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| > restart;
| > with(Riemann):with(Canon):
> with(TensorPack) : CDF(0) : CDS(index) :
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if o =0=>00=0
ab

Author: Peter Huf
| file 2b: eqs 15-19

> read "EFE" : read "SFE" :read "fids" :read "Seneqgs2a" :

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

Equation 15 - relation between the antisymmetric omponents of the covariant derivative of

| velocity, acceleration and vorticity
sfe sk sk st sk sfe st sk sk ske sk sfe st sk st sk sfe st sk skeoske sk sfe steoskeosieoske s sk skeskoskeske sk sk

[ The following is an important identity that follows from the antisymmetry of eq 6:

B eq[15] = antisymm(u[ -b,-A),-b,-A) =antisymm(du[ -al-u[ -b),-a,-b) + omegala, b] :

T(eq[15 1);
%ub;a—%ua’_bZ%duaub—%dubua—l—a)ab (1.1)
=> eq[16 a] := antisymm(u[ -c]-u[ -b,-A],-¢,-4) =0:T(eq[15 ]);
%ub;a—%ua’_bZ%duaub—%dubua—l—a)ab (1.2)
=>eq[16b] := omegal -a,-b]=0:T(%);
®,,=0 1.3)

_ifeq 15a <=>eql5b

or, written in text:

u[cub;a]:0<:>0‘)abzo

Proof: . This equation is used by Senovilla, but not in our current proof.
;The full version of eq 6,

> eq[6] = ul -a,-B] = (
‘ul-b]:T(%);

UJ‘»—A

J- theta-P[ -a,-b] + sigma[ -a,-b] + omega[ -a,-b] — du[ -a]
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_ 1

U, 39Pab+0ab+(’)ab_d“a”b (1.4)
:reduces with 6=0 to:
> proof [15] == u[ -a,-B] = (;) theta-P[ -a,-b] + omegal -a,-b] —du[ -a]-u[-b]:
I'(%);
U= O+ 0, —duu, 1.5)

| The antisymmetric component is

> proof [15] == antisymm(u[ -a,-B),-a,-B) =expand( (1 ) - theta-antisymm(P[ -a,-b] ,-a,

3
-b) +omega[ -a,-b] —antisymm(du[—a]~u[—b],—a,—b)) :T(%);
L Ly, —Lep —Lop L L 1
2ua;b_2ub;a_6 ab_6 ba+(’oab_2 uaub+2 upi, (1.6)
[ since P 2 b 18 symmetrical:
> proof [15] == expand(TEDS(P[ -a,-b]=P[-b,-a], proof[15])) : T(%);
1 1 1 1
Eua;b_?”b;a:(‘)ab_zdua”b"'_?d”b”a 1.7)
;which is eql5.
[ ottt R R R R
| Equation 16 - extension of eq15
[ ottt R R R R
>eq[16] = antisymm(u[ -c-u[ -b,-A),-¢,-A) =0:T(%);
1 1 1 1 1 1
3 u g, ., t 3 u iy, + 3 Uyl o™ 3 Uyl .~ 3 Uyt 3 u u. ;=0 (1.8)
;Now
> proof [16] = antisymm(u[ -cl-u[ -b,-A),-¢,-A) =0:T(%);
1 1 1 1 1
3 u i, gt 3 U iy, =+ 3 Uy, 3 Uyl oy 3 U,y .+ 3 u u.,=0 (19
;and
>;-proof[15]:T(%);
1 1 1 1 1
g”a;b_g“b;a:?mab_gd”a”b'i'gd”b”a (1.10)

> proof[16] == expand(TEDS(;-proof[lS],proof[l6])) : T(%);

1 1 1
_?uc(’)ab—’_gucduaub_gucdubua—i_gubua;c__ubu

1
+E uauc;bZO




>subs( -a=-d,-A=-D,-b=-¢,-B=-C,-d=-b,-D=-B, ;-proqf’[IS]) T(%);

1 1 1 1 1
g”b;c_g”c;b:?wbc_gd“b”c_'_gd“c”b (1.12)
> proof[16] == expand(TEDS(subs(—a =-d,-A=-D,-b=-¢,-B=-C,-d=-b,-D=-B, ;

-proof[lS]),proof[l6])) :T(%);

1 1 1 1 1
_?ucmab+gucduaub+gubua;c_gubuc;a_?uawbc_guaducub (1.13)
=0
>subs( b=-c¢,-B=-C, *proof [15] ) T(%
Lu ——u :L ——duu—l—iduu (1.14)
6 6 <4 3 6 6 ’

> proof [16] = expand(TEDS(subs( b=-c¢,-B=-C, 1 proof[lS]),proof[M])) T (%);

3
—%ucmab-l—?ubwac—%uambc:O (1.15)
=>proof[l6] = expand(ula]l-proof[16]) : T(%);
—%uaucwab-l—%uaubmac—%uauambcz() (1.16)
=>pr00f[16] = expand(TEDS(id[ 1], proof[161])) : T(%);
—%uaucwab—i-%uaubmac-i-%mbc:() (1.17)
=>pr00f[16] = expand(TEDS(omega[ -a,-b]-u[a]=0, proof[16])) : T(%);
%u “ubmac—i-%mbczo (1.18)
=>pr00f[16] = expand(TEDS(omega[ -a,-c]-ula]=0, proof[16])) : T(%);
iwao (1.19)

thuspﬂndngeqs15and16***********************************************************
sk ok s ke 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 sk sk s sk sk sk sk sk s sk sk skeosk sk skeoskeskoskosk

>
>k ok s ke s sk sk sk ok s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk skeosk skok sk sk kosk

| Equation Frobenius thearem
>k ok s ke s sk sk sk ok s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk skeosk skok sk sk kosk

According to Frobenious therem, there exist locally functions f and h such that
u =hf,

_if and only if the rotation vanishes
>k ok s ke s sk sk sk ok s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk skeosk skok sk sk kosk




| Equation 17 absence of shear
>k ok s ke s sk sk sk ok s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk skeosk skok sk sk kosk

>eq[17] == sigma[ -a,-b]=0:T(%);
c6,,=0
| This assumption is made for the remaining paper.
sfe sk sk st ske sk sk sk sk sk ske sk sk sk st sk ske sk sk kst sk sl skeskeoskeoske s skeskeskoske sk sk skeskosk

| Equation 18 Identity of eq6

sk s sfe sk sfe sk ske sk sl sfe sk sfe sk ske sk sk sk sk sfe sk ske sk sk skeoske sk sk skeosk sk sk skoskosk

| We commence with the identity:
> EFE[1]:T(%);

ub;a

;which reduces to (with the dust assumptions):
>eq[18] == SFE[1]:T(%);
1
_ c
Up = U Uy U +?ehab+mab

>k ok 3 ke s sk sk sk ok s sk s sk sk sk sk s sk s sk sk sk sk sk s sk sk skeosk skok sk sk koo

| Equation 19 Ricci identities for velocity
>k ok 3 ke s sk sk sk ok s sk s sk sk sk sk s sk s sk sk sk sk sk s sk sk skeosk skok sk sk koo

| Using the Ricci identities for velocity:

a a b

5 oa
u lﬁd__u ;dl;_R bcdu

:the time propogation along u produces eqs 20, 21, 22 - see next file.

> save eq, "Seneqs2b" :

=_ua1/lb’,cu C+%ehab+6ab+ﬁ)a

b

>eq[19] :==ula,-C,-D] —ula,-D,-C]=R[a,-b,-c,-d]-u[b]: T(%);

;gotopage3
> read "Seneqs2b";
2
eq = table( 14 a= ((z)_a O, =m0 P, b+0)b0)_a), 1= (TensorPack_-_T_a b
p— p— 2_ p— J— p—
—pu_au_b), 12b_ (0.) _O)a(D_a),z_(P_a’ _b_u_au_b—i_g_a’ _b),3_(Pa, _bub
1
=0),4:(an=ubXa, _B),SZ(duQZubua’ —3)96:(”—41, _BZ?OP_% —b+0_a b
1
+o_ _, —du u_b),7=(9 u, _A),9 (0) ; b_jp—a,cp—bd“—c D
LP P 8= —LP P
- 2 -b, c —a,du—c, -D |° G—a b 2 -a,c’ -b du—c -D
! ! 11= = 10=
—i-?P_b,CP_a’du_c’ D3 0P, 4| —(m_a) e IR —f(’)e”f)’ 0=|o

(1.20)

(1.21)

(1.22)

(1.23)

(1.24)



2 1 1 1 1 1
= ((,o =5 ®, 0, —b)’ 15= (3 U oa™ 5 Ueg B~ 5 du_,u_, — 5 du_,u_,

1
+ 50, ,+o b),19 (e - -0ty -1 =Ry 5 o _qtty) 16=(
1 1 1 1
h 6 u. u_, —B+ 6 u_ u_p, —A+ 6 U pU g -c— 6 U pU ¢ 4™ 6 U_U_p -C

=(o, ,=0).1lm2=(w, =0, , o) llnl=(o
_ am(-L 1 1
_na’ b _dud(l)c), a=| - 6 u_ u_, gt 5 u_ u_y 4T 5 U u_, ¢

_%“—b”—c, _A—%u_au_b’ -c+%”-a”-c, _BZO),7a=(9=udj _D),12a=(0)
=% ®, 0, _b),10b=(n_ﬁ g —a, - D te
1 1
= Nt g o -eMabeas P _due), 10a= (wb:Enb,e,ﬁgu—em—ﬁ _g), 14 b
- (m—a,cm—c,dw—d, b o m—a,b) D
=> PrintSubArray(eq, 1,19,y);
LT, ,=pu,u,
2,P pmuu, 2,
3,P %, u’=0

b

4,dX “=u X",

5,du “=u "u b




abcd

1
10,0)“=3n U,o .,
_ A
1L, =M 450 u
2
12, ® =%o) “ b(oab
13, "iff(iff(omegal[-a,-b] = 0,omega[-a]),omega = 0)"
14,0, o, bz—sza "to bma
1 1 1 1 b
15, 5ub;a—Eua;b—Eduaub—Edubua—l—w “
1 1 1 1 1 1
16’ _g ucua;b—i_g ucub;a—i_g ubua;c_g ubuc;a_g uaub;c—i_g uauc;bzo
17,6 ,,=0

1
_ c
18,ub’,a——uaub;cu —I-?Ghab—i—(x)ab

19,u “. g u a;d,,c=R abcdu (1.25)



