> restart;
| > ?Physics
> with (Physics) :
> Setup (mathematicalnotation = true)
[mathematicalnotation = true]
> ds2 := -exp(2*Phi (r)) *dt*2+exp (2*Lambda (r) ) *dr*2+r*2*dtheta”*2+
r*2*sin(theta)*2*dphi*2;
. 2
ds2 ==-% af + M) a4 + 72 di + 7 sin(0) d(p2
> Setup (coordinates = spherical, metric = ds2)
* Partial match of 'coordinates' against keyword 'coordinatesystems’
Default differentiation variables for d_, D _and dAlembertian are: {X=(r,0, 0, t) }

Systems of spacetime Coordinates are: {X=(r,0, ¢, t) }
[coordinatesystems= { X}, metric = { (1,1) =22 (2,2) =/ (3,3) =/ sin(e)z, (4,4) =

_ 200}

=> Christoffel[alpha, beta, gamma, nonzero]
_ _ (4 2A(7) _ o an(0)? _ (4
FO@&Y {(1, 1,1) (dr A(r))e , (1,2,2) r, (1,3,3) rsm(e) , (1,4,4) (dr

Cb(r)) PO (2,1,2) =1 (2,2,1) =1, (2,3,3) = -*sin(8) cos(8), (3, 1, 3)

—rsin(8), (3,2,3) =2sin(8) cos(8), (3,3,1) =rsin(8)°, (3,3,2)

=/ sin(6) cos(6), (4,1,4) = - (di <I><r>) S, (4,4,1) =- (di cpm) eN’M}
7 7
> Christoffel[~alpha, beta, gamma, nonzero]

ra&f{(l, 1,1) = % A, (1,2,2) = e 2200 1 (1,3,3) = - 2400 15in(6), (1,4, 4)

=g 2AU) +20(1) (i CD(F)), (2,1,2) =i, (2,2, 1) =i, (2,3,3) =-sin(6) cos(H),
dr r r
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> Riemann[~alpha, beta, gamma, delta, nonzero]

R“B,M‘(l,z 1,2)=(% A(r)) e * 0 (1,2,2, 1)=—( (‘fr Alr )) e 2 L (1,3, 1,

e |a

di A(r) di A(7r)
1,2)=- ’"r (2,1,2,1) ’"r (2,3,2,3) =-sin(0)” (-1 +e22"),
“2A(r) +2®(r) (i d)(r))
(2,3,3,2)=sin(8)” (-1 +¢ A7), (2,4,2,4) = — L 2,
o "2A() +20(7) (di (D(r)) diA(r)
4,2) =- : (3,1, 1,3)=-———,(3,1,3,1)
r r
di A(7r)
- (3,223 =1 +e M, (3,2,3,2) =1 - PN, (3,4,3,4)
o 2A() +29() (di CI)(r)) o 2A() +29() (di q)(r))
= : ,(3,4,4,3) =- . ,(4,1,1,4)
r r
& d d d 2 &
el (dr @(r)) (dr A | +(dr o)) (41,41 = o)
d _(d 2 _(d 020
+(dr o)) (4 A0 ) = (4 o0 | @224 =4 @m0 @2,

d
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—( ” )) ¢ 2AU) rsin(e)z}
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(di ) M (4,3,3,4)=(d_ cI>(f’>)‘3_2A(r)”5in(9)2, (4,3,4,3) =
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> Ricci[beta, delta, nonzero]

Ry s=|(11)
_(% (I)(r))zr-k(% C[)(r))r(% A(r))—[s—; CD(r)Jr-I—Z%A(r)
= (2,
r
2)—1+( (% d)(r))r+(% A(r))r 1)e‘“<”),(3,3)=—sin(e) ((%
d)(r))e_ZA(r)r—(% A(r))eZA()r-l-ezA()—l) (4, 4)
:%(([;—; q)(r)]r—i-(% CD(r)) ((% cp(r))r—(% A(r))r
_+2)JGQAU)+2@))}
=> Ricci[~beta, delta, nonzero]
RP=1(1,1)=
%[e 2A() [(% <I>(r))2r—(% (I)(r))r(E A(r)) +[j—; CD(r))r
_Z%A(F)JJ’(Z,Z)IJF( (%®(r))r+(2%1\(r)) 1) - (3,3)
r
_1+( (% <I>(r))r+(%A(r))r—l)eZA()
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B R:=Ricci[~1, 1l]+Ricci[~2, 2]+Ricci[~3, 3]+Ricci[~4, 4]
R =
2

%(e_“m [—(% CD(F)) r+ (% q)(r)) r(% A(r)) — (j—; <I>(r)) r

+2 % A(r)J] + ’ (_(% ‘D(r)) o 2A0) L4 (% A(r)) e 20 o720 —|—1)
+%[e‘21\(r) ((% cp(r))r(% A(r)) _(% q)(r))zr—((?—;q)(,,))r
o)

> R:=simplify (R) ;
2 2
R= %[2+(—2rz(d—2 CI)(r)) —2rz(i q)(r)) +(2r2(di A(r)) —4;») (%

r dr dr r

cI)(r)) +4 (% A(r)) r—2) e—ZA(r)]

=> Ein:=Einstein[beta, delta, nonzero]
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Ein = Gy ;= CI)(r))r-l-(dr

D(r) — = A(”)) ((di ‘D(F)) r+ 1)] ¢ 2D (3,3) =rsin(9)2e_2/\(r) ([d—z

dr r dr?

<I>(r)) r+ (% D(r) —% A(r)) ((d_ q)(r)) r-l—l)), (4,4)

o 2A() +20(7) (ezA(r) ) (% A(r)) r—l) ]
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