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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) /* function dependencies */
depends ( [vs], [xs], [xs], [t], [£], [rs], [rs], [t,x1,x2,%x3]);

(%04) [ ve(xs), xs(t), f(rs), rs(t, x1, x2, x3)]

(%15) /* dependency check */
diff(f,t);

e} d
(%05) ( fj[rs}
drs dt

(%16) wvs: diff (xs, t)
rs: ((xl-xs)’2 + x272 + x3%2)7%(1/2)
d

(%06) —xs
dt

(%$07) —J(xl-—xs)24-x32-+x22

(%18) /* gl is symm. metric with indices 1...4 */
gl: matrix(
[ (vs®2*£"2-1),-2*vs*£,0,0],
[-2*vs*f,1,0,0],
[0,0,1,0],
[0,0,0,1]
) ;
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,( 4 2 d
f TXS -1 -2f TXS 0 0
t t

d
o -2 f|—xs 1 0 0
(%08) (dt j
0 0 1 0
0 0 0 1

(%19) /* contravariant g is inverse
gContrl: ratsimp (invert (gl));

) 2 ) 2 0
3 fz(dxsj + 1 3 fz(dxs) +1
dt dt
0 0 1
0 0 0

(%110)

/* gl and gContrl are transformed to g and gContr

for mu:0 thru 3 do {
for nu:0 thru 3 do {

of g */

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

}}s

($111) /* 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, rho] * (

diff (glnu, rhol ,x [mu]
diff (glrho,mul , x[nul

)+

) -

diff (glmu,nul] ,x[rhol)),

rho, 0, 3),

/* evaluate differentiation dy/dr */
Gamma [sigma,mu,nu] : ev(Gamma [sigma,mu,nul] ,diff)

ISR

(indices 0...3)

2/ 75
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(%112) /* dislplay Gamma's being different from zero */

for i1:0 thru 3 do {
for j:0 thru 3 do {
for k:0 thru 3 do {

if Gammal[i,j,k] # 0 then {

display (Gamma[1i,j,k])

b11s

,( d a2 a
2 f°|—xs xs |+ 2 F f
dt dt2 d rs dt

i)

o8 Y
23 £ 3 xs| +1
t

a a? a a a
f xsj -4 f xs |- 2 f( f)( rs)(xs
dt dt2 d rs d x1 dt

To,1,0=" 5
3 fz( xs) + 1
dt
d d d
2 f rs || —xs
d rs d x1 d
To,1,1= 5
3f2[ xs] + 1
dt
d d d
f rs || —xs
d rs d x2 dt
I|0 , 1,27 d 2
3 fz( xs) + 1
dt
d d d
f rs || —xs
d rs d x3 dt
T =

3/ 75
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Ty,2,0% 4 5
3f2(xs) +1
dt
d d d
£ rs || —xs
d rs d x2 d
Ty,2,1% 4 5
3f2(xs) + 1
dt
d d d 2
f f rs || —xs
d rs d x3 d
Ty, 3,07= 5
3f2(xsj + 1
d
d d d
f rs || —xs
d rs d x3
Py, 3,1% 4 5
3f2(xs) + 1
dt
4 L 4 a? a a a 2
fl—xs || 2 £ —xs xs |+2 fFf fl|—zrs||—xs
dt dt dt2 d rs dt dt
I'i,0,0=" 4 5 -
3f2(xs) +1
dt

o d 2 a2 a a a 2 a a a

— XS - -4 — XS |- rs || —xs -4 —rs | — XS

f 1 £ 2 f f £
dt dtz d rs d x1 dt d rs dt dt
of @ 2
2|3 £f°|—xs| +1
dt
5 @ d d 3
2 f £ rs | —xs
d rs d x1 dt

2 2
2 2 d
3f—xs| +1 3ff—=xs| +1
dt dt
d d d N 2 d d d 3
—Xxs || £ —xs -1 2 F? f rs ||—xs
d rs d x3 dt dt d rs d x3
Pl,0,3_ 2 2
of @ of d
3 —xs | +1 3ff—=xs| +1
dt dt
,( 4 d d 3
2 f £ rs | —xs
d rs d x1 dt
I = -
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(%113) /* 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

(%114) /* 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)

Phis

4 4 d a2 ,( d W ( d 2
Ry o o0 1=-(2f|—xs) (2 f rs xs|-3 f f rs
[ dt drs dx1 42 drs d x3

d 4 ,( d 204 4 5 ( d a2 d 4 3
—xs| -3 f —7rs —xs| +3 f rsi||l—xs| +3 £
dt drs d x2 dt drs 4 x1°2 dt
f ( rs) [xsj +6 f?2 f [ ]( rs [ ] -6 f( fj
dr52 dx1 dr52 dt dxl1 t d rs
d d d d a2 3 d 2
(aere) (el (Goee) ve (i) (xsl ( J (ao7e)
dat dx1 dt drs dtdxl drs d x3
d 2 2 2 a 32
[x ) [ f] ( j (xsj + f( XS + £ £
dt drs dX2 dt drs d x1°2 d rg?
d 2 d 2 d 2 d d d
(rs) (xs) [ j ( rsj [xsj ‘2 £ [rsj( rsj[ ij
d x1 dt drs d x1 d rs? dt d x1 dt
d d2 2 2 2
+ 2 £ rs )y /|3 F A—fxs +1
drs dtdxl dt
d? 5[ a2 d
f xs |+ 3 f rs
rs dX2 dt dr52 dx1
d d 4 d 4 5 a2 d
( rs)(xsj +3 3 f) (XS) + 3 f f (rsj
d x2 dt drs XmdX2 dt d re? dt
d d 3 2(ad d 3 5 ( d 42
rs||—xs| -3 £ f rs||—xs| +3 £ f rs
d x2 dt drs d x2 dt drs dtdx2
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el 3 a2 d d d 2 d 2 d el da 2
(XS) + f f ( rsj[ rs]( XS) +( fj ( rs)[ rs] (XS)
dt d x1 d x2 dt drs d x1 d x2 dt
d 2 a2 d d d d
(xsj + f ( rsj( rsj (xsj +( f]
drs dxlde dt d re? dt d x2 dt drs
a 2 2
( ] 3 fz(xsj +1
d tdx2 dt
d d d a2 5[ a2 d
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[ dt drs d x3 42 4 rs? d x1
d 4 3 d a2 d 4 5 a2 d
—xs| +3 f rs||—xs| +3 £ f||l—zrs
dt drs dx1dx3 dt d rs? dt
d 3 d (4 d d 3 5 ( d a2
[xsj -3 f[ f) [rsj (rs) [xsj + 3 f [ f) rs
dt drs dt d x3 dt drs dtdx3
d 3 a2 d d d 2 d 2 d d d 2
(XS) + f f ( rsj( rsj( xsj +( f] ( rs)( rs] (XS)
dt d re? d x1 d x3 dt d rs d x1 d x3 dt
d 42 e} 2 42 e} e} e} d
+ £ ( f] rs (xsj + £ ( rsj( rsj (xsj + ( f)
drs dx1dx3 dt d rg? dt d x3 dt drs
42 d 4 2 Y
rs xs|)) /|3f°—=xs| +1
dtdx3 dt dt
d d d 42 5 ( d 2/ 4d 2
R0010=(2f—xs(2 f rs xs|-3 f ——rs
s dt drs dx1 4 t2 drs d x3
d 4 (& 2 ( d 204 4 5 ( d a2 d 4 3
— XS -3 f f —rSs — XS + 3 f f rs||l—xs| +3 £
dt d rs d x2 dt drs d x12 dt
d 274 4 5 a2 d d 2
rs — XS + 6 f f rs —Xs -6 f f
d x1 dt d rs? dt d x1 d rs
d d d 3 5 ( d a2 3 d 2
rs rs xs| +6 f f —xs —rs
dt dx1 dt d rs dtdxl drs d x3
d 2 d 2 e} 2 e} 2 d a2
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d 2 d 2 el 2 d 2 d 2 d d
(rs) [xsj +[ f] ( rs) [xs] + 2 f [rs)( rsj[ XS]
d x1 t drs d x1 dt d rs? dt d x1 dt
d 42 d ,(d 2 Y
+ 2 £ rs xs|)) /|3f%—xs| +1
drs dtdxl dt dt
d 2 5[ a2 d d d 2
R0012=(2f—xs (3 £ f rs rs xS -3 f
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d 2/ d d d 2 5 ( d a2 d 2 a2
f rs rs xs| +3 f f rs xs | + £
drs dx1 d x2 dt drs dx1dx2 dt d rg?
d d d EE a2 Y
rs rs |+ £ rs|) ) /|3 f°|—xs| +1
d x1 d x2 drs dx1dx2 dt
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d 2 5 a2 d d d 2
R0013=(2f—xs (3 f rs rs xs| -3 f
’ ’ ’ dt d rs? dx1 d x3 dt
d 2/ 4d d d 2 5 ( d a2 d 2 a2
f rs rs xs| +3 f rs xXs | + f
d rs d x1 d x3 dt drs dx1dx3 dt d re?
d d d EE 4 2 Y
rsl||——zrs |+ £ rsl|) ) /|3 f°|—=xs| +1
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drs XmdX2 dt d rg? dt d x2 dt drs
of @ 2 2
( j PR
e} tdx2 dt
d 2 5[ a2 d d d 2
R0021=-(2f—xs (3 £ f rs rs||—xs| -3 £
R dt d re? d x1 d x2 dt
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42 d 2 a2 d d d d a2 d
—rs || —Xxs + f rs rsi||l—xs |+ f rs XS
dx1dx3 dt d rs? dt d x3 dt drs dtdx3 dt

d 2 2
)/ 3f2(xs) +1
dt
d d d2 > ( d 27 4 2/d 4
Ry 1 1 o=-1(2 £ rs xs|-3 £ £ —rs —x8| -3

’ ’ ’ drs d x1 4 t2 drs d x3 dt
5 d 2 d 274 4 3 d d2 d 4 3 d2
f f rs —xs| +3 f rsi||—xs| +3 £ f

d rs d x2 dt drs 4 x12 dt d rs?

d 2 d 4 5 a2 d d d 3 d 2 d
rs —xs| +6 f rs rs xs| -6 f f rs
dx1 dt d rs? dt d x1 dt drs dt
d d 3 5 d K d 2 d 2
rs || —xs + 6 f —rS — XS -
d x1 dt drs dtdxl drs d x3 dt
2 ol 2 ol 2 d d 2 d2 d 2
fj ( rsj (xsj + f( fj ( ) f ( rsj
d x2 dt d rs Xm dt dr52 d x1
(ae) () (el () [ )2 ()
—xs | + f rs —Xxs | + 2 rs xs |+ 2
dt drs dx1 dt d rg? Xm dt

d2 d d
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dtdxl dt dt

d NAE d d d 2 d 2
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d d 2 5 d 42 d 2 a2 d
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drs dx1dx3 dt

d d a2 3 a2 d d d 4
Ry 1 5 o=- ( fl||l——rs xs|+ 3 f rs rs||—xs
s s drs d x2 4 t2 d rs? d x1 d x2 dt
3 d a2 d 4 5 a2 d d d 3
+ 3 f f rs xs| +3 £ fl||—zrs rs XS -3 f
drs dx1dx2 dt d rs? dt d x2 dt
d 2 d d d 3 2 d 42 d 3 42
f —rs rs||—xs| + 3 £ f rs||—xs| + £ f
d rs dt d x2 dt d rs dtdx2 dt d rs?
d d d 2 d 2 d d d 2 d
( rs)( rs] (XS) +( fj ( rsj( rsj( ij + f( fj
d x1 d x2 dt d rs d x1 d x2 dt drs
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dt
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s S dt d rs? d x1 d x3 dt drs
d d 2 5 d 42 d 2 a2 d
—71rs||—xs| +3 f f rs XS + f rs
d x3 dt drs dx1dx3 dt d rs? dx1

d 42 4 2 Y
+ f rsl|) ) /|3f°—xs| +1

drs dx1dx3 dt
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R0201=( -3 f3 f rs rs xs | +
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d? d 274 2 d 2/ 4 274 2 d 32
f rs — XS - f f — s —Xxs | + f rs |+
d rs? d x3 dt drs d x3 dt drs d x32

d d d 42 o[ a? d
R1310=—(—xs(2f f rs xs |+ 3 f rs
’ ’ ’ dt d rs d x3 dt2 drs2 dx1

d 4 5 ( d 2( 4 d d 4 . ( 4
xs + 3 f f rs rs XS + 3 f f
dx3 d rs dx1 d x3 dt drs
d 4 N E d d d 3 5 ( d 2
—XxXs| +6 f||l—zrs rs xs| -6 £f°|——fF
dxldx3 dt 4 rs? dt d x3 dt drs

d d 3 5 ( d a2 d 3 o[ a?
rs xs| +6 f f rsi||l—xs| +4 £ f
dt d x3 dt drs dtdx3 dt d rs?
d d 2 d 2 d d d 2 5 d
—71rs||—xs| - f rs||—rs||—xs| +4 £ f
dxl d x3 dt drs d x1 d x3 dt drs
42 d 2 a2 ol d d d
—rs||—xs| +2 f fl|l—zrs||—zrs||—xs|+ 2 f f
dx1dx3 dt d rs? dt d x3 dt drs
az d a2 d 4 4 a2
rs xs |+ £ rs rs |+ £ rs|) ) /
dtdx3 dt d rs? dx1 d x3 d rs dx1dx3
a 2 2
3 fz(xs] + 1
dt
d 2 NE d d d 2 5 ( d 2
R1312=—(—xs (6 £ f rs rs||—xs| -3 £f°|——fF
[ S dt d rs? d x2 d x3 dt d rs
d d d 2 3 d a2 d 2 a2
——1rs||—zrs||—xs| + 6 f f rs xs| +2 £ f
d x2 d x3 dt drs d x2d x3 dt d rs?
d el el 2 d d d a2
——rs||—zrs |+ f rs||—zrs|+ 2 £ r rsl|) ) /
d x2 d x3 drs d x2 d x3 drs dx2d x3
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3 d d2 d 2 3 d2
R, 3 6 f rs xs| +6 f
;3 t drs d x3°2 dt d rs?
d 2 d 2 d 2 d 2 d 42
— IS xS —3f f rs —xs| +2 £ f rs|+ 2 £
d x3 drs d x3 dat drs d x3°2
42 d 27 4 2 d 2 2
f ( fj (rsj ) ) /|3 fz(xs) +1
dr dx3 drs d x3 dat
d . a? d d d 4 5 ( d 2
R1320=—(—xs(3f f rs rs xs| +3 f
[ dt d rs? d x2 d x3 dt drs
d d 4 . ( d a2 d 4 5 a2
——7rs||—xs| +3 £ f rs xs| +4 f f
dx2 d x3 dt drs d x2d x3 dt d rs?
d d 2 d 2 d d d 2 5 d
—71rs||—xs| - f rs||—rs||—xs| +4 £ f
dx2 x3 dt drs d x2 d x3 dt drs
d 2 a2 d d d a2
—xs| + r rs||l——zrs |+ f rsl|) ) /
dx2dx3 dt d rs? d x2 d x3 drs dx2d x3
5 2
3f ij + 1
d 2 5[ a2 d d d 2 5 ( d 2
R, 5 5 1= (|—xs (6 f rs||—zxrs||—xs| -3 £°|—fF
’ ’ ’ dt d re? d x2 d x3 dt drs
d d d 2 5 ( d a2 d 2 32
rs||—zrs||—xs| + 6 £ f rs xs| +2 f £
d x2 d x3 dt drs d x2d x3 dt 4 rs?
d d 2 d e} d a2
—1rs |+ £ rs||——zrs|+ 2 £ £ rs|) ) /
d x3 drs d x2 d x3 drs dx2d x3

d 4 d d2 d 4 4 d2 d 2
R, 5 ;5 O=—(—xs (3 £ f rs xs| +3 £ f rs
’ 4 ’ dct d rs dX32 dct dr52 d x3
d 4 5 ( d 2/ 4 204 4 5 ( d a2 d 2 5
—xs| + 3 £ f —rSs — XS + 4 f f rs||—xs| +4 £
dat drs d x3 dt drs d x32 dt
42 d 2 d 2 e} 2 d 2 d 2 d 42
f rs —xs| - f f — IS —xs | + £ rs |+
d rs? d x3 dt drs d x3 dt drs 4 x32

fol 2 5 d 2 a 2 a 2 d d2 d2
— XS -3 f f —rSs — XS + 2 f f rs|+ 2 f f
dt drs d x3 dt drs d x32 d rs?
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(rs) +( fj [ rsj ) )/ ( xs) +1
d x3 drs d x3
d el a2 d
R, v o 1= ( f rs xs|+3 f3 rs
s B drs d x2 a t2 dxl dx2 dt
3 d 42 d 4 d 3
3 f f rs||—xs +3 f? f rs XS
d rs dx1dx2 dt d rs? dt dx2
d 2 d d d 3 3 d 42
f — s rs||—xs| +3 £ f rs —xs + £
drs dt d x2 dt drs dtdx2 d rs?
d d d 2 d 27 4 d d 2
rs rs||—xs| + bl rs rs xs| + £ bid
d x1 d x2 dt drs dx1 d x2 dt drs
( a2 ) a 2 32 a a a 4 32 4
——rs (xsj + £ ( rsj( rs) (xsj+( fj rs [ xsj
dx1dx2 dt d rs? dt d x2 dt drs dtdx2 dt
2 @ 2
) / (3 f (xsj +1)
dt
fol 2 5 d d2 d 2 5 dz
R2002=(f—xs (3 f rs xs| +3 £ f
. 4 . dt drs dX22 dt dr52
2 a 2 ol 2 d 2 d 2 d d2 d2
) (xs] + f( f) ( rs] (XS) +( fj rs |+ f
dt drs d x2 dat drs d x22 d rs?
d 2 d 2
( rs) y ) / (3 £2 (xs] + 1)
dt
d 2 5[ a2 d d d 2 d 2
R2003=(f—xs (3 f £ rs rs||—xs| + £ £
[ dt d rs? d x2 d x3 dt drs
d d 2 5 d a2 d 2 a2 d
rs||l—xs| +3 £ f rs xs | + £ rs
d x3 dt drs d x2d x3 dt d rs? d x2
d a2 5 ( d 2
+ r rsl|) )/ (3 £f°|—xs| +1)
drs dx2d x3 dt
d d d2 3 d2 d d d 4
R, o 1 O=—( f rs xs |+ 3 f rs rs||—xs
’ ’ ’ drs d x2 4 t2 d rs? d x1 d x2 dt
3 d d2 d 4 5 d2 d d d 3
+ 3 f f rs xs| +3 £ f||—zrs rs xs| -3 f
drs dx1dx2 dt d rs? dt d x2 dt
a a 3 5 d d2 d 3 d2
rs —1rs||—xs| +3 £ f rsi|{|—xs| + £ f
drs d x2 dt drs dtdx2 dt d rs?
d 2 d 2 e} d d 2 d
(o )( ro)(aere) () (o) me) (o) + 7 (5 7)
d x2 dt drs dx1 d x2 dt drs
d 2 a2 d d d el a2 d
[xsj + f [ rsj( rs) [xsj+[ f] rs [ XS]
dxldx2 dt d rs? dt d x2 dt drs dtdx2 dt

2
)/(3f2[dxsj +1)
dct
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d 5 d d2 d 2 5 d2 d 2
R2012=—(—Xs(3f f rs xs| +3 f f rs
’ 4 ’ dct d rs dX22 dct dr52 d x2

ol 2 d 2 fol 2 4 2 d d2 d2 d 2

—XxS - f rs —xs | + f rs |+ f rs ) )
dat drs d x2 dt drs d x22 d rs? d x2
d 2
/(3f2(xsj+l)
dt
d 5 a2 d d d 2 a )2
R2013=—(—xs(3f f rs rs xs| - f f
[ dt d rs? d x2 d x3 dt drs
d d 2 5 d a2 d 2 a2 d
rs||—xs| +3 £ f rs xs | + £ rs
d x3 dt drs d x2d x3 dt d rs? d x2
d a2 5 ( d 2
+ r rsl|) )/ (3 £f°|—xs| +1)
drs dx2d x3 dt
a 2 5 d d2 d 2 5 d2
R2020=—(f—xs (3 £ f rs||—xs| + 3 £ f
’ ’ ’ dt drs dX22 dt dr52
274 2 d 2/ g 2/4d 2 d 42 42
(xs) + f( f) ( rs) (xs) +[ f] rs |+ f
dt drs d x2 dt drs d x22 d rg?
dt
d 5 d d2 d 2 5 d2 d 2
R2021=(—xs(3f f rs xs| +3 f rs
R dt drs d x22 dt d rs? d x2
d 2 d 2 a 2 fel 2 d d2 d2 d 2
—xs| - £ f —7rs —Xs | + f rs |+ f rs| ) )
dt drs d x2 dt drs a x22 d rs? d x2

d 2 5 a2 d d d 2 d 2
R203O=—(f—xs (3 f rs||—zrs||—xs| + £ f
’ ’ ’ dt d rs? d x2 d x3 dt drs
d d 2 5 d d2 d 2 d2 d
rs||—xs| +3 £ f rs xs | + f rs
d x3 dt drs d x2d x3 dt d rs? d x2
d2 a 2
rsJ) ) / (3 fz(xsj +1)
dx2dx3 dt
d 5 a2 d d d 2 d )2
R2O3l=(—xs(3f f rs rs||l—xs| - £ f
[ dt d rs? d x2 d x3 dt drs
d d d 2 5 ( d 42 d 2 a2 d
rs rs||—xs| + 3 £ f rs XS + f rs
d x2 d x3 dt d rs d x2d x3 dt d rs? d x2
d a2 5 ( d 2
+ £ rs|) )/ (3 £ |—xs| + 1)
drs x2d x3 dt
d

d
d 5 a2 d d d 2 d 2
R2101=-(—xs(3f f rs rs xs| -3 f
s B t d rs? d x1 d x2 dt drs
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d d d 2 5 ( d a2 d 2 a2 d
—71rs||—zrs||—xs| + 3 f f rs xs| + f rs
d x1 d x2 dt drs dx1dx2 dt d rs? dx1

d d d2 5 ( d 2

rs |+ £ rs|) )/ (3 f°|—=xs| +1)
d x2 d rs d x1dx2 dt
d 5 ( d d?
R, 1 o ,=- (|—xs| (3 £ f rs
[ dt drs d x22
d 2 d 2 d 2 d 2 d
aexe) (i) (o) (o) ()

dt drs d x2 dt drs

d2 d2 d 2
rs |+ £ ( rsj ) )
d x2°2 drs? d x2

d 5 a2 d d d 2 a2
R, 1 o 53=- (|—=xs| (3 £ f rs rs xs| - f
[ dt d rs? d x2 d x3 dt drs
d d 2 5 d d2 d 2 d2 d
—71rs||—xs| +3 f f rs XS + f rs
d x3 dt d rs d x2d x3 dt d rs? d x2
d d a2 5 ( d 2
——1rs |+ £ rsl|) )/ (3 £f°|—=xs| +1)
d x3 drs d x2d x3 dt
d 5[ a2 d d d 2 d 2
R, , O=(—xs (3 £ f rs rs||—xs| -3 £ f
s dt d re? d x1 d x2 dt drs
d d d 2 5 ( d a2 d 2 a2 d
—71rs||—zrs||—xs| + 3 f f rs XS + f rs
d x1 d x2 dt d rs dx1dx2 dt d rs? dx1

d 2/ g 20 a 2
d rs d x2 dt

R2,1,1,2= 2
3f2[ xs] + 1
dt
d 20 4 d d 2
rs rs — XS
d rs d x2 d x3 t
Ryi1,1,37 B 2
3f2[xsj + 1
dt

d 5 d d2 d 2 5 d2 d 2
R, |, O=(—xs (3 £ f rs xs| +3 £ f rs
’ 4 ’ dt d rs dX22 dt dr52 d x2
d 2 d 2 a 2 4 2 d d2 d2 d 2
—XxS - f rs —xs | + f rs |+ f rs ) )
dat drs d x2 dt drs d x22 d rs? d x2

d

2
/(3f2(dtxsj + 1)




wxMaxima session 29 / 75

d 5 a2 d d d 2 d )2

R, 1 5 4= (|—=xs| (3 £ f rs rs||l—xs| - £ f

[l dt d rs? d x2 d x3 dt drs

d d d 2 5 ( d K d 2 42 d

rs||—zrs||—xs| +3 £ f rs XS + f rs

d x2 d x3 dt d rs d x2d x3 dt d rs? d x2

d d Sk 5 ( d 2
—1rs |+ £ rs|) )/ (3 £ |—xs| + 1)
d x3 drs d x2d x3 dt

d 27 g d d 2
f rs rs || —xs
d rs d x2 d x3 dt

Pyl
Il

a 4
o) o
dt

d d d? 3 4?2 d d
3 0 0. 1 ( £ rs xs |+ 3 £ rs rs
[ drs d x3 at? d rs? dx1 d x3
3 d a2 d 4 5 a2 d d d 3
3 f f rsi||—xs| +3 £ f rs rs xs| -3 f
drs dx1dx3 dt d rs? dt d x3 dt
2 d d d 3 5 d a2 d 3 a2
f — IS rs||—xs| + 3 £ f rs||l—xs| + £ f
dt d x3 dt drs d tdx3 dt d rs?
d el el 2 d 2 d d d 2 d
—— s ||—1rs||—xs8| + f —rS rs xs| + £ f
d x1 d x3 dt drs dx1 d x3 dt drs
d2 d 2 d2 d d d d d2 d
—rs || —xs + f rs rsi||l—xs |+ f rs XS
dx1dx3 dt d rs? dt d x3 dt drs dtdx3 dt

2
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dat

d 2 5[ a2 d d d 2 d 2
R3002=(f—xs (3 f £ rs rs||—xs| + £ £
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d d 2 5 d a2 d 2 a2 d
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d a2 5 ( d 2
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drs dx2d x3 dt
fol 2 5 d d2 d 2 5 d2
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’ ’ ’ dt d rs dX32 dt dr52
274 2 d 2/ g 2/4d 2 d d2 42
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d d a2 3 a2 d d d 4
Ry o 1 o=- ( fl||l——rs xs |+ 3 f rs rs||—xs
s drs d x3 4 t2 d rs? d x1 d x3 dt
3 d a2 d 4 5 a2 d d d 3
+ 3 f f rs xs| +3 £ fl||—zrs rs XS -3 f
drs dx1dx3 dt d rs? dt d x3 dt
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d (4 d d 3 5 ( d a2 d
f —71r8s||—rs||—xs| + 3 £ f rs||—

drs dt d x3 dt drs dtdx3 dt d rs?

d d d 2 d 27 4 d d
—— s ||—1rs||—xs8| + f —rSs rs xs| + £
d x1 d x3 dt drs dx1 d x3 dt drs
e o[ o) (o) () ( ro (1 xe)
—rs || —xs + f rs rs||—xs XS
d x1dx3 dt d rs? dt d x3 dt drs dtdx3 dt

2
)/(3f2(dxsj +1)
dat

d 5 a2 d d d 2 a )2
3 0.1 2 - (|—=xs| (3 £ f rs rs xs| - f f
[ dt d rs? d x2 d x3 dt drs
d d 2 5 d a2 d 2 a2 d
rs||l—xs| +3 £ f rs xs | + f rs
d x3 dt drs d x2d x3 dt d rs? d x2
d a2 5 ( d 2
+ r rsl|) )/ (3 £f°|—xs| +1)
drs dx2d x3 dt
d 5 d d2 d 2 5 d2 d 2
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’ ’ ’ dt d rs dX32 dt dr52 d x3
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d 5 d d2 d 2 5 d2 d 2
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d d d 2 5 ( d 42 d 2 a2 d
—71rs||—zrs||—xs| + 3 f f rs xs| + f rs
d x2 d x3 dt drs d x2d x3 dt d rs? d x2

d d 42 5 ( d 2
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d x3 drs d x2d x3 dt

Py
Il

d 5 d d2 d 2 5 d2 d 2
3 1. 3.0 (|—=xs| (3 £ f rs xs| +3 f rs
’ 4 ’ dt drs dX32 dt dr52 d x3
d 2 d 2 d 2 d 2 d 42 42 d 2
—xs| - f f —1rs —Xxs | + f rs |+ £ rs| ) )
dt drs d x3 dt drs d x3°2 d rs? d x3
2( 4 2
/ (3 f (xsj + 1)
dt

d 27 g 2/ g 2
f rs — XS
d rs d x3 dt
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2 d

3f°f—=xs| +1
dt

($115) /* Ricci tensor Ric[mu,nu] */
for mu:0 thru 3 do {
for nu:0 thru 3 do {
Ric[mu,nul] : sum(R[lambda,mu, lambda,nu], lambda, 0, 3)
}1s

(%116) /* dislplay Ric's being different from zero */
for i1:0 thru 3 do {
for j:0 thru 3 do {

Ric[i,j] : /*ratsimp*/(factor (Ric[i,j]l)),
if Ric[i,j] # O then display(Ricl[i,j])
Tis

) 5 ( d d d 2 g2 d d a2
Ric, , = (2 £ f rs xS xs |- 2 f||l——rs xs|-9
’ drs dx1 dt 4 t2 drs dx1 g t2
= d d2 d 6 5 d2 d 274 6 4 d 2
f f rs||—xs -9 f f rs — XS -6 f f
drs d x32 dt d rs? d x3 dt drs
d 2 d 6 5 d 42 d 6 5 42 d 2
— s — XS -9 f f rs XS -9 f f rs
d x3 dt d rs dX22 dt dl"S2 d x2
d 6 4 d 2 d 2 d 6 5 e} a2 e} 6 5
—xs| -6 f rs —xs| +3 f rsi||—xs| +3 £
dt drs d x2 dt drs 4 x1°2 dt
42 d 2 d 6 4 a2 d d d 5 3 d 2
f rs —xs| +6 f rs rs||—xs| -6 £°|—f
d rs? d x1 dt d rs? dt d x1 dt drs
el el el 5 4 d a2 d 5 3 d
rs rs xs| +6 f rs||—xs -6 f~|—fF
dt dx1 dt drs dtdxl dt drs
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4 3 d2 d 2 a 4 5 fol 2 fol
-6 f f ( rs) [xsj + £ [ f) [ rs
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d 274 4 5 ( d 204 24 4 5[ a2 d d
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dt drs d x22 dt d rs? d x2 dt drs

a 2 a 2 d d2 d 2 d2 d 2 d 2
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dtdxl dt dt

, d d d 42 . d 42

Ric, .= - (|—=xs| (4 £ f rs xs|-9 f f rs
’ dt d rs d x1 d £2 d rs d x32

d 4 o a? d 274 4 5 ( d 2/ d 274 4
(xs) -9 f £ ( rs) (xsj -3 f ( f] (rsj (xsj -9
dt d rg? d x3 dt drs d x3 dt

4 d d2 d 4 4 d2 d 2 a 4 3 d 2
f f rsl||—xs| -9 f f rs —xs| -3 f°|——f

drs d x22 dt d rs? d x2 dt drs

d 274 4 (4 a2 d 4 . a? d 2
—rSs — XS + 6 f rs xs| +6 f rs
d x2 dct d rs dX12 dt dr52 dx1
d 4 5[ a? d d d 3 5 ( d 274 d
—xs| + 12 £ f||—7zrs rs||—xs - 12 f f —rs rs
dt d rs? dt d x1 dt drs dt d x1

d 3 3 d d2 d 3 5 d d2 d 2
—xs| + 12 £ £ rs||—xs| -6 f £ rs xs| -6
dt drs dtdxl dt drs d x32 dt

5[ a2 d 2 (4 2 d 2/ 4d 204 2 5 ( d
f f rs —xs| - f f rs —xs| -6 f f

d re? d x3 dt drs d x3 dt drs
a2 d 2 5 a2 fol 2 fol 2 a 2 d 2 d 2
rs||—xs -6 f f rs — XS - f f rs — XS
g x22 dt 4 rs? d x2 dt d rs d x2 dt
5 d d2 d 2 5 d2 d 2 ol 2 fol 2
+ 2 f f rs||—xs + 2 f f rs —xs| +2 f
drs d x12 dt d rs? d x1 dt drs
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($117) /* 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,
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(%119)

2

/* 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)

=============Finstein equation R"q=0 not fulfilled! =
=============Finstein equation R"q=0 not fulfilled!
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=============Finstein equation R"gq=0 not fulfilled!
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d x3 dt drs dx1 d x3 dt drs
d2 a 2 d2 d d d d2
rs)(xsj +[ f]( rsj(rs)+( fj( rsJ) )/
dx1dx3 dt d rs? dx1 d x3 drs dx1dx3
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=============Finstein equation R"g=0 not fulfilled! =

p=1
o=1
v =2
p=20

d a2 4 a2 d d
Rg=(|—xs| (2 f rs xs|+ 3 £ £ rs||——rs
- dt dr s d x2 g t2 d rs? dx1 d x2

d 4 2 d 4 4 d d2

—xs | + f rs||—xs| + 3 £ f rs

dt d rs dxl d x2 dt d rs dx1dx2

d 4 e d 3 5 ( d 274 d
—Xs | + 6 £ rsi{|—xs| -6 f £ rs rs
dt d rg? dX2 dt drs dt d x2

d 3 d 3 NE d d

—Xxs| + 6 f xs| +4 f f rs||——rs

dt drs dtdx2 dt d rs? dx1 d x2
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d 2 a N2( d d 5 ( d a2 d 2
— XS - f rs + 4 f f rs||—xs
dt drs dxl d x2 dt drs dx1dx2 dt

d2 ol ol d2 fol d2

+ 2 f f rs XS + 2 f f rsi||l—xs |+ f

4 rs? dt dxz2’ drs dtdx2 dt d rs?
a da da a 2 2 da

( rs)( rs] +( fj )/ (xs] +1 - (2 f (XS) (
d x1 d x2 drs dxldx2 dt dt
d d 42 NE d d d 4 5 ( d

f rs xs|+ 3 £ rs rs xs| +3 £f°|——f£
drs d x2 42 4 rs? dx1 d x2 dt drs
a2 d 4 5 a2 d d d 3 d 2

—rs||—=xs| +3 f f||—zrs rs xs| -3 f f

dx1dx2 dt d rs? dt d x2 dt drs

Cro)( o) (o) s e ) [ e ) e [t ()
rs rs xs| +3 f f rs
dt d x2 dt drs dtdx2 d rs? dx1
d d 2 d 2 d d 42
o) (fomo) (oL o) (o) (o) o) < 2 (Gt ()
d x2 dt drs d x1 dx2 drs dxldx2
d 2 42 d d d e}
(o) o[t ) (o) (o) (o)« () o) ()0
dt d rs? dt d x2 dt drs dtdx2 dt
d 2 Y d d d o a2 d
3 f (xs) +1 + ((xsj f(xs)— 1 f[xs)+l (3 f f ( rsj
dct dt dt dt d re?2 d x1
d d 2 e} 2 d d d 2 5 e}
rs) (xs) -3 f( f) ( rs)[ rs)( xs) + 3 f (f)
d x2 dt drs dx1 d x2 dt drs
d2 a 2 d2 d d d d2
rs)(xsj +[ f]( rsj(rs)+( fj( rsJ) )/
dx1dx2 dt d rs? dx1 d x2 drs dx1dx2

N TN
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=============Finstein equation R"g=0 not fulfilled! =

p=1
o=1
v =3
p=20

d a2 4 a2 d d
Rg=(|—xs| (2 f rs xs|+ 3 £ £ rs||——rs
- dt dr s d x3 g t2 d rs? dx1 d x3

d 4 2 d 4 4 d d2

—xs | + f rs||—xs| + 3 £ f rs

dt d rs dxl d x3 dt d rs dx1dx3

d 4 e d 3 5 ( d 274 d
—Xs | + 6 £ ——rs||—xs| -6 f £ rs rs
dt d rg? dX3 dt drs dt d x3

d 3 d 3 NE d d

—Xxs| + 6 f xs| +4 f f rs||——rs

dt drs dtdx3 dt d rs? dx1 d x3
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d 2 a N2( d d 5 ( d a2 d 2
— XS - f rs + 4 f f rs||—xs
dt drs dxl d x3 dt drs dx1dx3 dt

d2 ol ol d2 fol d2

+ 2 f f rs XS + 2 f f rsi||l—xs |+ f

drs? dt dx3 = drs dtdx3 dt d rs?
a da da a 2 2 da

( rs)( rs] +( fj )/ (xs] +1 - (2 f (XS) (
d x1 d x3 drs dxldx3 dt dt
d d 42 NE d d d 4 5 ( d

f rs xs|+ 3 £ rs rs xs| +3 £f°|——f£
drs d x3 42 4 rs? dx1 d x3 dt drs
a2 d 4 5 a2 d d d 3 d 2

—rs||—xs| +3 f f||—zrs rs xs| -3 f f

dx1dx3 dt d rs? dt d x3 dt drs

Cro)( e (o) s e ) e ) e [t ()
rs rs xs| +3 f f rs
dt d x3 dt drs dtdx3 d rs? dx1
d d 2 d 2 d d 42
o) (fomo) (oL o) (o) (o) (o) + 2 (Gt ()
d x3 dt drs d x1 dx3 drs dxl1dx3
d 2 42 d d d e}
(o) o[t ) (o) (o) (o)« () o) ()
dt d rs? dt d x3 dt drs dtdx3 dt
d 2 Y d d d o a2 d
3 f (xs) +1 + ((xsj f(xs)— 1 f[xs)+l (3 f f ( rsj
dct dt dt dt d re?2 d x1
d d 2 e} 2 d d d 2 5 e}
rs) (xs) -3 f( f) ( rs)[ rs)( xs) + 3 f (f)
d x3 dt drs dx1 d x3 dt drs
d2 a 2 d2 d d d d2
rs)(xsj +[ f]( rsj(rs)+( fj( rsJ) )/
dx1dx3 dt d rs? dx1 d x3 drs dx1dx3

N TN
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=============Finstein equation R"g=0 not fulfilled! =

p=1
o =2
v =20
p=1

d a2 4 a2 d d
Rg=(|—xs| (2 f rs xs|+ 3 £ £ rs||——rs
- dt dr s d x2 g t2 d rs? dx1 d x2

d 4 2 d 4 4 d d2

—xs | + f rs||—xs| + 3 £ f rs

dt d rs dxl d x2 dt d rs dx1dx2

d 4 e d 3 5 ( d 274 d
—Xs | + 6 £ rsi{|—xs| -6 f £ rs rs
dt d rg? dX2 dt drs dt d x2

d 3 d 3 NE d d

—Xxs| + 6 f xs| +4 f f rs||——rs

dt drs dtdx2 dt d rs? dx1 d x2
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d 2 a N2( d d 5 ( d a2 d 2
— XS - f rs + 4 f f rs||—xs
dt drs dxl d x2 dt drs dx1dx2 dt
d2 ol ol d2 fol d2
+ 2 f f ( rs)( ]( XS)+—2 f'( f] rs (xs]-+ f
drs? dt dxz2’ drs dtdx2 dt d rs?
a da da a 2 2 da
( rs)( rs]-+( fj )/ (xs] +1 - (2 f'(xs) (
d x1 d x2 drs dxldx2 dt dt
d d a2 3 a2 d d d 4 5 ( d
f rs xs|+ 3 £ rs rs xs| +3 £f°|——f£
drs d x2 42 4 rs? dx1 d x2 dt drs
d2 d 4 5 d2 d d d 3 d 2
—rs||—=xs| +3 f f||—zrs rs xs| -3 f f
dx1dx2 dt d rs? dt d x2 dt drs
el el el 3 3 d a2 d
rs rs xs| +3 f f rs
dt d x2 dt drs dtdx2 d rs? dx1
o) aeee) +(e) (G J(d J( ) ( J( .
rs||—xs + f rs — XS rs
d x2 dt drs d x1 d x2 drs dxldx2
d 2 42 d d d e}
—xs| + f rs rs rs||l—xs|) ) /
dt d rs? dt d x2 dt drs dtdx2 dt
d 2 Y d d d o a2 d
3f°|l—xs| +1 + (|—xs || f|l—=xs|-1|| f|l—=xs|+1]| (3 f f rs
dct dt dt dt d re?2 d x1
d d 2 e} 2 d d d 2 5 e}
rs||—xs| -3 £ f rs rs xs| +3 £°|——fF
d x2 dt drs dx1 d x2 dt drs
d2 a 2 d2 d d d d2
———— 18 (xsj + £ ( rsj(rs)-+( fj rs|) ) /
dx1dx2 dt d rs? dx1 d x2 drs dx1dx2
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=============Finstein equation R"g=0 not fulfilled! =
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d 2 a N2( d d 5 ( d a2 d 2
— XS - f rs + 4 f f rs||—xs
dt drs dxl d x2 dt drs dx1dx2 dt

d2 ol ol d2 fol d2

+ 2 f f rs XS + 2 f f rsi||l—xs |+ f

4 rs? dt dxz2’ drs dtdx2 dt d rs?
a da da a 2 2 da

( rs)( rs]+( fj )/ (xs] +1| + (2 (XS) (
d x1 d x2 drs dxldx2 dt dt
d d 42 NE d d d 4 5 ( d

f rs xs|+ 3 £ rs rs xs| +3 £f°|——f£
drs d x2 42 4 rs? dx1 d x2 dt drs
a2 d 4 5 a2 d d d 3 d 2

—rs||—=xs| +3 f f||—zrs rs xs| -3 f f

dx1dx2 dt d rs? dt d x2 dt drs

Cro)( o) (o) s e ) [ e ) e [t ()
rs rs xs| +3 f f rs
dt d x2 dt drs dtdx2 d rs? dx1
d d 2 d 2 d d 42
o) (fomo) (oL o) (o) (o) o) < 2 (Gt ()
d x2 dt drs d x1 dx2 drs dxldx2
d 2 42 d d d e}
(o) o[t ) (o) (o) (o)« () o) ()0
dt d rs? dt d x2 dt drs dtdx2 dt
d 2 Y d d d o a2 d
3 f (xs) +1 - ((xsj f(xs)— 1 f[xs)+l (3 f f ( rsj
dct dt dt dt d re?2 d x1
d d 2 d 2/ 4 d a 2 ,( d
rs) (xs) -3 f( f) ( rs)[ rs)( xs) + 3 f (f)
d x2 dt drs dx1 d x2 dt drs
d2 a 2 d2 d d d d2
rs)(xsj +[ f]( rsj(rs)+( fj( rsJ) )/
dx1dx2 dt d rs? dx1 d x2 drs dx1dx2

N TN
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=============Finstein equation R"g=0 not fulfilled! =

p=1
o=3
v =20
p=1

d a2 4 a2 d d
Rg=(|—xs| (2 f rs xs|+ 3 £ £ rs||——rs
- dt dr s d x3 g t2 d rs? dx1 d x3

d 4 2 d 4 4 d d2

—xs | + f rs||—xs| + 3 £ f rs

dt d rs dxl d x3 dt d rs dx1dx3

d 4 e d 3 5 ( d 274 d
—Xs | + 6 £ ——rs||—xs| -6 f £ rs rs
dt d rg? dX3 dt drs dt d x3

d 3 d 3 NE d d

—Xxs| + 6 f xs| +4 f f rs||——rs

dt drs dtdx3 dt d rs? dx1 d x3




wxMaxima session 63 / 75
d 2 a N2( d d 5 ( d a2 d 2
— XS - f rs + 4 f f rs||—xs
dt drs dxl d x3 dt drs dx1dx3 dt
d2 ol ol d2 fol d2

+ 2 f f ( rs)( ]( XS)+—2 f'( f] rs (xs]-+ f

drs? dt dx3 = drs dtdx3 dt d rs?
a da da a 2 2 da
( rs)( rs]-+( fj )/ (xs] +1 - (2 f'(xs) (
d x1 d x3 drs dxldx3 dt dat
d d a2 3 a2 d d d 4 5 ( d

f rs xs|+ 3 £ rs rs xs| +3 £f°|——f£
drs d x3 42 4 rs? dx1 d x3 dt drs
d2 d 4 5 d2 d d d 3 d 2
—rs||—xs| +3 f f||—zrs rs xs| -3 f f
dx1dx3 dt d rs? dt d x3 dt drs

el el el 3 3 d a2 d

rs rs xs| +3 f f rs
dt d x3 dt drs dtdx3 d rs? dx1
o) Geee) +(e) (G )(d J( ) ( J( —
— s || —xs + f rs — XS rs
d x3 dt drs d x1 d x3 drs dxl1dx3

d 2 42 d d d e}
—xs| + f rs rs rs||l—xs|) ) /
dt d rs? dt d x3 dt drs dtdx3 dt

d 2 Y d d d o a2 d
3f°|l—xs| +1 + (|—xs || f|l—=xs|-1|| f|l—=xs|+1]| (3 f f rs

dct dt dt dt d re?2 d x1
d d 2 e} 2 d d d 2 5 e}
——rs||—xs| -3 f f rs rs xs| +3 £°|——fF
d x3 dt drs dx1 d x3 dt drs

d2 a 2 d2 d d d d2
——— 18 (xsj + £ ( rsj(rs)-+( fj rs|) ) /
dx1dx3 dt d rs? dx1 d x3 drs dx1dx3
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=============Finstein equation R"g=0 not fulfilled! =
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d 2 a N2( d d 5 ( d a2 d 2
— XS - f rs + 4 f f rs||—xs
dt drs dxl d x3 dt drs dx1dx3 dt
d2 ol ol d2 fol d2
+ 2 f f rs XS + 2 f f rsi||l—xs |+ f
drs? dt dx3 = drs dtdx3 dt d rs?
a da da a 2 2 da
( rs)( rsj+( fj )/ (xsj +1| + (2 (XS) (
d x1 d x3 drs dxldx3 dt dat
d d 42 NE d d d 4 5 ( d
f rs xs|+ 3 £ rs rs xs| +3 £f°|——f£
drs d x3 42 4 rs? dx1 d x3 dt drs
a2 d 4 5 a2 d d d 3 d 2
—rs||—xs| +3 f f||—zrs rs xs| -3 f f
dx1dx3 dt d rs? dt d x3 dt drs

rs rs xs| +3 f f rs
dt d x3 dt drs dtdx3 d rs? dx1
d d 2 d 2 a fol a2
d x3 dt drs d x1 dx3 drs dxl1dx3
d 2 42 d d d e}
dt d rs? dt d x3 dt drs dtdx3 dt
d 2 Y d d d o a2 d
3 f (xs) +1 - ((.xsj f(xs)— 1 f[xs)+]_ (3 f f ( rsj
dct dt dt dt d re?2 d x1
——rs||—xs| -3 f f rs rs xs| +3 £°|——fF
d x3 dt drs dx1 d x3 dt drs
d2 a 2 d2 d d d d2
(rs)(xsj -F[ f]( rsj(rs)-+( fj( rsJ) )/
dx1dx3 dt d rs? dx1 d x3 drs dx1dx3

2 d 2 ?
3 f ;XS +1

(%019) done

N TN

($120) /* Raising of indices,
contravarinat metric el. is gAxAx(contr ) =
/*print ("Riemann elements R"0 17071, R"0 2"0"2,
R0101: £(0,1);

R0202: £(0,2);
R0303: £(0,3);

5( d 2 d d a2 > ( 4 2( 4 2
(%020) (| £°|—=xs| -1| (2 f rs xs|-3 f f rs
dt d rs d x1 d £2 d rs d x3
d 4 5 ( d 204 2074 4 5 ( d a2 d 4 3
—xs| -3 f f rs —xs| +3 f rsi||—xs| +3 £
dt drs d x2 dt drs 4 x1°2 dt
d2 d 2 a 4 5 d2 d d d 3 d 2
f rs —xs| +6 f rs rs||l—xs| -6 f f
d rs? dx1 dt d rs? dt d x1 dt drs
el el el 3 3 d a2 d 3 da 2 d 2
rs rs xs| +6 f rs||—xs - f — s
dt dx1 dt drs dtdxl dt drs d x3
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d 2 a 2 a 2 a 2 d d2 d 2 dz
— XS - f rs —xs| + £ f rs xs| + £ f
dt drs d x2 dt drs a x12 dt d rs?
d 2 d 2 d 2 d 2 d 2 42 d d d
rs —XsS | + f rs —XsS | + 2 fl||—zrs rs XS
d x1 dt d rs d x1 dt d rs? dt d x1 dt
d g2 d ,( d 2 ) ,(d
+ 2 f XS ) ) /|3f°|—xs| +1| - (4 £f°|—xs| (2
d rs dthl dt dt
d 5 ( d 204 274 4 5 ( d 2
-3 f f — IS —xs| -3 f
drs Xm dt2 drs d x3 dt drs
— —xs| +3 £ rs xs| +3 £ f rs
dx2 dt drs 4 x1°2 dt d rs? dx1
el 3 d d 3 el 2 d d
— XS f — —IrSs || —xs -6 f f —1rs||——1rs
dt d dxl dt drs dt dx1

d rs?

& ) 2(d ( )d V) o) (o) ()
— XS f XS - f rs — X8 - f
dat drs dtdxl dt drs d x3 dt drs
d 2 e} 2 42 d 2 d 2
( ) ( s) + ( ) rs (xsj + £ f ( rs) (xs) +
dx2 drs d x1°2 dt d rs? dx1 dt
d 2 e} a2 e} e} e} d
(e LweT( )[ f}(rs)(rsj(xs)+2( f)
drs dx1 dt d re? dt dx1 dt drs
rs ( xsj) ) /|3 F [ xsj +1
dtdxl dt dt
2 d d2 d 2 5 d2 d 2
(%021) (3 [xs] ( fj rs [xs] +3 f f ( rs)
d rs dX22 dt dr52 d x2
d 2 2 a 2 d d2 d2 d 2
(XS) -3 f'( f] ( ) (xsj -+( fj rs |+ f ( rsj )
dat drs dx2 dt drs d x22 d rs? d x2
) / (Bf2 ——fxs l]
d d2 d 2 5 d2 d 2
(%022) (3 f(:xsj (3 £2 ( f) rs (xsj +3 f f ( rs)
dt drs d x32 dt d rg? d x3
d 2 d 2 a 2 d 2 d d2 d2 d 2
(o] -3 e (o) (o) (o) [ e) [ e o[ (2 me)
dt drs d x3 dt drs 4 x32 d rs? d x3
d 2 3
)/ 3.f2(xs) +1
dt

(%$123) RO0101: factor(R0101) ;
R0202: factor (R0202) ;
R0303: factor(R0303) ;

d 5 d 2 d 2 d 4 5
($023) - (2 -3 f°|——f ——1rs| |—xs| -3 £
drs dxl d rs d x3 dt

hh
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2 el
( j [ rs] (ij +3 3 [ f
drs d x2 drs
() (e v o e[ 21
rs — XS +6 £? f rs
d x1 rg? dt
(o)) v 2 () e () - (e e (o)
rs ||— + 6 f f rs||—xs| - f —7rs —xs | -
d x1 dt drs dtdxl dt drs d x3 dt
( fj [ j (xsj + f( fj rs (xs) + £ £ ( rsj
drs dx2 dt drs d x12 dt d rs? d x1
el 2 d 2 d 2 d 2 a2 d d d
(XS) +( fj [ rs] (ij + 2 [ f]( rsj[ rs]( XS) + 2
dt drs d x1 dt 4 rs? dt d x1 dt
a2 d a 2 Y
( fj rs ( ij) /|3 fz[xs] +1
drs dtdxl dt dt
(%024) (3 ( J ( f] rs (ij + 3 f f ( rs)
d rs dX22 dt dr52 d x2
d 2 d 2 d d2 d2 d 2
(xs) -3 f( ) ( ) (xs) +( fj[ rsj+( fJ( rs) )
dt d rs dx2 dt drs d x2°2 d rs? d x2
)/ (3 £2 —xs j
d d d2 d 2 5 d2 d 2
(%025) (3 £ [xsj (3 £2 ( fj rs [xsj +3 f f ( rs)
dt drs d x32 dt d rs? d x3
d 2 d 2 a 2 fel 2 d d2 d2 d 2
(XS) -3 f( fj ( rs) [xsj +[ f][ rsJ+( fj[ rs] )
dt drs d x3 dt drs a x32 d rs? d x3
a 2 3
)/ 3f2(xs) +1
dt

($i26) R1010: £(1,0);
R1212: f£(1,2);
R1313: f£(1,3);

d d 5( d 2 d d
(%026) (| f|l—xs|-1||f|—xs|+1]||f°|—xs]| -1 (2 f rs
dt dt dt drs d x1
d2 5 d 2 d 2 d 4 5 a 2 fol 2 fol 4
xs|-3 f f — s — X8 -3 f f rs —xs| + 3
d £2 drs d x3 dt d rs d x2 dt
5 ( d d? d 4 N d 2/4 4 , [ a?
f f rsl||l—xs| +3 £ f rs —XxXs| +6 f
d rs d x12 dt d rg? d x1 dt 4 rs?
d d 3 d 2 d d d 3 2 d
rs xs| -6 f f — s rs||—xs| +6 £ f
dt dt drs dt dx1 dt drs
d 3 d 2 d 2 d 2 e} 2 d 2 d 2
xsj - ( fj ( rsj [xsj - [ f) (rsj (xs) + £
dtdxl dt drs d x3 dt drs d x2 dt

d 3 d 2 d
( ij -6 f( fj ( rsj
dt drs dt
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) o) - e[l o) (S ()
(s o[ (o)) o) 2 () () 0
so(ime) 2] - a2 (o) (eme) ) (o)1) 2 12 )
(o)) e () e (o) - 22 () ()
G 2 2 () D) o) o 2 [l (o) o 2
(et - e () (me) o) (o) s
e R e R T R e e
R G | ee] | Cre IO ety Em N e Y )
(o) (fome)f 2 (]

d
d d d d a2
( rsj( rs)( xsj + 2 ( fj rs
dt dx1 dt drs dtdxl

dt
d 2 el 2 d 2
(%027) ([xs] fz(xs) -1 6 £3 ) rs ( XS) +6 3
dt dt drs d x22 dt
d2 a 2 a 2 2 2 a
f ( rs) (xsj -3 f2 ( f) ( ] (XS) + 2 f( f]
d rs? d x2 dt drs dX2 dat drs
d2 d2 d 2 d 2 d 2 . d 2 3
rs|+ 2 £ £ rs| + f| |—rs| )) /|3 f°|—=xs| +1| - (
dX22 dl"S2 d x2 d rs d x2 dt
d 2 4 d d2 d 4 4 d2 d 2/74d 4
2 f (xsj (3 f ( f) rs ( xs) +3 f £ ( rs) (xs) +
dt drs d x2°2 dt d rs? d x2 dt
s( 4 @ ( 4 204 4 e a? d 2 o a?
3 f f —7rs —xs| +4 £ rs xs| +4 £ f
drs d x2 dt drs d x22 dt d rs?
ol 274 2 d 27 4 274 2 a q2 g2
—rSs — XS - f f rs —Xxs | + f rs |+ f
d x2 dt drs d x2 dt drs d x22 4 rs?
d 2 a2 Y
(ers) ) ) /|3 fF (dtxsj +1
X.
d 2( (4 2 5 ( d a2 d 2 3
(%028) (|—xs fl—=xs| -1| (6 £ f rs xs| +6
dt dat drs d x32 dt
42 d 274 2 5 ( d 204 274 2 d
f rs —xs| -3 f rs —xs| +2 f
d rs? d x3 dt drs d x3 dt drs
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32 32 a 2 a 2/ g 2 ,( d 2 3
rs|+ 2 f £ ( rsj +( fj (rsj ) ) /|3 f (xsj +1 -
d x32 d rs? d x3 drs d x3 dt
d 2 4 d a2 d 4 . g2 4 2 /4 4
2 f|—xs (3 f rs xs| +3 £ £ rs xs | +
dt drs d x32 dt 2 d x3 dt

d rs

3 a 2 a 2 a 4 5 d d2 d 2 5 d2
3 f f rs XS + 4 f f rs xs| +4 £°|——f
drs d x3 dt drs d x32 dt d 2

rs

(e (fome) - e (e () (o) () [ [ )
rs xs| - f rs —xs | + f rs |+ f

d x3 dt drs d x3 dt drs 4 x32 d rs?
a 2 d 2 3

( rs)))/ 3f2(xsj+l

d x3 dt

(%$129) R1010: factor (R1010);
R1212: factor(R1212);
R1313: factor(R1313);

s (o)) (o) 2 (G5 ) el )2
(o) (o) (ome) -2 2 () (me) () 2 2 (059
[z oo o (e T (o) e 2 (2o
e Ot N e Cm oo RER O P
(o) (s (ime) (o) -L;; of (e (Come) 2 (222)

d2 J d 2 [ ) a 2 d 2 d 2 a 2
( ij + ( (xsj +( fj ( rsj (xsj + 2
d x12 dt dt drs d x1 dt
a2 a2 d
(s rs)( o) (fime) o2 () e (om0
d rs? d l drs dtdxl dt
3 f2 —xs J
o d 2/ 4 274d 4 5 ( d a2
(%030) - ((xs) (9 f [f) (rsj (xs) + 12 £ ( fj rs
dt drs d x2 dt drs d x22
fol 2 d2 d 2 d 2 a 2 a 2 fol 2
(XS) +12 3 f ( rs) [xs] -6 fz( fj [rs) (ij + 4
dt 4 rs? d x2 dt drs d x2 dt
d d2 d2 d 2 d 2 d 2
f( f] rs|+ 4 £ £ ( rsj +( fj ( rsj ) )/
drs d x2°2 d rs? d x2 drs d x2
a 2 3
3 fz(xsj + 1
dt
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d 2 J( 4 2 (4 2(4d 4 5 ( d a2
(%031) - (|—xs (9 f f —71rs —xs| + 12 £ f rs
dt drs d x3 dt drs d x32
fol 2 d2 d 2 d 2 fol 2 ol 2 fol 2
(XS) + 12 3 f ( rsj (xsj -6 f2( fj (rsj (xsj + 4
dt drs? d x3 dt drs d x3 dt
d d2 d2 d 2 d 2 d 2
£ f rs|+4 £ £ rs| + £ rs| ) ) /
drs d x32 d rs? d x3 drs d x3
of @ 2 ’
3 f (xs) +1
dt

(%$132) R2020: £(2,0);
R2121: £(2,1);
R2323: f£(2,3);

d 2 5 d d2 d 2 5 d2 d 2
(%032) ( f|—xs (3 £ f rs xs| +3 f rs
dt d rs d x2°2 dt d rs? d x2
d 2 d 2 a 2 d 2 d d2 d2 d 2
(xs) + f'( fj (rs) (xsj -F( fj rs |+ £ ( rsj ) )
dt drs d x2 dt drs d x2°2 d rs? d x2
a2 YV d )2 ,( d 42 d )2 "
/|3 Ff (xsj +1 - (2 f(:xs) (3 f ( fj rs (xs) +3 f
dt dt drs d x2°2 dt
d? d 274 2 d 2/ 4 274 2 d 32
f rs — XS - f f — s —xs | + f rs |+
d rs? d x2 dt drs d x2 dt drs d x22
32 d 2 d 2 2
f ( rs) ) )/ 3.f2(xs) +1
dr52 d x2 dt
d 27 4q 2/ g 2 d 2
( fj ( rs) (xsj f2(xsj -1
drs d x2 dt dt d 2 5 d
(%033) - (2 f[:xs) (3 £ ( fj
( 3 2 dt drs
3f2[xs] + 1
dt
d2 d 2 5 d2 a 2 a 2 ol 2 d 2 fol 2
rs||—xs| + 3 £ f rs — XS - f f rs — XS
4 x22 dt 4 rs? d x2 dt d rs d x2 dt
d d2 d2 d 2 d 2 2
+( f) rs |+ £ ( rsj ) ) /|3 fz(xs) +1
d rs dX22 dr52 d x2 dt

(%034) O

2

(%$135) R2020: factor (R2020) ;
R2121: factor(R2121);
R2323: factor(R2323);

4 2 5 d d2 d 2 5 d2 d 2
(%035) - ( f|—xs (3 £ f rs||—xs| + 3 £ f rs
dt drs d x22 dt d rs? d x2
d 2 d 2 d 2 d 2 d 42 a2 d 2
—xs| -3 £ f rs —Xxs | + f rs |+ £ rs| )
dt drs d x2 dt drs d x2°2 d rs? d x2
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of @ 2
) /|3 f (xsj +1
dt
fol 2 3 d d2 d 2 3 d2 d 2
(%036) - (|—xs (6 f rs xs| +6 f f rs
dt d rs dX22 dt dr32 d x2
fol 2 5 d 2 fol 2 fol 2 d d2 d2
— XS -3 f f rs —xs| +2 £ f rs|+ 2 f f
dat drs d x2 dt drs d x22 d rs?
a 2 a 2/ g 2 d 2 2
( rs) +( fj ( rsj )y )/ 3.f2(xs) +1
d x2 d rs d x2 dat

(%037) O

2

($138) R3030: £(3,

2 d d2 d 2 q2 d 2
(%038) (xsj ( f] rs ( ij +3 f? f ( rs)
drs dX32 dt dr52 d x3
d 2 2 d 2 d 42 42 d 2
(xs) ( ) ( rs) (xs) +( f] rs |+ £ ( rs) ) )
dt d rs d x3 dt drs d x3°2 d rs? d x3
d 2 d 42 d 2
/(3 fz(xs +1J xs) (3 f2 ( fj[ rsj(xs) +3 2
dt drs d x3°2 dt
d2 a 2 a 2 a 2 fol 2 fol 2 d d2
f ( rs) (xsj - f'( f) (rsj (xs) -+( fj rs |+
d rs? d x3 dt drs d x3 dt drs d x32

d 2/ a 2/ g 2 d 2
[ f] ( rs) (xsj fz[xsj -1
d rs d x3 dt dt d 2 5 d

(%039) - (2 f(:xs) (3 f [ f]

4 2 2 dt drs
(3 fz[xsj + 1)
dt
a2 d 2 5 a2 a 2 a 2 a 2 d 2 d 2
rs||—xs| + 3 £ f rs — X8 - f f rs — XS
d x32 dct d rs? d x3 dt d rs d x3 dt

(%$141) R3030: factor(R3030) ;
R3131: factor(R3131);
R3232: factor(R3232);

fel 2 5 d d2 d 2 5 d2 d 2
(%041) - ( f|—xs (3 £ f rsl||—xs| +3 £ f rs
dct d rs dX32 dct dr52 d x3
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d 2 d 2 a 2 a 2 d a2 a2 d 2
—xs| -3 f f rs —Xs | + f rs |+ f rs| )
dt drs d x3 dt drs a x32 d rs? d x3
d 2 2
)/ 3f2(xs) +1
dt
fol 2 3 d d2 d 2 3 d2 d 2
(%042) - (|—xs (6 f rs xs| + 6 f rs
dt d rs dX32 dt dl"S2 d x3
d 2 (4 2 ( 4 204 2 d a2 a2
—xs| -3 f —rs —xs| +2 f rs|+2 £ f
dt drs d x3 dt drs d x3°2 d rg?
d 2 d 2 ( 4 2 d 2 Y
——rs| + £ rs| )) /|3f°|—xs| +1
d x3 drs d x3 dt

(%$043) 0

(%144) /* Coulomb law */
DivE : R0101 + R0202 + R0303;

d d 42 5 ( d 2/ 4d 204 4 5
(%044) - (2 f rs xs|-3 f —7rs —xs| -3 f
drs d x1 4 t2 drs d x3 dt
a 2 a 2 a 4 ol 4 3 a2
( fj [rs) (ij +3 3 [ ] (XS) + 3 f f
drs d x2 dt drs dt d rs?
d NRE d 3 d 274
rs —xs + 6 f XS -6 f f rs
d x1 d rs? dxl dt drs dt
d d e} 42 e} 2 e} 2
rs||— + 6 f2 f —xs —rs —Xs | -
d x1 dt drs dtdxl drs d x3 dt
f [ j (xsj + f( fj rs (xs) + £ £ ( rsj
dx2 dt drs d x1°2 dt d rs? d x1
2 d 2 d 2 d 2 a2 d d d
+( fj [ rs] (ij + 2 f ( rsj[ rs]( XS) + 2
drs d x1 dt 4 rs? dt d x1 dt
a2 d ,(d 2 Y d )2 ,( d
rs xs|) /|3f°|—=xs| +1| + (3 f|—xs (3 £f“|——f
dtdxl dt dt dt drs
d2 d 2 d2 a 2 a 2 ol 2 fol 2
rs (ij +3 f? f ( rs) (xsj -3 f( f) ( rsj
dX32 dt dr52 d x3 dt d rs d x3
d 2 d a2 a2 a 2 d 2 3
(XS) +( j rs |+ f ( rs) Yy ) /|3 f2(xsj +1| + (3 f
dt d rs dX32 dr52 d x3 dt
d 2 5 ( d a2 d 2 5[ a2 d 274 2
—Xs (3 f f rs||—xs| +3 £ f rs —xs| -3 f
dt drs d x2°2 dt d rg? d x2 dt
a 2 a 2 a 2 d d2 d2 d 2
( fj [ rsj (xsj + ( fj rs |+ £ ( rsj ) )/
drs d x2 dt drs d x22 d re? d x2
of @ 2 ’
3 f (xsj +1
dt

VR
Q-‘Q_.
o
X
Hh 0
N———— N N———

'sh
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(%$145) ratsimp (DivE) ;

d d d2 3 d d2
(%045) - (2 f rs xs|+ (-9 f f rs |+
d rs d x1 at2 drs d x32
2 d 2 3 42 a 2 3 d g2
6 f f| -9f°|——f —5rs| -9 f f rs |+
drs d rs? d x3 drs d x22

2 3 d2 fol 2 3 a d2 3 d2
-9 f £ rs| +3 f f rs|+3 f7|—fF
d rs? d x2 drs d x1? d rs?

R R o e R ) O REE
O i (R Feet N E= G PR O P B
(s )ty () ) () )

R e

s 4 ) s 4 2( 9 Y
27 £ dtxs +27 £t dtxs +9f thS + 1)

(%i46) /* J[xr] */
Jr : -(R1010 + R1212 + R1313);

ose) (el ne) ) (e )on) 12 (2 2o me) ()3 € (e

(o) (fome) 5 2 (L ef (o) (o) o5 22 (9

(Goxe) o5 2 [Ze)(hme) (o) v 2[5 (o)

(e () ) ) v e ()

(e (e (] (e (ame) (ST v £ (50
) )
)

Fore) v el el Goee) + () (Game (G
[ B Y e | e e IR

w
'\h
N
o}
2 e
X
0
N———~
[\
+
l_\
N
+
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d 2 J( 4 [ d 2(4d 4 5 ( d a2 d 2
— XS (9 f f —rs —xs| + 12 £ f rs xs| + 12
dt drs d x3 dt drs d x32 dt
5[ a2 d 274 2 5 ( d 2/ 4d 274 2 d
f f rs — X8 -6 f f rs —xs| +4 f
d re? d x3 dt drs d x3 dt drs
d2 d2 d 2 d 2 d 2 5 a 2 3
rs|+ 4 f £ ( rsj +( fj (rsj ) ) /|3 fF (xsj +1] + (
dX32 dl"S2 d x3 d rs d x3 dt
d 2 (4 204 274 4 5 ( d 42 d 2
— XS (9 f f rs —xs| + 12 £ f rs xs| + 12
dt drs d x2 dt drs d x22 dt
5 a2 d 2(4d 2 (4 ([ d 2/4d 2 d
£ £ rs —xs| -6 f rs —xs| +4 £ £
d re? d x2 dt drs d x2 dt drs
32 32 a 2 a 2/ g 2 ,( d 2 3
rs|+ 4 £ £ ( rsj +( fj (rsj ) ) /|3 F (xsj +1
d x22 d rs? d x2 drs d x2 dt
($147) ratsimp (Jr) ;
5 d d d 2 d d a2 .
(%047) (|2 £ f rs xs| -2 f rs xs|+ (6
drs d x1 dt d rs dx1 d £2
d 2/ 4d 2 (@ 2/ 4d 2 s ( d a2 5[ a2
f —7rs| + 6 f f rs| +3 f f rs|+ 3 £ £
drs d x3 drs d x2 drs d x12 d rg?
d 2 d 6
( rs) ) (xs) +
d x1 dt
4 d2 N 2 d d 4 d d2 d 5
6 f fl|-6f f —71rs rs|+ 6 f f rs xs | + (
d rs? drs dt dx1 drs dtdxl dt
5 ( d d? 3 a2 5f d 2 d 2 5 ( d
12 £ ( fj rsl|+|12 f fl-4f ( fj (rs) + 12 f ( fj
drs d x32 d rs? drs d x3 drs
a? 5[ a? o @ 21 4a 2 5 d S
rs|+|12 £ fl|-4f f rs -2 f f rs |+
d x2°2 d rs? d rs d x2 drs d x12
5 d 2 3 d2 d 2 a 4
f f| -2f f rs| ) |—xs| +
drs d rs? d x1 dt
d 2 o a2 d d 5 d a2 d 3
6 f f| -4f f rs rs|-4f f rs|||l—xs| + (4
drs 4 rs? dt dx1 drs dtdxl dt
d d2 d 2 d 2 d a2
f f rs |+ f —1rs| +4 f f rs |+
drs d x32 d rs? drs d x3 drs a x22
a2 d d a2 q2 a 2
4 £ fl+2 rs| - £ f rsl|+|-f f |- f
d rs? drs d x2 d rs d x12 4 rs? drs
d 2 d d d a2 el
——rs| ) —Xs + rs rs |- 2 f rs|{|l—=xs|) /
d x1 dt d x1 drs dtdxl dt
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d 6 d 4 d 2
(27 fG(thS) + 27 f4(thSj + 9 fz(thSj +1)

($i48) /* J[theta] */
Jtheta : - (R2020 + R2121 + R2323);

fel 2 3 d d2 d 2 3 d2 d 2
(%048) (|—xs (6 f rsl||—xs| + 6 £ f rs
dct d rs dX22 dct dr52 d x2
fol 2 5 d 2 fol 2 fol 2 d d2 d2
— XS -3 f f rs —xs| +2 £ f rs|+ 2 f f
dat drs d x2 dt drs d x22 d rs?
a 2 a 2/ 4 2 da 2 2 a 2
( rs) +( fj ( rsj ) ) /|3 fz(xs) +1| + ( (xsj (3 £2
d x2 drs d x2 dat dt
d 2 , [ a2 d 274 2 a )2
—xs| +3 f rs —xs| -3 £
dt 4 rs? d x2 dt drs
2 d d2 d2 d 2 5 d 2
+( f] rs |+ £ ( rs) ) ) /|3 f (xsj +1
drs d x2°2 d rs? d x2 dt
($149) ratsimp (Jtheta);
3 d a2 3 a2 o 4 2} a 21/ 4a 4
(%049) (|9 f rs|+| 9 f fl|-6f £ rs —Xxs | +
drs d x2°2 d rs? drs d x2 dt
d d? 42 d 2) d 2174 2 L (4 4
3f f rs|+|3 f £ |+ £ rs —xs| )/ (9 £*|—xs
drs d x22 d rs? drs d x2 dt dat

24 Y
+ 6 f xs| + 1)

2

dt

(%i50) /* J[phi]l */
Jphi : -(R3030 + R3131 + R3232);

d 2 3 d d2 d 2 3 d2 d 2
(%050) (| —xs (6 f rs||—xs| + 6 £ f rs
dt drs 4 x32 dt 4 rs? d x3
d 2 5 d 2 a 2 a 2 d d2 d2
—xs| -3 f f —7rs —xs| +2 £ rs|+2 £ f
dt drs d x3 dt drs d x32 d rs?
d 2 d 2 ( d 2 S d 2 Y a )2 )
(rs) +( fj [ rsj )y ) /|3 fF (xs) +1| + (£ (xsj (3 f
d x3 drs d x3 dt dt
d d2 d 2 5 d2 d 2 a 2 fol 2
f rs||—xs| + 3 £ f rs — XS -3 f f
drs d x32 dt d rs? d x3 dt drs
2 d g2 32 a 2 d 2 2
j +[ f] rs |+ r [ rs) ) ) /|3 fz[xs] +1
drs dX32 dr32 d x3 dt

(%$151) ev(ratsimp(Jdphi),r);
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d d 4
($051) ( (9 f3( fj( xsj +3 f
2 dct

d«/xsz—2xlxs+x32+x22+xl

d d 2 d2 1
[ f)[dtxs) ) [Hxsz—2x1xs+x32+x22+x12J+

2
dJXSz—2xlxs+x32+x22+xl2 d x3

d2 d 2
(19 f f|-6f £
d(xs?-2x1xs+x3%+x2%+x17) d«/xsz—2X1X5+X32+x22+X12

d 4 a2 d 2
[xs) +|3f f + ‘f
dt 2 _ 2 2 J
d (xs 2 x1xs+x3%+x2%+x1° d~xs? - 2 x1 x5+ x3°%+x2° 4+ x1°2

d 2 d 2‘2 £ d * 2

— XS XS -2X1XS+X3 +X2 + x1 — XS + 6 f

dt d x3 dt

ol 2
(XS) + 1)

dt



