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(%11)

/* define special summation function */

f(i,j) := sum(R[i,j,sigma, 0] *gContr[i, sigma] *gContr[j,0],sigma,0,3)
+ sum(R[i,j,sigma,1l] *gContr[i, sigma] *gContr[j,1],sigma, 0, 3)
+ sum(R[i,7j,sigma, 2] *gContr[i, sigmal] *gContr[j,2],sigma,0,3)
+ sum(R[i,],sigma, 3] *gContr[i,sigma] *gContr[j,3],sigma,0,3);

(501) f(1i, j):= sum(R; j,o,09Contr; ,gContr, ,,0, 0,3)+

sum(R P , gContr (ngontrj 1,0,0,3)+

sum(R j,o,29Contr, ,gContr, ,,o,0, 3)+

sum(Ri,jl(j,3gContri,(ngontrj,3, c,0,3)

(%$12) /* define coordinate vector */
array(x, 3);
[x[0],x[1],x[2],x[3]]: [t, x1, x2, x3];

(%02) x
(%03) [t, x1, x2, x31]
(%$14) /* gl is symm. metric with indices 1...4 */
gl: matrix(
[ l OIOIO]I
[O,(cosh(3*t/a—l))A(2/3),0,0],
[0,0, (cosh(3*t/a-1))"(2/3)
[o,o,o (cosh(3*t/a-1))"(2/3)]1]
) ;
7—1 0 0 0 |
3t 2/3
0 cosh(—lj 0 0
(%04) (3t jz/s
0 0 coshl—-1 0
3t 2/3
0 0 0 cosh( —1)

($1i5) /* contravariant g is inverse of g */
gContrl: ratsimp (invert (gl)) ;
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-1 0 0 0
0 : 0 0
3t-a 2/3
cosh
a

o 1

(%05) 0 0 0
3t-a 2/3
cosh[ )

a
1

0 0 0

3t-a 2/3
cosh[ )

a

(%16)

/* gl and gContrl are transformed to g and gContr (indices 0...3) */
for mu:0 thru 3 do {
for nu:0 thru 3 do {

g [mu,nu] : gl [mu+l, nu+l],

gContr[mu,nu] : gContrl [mu+l, nu+l]

}1s

($17) /* computation of Christoffel symbols Gamma”sigma mu nu */
for sigma:0 thru 3 do {
for mu:0 thru 3 do {
for nu:0 thru 3 do {
Gamma [sigma, mu, nul
/* rho sum by function call: */
sum (
1/2 * gContr[sigma, rhol * (
diff (glnu, rhol ,x[mul] ) +
diff (glrho,mu] ,x[nu] ) -
diff (glmu,nu]l ,x[rhol)),
rho, 0, 3),
/* evaluate differentiation dy/dr */
Gamma [sigma,mu,nu] : ev(Gamma [sigma,mu,nu] ,diff)

bh1s

($i8) /* dislplay Gamma's being different from zero */
for i:0 thru 3 do {
for j:0 thru 3 do {
for k:0 thru 3 do {
if Gammal[i,j,k] # 0 then {
display (Gamma[i, j,k])

b11s

3t
sinh( - 1)
a

3t 1/3
a cosh -1
a

I'0,1,1
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3t
sinh( - 1)
a

0,2,2
3 1/3
a cosh -1

a

3t
sinh( - lj
a

0o,3,3
3 1/3
acoshl—-1

a

3,3,0 - 1/3 36 - a)\2/3
acoshl—-1 cosh

a

(%19) /* compute Riemann tensor elements */
for rho:0 thru 3 do {
for sigma:0 thru 3 do {
for mu:0 thru 3 do {
for nu:0 thru 3 do {
R([rho, sigma, mu, nu]
diff (Gamma [rho,nu, sigmal ,x[mu] ) -
diff (Gamma [rho,mu, sigmal ,x[nul) +
/* lambda sums by function call: */
sum (
Gamma [rho,mu, lambda] * Gamma [lambda,nu, sigmal -
Gamma [rho, nu, lambda] * Gamma [lambda,mu, sigmal,
lambda, 0, 3)

b11s
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(%110) /* dislplay R's being different from zero */
for i1:0 thru 3 do {
for j:0 thru 3 do {
for k:0 thru 3 do {
for 1:0 thru 3 do {
R[i,7,k,1] : /*ratsimp*/(factor(RI[1i,7,k,1]1)),
if R[1,7,k,1] # 0 then display(RI[i,j,k,11)

ISERE

31:—&12 31:—&12
2 sinh - 3 cosh
a a

R = -
0 1 0 1
7 ’ ’ ) 3t—a4/3
a“ cosh
a
, 3t7a2 3t7a2
2 sinh - 3 cosh
a a
R =
0 1 1 0
1,1, , 3 6. a)4/3
a“ cosh
a
o (3t-a)? 3t-a)?
2 sinh - 3 cosh
a a
R = -
2 2
0,2,0, ) 3 e - a)4/3
a“ cosh
a
o (3t-a)? 3t-a)?
2 sinh - 3 cosh
a a
R =
0,2,2,0
5 3t-a)t/3
a“ cosh
a
, 31:—&12 31:—&12
2 sinh - 3 cosh
a a
R = -
0 3 0 3
;3,0, , 3. a)\4/3
a“ cosh
a
, 3t7a2 3t7a2
2 sinh - 3 cosh
a a
R =
0 0
3.3, 2 3t7a4/3
a“ cosh
a
o (3t-a)? 3t-a)?
2 sinh - 3 cosh
a a
Rl, 0,0,1~ "~ 2
2 3t-a
a“ cosh
a
3t-a) 3t-a)
2 sinh - 3 cosh
a a
Ry, o0,1,07 2
5 3t-a
a“ cosh
a
, 3t—a2
sinh
a
R =
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(3 t-a)?
sinh{———
a

R = -
1 2 2 1
7 4 7 5 3t—a4/3
a® coshl ——
a
o (3t-a)?
sinh| ——
a
R =
1,3,1,3
5 3t-a)t/3
a“ cosh| ———
a
, Z%t—a2
sinh| ——
a
R = -
1 3 3 1
’ ’ ’ ) 3t—a4/3
a“ coshl ———
a
, 3tfa2 3tfa2
2 ginh|——| - 3 cosh|——
a a
Ry 0,0,2= " 2
2 3t-a
a“ coshl———
a
(3 t-a)? 3t-a)?
2 sinh|—| - 3 cosh|—
a a
R2,0,2,0= 5
2 3t-a
a“ cosh| ———
a
o (3t-a)?
sinh|——
a
R = -
2,1,1,2
5 3t-a)t/3
a“ cosh|———
a
, 3t—a2
sinh| ——
a
R =
2 1 2 1
, 1,2, ) 3t -a)\d/3
a“ coshl ——
a
, 31:7&2
sinh| ———
a
R =
2 3 2 3
, 3., 2, ) 3t -a)4/3
a“ coshl———
a
(3 t-a)?
sinh| ——
a
R = -
2 2
3.3 5 3t-a)t/3
a® coshl ———
a
(3t -a)? 3t-a)?
2 sinh|—| - 3 cosh|—
a a
Ry 0,0,3=" 2
5 3t-a
a“ cosh|———
a
. 3t—a2 3t—a2
2 ginh|—| - 3 cosh|—
a a
R =

2 3t—a2
a“ coshl ——
a
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(3 t-a)?
sinh
a

R = -
3,1,1,3
5 3e-a)t/3
a“ cosh
a
o (3t-a)?
sinh
a
R =
3,1,3,1
5 3t-a)t/3
a“ cosh
a
, 3t—a2
sinh
a
R = -
3,2,2,3
2 3t—a4/3
a“ cosh
a
, 3t7a2
sinh
a
R =

($111) /* Ricci tensor Ric[mu,nu] */
for mu:0 thru 3 do {
for nu:0 thru 3 do {
Ric[mu,nu] : sum(R[lambda,mu, lambda,nu], lambda, 0, 3)

b

($112) /* dislplay Ric's being different from zero */
for i:0 thru 3 do {
for j:0 thru 3 do {
Ric[i,j] : /*ratsimp*/(factor(Ric[i,jl)),
if Ric[i,j] # 0 then display(Ricl[i,j])

b

3t—a2 3t—a2
3| 2 sinh - 3 cosh
a a

Ric =

0,0 5
2 3t-a
a“ cosh
a
31:7&12/3
3 cosh
) a
R1c1,]_= 2
a
3e-a)2/3
3 cosh
. a
Rlczl2 = 2
a
3t-a)2/3
3 cosh
, a
R1C3I3 = 2
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($113) /* Ricci Scalar */
RicSc: sum(gContr[0,lambdal] *Ric[lambda, 0], lambda,
+ sum(gContr[l,lambdal] *Ric[lambda, 1], lambda,
+ sum(gContr[2,lambdal] *Ric[lambda,2], lambda,
+ sum(gContr[3, lambda] *Ric[lambda, 3], lambda,

3t-a) 3t-a)
3| 2 sinh - 3 cosh
9 a a

(%013) — -
a? 5 (3 t - ajz
a“ cosh

a

~ ~

O O OO
w w ww

~

($114) ratsimp(RicSc) ;

, 31:7&2 31:7&2
6 sinh - 18 cosh
a a

(%014) -
2 (3 t - ajz
a“ cosh
a
(%$115)
/* Test for R*g */
for mu: 0 thru 3 do (
for sigma:0 thru 3 do (
for nu: 0 thru 3 do (

for rho: 0 thru 3 do (
R g: R[mu,sigma,nu,rho] + R[mu,rho,sigma,nu] + R[mu,nu,rho,sigmal,
if R g # 0 then (
display ("=============Einstein equation R*g=0 not fulfilled! "),
display (mu, sigma,nu, rho),
display (R _q)

(%015) done

(%116) /* Raising of indices,
contravarinat metric el. is g*"x"x(cont
/*print ("Riemann elements R"0 17071, R"0

R0101: £(0,1);
R0202: £(0,2);
R0303: £(0,3);

, 3t7a2 3t7a2
2 sinh - 3 cosh
a a
2 (31:&1)2
a“ cosh
a
3t-a)l 3t-a)l
2 sinh - 3 cosh
a a

(%016)

(%017)
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(%018)

(%$119)

(%019)

(%020)

(%021)

(%122)

(%022)

(%023)

(%024)

($125)

(%025)

session

3t-a)l 3t-a)l
2 sinh - 3 cosh
a a
5 (Bt -ajz
a“ cosh
a

R0101: factor (R0101) ;
R0202: factor (R0202) ;
R0303: factor(R0303) ;

3t-a)l 3t-a)l
2 sinh - 3 cosh
a a
5 (Bt -ajz
a“ cosh
a
3t-a)l 3t-a)l
2 sinh - 3 cosh
a a

R1010: £(1,0);
R1212: £(1,2);
R1313: £(1,3);

3t—a2 3t—a2
2 sinh - 3 cosh
a a

2 [3t—a)8/3
a“ cosh
a
3t-a
sinh

3t-a

a cosh( j
3t-a
s1nh( j

£ - a\8/3
a? cosh

R1010: factor(R1010) ;
R1212: factor(R1212);
R1313: factor(R1313);

3t-a) 3t-a)
2 sinh - 3 cosh
a a

8 / 13
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(%026)

(%027)

(%128)

(%028)

(%029)

(%$030)

(%$131)

(%031)

(%032)

(%$033)

(%134)

session
3t-a
51nh( j
[3 t - a) /3
a? cosh
3t-a
31nh( ]
5 3¢t - aj8/3
a“ cosh
a
R2020: £(2,0) ;
R2121: £(2,1);
R2323: f£(2,3);
(3 t - ajz (3 t-a
2 sinh - 3 cosh
a

i

5 (3 t- a)S/B
a“ cosh
a

3
51nh(

t—aj

3

a cosh(

t-a]

51nh(

ta)

5 3
a“ cosh

R2020:
R2121:
R2323:

2 sinh(

1:7618/3
)

factor (R2020) ;
factor (R2121) ;
factor (R2323) ;

31:7&2 3t-a
- 3 cosh
a

i

31:7(38/3
a? cosh[ )
a

. 3
sinh

t—a2
a

£-a 8/3

5 3
a“ cosh

t-a

3
31nh(

5 3t-a
a“ cosh
a

R3030:
R3131:
R3232:



wxMaxima

(%034)

(%035)

(%$036)

(%137)

(%037)

($038)

(%039)

(%140)

(%040)

(%141)

(%041)

(%142)

session

3t-a) 3t-a)

2 sinh - 3 cosh
a a
. (3 t- a)8/3
a“ cosh
a
) 3t-a

sinh

5 3t-a
a“ cosh

t-a

sinh( j

2 3t—ag/3
a“ cosh

R3030: factor (R3030) ;
R3131: factor(R3131);
R3232: factor (R3232);

3t—a2 3t—a2
2 sinh - 3 cosh
a a
2 [3t—a)8/3
a“ cosh
a

t-a
51nh( )

3t-a
a? cosh
3t-a
sinh
2 3t-a
a“ cosh

/* Coulomb law */

DivE : R0101 + R0202 + R0303;

3t—a2 3t—a2
3| 2 sinh - 3 cosh
a a

2 (Bt—ajz
a“ cosh
a
ratsimp (DivE) ;

3t-a)l 3t-a)l
6 sinh - 9 cosh
a a

5 3t-a)
a“ cosh
a

/* Jlr] */

Jr : -(R1010 + R1212 + R1313);

10 / 13
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(%042)

(%$143)

(%043)

(%144)

(%044)

(%145)

(%045)

(%146)

(%046)

(%147)

(%047)

(%148)

(%048)

(%149)

(%049)

3t-a)l 3t-a)l 3t-a)
2 sinh - 3 cosh 2 sinh
a a a

5 3e-a)8/3 . 3t-a)8/3
a“ cosh a“ cosh
a a

ratsimp (Jr) ;

3
5 (3t—a)2/3
a“ cosh
a

/* J[theta] */

Jtheta : -(R2020 + R2121 + R2323);
, (3t—a)2 (3t—a)2 , (31:—51)2
2 sinh - 3 cosh 2 sinh
a a a
2 (3t—a]8/3 2 (31:—51)8/3
a“ cosh a“ cosh
a a

ratsimp (Jtheta) ;
3

31:7(32/3
a? cosh[ )
a

/* Jlphil */

Jphi : -(R3030 + R3131 + R3232);
‘ [Bt—a)z [Bt—a)z , (3t—a]2
2 sinh - 3 cosh 2 sinh
a a a
3c-a)\8/3? ) 3t-a)8/3
a? cosh[ ) a? cosh( ]
a a

ev(ratsimp (Jphi) , r) ;

3
5 (3t—a)2/3
a“ cosh
a

DivE p: ev(at (DivE, [a=1]));

3(2 sinh(3 t-1)2-3 cosh(3t-1)%)

cosh(3 t - 1)2

Jr p: ev(at (Jr, [a=1]));

2 sinh(3t-1)%2-3cosh(3t-1)> 2sinh(3¢t-1)>2

cosh(3t:—1)8/3 cosh(3t-l)8/3

11 / 13
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($150)

($050)

(%151)

($051)

(%152)

wxplot2d ([DivE pl,
[x1label,

Jtheta p: ev(at (Jtheta, [a=1]));

2 sinh(3 t - 1)2-3 cosh(3 t - 1)2

2 sinh(3 t - 1)2

cosh(3 t - 1)8/3

Jphi_p: ev(at (Jphi, [a=1]));

2 sinh(3 t - 1)2-3 cosh(3 t - 1)2

cosh(3 t - 1)8/3

2 sinh(3 t - 1)2

cosh(3 t - 1)8/3

[tl 113] 1 [YI_lol

cosh(3 t - 1)8/3

12 / 13

0], [gnuplot preamble, "set zeroaxis;"],
"t"], [ylabel, "Charge Density"])s$

Output file "C:/Documents and Settings/Administrator/maxout.png".

(%t52)

($153)

wxplot2d([Jr pl,
[x1label, "t"],

-6 t f

Charge Density

I‘I
-8 [ /
5

-18

[ylabel, "J x = J y

(t,.1,31,I[y,-4,01,

[gnuplot preamble,

= J_z"1)$

"set zeroaxis;"],

Output file "C:/Documents and Settings/Administrator/maxout.png".

(%t53)

Joy = J =
1
P—\
L]
(5]

J_X
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(%154)



