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restart

with(Student[VectorCalculus]):

with(VectorCalculus):

with(plots):

sphereplot(1, theta =0 ... 2*Pi, Phi=0 ... Pi):

X := (theta, Phi) -> <r*sin(theta)cos(Phi), rsin(theta)sin(Phi), rcos(theta)>:

X&theta; := diff(X(theta, Phi), theta):

X&Phi; := diff(X(theta, Phi), Phi):

E := X&theta; . X&theta;:

E := simplify(X&theta; . X&theta;):

F := X&theta; . X&Phi;:

G := X&Phi; . X&Phi;:

G := simplify(X&Phi; . X&Phi;):

E+2*F+G

rf2 + rh2*sin(theta)”2;



restart

with( Student| VectorCaleulus|) :
with( VectorCalculus) :

with( plots) :

valviivlviivavl

sphereplot(1,6=0.2 , ®=0.m1)

> X(6,®) = (rsin(0) -cos(®) , rsin(0) -sin(®) ,rcos(6) )
X:=(0,®) ~ (rsin(0) -cos(®), rsin(0) -sin(®), r-cos(0)) m

a
> X0:= —X(6,®):
20

a
Xb:= —X(0,0) :

>
L a®
[> E:=X6-X0:
:> E = simplify( X0+ X0) :
[> Fi=X0-XD:
> G=X0- X
:> G = simplify( X+ XD)
[> ds:=E+2-F+G
ds =7 + P sin(8)” @
> https://ki2100.com

WAy ol .l Jadye Uad jo molaw GHludde Sl dradlytnd duwdid 4l Jguol 4 lads chilodls zraund g5 Lads 45 g9y cdly
Sy B a8 b ) e g) 998 ol dlomyedsdlmy ol sl (59,5 (3,805 zdans S 31 Sosie il Sl (ki Hlaw (26
D9 (b 9)

L0310 95 J>Ipe
108 waw Sy 3,85 wlaiss .1
il ) Gygae d 385 Wlaise jo 1 glad b o)S dslas dawl )
x2+y2+2%2=r?
1595 Whaise 33 @S (b (59,5 Whaise 4 |y dolae ol b 0)S Fhaw dwdids Gilwdde Sl

x,y,z =r.sin(0).cos(¢p),r.sin(8)sin(¢p) ,r.cos(0)
X = r.sin(B).cos(¢p)
Y = r.sin(8)sin(¢p)

Z=r.cos(6)
07y a8
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In God We Trust

restart;

with(Physics):

Setup(mathematicalnotation = true):

ds_sphere := -dr’2 - d&theta; 2r"2 - d&phi;A2r 2*sin(theta)"2 + dt"2:
Setup(coordinates = spherical, metric = ds_sphere):

Einstein [mu, nu, matrix]:

Einstein[mu, nu] = Matrix(4, 4, [[0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0]]):
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In God We Trust
[> restart

> with(Physics) :

| > Setup(mathematicalnotation = true) :
> ds_sphere 1=—Alrl—llﬂzrl—d(azr:sin(8): +dft
ds_sphere == —d* — d6 ¥ —d¢f »* sin(0)” +dr )

> Setup(coordinates = spherical, metric =ds_sphere)
Systems of spacetime coordinates are: {X: (r6,0,7) )

Coordinates: [r, 0, 0, t]. Signature: (- -- +)

-1 0 0 0

0 — 0 0

00 —Asin(0)” 0
00 0 1

Setting lowercaselatin_is letters to represent space indices

[ coordinatesystems = (X}, metric={(1,1) = =1, (2,2) = =, (3,3) = —Fsin(0) ", (4, 4) @)
= I}“\pm'uuulh‘u\ =lowercaselatin i.\l

> Einstein[p, v, mulrlir]

0 0 0 0
0 0 0 0
G = A3)
¥ 00 0 0
00 0 0
> &
v, matris
0 0 0 0
0 0 0 0
Ruv @
0 0 0 0
0 0 0 0
> Riemann|~alpha, B, i, v, nonzero)
RS =@ 6)

i> https://ki2100.com
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restart;
with(Physics):
Setup(mathematicalnotation = true):
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ds_sphere := -drA2 - “d&theta; A2*r12 - d&phi; A2*rA2*sin(theta)?2 + dt"2:
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Einstein[mu, nu, matrix]:
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In God We Trust
restart;
with(Physics):
Setup(mathematicalnotation = true):
ds_sphere := -dr2r - d&theta;*2r"2 - d&phi; 2r/2sin(theta)?2 + dt/2:
Setup(coordinates = spherical, metric = ds_sphere):

Einstein[mu, nu, matrix]:



Einstein[mu, nu] = Matrix(4, 4, [[(1 - r)1/r"2, 0, 0, 0], [0, -1/21/r, 0, 0], [0, O, -1/2sin(theta)*21/r, 0], [0, O, O, 1/r"2]1]):
Ricci[mu, nu, matrix]:

Ricci[mu, nu] = Matrix(4, 4, [[1/r"2, 0,0, 0], [0, 1/2*(2r- 1)1/r, 0, 0], [0, O, 1/2( 2r - 1)sin(theta)*21/r, 0], [0, O, 0, O]]):
Riemann[~alpha, beta, mu, nu, nonzero]:

Riemann[~alpha, beta, mu, nu] ={(1, 2, 1, 2) =1/(2r), (1, 2, 2, 1) =-1/(2r), (1, 3, 1, 3) = sin(theta)*2/(2r), (1, 3, 3, 1) = -sin(theta)"2/(2r), (2, 1, 1,
2)=-1/(2r"2), (2, 1, 2, 1) = 1/(2r"2), (2, 3, 2, 3) = (-1 + r)sin(theta)"21/r, (2, 3, 3, 2) = -(-1 + r)sin(theta)"21/r, (3,1, 1, 3) =-1/(2r"2), (3, 1, 3, 1) =
1/(2r*2),(3,2,2,3)=(1-1*1/r,(3,2,3,2) = (-1 +r)*1/r}:

sl 0,8 S (w9 Slzsil Glad 9o sl 9 s el 4 4S Gz ol

;In God We Trust
L> restart

L> with(Physics) :
|> Setup(mathematicalnotation =true) :

> ds_sphere = —dir— do7 —d@zrzsin( 0 )1 +di

ds_sphere :=—di* r — d@ #* — d¢f ¥ sin(0)” + df ()
> Setup(coordinates = spherical, metric =ds_sphere)

Systems of spacetime coordinates are: {X=(r, 0, 0.1) }

Coordinates: [r, 0, 0, t). Signature: (- -- +)

- 0 0 0
0o =7 0 0
Wl g @ b sin(8)° 0
0 0 0 1

Setting lowercaselatin_is letters to represent space indices

[coordinatesystems = (X}, metric={ (1,1) = —r, (2.2) = —#, (3.3) =—~sin(0)’, (4,4) @)
=1 } spaceindices = Iowercaselalin_i.vl

> Einstein[p, v, matrix]

L 2 0 0 0
2
0 —L 0 0
2r
&= (O]
(%% s o
o b _ sin(8) o
2r
1
0 0 0 —
7
2 Ru.v.mum\
—l, 0 0 0
£
0 2'27' 0 0
Rio= @
0 0 @r—1sin(0)’
2r
0 0 0 0
[> Riemann|~alpha, B, , v, nonzero)
. o al o _sin(0)" .
R Mlv“(l,ll.l)*Zr.(l.Z.Z,l)A 2r,(l.3.l,3)~ 2 F{EZ3) = )

sin(0)’ _ i i _ (=1+#)sin(0)’
— S BN @2 ) = (2323 =

st palainte) @3i1,1,3)====(3,1,3, |)=%. (3.2,2,3)
7

r 24’

3;3;2)=

L3¢

i s
2 P e o
1(3,2,3,2) =

r

>
>
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restart;
with(Student[VectorCalculus]):
with(VectorCalculus):
with(plottools):
with(plots):
display(torus([0, 0, 0], 1, 1), scaling = constrained, lightmodel = light1, shading = zgrayscale):
X := (theta, Phi) -> <(R + r*cos(theta))cos(Phi), (R + rcos(theta))sin(Phi), rsin(theta)>:
X&theta; := diff(X(theta, Phi), theta):
X&Phi; := diff(X(theta, Phi), Phi):
E := X&theta; . X&theta;:
E := simplify(X&theta; . X&theta;):
F := X&theta; . X&Phi;:
G := X&Phi; . X&Phi;:
G := simplify(X&Phi; . X&Phi;):
ds:=E+2*F+G:

ds := r"2 + (R + r*cos(theta))"2:



restart

with( Student| VectorCalculus ) :

with( VectorCalculus) :

with( plottools )

with( plots) :

display(torus([0,0,01]. 1, 1), scaling = constrained, lightmodel = lightl, shading = zgrayscale)

6 o g k. 4

{[rreapra [y e |

v

v

> X(6,®) = ((R+ rcos(0))-cos(®) , (R + r-cos(8) ) -sin(®), rsin(0))
X:=(0,®) ~ ((R+rcos(0))-cos(®), (R+ rcos(0))-sin(®), rsin(0)) [§))

o
> X0:=—Xx(6,®):
00

il
X = ——x(0,D)

>
N oo
[> E:=x0-x0:
|> E := simplifi{ X0+ X0) :
[> F=x0-x@
[> G:=xa-x0
> G = simplify(XP+ XP) :
> ds=E+2F+G
ds =+ (R+rcos(8))’ @
[> https://ki2100.com
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o OX/00 (S X L Cuwd B):
X0 = diff(X(6, o), 6)

o OX/0@ (S X 4 Cumd @):
X = diff(X(6, @), @)
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E := simplify(X6.X8)

e  F=0X/00-0X/0p J> x> XOUL X
R ML}:A
F := simplify(X0.X®D oz (gwdid (i3 Cusols Judo 4 Lxiol yo dS Fuogs dalgs yaw

o G=0X/0@ - OX/Ip A5 2 Xepi o9 b
U duwlxo
G := simplify(XD.XD)
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ds? = r2 + (R + r*cos(0))?
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In God We Trust
restart;
with(Physics):
Setup(mathematicalnotation = true):
ds_torus := dr2 - d&theta;*2r12 - d&phi;”2(R + r*cos(theta))2 + dt/2:
Setup(coordinates = spherical, metric = ds_torus):
Einstein[mu, nu, matrix]:
Einstein[mu, nu] = Matrix(4, 4, [[(2cos(theta))1/(r(R + rcos(theta))), 0, 0, 0], [0, 0, 0, 0], [0, 0, 0, 0], [0, O, O, (2cos(theta))1/(r(R + rcos(theta)))]]):
Riccilmu, nu, matrix]:
Ricci[mu, nu] = Matrix(4, 4, [[0, 0, 0, 0], [0, (2r)cos(theta)1/(R + rcos(theta)), O, 0], [0, O, (2R + 2r*cos(theta))*cos(theta)*1/r, 0], [0, O, 0, 0]]):
Riemann[~alpha, beta, mu, nu, nonzero]:

Riemann[~alpha, beta, mu, nu] = {(2, 3, 2, 3) = 2*(R + r*cos(theta))cos(theta)1/r, (2, 3, 3, 2) = -2(R + rcos(theta))*cos(theta)1/r, (3, 2, 2, 3) = -
(2r)cos(theta)1/(R + rcos(theta)), (3, 2, 3, 2) = (2r)*cos(theta)1/(R + rcos(theta))}:
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In God We Trust

> restart

> with( Physics) :

> Setup(mathematicalnotation = true)

> ds_torus == di — d&F —d¢*- (R + r-cos(0) )Z +df

ds_torus == d* — d& * — d¢* (R + rcos(6) ): +df a)

> Setup(coordinates = spherical, metric =ds_torus)
Systems of spacetime coordinates are: {.\': (r,6,0,7) }

10 0 0
0 — 0 0
g =
8w 2
0o 0 —(R+ rcos(0)) 0
0 0 0 1

[(Um'l/l‘lull('.\)‘\IL'III.\ = (X}, metric={(1,1)=1, (2,2) = —~, (3,3) = — (R +rcos(8) )z. (4.4) @
=1}, spaceindices = lowercaselatin i\]

=> Einstein|, v, matrix|

2 cos(6)

—— __ 0 0 0
r(R+ rcos(0))
0 00 0
G .= (©)]
o 0 00 0
o 0 2 cos(0)

r(R+ rcos(0))

v, ma

0 0 0 0

> r008
o 2 rcos(0) 0 0
R+ rcos(8)

Rv= @

o 0 2 (R+rcos(8)) cos(8) -

P
0 0 0 0

_> Riemann|~alpha, B, W, v, nonzero|
R =l (230 3) = 2R+ reos(8)) cos(0) _2(R+reos(0)) cos(6).

Brv l r (2'3'3‘2) r (s)
(33 Ay 2SN 55 5 ) 2m00HO) ros(0)
R+ rcos(0) R+ reos(0)
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(Riemann Tensor):0ley ygwil. ¥
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Riemann[~a, B, 1, v] ={(2, 3, 2, 3) = 2:(R + r-cos(8))-cos(6)/r, (3, 2, 2, 3) = -(2-r-cos(6))/(R + r-cos(8))}
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restart:

with(Physics):

Setup(mathematicalnotation = true):

ds_sphere := -dr*2sqrt(1 - (2G)M1/r1/c”2) - d&theta;*2sqrt(1 - (2G)M1/r1/cr2)A2 - d&phi;A2sqrt(1 - (2G)M1/r1/cA2)A2sin(theta)”2 + dt/2:

Setup(coordinates = spherical, metric = ds_sphere):

Einstein[mu, nu, matrix]:

T11 := Einstein[1, 1]:

T11 := -sqrt(-(-rc”2 + (2G)M)1/c 2)(-rA5c4 + (4r74)ch2GM - (4rA3)GA2MA2 + GA2MA2sqrt®sqrt(-(-rch2 + (2G)M)1/c”2))cr21/rA(5/2)1/(-ch6rr3
+(6G)MrA2ch4 - (12GA2)MA2rcA2 + (8%GA3)*MA3):

T22 := Einstein[2, 2]:

T22 := sqrt(-(-rcA2 + (2G)M)1/cA2)GM(-(4r)cA2 + (5G)M)/((2rA(5/2))(cP4rA2 - (AG)Mrch2 + (4*GA2)*MA2)):

T33 := Einstein[3, 3]:

T33 :=sqrt(-(-rc”2 + (2G)M)1/c*2)GM(-(4r)c”2 + (5G)M)sin(theta)r2/((2r*(5/2))(ch4rA2 - (AG)Mrch2 + (4GM2)¥MA2)):



T44 := Einstein[4, 4]:

T44 := (-rA5¢M4 - (4G)MrA(3/2)sqrt(-(-rcA2 + (2G)M)1/cA2)c 2 + (4rr4)c 2GM - (4r23)GA2MA2 + (6GA2)MA2sart®sqrt(-(-rch2 +
(2G)M)1/c2))cA21/(-cABrA3 + (6G)MIA2c 4 - (12GA2)MA2rcA2 + (8*GA3)¥MA3)*1/rA2:

NULL;

G :=0.6672e-10:

M :=0.19891e31:

r:=0.1392700e10/2:

c:=0.3e9:

T11:

-1.000002117:

T22:

-8.734117110%107(-24):

T33:

-8.734117110*107(-24)*sin(theta)A2:

T44:

1.000004234:

sqrt(1 - (2G)M1/r1/c”2):

0.9999978824:

T11 - sqrt(1 - (2G)M1/r1/c 2):

-1.999999999:

T22*10718:

-8.734117110*107(-6):

1.8Degreesecond:

(10%T22)*cA2:

-7.860705399*107(-6):

1.62Degreesecond:
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:In God We Trust
> restart

=> with( Physics) :

| > Setup(mathematicalnotation = true) :

; [ 2GH . [ ZGH s G0 2y,
> ds sphere s=—dp [ 1- Y —der/ it M, —:I(b'/l—# sin(0)” + dr-
Y re

e re

> Setup(coordinates = spherical, metric = ds_sphere) :
Systems of spacetime coordinates are: {X=(r, 6, 6, ) }

Coordinates: [ r, 0, 0, t). Signature: ( +)
/ 2GM
o 0 0 0
vV re

2GM
0 e 0], ¢ 0 0

B re

Suy
(. 2GM
0 0 —L L | sin(0) 0
re

0 0 0 1

Setting lowercaselatin_is letters to represent space indices

1> Einstein[, v, matrix] :
1392700
> Gi=667T2e—11:M:= 1.9891e30: r:= % ¢ = 3e8
> 711 = Einstein[1,1]:
|> 722:= Einstein[2,2]:
|> 733 := Einstein[3,3]:
|> 744 := Einstein[4,4]:
> 711
—1.000002117 @)
> 12
—8.734117110 x 1072 3)
[> 733
—8.734117110 x 107 sin(0)" )
[> 144
1.000004234 ®)
[ 2GM
> [1-——"
\/ re:
0.9999978824 6)
i [ 2GM
> TI— % -
i
—1.999999999 @)
[> 122:10"
—8.734117110x 107° ®)
[> 18 Degree second
1.8 Degree second Q)
> T22:10:¢
—7.860705399 x 10~° (10)
[> 162 Degree second
1.62 Degree second an

> https://ki2100.com
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ds_sphere := -dr*2*sqrt(1 - (2*¥*G)*M*1/r*1/c”2) - "d&theta; *2*sqrt(1 - (2*G)*M*1/r*1/cr2)72...
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restart;

with(Physics):

Setup(mathematicalnotation = true):

ds_sphere := -dr*2sqgrt(1 - (2G)M1/r1/c”2) - d&theta; 2sqrt(1 - (2G)M1/r1/cr2)"2 - d&phi;A2sqrt(1 - (2G)M1/r1/c”2)"2sin(theta)”2 + dt”2:
Setup(coordinates = spherical, metric = ds_sphere):

Einstein[mu, nu, matrix]:

T22 := Einstein[2, 2]:

T22 := sqrt(-(-rc”2 + (2G)M)1/cr2)GM(-(4r)c”2 + (5G)M)/((2r7(5/2))(cPr4r 2 - (AG)Mrch2 + (4*GA2)¥*MA2)):
E:=m*cr2:

m :=10:

T22*E:

(5sqrt(-(-rc”2 + (2G)M)1/c*2))GM(-(4r)c 2 + (5G)M)cAr21/rN(5/2)1/(chArA2 - (AG)Mrch2 + (4*¥GA2)*MA2):
simplify(T22*E):

(5cA2)Msqrt((rcA2 - (2¥G)M)1/cA2)(-(4r)c”2 + (5G)M)G1/r M (5/2)1/(-rch2 + (2G)*M)A2:

G :=0.6672e-10:

M :=0.19891e31:

r:=0.1392700e10/2:

c:=0.3e9:

T22*E:

-7.860705399*107(-6):



-1.62138688Degreesecond:
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:ln God We Trust
| > restart

L> with(Physics) :

=> Setup(mathematicalnotation = true) :

2 2-G:M 5 2-G:M ) 2:GM . 2 >
> ds_sphere 1=—:/:'/ l——’; —:IH/ l——’; —d(&'/l—;: sin(0)” +dr:
ko rc rc rc

> Setup(coordinates = spherical, metric = ds_sphere) :
Systems of spacetime coordinates are: {X=(r, 0, 0,1) }

Coordinates: [r, . 0, t]. Signature: (- -- +)

2G»
= / p= GM; 0 0 0
re
2G M
0 i 26 0 0
P e
Spv
2GM 2
0 0 —[I— = ]sm((')) 0
re
0 0 0 |
Setting lowercaselatin_is letters to represent space indices
L 1)
1> Einstein[w, v, matrix) :
> 7122 := Einstein[2, 2
| —ré+2G6M )
J e T 2UY GM(—4rd +5GM)
¢
122:= i 7 = (]
2P (P —aGMrd +4G M)
L> Ex=mc m=10:
> R2:E
—r+2GM ) i
§ [ TrEHICM Lo oa SEiaa
- @
PR P —4GMré +4G M)
[> simplify(T22-E)
5GAM(—4r+5GM)
5 3 @
AP (=rd+26M)°
13927003
> G:=6672e—11:M:= 1.9891e30: r:= % ici=3e8:
> 2
—7.860705399 x 107 5)
[> —1.62138688 Degree second
—1.62138688 Degree second (6)

>
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restart;

K := abs(5GcA2M(-4c”2r + 5GM)sqrt((cA2r - 2GM)/c”2)/(rA(5/2)(-c 2r + 2GM)A2)):
G :=0.6672e-10:

M :=0.19891e31:

R :=0.1392700e10/2:

c:=0.3e9:

plot(K, r=R ... 3*R):
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;> restart
" 3 [ r*—2GM
5GEM(—-4ré+seM) | 22

v [

» K=

L AP (=rd+26M)

13927003
= g

> G:=66T2e—11:M:= 1.9891e30: R := = 3e8:

[> plot(k,r=R.3-R)

7.%x107%
6.% 107
5.%x 107
4.% 107
3.x 107
2.x 107

1.x 107

8. x 10" 1.x 10° 1.6 x 10° 2.x10°
"
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restart:
with(Physics):
Setup(mathematicalnotation = true):
ds_sphere := -dr2sqrt(1 - (2G)M1/r1/c"2) - d&theta;*2sqrt(1 - (2G)M1/r1/c”2)"2 - d&phi;A2sqrt(1 - (2G)M1/r1/c*2)"2sin(theta)”2 + dt/2:
Setup(coordinates = spherical, metric = ds_sphere):

Einstein[mu, nu, matrix]:



T11 := simplify(Einstein[1, 1]):

T11 :=-sqrt((rc”2 - (2G)M)1/c"2)c2(G*2M"2sqrt®sqrt((rc2 - (2G)M)1/c2) - (4r*3)(-rch2/2 + G¥*M)A2)1/rA(5/2)1/(-rc”2 + (2G)*M)A3:

T44 := simplify(Einstein[4, 4]):

T44 := -c"2*((-(3G"2)M"2sqrt®/2 + GMr/(3/2)c”2)sqrt((rc”2 - (2G)M)1/c”2) + rA3(-rc2/2 + GM)2)/((2r22)(-rcA2/2 + GM)A3):

G :=0.6672e-10:

M :=0.19891e31:
r:=0.1392700e10/2:
c:=0.3e9:

d:=sqrt(1- (2G)M1/r1/c’2):

d :=0.9999978824:

t:=1/sqrt(1 - (2G)M1/r1/c"2):

t:=1.000002118:
d:=2+T11:

d :=0.999997883:
NULL;

t:=-T1l:
t:=1.000002117:
t:=(T44-1)/2 + 1:

t:=1.000002118:
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:In God We Trust

:) restart

[> with(Physics) :

;> Setup(mathematicalnotation = true) :

> ds_sphere ==—dr* / l—}(—l;” —zlﬂ‘/ l—}(—r;‘l —dqﬁ"/ I—L;M sin(B)l +df
L v rc rc rc

[> Setup(coordinates = spherical, metric = ds_sphere) :

Systems of spacetime coordinates are: {X=(r, 0,0, 1) }

/ 2GA
- f1- 2GM 0 0 0
J P
2G»
0 oy b G M 0 0
g .= re
2GM)\ 2
0 0 —(l - == |sm(e) 0
{ re
0 0 0 I

Setting lowercaselatin_is letters to represent space indices

| - - 1)
[> El’u.\"lvinl W, v, matrix ]:
> T11:= simplify(Einstein[1, 1] )
[ré—2GM +f 5.5 — [ré—2Gh & 3
Jurs —2GM, [(;‘:ll' JF e IOM [—% + (;.u] r‘}
/ 2 / : - /
Tl == . 7 - - e

PA(=ré+26M)°
> T44 = simplify(Einstein[4, 4] )

( Gomayi —_—
3G M7
B

) [ réf=2G» (
+<;.ur‘ﬁu] i
T44 = — —— - ¥ — 2 @)

2 \
re . 2
L— =G ;\/J 7

[

392700¢3
> Gi=66T2—11:M:= 1.9891¢30: r:= %:a = 3e8:

d = 0.9999978824 @)
B 1
> 1=

£:= 1.000002118 5)
[> di=2+TI

d = 0.999997883 ©)
[> t:=—111

£:= 1.000002117 @)

T44—1
= 41
£:= 1.000002118 @®)

[> https:/ki2100.com
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restart:

with(DifferentialGeometry):with(Tensor):

DGsetup([r, theta, phi], Ellipsoid):

g := evalDG(r"2*(-(dtheta &t dtheta) - sin(theta)*2*(dphi &t dphi)) - dr &t dr/sqrt(1 - 2GM/(r*c”2))):
simplify(RicciTensor(g)):

simplify(TraceFreeRicciTensor(g)):



NULL;
restart;
g := evalDG(r"2*(-(dtheta &t dtheta) - sin(theta)*2*(dphi &t dphi)) - dr &t dr/sqrt(1 - 2GM/(r*c”2))):

_DG([[“tensor”, Ellipsoid, [[“cov_bas”, “cov_bas”], [11], [[[1, 1], GM/(-cA2r"3 + 2GMr”2)], [[2, 2], 1/2(-2rc”2 + 3GM + 2sqrt((c”2r -
2GM)/(rc”2))rc”2)/(sqrt((cAr2r - 2GM)/(rcA2))rc”2)], [[3, 3], 1/2sin(theta)?r2*(-2rcA2 + 3GM + 2sqrt((c”2r - 2GM)/(rc2))rc2)/(sqrt((cA2r -
2GM)/(r*ch2))rer2)110);

_DG([[“tensor”, Ellipsoid, [[“cov_bas”, “cov_bas”], [11], [[[1, 1], 1/6*(2sqrt((c2r - 2GM)/(rcA2))rch2 - 2rc”2 + 5GM)/(r22(-1/2rc”2 + GM))], [[2, 2],
1/6(2sqrt((cA2r - 2GM)/(rc”2))rch2 - 2rc”2 + 5GM)/(sqrt((cA2r - 2GM)/(rc”2))rc”2)], [[3, 3], 1/6sin(theta)?2*(2sqrt((c”2r - 2GM)/(rc”2))rch2 -
2rc”2 + 5GM)/(sqrt((cA2r - 2GM)/(r*c”2))rer2)111);

G :=0.6672e-10;

M :=0.19891e31;

R :=0.1392700e10/2;

c:=0.3e9;

theta := Pi/2;

plot(81/2sin(theta)?2*(-2rc”2 + 3GM + 2sqrt((c”2r - 2GM)/(rc 2))rc”2)/(sqrt((c2r - 2GM)/(rc”2))rc”2), r =R ... 3R);
r:=0.1392700e10/2:

8/2sin(theta)”2(-2rc”2 + 3GM + 2sqrt((c”2r - 2GM)/(rc”2))rc”2)/(sqrt((ch2r - 2GM)/(r*c2))rch2):
8.469577464*107(-6);

K :=1.74614376Degreesecond;



B
:> restart
;> with( DifferentialGeometry) : with(Tensor) :
> DGsewp([r,0,0], Ellipsoid)
frame name: Ellipsoid

Ellipsoid > g := ewlDG 7 (—(llhelu&.l Al)‘helu—sin(e)1 rlphi&ulplxi)

- Iidl‘&ldr
- 2:-GM
re
dr 2 2 2
gi= ————————dr— 1 d0d0—r sin(6) dpdp
e+ 2GM
l‘(‘:

_Elliploid > simplify( RicciTensor(g) )

i "Z—2GM . »
it [—Zrc’+3(iM+2 e rc‘]d@
i+ -~ )
—crF +2GMr re —2GM %
2 7': re
re
2 5 & —2GM
sin(6) [—-rc‘+]GM+2 o2l dGH, n-~].1¢
+ r'e d

_Elliploid > simplify( TraceFreeRicciTensor(g) )

& —2GM _» s
[2 L v —2rd+5GM | dr

re”
2 ré 5
67 (—T 3t (IA/[)

bt —2 3 3
[2 [LE=2GM. L2 avd4s GMJ do
+ K de
6 re—2GM™M 2
o | re=26GM

dr

https://ki2100.com

= re
re
: 2 —2 5 3
sin(0)° [z [ZE =2CM 5 b GM] do
+ e do
- M. %
6 | TE—2GM 5
re
e 3 "r—2GM
| sin(6) [—2ra‘+3cM+2 R rf-]
> plorf 8-> e F=R.3R
8. x 107
7. %107
6. %10
5. % 107
4.x10"%
3. %107
8. x10° 1.x10" 1.2x 10° 1.8 % 10° 2. x 10”
L r
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with(DifferentialGeometry): with(Tensor):

DGsetup([r, theta, phi], Ellipsoid):

e K hw 9y b [1,0,0]wlaize ¢ Mapleys Tensor s DifferentialGeometry oz jl oolaiwl b Las
los,S Casya3(Ellipsoid)

sl (6353)8 Hlw

Oloy-bad SHie Casyad .3
g := evalDG(r"2*(-(dtheta &t dtheta) - sin(theta)*2*(dphi &t dphi)) - dr &t dr/sqrt(1 - 2GM/(r*c”2))):
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simplify(RicciTensor(g)):

simplify(TraceFreeRicciTensor(g)):
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_DG([[“tensor”, Ellipsoid, [[“cov_bas”, “cov_bas”], [11], [[[1, 1], GM/(-c*2r”3 + 2GMr~2)], ...]11);
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g := evalDG(r"2*(-(dtheta &t dtheta) - sin(theta)*2*(dphi &t dphi)) - dr &t dr/sqrt(1 - 2GM/(r*c”2)))
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g = evalDG | r?(—df x df — sin?0d@ x d@) —
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from sympy import symbols, sin, Function, sqrt
from einsteinpy.symbolic import MetricTensor, RicciTensor
# Lol g wlaise Cayyss
r, theta, phi, G, M, ¢ = symbols('r theta phi G M c¢')
# (025 Ciyed Wb 45 (5)8 lin) Sofle Cinyal
metric=[[-1/sqrt(1-2*G* M/ (r * c**2)), 0, 0],

[0, -r¥*¥2, 0],

[0, O, -r**2 * sin(theta)**2]]



# 3 )9wdl Sofe syl EinsteinPy

g = MetricTensor(metric, syms=(r, theta, phi))
ricci = RicciTensor.from_metric(g)

# (2 )9l Ginled

print(ricci)

[[G*M/(r**2*(2*G*M - c**2*r)), 0, 0], [0, 3*G*M/(2*c**2*r*sqrt(-2*G*M/(c**2*r) + 1)) + 1 - 1/sqrt(-2*G*M/(c**2*r) + 1), 0], [O, O,
3*G*M*sin(theta)**2/(2*c**2*r*sqrt(-2*G*M/(c**2*r) + 1)) + sin(theta)**2 - sin(theta)**2/sqrt(-2*G*M/(c**2*r) + 1)]]

restart:

k := [[G*M/(rA2*(-cA2*r + 2*G*M)), 0, 0], [0, (3*G*M)/(2*c 2*r*sqrt(-2*G*M/(cr2*r) + 1)) + 1 - 1/sqrt(-2*G*M/(c”2*r) + 1), 0], [0, O,
(3*G*M*sin(theta)”2)/(2*c2*r*sqrt(-2*G*M/(cA2*r) + 1)) + sin(theta)”2 - sin(theta)*2/sqrt(-2*G*M/(c 2*r) + 1)]]:

G :=0.6672e-10:
M :=0.19891e31:

r:=0.1392700e10/2:

c:=0.3e9:
theta := Pi/2:
8*k:

[[-3.493648694*107(-23), 0, 0], [0, 8.464*107(-6), 0], [0, O, 8.464*107(-6)]]:
8.464e-6:

1.74582532*arc*second;

2GM
- 1-== o 0
gij = re
0 —r? 0
0 0 —r?sin?6

from sympy import symbols, sin, Function, sqrt
from einsteinpy.symbolic import MetricTensor, RicciTensor
# ol g Olaisns Ciyyad
r, theta, phi, G, M, ¢ = symbols('r theta phi G M c¢')
B (023 Cioyad S 455 i) Sofe Cisyal
metric = [[-sqrt(1-2* G * M/ (r * ¢**2)), 0, 0],
[0, -r**2, 0],

[0, O, -r**2 * sin(theta)**2]]



# 3 )9wdl Sofe syl EinsteinPy

g = MetricTensor(metric, syms=(r, theta, phi))

ricci = RicciTensor.from_metric(g)

# (2 )9l Ginled

print(ricci)

[[G*M/(rA2*(cA2*r - 2*G*M)), 0, 0], [0, G*M*cA2*r*sqrt(-2*G*M/(cA2*r) + 1)/(2*(cA2*r - 2*G*M)A2) - cA4*rA2*(-2*G*M/(cA2*r) +

1)A(3/2)/(c"2*r - 2¥*G*M)72 + 1, 0], [0, O, (G*M*cA2*r*sqrt((ch2*r - 2¥G*M)/(ch2*r))/2 - ¥ rA2*((cA2%*r - 2*¥G*M)/(c”2*r))(3/2) + (cA2*r -
2*G*M)~2)*sin(theta)*2/(cr2*r - 2*G*M)A2]]

restart:

k := [[G*M/(r22*(c”r2*r - 2¥*G*M)), 0, 0], [0, G¥M*cA2*r*sqrt(-2*G*M/(cA2*r) + 1)/(2*(cA2*r - 2¥G*M)A2) - cAA*¥rA2*(-2*¥G*M/(c 2%r) +
1)M3/2)/(ch2¥*r - 2*G*M)A2 + 1, 0], [0, O, (G*M*cA2*r*sqrt((cAh2*r - 2¥G*M)/(cA2*r))/2 - cAA*¥rA2*((cA2*r - 2*¥G*M)/(c 2*r))M(3/2) + (ch2*r -
2*G*M)A2)*sin(theta)r2/(c r2*r - 2¥*G*M)A2]]:

G :=0.6672e-10:

M :=0.19891e31:

r:=0.1392700e10/2:

c:=0.3e9:
theta := Pi/2:
8*k:

[[3.493648694*107(-23), 0, 0], [0, -8.472*107(-6), 0], [0, 0, -8.469113864*10"(-6)]]:

— 2 -
1
- 0 0
gij = 1-— —261:1
re
0 —r? 0
L 0 0 —r?sin?6

from sympy import symbols, sin
from einsteinpy.symbolic import MetricTensor, RicciTensor
# ol g Olaisns Ciyysd
r, theta, phi, G, M, ¢ = symbols('r theta phi G M c¢')
# (025 Cyed Wb 45 (5)8 lin) Sofle Cinyal
metric = [[-1/(1 - 2*G*M/(r*c**2)), 0, 0],
[0, -r*¥*2, 0],

[0, O, -r**2 * sin(theta)**2]]



# 3 )9wdl Sofe syl EinsteinPy

g = MetricTensor(metric, syms=(r, theta, phi))
ricci = RicciTensor.from_metric(g)

# (2 )9l Ginled

print(ricci)

[[2*G*M/(r**2*(2*G*M - c**2*r)), 0, 0], [0, G*M/(c**2*r), 0], [0, O, G*M*sin(theta)**2/(c**2*r)]]

2GM

[ =™
|r2(=rc? + 26M)

ricciy; =
|
G :=0.6672e-10;
M :=0.19891e31;
r:=0.1392700e10/2;
c:=0.3e9;
theta := Pi/2;
ricci_11 := 2*G*M/(r"2*(-cA2*r + 2*G*M)):
ricci_22 := G*M/(r*c”2):
ricci_33 := G*M*sin(theta)*2/(c 2*r):
Field_11 := 11*ricci_11*c/2:
Field_11 := -8.646780517*107(-6):
Field_22 := 4*ricci_22:
Field_22 := 8.470373424*10/(-6):
Field_33 := 4*ricci_33:

Field_33 := 8.470373420*10/(-6):

2GM

r2(—rc? + 2GM)

Field;; =

0

X 11 X c?

0
GM

rc?

0
GMsin(6)?

c2r

1
i

X 4 0
GMsin(6)?
GMsin(0)”

c?r
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