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

_Chapter XX
Tensor analysis using indices - Senovilla et al. - Shearfree for dust - page 2 - if

c ,=0=>00=0
ab

Author: Peter Huf
file 2a-eqs 13-14

> read "EFE" : read "SFE" :read "fids" :read "Seneqslc" :

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

| Equations 13 - zero vorticity
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

>

> eq[13] == convert('omegal -a,-b]=0 iff omega[ -a ] iff omega=0", string);

eqy = "iff(iff(omega[-a,-b] = 0,0mega[-a]),omega = 0)" (1.1
j*************************************

| Equations 14ab - properties of vorticity
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

;From eq 11 the identities are derived
>eq[14] == omega[ -a, c]-omega[ -¢, b]=omegal -a]-omega[ b ]-omega-omega-P[ -a, b]:

T(eq[14 ]); ,
b_ b b
o,0,"=-0P,"+0, 0 (1.2)
> eq[14 a] := omega[ -a, c]-omega[ -c, b] =omega[ -a]-omega[ b ]-omega-omega-P[ -a, b]:
T(eq[14 a]);
h_ 2 b b
o, 0,"=-0P,"+0, 0 1.3)
> eq[ 14 b] := omega[ -a, c]-omega[ -c, d]-omega[ -d, b] =-omega-omega-omegal -a, b] :
T(eq[14 D]);
d b 2 b
o, 0,0,"=-0 0, 1.4)
;Proof of eq 14a (proved):
> proof[14 a]l == eq[14 a]: T(%);
o, CcocbZ—(ozPab—l-(oa(ob a.5)

=>pr00f[14 al] == lhs(proof[14 a]) : T(%);

(1.6)



®, O, (1.6)
(> subs(-b=c, eq[11]) : T(%):
o, =1, 0 u’ (1.7)
=>pr00f[l4 al] == TEDS(subs(-b=c, eq[11]), proof [14 al]) : T(%);
o, n, o u’ (1.8)
(> subs(-b=b,-a=-c,e=h, f=i, eq[11]) : T(%):
o, =n," o u’ (1.9)
=>pr00f[14 al] == TEDS(subs(-b=b,-a=-c,e=h, f=i,eq[11]), proof[14 al]) : T(%);
M, oo ‘u'n, 0 (1.10)

;an identity for eta is:
>eta[-a,c,-e,-fetal-c, b,-h,-i]=g[-a,-d]-g[ -e,-j1-g[ -f,-k]-g[b, []-eta[d, c, j, k]-eta[
~¢,~1-h,=i): T(%);
Il dcjk

b b
Ny “eMe 3i=€aa€ei€p& M Noini 1.11)

;swapping the first 2 indices (equivalent to multiplication by -1)
> temp = eta[ -a, ¢,~e,~f]-eta[ -¢, b,~h,~i]=-g[ -a,~-d]-g[-e,~j1-gl -f,-k]-g[b, ]-eta[c, d,
Jrkl-eta[ -¢,-L-h,-i]: T(%);

Mo oMo ni=Caa€ei&p€ M s (1.12)
=>
=>
:now substitute in the main equation:
> proof [ 14 al] := TEDS(temp, proof [14 al]) : T(%);
oy o "y igadgejgfkgbln cdjknc””_ (1.13)

=> temp = etalc, d, j, k]-eta[ -c,-1,-h,-i] =- 6-antisymm(delta[ d, - []-delta[ j,- h]-delta[ k, - i],
d, k) :T(%);

ne =880, 87 +87, 87,88 +88,87,89,-87,8%,87, (1.14)
-8787,8% +89,8%, 57,

(> proof [14 al] == TEDS(temp, proof [ 14 al]) : T(%):

o‘ulo"u'g, 8,88 (858987, -878%58" 887,87 (1.15)
+87,8%,87 +5787,8%,-578%,57)

=> expand(proof [14 al]) : T(%);

Sdhﬁjiﬁklgblgadgejgfkco ‘o"ulul (1.16)

d j k bl h j
-89,87,8%.¢ gadgejgfkwe(o u'ul




d i k bl h j
-8°087,8%g gadgejgfk(necn u'ul

d i k bl h j
+869.87,8%, ¢ gadgejgfkwew u’u

d j k bl h j
+89,87,8" g gadgejgfk(x)e(z) u'u’

d i k bl h j
-8987.8", ¢ €ad8ei8 k® ‘otuly’
[ > temp = Absorbd(Absorbd(Absorbd(proof 14 all))) : T(%);

b1 h j bl h ]
g gahgeigflo‘) ‘o uful_g gahge[gfjwe(o uful 1.17)

bl h i b1 h .
—8  84i8cn8s1® ‘o"u’u'+g gal.ge,gfho)em ulu’

f f

bl h i bl h .
+g ga;gehgfi(x)e(o u ul—g galgel.gfha)eco u’u'

=> temp = Absorbg(Absorbg(Absorbg(Absorbg(Absorbg(temp))))) : T(%);

g4 bgehgfi(ﬂ ‘o "uu i—ga bgel.gfhm ‘o"uu+o0 o huhua (1.18)
—® bwauiu i_whw " u bua—l-wl.coau bul

=>Subs(a=i, id[1]) :T(%);

w'u,;=-1 (1.19)

=> temp = expand(TEDS(subs(a=1,1d[1]), temp, )) : T(%);

g, 8800 ulu—g g g 0% Ty vo 0 Ty, (1.20)
—0,0 " bua-l—(nl.(oau b "+ o bwa

=> temp = expand( TEDS(subs(omega[ -i]-u[i]=0), temp, )) : T(%);

g, 8800 ulu—g g g 0% Ty vo 0 Ty, 1.21)

h b b
—0,0 u ua—l—m o,

> temp = expand(TEDS(subs(omega[/h]-u[ -h]=0), temp, )) : T(%);
b e _hf i b e hf i h b b
8y Len&pi® ® uu —g, 8,80 O u'u —0,0 u u,to o, (122)

_>pr00f[l4 al] == temp : T(%);

g, bgehgfl.(x) ‘o "y i—ga bgeigfhco ‘o "y i_(l)h(l) " bua—i-co b(oa (1.23)
=>Sh0w(id);
table( 1=(uau_a=—1),2=( _a’a=4),3=(ga’ _a=4),4=(dua=ubua’b,,),5=<® (1.24)
Sty —qr)s 6= (0, = % PPy atig-an™ % OP , 7+ % Py Py ateg -ar

1 1 1
- E ®P—b, —a)’7: ((D_a’ —b:E P—a,cP—b,duc,d”_ 5 P—b,cP—a,duc,d”)’gz ((Da




1 1
- E na, b, ¢, du—b (D—c, —d)’ 8= (du—au—b + u—a, —b"= ? GP—a, -b + G—a, -b

1
To_, —b)’ =P puy=0),10=(P, , Py =P, ), 13= (g—a, b~ 5 &-a-b

a,

1 1 1
+ E 8-, —a)’ 12= (P—a, b~ E 8-a, -b +u—au—b + ? E-p, —a) })

=> deq[1]) = Pl-a,bl=g[-a,b] +u[-al-ulb]:T(deq[1]);

P, 0=uu’+g,” (1.25)
(> proof [14 ar] = rhs(eq[14 a]) : T(%):
o P, '+, (1.26)
=> temp = expand(TEDS(deq[ 1], proof 14 ar])) : T(%);
wulu ~og,"+o'o, (1.27)

=> proof [ 14 ar] := expand( TEDS(omega-omega =omega[ -/ |-omegal /], temp) ) : T(%);
—mhmhubua—gabmhmh+cobma (1.28)
> proof [ 14 al]: T(%):

g, bgehgfl.(z) NORETRAT i—ga bgeigfh(:) ‘o "y i—(oh(o " bua—l-(:) b(oa (1.29)
=> proof [14 al] — proof [ 14 ar];

8 0 b8 -n8—f i OO UM, —L_ 1 & & OO UUtE 00, (1.30)
=>Subs(g[b,—a]=g[—a,b], %);

8 b8 e n& WO UU—TE 1,8 o ;84 OO UUTE OO, (1.31)

thus prOVing eql4a*****************************************************************
sk sk s sk sfe sk sk sk ol s ke sfe sk sk sk sk s sk sfe sk ske sk sk sk sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk sk skeosk skok sk

> eq[ 14 a] := omega[ -a, c]-omega| -c, b] =omega[ -a]-omega[ b |-omega-omega-P[ -a, b]:

T(eq[14 a]);
b_ 2 b b
o, 0,"=-0P, "+ o, 1.32)
> eq[ 14 b] := omega[ -a, c]-omega[ -c, d]-omega[ -d, b] =-omega-omega-omegal -a, b] :
T(eq[14D]);
o, chdwdb=—w2mab (1.33)
;Proof of eq 14b (proved):
> lhs(eq[14 b)) : T(%);
d b
o, 0, ‘0, (1.34)

;subs b=d in eql4a gives
> temp = subs(b=d, eq[14 a]) : T(%);

(1.35)



2
o, 0,=-0P, "+o ‘o, (1.35)

a c

=>pr00f[14 bl] == expand(TEDS(temp, lhs(eq[14 b]))) : T(%);

P, %0, 0% 0, (1.36)
=> omegalh]-u[ -h]=0;
o, u_,=0 (1.37)
=>pr00f[14 bl] == expand( TEDS(omega[ -d, b]-omega[d] =0, proof [14 bl])) : T(%);
_(sza o, (1.38)
=>proof[14 bl] == expand(TEDS(P[ -a,d]=g[-a,d] +ul[ -a]l-uld], proof [14 bl])) : T(%);
oo, —og, ‘0, (1.39)

=>pr00f[ 14 bl] == expand( TEDS(omega[ -d, b]-u[d]=0, proof [14 bl])) : T(%);

og, o, (1.40)
> Absorbg( proof [ 14 bl]) : T(%):

o, (1.41)

thus prOVing eql4b*****************************************************************
sk 3k s sk sfe sk sk sk sk s sk sfe sk sk sk sk s sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk sk skeosk sk sk

>

[ > save eq, "Seneqs2a" :
;go to page 2b
> read "Seneqs2a";

eq = table( L= (TensorPack:-T_, _,=pu_,u_y),2= (P p=t_yuiy 8, )3 (1.42)

1
= (Pa’ _busz),4= (an:”bXa, —B)’ 5= (d”a:”b”a, _B),6= (u_a’ —B:? GP_a’ b

-l-G_a’ _b+(0_a’ _b—du_au_b),7= (GZua’ _A), 10b= (n_ﬁ g -a. IR

1 1
o E n—ﬁ -g, -a, —ena, b, ¢ du—b 0)—C, —due ? 9= O)—a, -b 3 P‘a, CP‘b, du‘C, -D

1

- E P—b,cP—a,du—c, —D)’ 8= (G—a, —b: E P—a,cP—b,du—c, -D

+LP P —LGP 11 = = 10 =
2 PonePaatoe D™ 3 0P [ 1= (0 =N o Q). 10={ O,
1

> N pcalp® _d), 13 ="iff(iff(omegal[-a,-b] = 0,omega[-a]),omega = 0)", 12




_(.2_1 _ _ 2 _
- ((0 T2 O, 5 P-4, —b)’ 4= (m—a,cm—c,b__m P-a,b—i_mbm-a)’ llml—((oa’ -b

2
=N, —d”d(’)c)’ 14a= ((o_ O ,=-0 P_a’b—i-(obw_a), 14 b

ac -¢b

_ — o =L
_(m_a’cm_cjdoo_djb——m co_a’b),IOa—(oob— ) Ny o rgt-e @y _g),llmz

2
= (o)a’b=na, 5 e _fuf(oe), 11 m= ((o_a’ e IR -d”d(’)c)’ 12b= ((o

=o)am_a),7a=(9=”d, —D)’lza:(wzzéa)a,ba)—a, —b”)
> PrintSubArray (eq, 1, 14, y);
l,Tapruaub
2P p=uu,yt g,
3,P % u’=0
4,dX “=u "X,

5,du “=u b a,b

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

14,coacmcb=—0)2Pab+0)bma (1.43)




