load(ctensor);

C. i .46. i .46. ~mac
csetup():

Enter the dimension of the coordinate system: 4;

Do you wish to change the coordinate names? Y;

Enter a list containing the names of the coordinates in order [tr.®.z];

Do you want to 1. Enter a newmetric? 2. Enter a metric from a file? 3. Approximate a metric with a Taylor series?
1:

Is the matrix 1. Diagonal 2. Symmetric 3. Antisymmetric 4. General
2;
c"2:%eMN2:X);
0
N-c-%eMN2-x):
0,
—%eN-2X-2A);
0;
0
NA2-%eM(2-X)-r"2-%eM-2-X),
0;
~%eN=2%-2"A);
Matrix entered.
Enter functional dependencies with DEPENDS or 'N' if none
depends(x,r).depends(A,r).depends(N,r);
Do you wish to see the metric?
Please reply YES or NO.
Do you wish to see the metric?
Please reply YES or NO.
Do you vish to see the metric? Y:

2, 2x 2x
o %e 0 N %e 4
~2x-24
0 - %e [ 4
2y 2 2y 2 -2y
Nec %e 0 N %e " -r %e 0
~2x-24
0 0 0 —ohe ¥
done

einstein(true);
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1,1 rr r
6X+2A 2 2x+2A 3, 2x+2A

(8 NN rowe’ " ve e )(X,)+4(A”)r %e .

2A 2A 2 2A 6x 3
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1,3 3
2r
2x+2A 2 2 6y

2 424 2x+2A
4r %e (X)) ~(N)" %e +4(A )r%e

i, =(anr e Py ye
ernsj—( r %e (X”)
2 Sx+2A 24 3 2A 2}, 2X
(4N (N) r %e +(4%e (N)r+4 %e Nr)%e J(x,)*r
24 2 24 2 24 2 6x
((%e N (N )+2%e N(N) )r—%e N (N,)‘J%e +
rr r
2A 3 2A 2 2x 3
(%e (N )r-%e  (N)r )%e V(2cr)
rr r
i =42 %62 A Raa NN ) r %t X2 PRy
ein, .= (4r %e (X,) +8 N ( ,)r oe (X,) ( ”)r
2x+24 24 6 3
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factor(%t3);factor(%t4),factor(%15);factor(%16);factor(%t7):factor(%t8);
2x+2A 3 3 2 4x 2
ein1 1=(%e (8r (er)—4r ()(r) +8N(Nr)r%e (Xr)+8r (Xr)

4x 2 4x 4 x 3 3
+2 N (N )r%e +3(Nr) r %e —2N(Nr)%e +4(A”)r))/(4r)

rr
6x+2A
¢ %e (4(N)r(x )*(N )r-N)
ein —_ r r rr r
1,3 2 3
r
2x+2A 2 2 2 4x
Yoe 4r(x) ~(N) %e "+4(A)r
e/n212— ) P
’

) 2x+2A 3 2 4x 3
ein,  =(%e (4N (x, J*4N (N)r%e " (x )+4 (N )r (x )+4
2 2 4y 2 4y 2 4x 3 2
Nr (x )+N (Nrr)r%e +2N(Nr) r%e " -N (Nr)%e +(Nrr)r —(Nr)r )
/(2cr)
2x+2A 3 2 4y 4x
ein_ =-(%e (4r (x ) *+8 N(N )r%e "~ (x )+2N (N )r%e "+
3,3 r r r rr
2 4 x 4x 3 3
(N,) r %e —2N(Nr)%e -4 (A”)r )/ (4r)

o 2x+2A 2 2 2 4x
Toe 4r(x,) ~(N) %e "+4(A)r

ein =-
4,4 2
4r

ar(r):=((diff(N,r,1))*2-%eMN4-x)-4-r2-(diff(x,r,1))*2)/(4-r);
2 4y 2 2
(N) %e -4r ()(,)

4r

/*we will substitude Ar by eq. 22 */;
subst(ar(r),diff(A,r,1),%09);subst(ar(r),diff(A,r,1),%010);subst(ar(r),diff(A,r,1),%011);subst(ar(r),diff(A,r,1),%012),subst(ar(r),diff(A,r,1),%013);subst(ar(r),diff(A,r, 1), %0 14);

ar(r):=

X —(% 2x+2A 8 3 4 3 2+8N N % 4x +8 2
em“—( oe 8r (x, )-4r (x) (N)r%e = (x )+8r (x)
4x 2 4x 4x 3 3
+2N(N”)r%e +3(Nr) r %e —2N(Nr)%e +4 (A”)r N/ (4r)
6x+2A
¢ %e (A(N)r(x )+(N )r=N)

en == 3

2r

2x+2A 3 2 4x 3
ein, ,=(%e (ANr (x J*4N (N)r%e = (x )+4 (N )r (x )+4
2 2 4x 2 4x 2 4x 3 2
Nr (x )*N (N )r%e "+2N(N) r%e " -N (N)%e “+(N )r =(N)r))
3f rr r r rr r

/(2cr)
2x+2A 3 2 4 x 4x
ein3 3=—(%e (4r (X,) +8N(Nr)r%e (Xr)+2N(Nrr)r%e +

2 4y 4y 3 3
(Nr) r %e —2N(N,)%e -4 (A,r)r )/ (4r)
ein4 4=0
subst(diff(ar(f),r 1),diff(A,r,2),%016);subst(diff(ar(r),r, 1),diff(A,r,2),%017);subst(diff(ar(r),r, 1),diff(A,r,2),%019);subst(diff(ar(r),r, 1),diff(A,r,2),%020);

X 2x+2A 3
em1 1=(%e 4r (

2 2 2 4 x 4 x
=81 (x,)(x,)=8r (X)) +4(N) %e " (x )*2(N)(N_)%e

r

4r

2 4y 2 2
(Nr) %e ~ —4r (Xr) s 3 4 3 2 s o 4x 8 2
4—2)+ ro(x, )=4r (x ) +8N(N)r%e = (x )+8r (x )+

;

4x 2 4x 4x 3
2N(N”)r%e +3(Nr)r%e —2N(Nr)%e N/ (4r)
Bx+2A

¢ %e (4(N)rx )+(N_)r=N)
ein _=- 3
2r

2x+2A 3 2 4x 3

ein3 1=(%e (4Nr (er)+4N (Nr)r%e (Xr)+4(Nr)r ()(r)+4

2 2 4x 2 4y 2 4x 3 2
Nr ()(r)+N (N”)r%e +2N(Nr) r%e "~ -N (Nr)%e +(NH)r —(Nr)r )

3
/(2cr)

. 2x+2A 3
(—:‘/n3 3=—(%e (-4r (

2 2 2 4x 4x
80 (x ) (x, )78 (X)) +4(N) %e " (x )*2(N)(N )%e ~
4r

2 4 x 2 2
(N) %e ~=4r (x) 3 2 4x 4x
— I )+4r (Xr) +8N(Nr)r%e (Xr)+2N(N”)r%e +

2
4r

2 4 4
(N)"r%e X—2N(Nr)%e )

3
)/ (4r)



factor(%022);factor(%023);factor(%o024);factor(%025);
] _°/2X+2A44 43 43 22 2 2
e/nm——( o€ (4r (x)(x )=4r (x J)+dr (x ) -2(N) r
4 x 4 x 2 2 4 x 4
%e " (x )-AN(N)r%e (x )-4r (x )-(N)(N )r %e "-N(N )r %e
r r r r r rr rr

~(N )2r%e4X+N(Nr)%e4X))/(2 ©)

r

Bx+2A
¢ %e (A(N)r(x )*(N )r=-N)
eln - r r rr r

1,3 3
2r

em3]1—( o€ (4Nr (X”)+ N (Nr)r o€ (Xr)+ (Nr)r (Xr)+
? 2 4x 2 4x 2 4 x 3 y
Nr (x )*N (N )r%e "+2N(N) r%e "-N (N )%e “+(N )r =(N)r
§ r r r rr r
/(2cr)
ein, ==(%e (4r (x )(x )+dr (x ) -2(N) r %e = (x)

4 x 2 4 x 4 x 2 4 x
N(N)r%e “(x )-(N)(N )r %e "+N(N )r%e ~+(N) r%e ~-N(N
r r r rr rr r
4)()

,
3
%e "))/ (2r)
[* for typical galaxy density exponential terms are close to 1 */;
subst(1,%e,%026);subst(1,%e,%027);subst(1,%e,%028);subst(1,%e,%029);
_ y 4 4 3 4 3 2 2 (N 2 2 4 2
emu——( rox ), )=4r (x )+dr (x) =2(N)r (x)-4r (x
2 2 3
AN(N)r(x )-(N)(N )r =N(N )r=(N) r+N(N ))/(2r )
r r r rr rr r r
c(4(N)rix )*(N )r=N)

r r rr

1,3 3
2r

ein, =(4NT (x J*4(N)r (x J*ANT (x )44 N (N)r(x )N )

3 2 2 2 2 3
r =(N)r +N (Nrr)r+2N(Nr) r-=N (Nr))/(20r )

r

4 3 2 2 2
ein3y3=—(4r (Xr)(er)+4r (Xr) —2(Nr) r (Xr)+4N(Nr)F(Xr)—(N‘
(Nrr)r2+N(Nrr)r+(Nr)2 r—N(Nr))/(2 r3)
%030+%033;

4 3 3 2 2 2
ein, +ein,  ==(4r (x ), )=4r (x J+4r (x) -2(N) r (x )=
OO AN N P OO)=(N) (N ) =N (N ) r=(N ) reN (N )27 )=(4 7
(X )0 )+4r () =2(N) 7 (0 )N (N ) r(x )=(N )N ) +N (N )rs

2 3
(Nr) r=N (Nr))/(2 r)



factor(%030);factor(%031);factor(%032);factor(%033);factor(%034);
) —(a 4 4 3 4 3 2 5 2 2 4 2
emm—-( rox ), =4 (x x4 (x ) =2(N) r o (x )=4r (x )=

ANN) (=N (N ) F=N(N ) r=(N )2 reN (N )2 )
r r r rr rr r r

S(4(N)r(x )*(N )r=N)

ein. _=-
1,3 3
2r

AN (6 PN ()N ()N (N) 7 ()N )

r rr

ein. =
3 23'12 2 2 3
r=-(N)r +N (N )r+2N(Nr) r-N (Nr))/(2 cr)

r rr

4 3 2 2 2
ein, j==(4r (x )(x J+4r (x) -2(N) r (x J*+4N(N)r(x )=(N)

3,3 r rr r r

2 2 3
(N )r +N(N )r+(N) r=N(N))/(2r)
rr rr r r
ein, _+ein, =-
3,3 1,1
2 2 2
4r (x)(x, )=2r(x_)+4r(x) =2(N) (x)=2(x )=(N)(N_)
r
I* %044 is eq. 23 in which we regroup the Xrr and Xr terms, we made the same groupement in egs. 24,25 */,




