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

Chapter XX

Tensor analysis using indices - Senovilla et al. - Shearfree for
acceleration parallel to vorticity

if & . b=0 =>ue=()
Author: Peter Huf
file 2d:eqS9

> read "EFE" : read "SFE" :read "fids" :read "Seneqs80" :

_proof of eq55:
We commence with time dilation of equation 56:

> eq[59] == Pla,-b]-dotomega[b] = (‘p" — g ) -theta-omegala]: T(%);
p

a b __ ' & a
P =, dotomega —( 3 )Goo (1.1)
| proof:
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;We commence with eq25:
> temp = eq[25]: T(%);

Pabdotomegab-l-%e(oa—%nadeubduc;aFO 1.2)
(> oq[54]: T(%):
PPy g 5 PP 00, (13)
> eq[11]: T(%):
Oup=MNypes® ‘u’ 14
:andwedeﬁne
> temp2 := TEDS(eq[11], temp) : T(%);
Pabdotomegab-l—%ema—%n adeubduc,,dZ() 1.5

> temp3 = TEDS(eq[ 111, eq[54]) : T(%):

(1.6)



1 d 1 d _ f
_EP“ CPb dud’,c+3Pb cPa dud),c—p Gnabefo) “u
[ > temp4 := Absorbg(TEDS(P[-b,c]=g[-b,c] +ul[-bl-ulc], temp3)) : T(%);
1 d 1 d 1 d _ f
_EP“ CPb dud’,c+3Pa du ;. u cub+3Pa du ; ,=p Gnabefo) “u
[ > temp5 = Absorbg(TEDS(P[ -a,d]=gl[-a,d] +u[-al-uld], temp4)) : T(%);
—%Pa CPb ddud,.c-l—%dud;cu “u duaub—l-%dua;cu Cub—l-%dud’.bu dua
1 o, f
+ E dua;b_p enabefOJ eu
[ > temp6 = Absorbg(TEDS(P[ -a,c]l=g[-a,c] +ul-al-ulc], temp5)) : T(%);
1 d 1 d 1 d 1
_pr d”d;c” c”a_EPb d”d;a—i'gd“d;c” “u ”a“b+3 dua;cu cub
1 d 1 _ f
+o du ., u u,t du , ,=p'OM 4, O “u
> temp7 = Absorbg(TEDS(P[ -b,d)=g[-b,d] +ul[-bl-uld], temp6)) : T(%);
1 1 d 1 1 1 d
3 du, . u cua—zdud’.au “b_zd”b;a‘i'fd”a;c” cub-l-zdud;bu u,
1 ,
+ du , ,=p'OM ;0 ul
;multipying by eta
> temp8 = etala, b, g, h]-temp7 : T(%);
bgh 1 1 d 1 1
n“*’e (—E duy u cua—Edud;au ub—Edub;a-l—?dua;cu Cub
d abgh

1 1 B , f
+3dud’,bu ua-l-gdua’,b)—n pGnabef(J) “u

=> temp9 := Absorbd(Absorbd(expand( TEDS(etala, b, g, h]-eta[ -a,-b,-e,-f]1=-4
-antisymm(delta[g,-e]-delta[ h,-f 1, g, h), temp8)))) : T(%);

1 abgh c 1 abgh d 1 abgh
—En duy  u ua—En du ; ,u ub—?n duy .,
1 bgh 1 bgh d 1 bgh _
+3” “avE a’ua’.cu cub-l-zn “avE a’ud,,bu ”a+3n “ans dua’.b—

-2p'0m fu h+2p'90) T
> templ0 = expand(ul -g|-temp9) : T(%);

1 abgh

c 1 d 1 abgh
—Eugn dub’.cu ua—Eugn —

abgh c L
+ S u,m du, u u,+ U n

du b;a
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1 bgh , h ' h
+Eugna g dua’,b=—2p9(x)gu ug+2p90) ugug

> templl == expand(TEDS(u[ -g]-omega[g]=0, templ0)) : T(%);

1 bgh 1 bgh d 1 bgh
—zugna £ duy u Cua—Eugna £, u ub—Eugna £ ldu, ., (1.14)
1 bgh | b gh d
—l—zugna & dua;cucub—i-zugna & du y u "u,
1 bgh , h
+Eug1‘|a & du, ,=2p'6® ugug
> templ2 = expand(TEDS(u[ -gl-ulgl=-1, templl)) : T(%);
1 bgh 1 bgh d 1 bgh
—Eugna & Vduy u cua—zugna & Mdu y ,u ub—zugna £ Mduy ., (1.15)
1 bgh 1 bgh d
+Eugna § dua’.cucub—l-gugna § du g u "u,
1 b h ' h
+Eugna & du, ,=-2p' 8o
> templ3 = expand(TEDS(etala, b, g, h]-u[ -gl-u[ -b]1=0, temp12)) : T(%);
1 b gh | b gh | b gh d
—Eugna & du u Cua—zugna & dub’,a-l-Eugna & du ; u u, (1.16)
1 bgh , h
+Eug1‘|a & du , ,=-2p'0m
> templ4 = expand(TEDS(etala, b, g, h]-u[ -gl-u[ -a]=0, templ3)) : T(%);
1 bgh 1 b gh _ ' h
—?ugna & dub,,a-l-zugna & du , ,=-2p'0m (1.17)
> templ5 = expand(TEDS(etala, b, g, h]-du[ -b,-A]=-etala, b, g, h]-du[ -a,-B], templ4) ) :
T(%);
un " N, =-2p00" (1.18)

> templ6 = subs(g=d,b=c,B=C,a=b, h=a, expand(TEDS(etala, b, g, h] =-etal[ h, a, b,
gl templ5))) : T(%);
“u gdu, M ab Cd=—2p’60) “ (1.19)

;re — arranging the indices:
>templ7 = -expand(TEDS(u[ -d]-du[ -b,-Cl=u[ -b]-du[ -¢c,-D], templ6)) : T(%);

n N du, ~2p 00 (1.20)

>
[ > temp18 == TEDS(temp17, eq[251) : T(%);

Pabdotomega b+%em”—p'em“=0 (1.21)

[ > templ9 = factor(templ8 —op (2, op(1, templ8)) —op(3,o0p(1, templ8))) : T(%);




P “, dotomega b=% 3p'—2)00 ° (1.22)
;which is eq59a
>eq[59] == templ9:T(%);

P abdotomega b:% 3p'—2)6w“ (1.23)

[ > convert(templ9, string);
"P[a,-b]*dotomega[b] = 1/3*(3*"p""-2)*theta*omega[a]" (1.24)
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>
> temp2( = Absorbg(expand( TEDS(Pla,-b]=gla,-b] +ula]l-u[-b], templ9))) : T(%);
u“u , dotomega b + dotomega “ = —% 0w “+p' 0 “ (1.25)
contracting with @
> temp21 = expand(omegal -a]-temp20) : T(%);
®, u aubdotomega b—i—maa’otomega ?= —% 0,00 a—i—coap’e(n “ (1.26)

[ > temp2?2 = expand(TEDS(omegal -al-ula]=0, temp2l)) : T(%);

2 :
® , dotomega a=—?0)a90)a+0)ap ow (1.27)

> temp23 = expand(TEDS(omega[ -a]-omegal a | = omega-omega, temp22)) : T(%);

® , dotomega “=- % 0 0)2 +p'6 032 (1.28)

| Now
> temp24 = dotT (omega[ -a]-omegala ] =omega-omega) : T(%);

o “ dotomega . T O, dotomega “=2 ® dotomega (1.29)
> temp25 = expand(TEDS(dotomegal -a]-omegala | =dotomegala]-omega[ -a], temp24)) :
T(%);
2 ® ,dotomega “=2 o dotomega (1.30)
> temp26 = factor(expand( TEDS(temp25, temp23) ) ) T(%):
omega
dotomega = % w0 (3p'—2) (1.31)

(which assumes ® # 0)
| This is eq59b
>




