*omega”2* p" *2-144*Psi"6*mu*omega’2*p*

" 2+234%Psit6*mutomega2* p" A 2* p"-72*PsiN6*omega 2 ¥p 2% p" 2 +234*
Psi®6*omega”2*p*'p""2* p" -72*Psi"6*omega™2* p" "4+ 12*Psi*6*mu*omega”2*
pUFp" +12*Psit6*omega2*p* p" * p" -12*PsiN6*omega2* p" 3 +486*Psi*4*mu*®
omega’2* p"3* p"" +486*Psi"4*omega2*p* p" *3* p" -540*Psi4*omega”2*

p" A5+ 144*Psit4*mu*omega’2* p" 2% p'-24*Psit4Fmu* p" 2% p'" *thetat2 144 *
Psi*4*omega™2*p* ' p" 2% p""-108*Psi"4*omega”2* p" "4-24*Psi4*p* p" 2% p" *
theta”2-216*Psi"2*mu*'p" 4% p" *theta"2-324*Psi"2*omega”2* p" "6-216*Psi"2*p*
p4* p" *theta2-36*Psit4Fmut2* p 2% p" - 144 *Psit4F mutp* p" 2% p'-27*
Psi*4*mu*'p" 4 +24*Psi*4*omega”2* p' " 3-108*Psi4*p/2* p" " 2* p"" -2 7*Psi 4 *p*
"M +4*Psit4* p A3 *theta2-216*Psi*2*omega”2* p" NS+ T72*PsiA2* p" A5 *
theta"2+324* p""7*theta”2-3*Psi*4*mu*'p" "3 +9*Psi*4*p*'p" "3 +54*Psi"2*mu*
pAS+H162*PsiM2*p* p""A5)/(18*Psi6*mu”2*omega”2* p" +36*Psi*6*mu*omega’2*
p*'p" +18*Psi®6*omega2*p"2* p")-4*Psi*4*theta”2* p" *omega™2* p" *mu-4*
Psi*4*theta”2* p" *omega™2*'p'" *p-24*Psi*4*mu™* p"" *omega"2* p" *p +4*Psi"6*
omega™4* p" *mu+4*Psi"6*omega™4* p" *p+24*Psi*5*omega* p" "3 *omega[a]*
omega[-A]+4*Psi*5*omega* p""2*omega[a]*omega[-A] +36*Psi"3*omega*'p'" "4*
omegala]*omega[-A]+24*Psi"3*omega* ' p"*3*omega[a]*omega[-A] + 12*Psi*6*mu*
omega™4*p*(-72*Psi*6*mu”2*omega”2* p"* *2-144*Psi*6*mu*omega”2*p*

" A2+234*Psit6*mutomega2* p" A2* p"-72*PsiN6*omega 2 ¥p 2% p" 2 +234*
Psi®6*omega”2*p*'p" "2* p" -72*Psi"6*omega™2* p" "4+ 12*Psi*6*mu*omega”2*
pUFp" +12*Psit6*omega2*p* p" * p" -12*PsiN6*omega2* p" 3 +486*Psi*4*mu*®
omega’2*'p"3* p"" +486*Psi"4*omega2*p* p" *3* p" -540*Psi4*omega”2*

p" A5+ 144*Psit4*mu*omega’2* p" 2% p'-24*Psit4Fmu* p" 2% p'" *thetat2 144 *
Psi*4*omega™2*p* ' p" 2% p""-108*Psi"4*omega”2* p" "4-24*Psi4*p* p" 2% p" *
theta”2-216*Psi"2*mu*'p" 4% p" *theta"2-324*Psi"2*omega”2* p" "6-216*Psi"2*p*
p4* p" *theta2-36*Psit4Fmu2* p A 2* p" - 144*Psit4Fmutp* p" 2% p'-27*
Psi*4*mu*'p" "4 +24*Psi*4*omega”2* p' "3-108*Psi4*p/2* p" 2% p"" -2 7*Psi 4 *p*
"M +4*Psit4* p A3 *theta2-216*Psi®2*omega2* p" NS+ T72*PsiA2* p" A5 *



theta"2+324* p""7*theta"2-3*Psi*4*mu* p" "3 +9*Psi"4*p*'p" "3 +54*Psi"2*mu*
pAS+H162*PsiM2*p* p""AS5)/(18*Psi6*mu”2*omega”2* p" +36*Psi*6*mu*omega’2*
p*'p" +18*Psi*6*omega2*p 2*'p")-12* " p" *5*theta™4-4/3*Psi”2* p" 3 *theta™4-18*
mu* p"5*theta”2-3*Psi"2*mu"2* p" 3-54%p* p" " S*theta"2-27*Psi " 2*p/2* p" 3-96*
Psi*6*omega”4* p""3-144*Psi*4*omega”4* p""3-16*Psi*6*omega™4* p" " 2-16*
Psi®4*omega”4*'p"*2-72*Psi"4*omega”4* p" "4-72*Psi*2*omega™4* p" "4-48*Psi 2 *
omega™4* p" "3 +72*omega”2* p" 5*theta"2-4*Psi"2*mu* p" 3 *theta"2-12*Psi " 2*p*
p"3*theta"2 +45*Psi*4*mu*omega”2* p" 3 +24*Psi"2*mu*omega’”2*'p""3-18*
Psi®2*mu*p*'p" "3 +117*Psi*4*omega’2*p*'p" "3 +72*Psi*2*omega"2*p*
p"3+144*PsiM2*omega’2* p" A S*theta2 +8/3*PsiM4*omega”2* p" 2 *theta"2 +24*
Psi"2*omega”2*'p" *4*theta"2 +7*Psi*4*mu*omega”2*'p" "2 +15*Psi*4*omega’2*p*
P24+ 18*PsiM2*mu*omega’2* p' 4 +54*PsiN2*omega 2 *p* p" "4 +24*PsiN4*
omega’2*'p" *3*theta"2 +16*Psi*2*omega”2*'p'" *3*theta"2-12* p" *Psi*5*mu*
omega*'p" *omegala]*omega[-A]-12*"p" *Psi*5*omega*p*'p" *omega[a]*omega[-A] =
0"



