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THE USE OF MATLAB PLATFORM TO COMPUTE
SOME GEOMETRIC QUANTITIES OF
SCHWARZSCHILD ROBERTSON-WALKER SPACE
TIME

NEMAT ABAZARI AND MASOUD SAHRAIY

ABSTRACT. In this paper we compute some geometric quantities
of Schwarzschild Robertson-Walker space time by using MATLAB
platform to construct functions that compute These quantities.
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1. INTRODUCTION

Space times have many applications in general relatively and black
holes. So the study of geometric quantities of space times is very im-
portant. In this paper we compute Christoffel symbols, Riemannian
curvature tensor, Einstein tensor and weyl tensor for Schwarzschild
Robertson-Walker space time.

The metric of Schwarzschild Robertson-Walker space time has 4 dimen-
sional so it is difficult to calculate geometrical quantities, hence we use
MATLARB platform and construct functions to compute geometric quan-
tities.

In section two to calculate each quantities we introduce functions and
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get the nonzero components.
In section 4 MATLAB files listed in appendix at the end of the paper.

2. CALCULATE SOME GEOMETRIC QUANTITIES OF SCHWARZSCHILD
ROBERTSON-WALKER SPACE TIME

In the standard Schwarzschild (t,r,?,¢), and geometric system of
units, the Schwarzschild Robertson-Walker space time are determined
by the line element

52
1—kR?
and the coordinates are defined such that

—0<t<L400,r>0,0<0<7m and 0<p <27 .

ds? = —dt? + dr® + 32R2(d92 + sin?0 dg02)

So the metric coefficients and the invers of matrix coefficients are as
follows:

3. CHIRSTOFFEL SYMBOLS
The Christoffel symbols of first kind are defined by:

1 9gij | Ogik | 09k

™ — = km  __YJIY v J
) 29 ( 8xk + an + 8331 )

to calculate FZ»L in Schwarzschild Robertson-Walker space time we con-

struct function file SRW1 with 3 arguments that the first two arguments

are lower indexes in I/ And the third argument is upper indexes inl"7?

For example to compute I'}, it is enough to call SRW1 with ( 4, 4,3 ) in
MATLAB and we have :

> SRW1(4,4,3)

the christoffel symbol gama\_44\"{}3 is :

ans =

-sin(2xtheta)/2

and we will have this equality :
L7 = SRW1(i, j,m)
By this process we have obtained Christoffel symbols. The nonzero

components are the following : T'3, = — kr’;’“_l

1
I3 =T3 =T =T = ;F§3 = r(kr® = 1) = cotd
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I'l; = cotf 2, =rsin?(9) kr? —1
sin(26)
5

Also with this method we can see that these I} satisfying the following
equalities :

1—‘44_ -

m __ m

3.1. Riemannian curvature tensor. The Riemannian curvature ten-
sor is given by :

L Y + I I

ijk Ak Od i rk ik rj

Riji = gsily
It is clear that to calculate rimannian curvature tensor we need Christof-

fel symbols and metric coefficients. We have metric coefficients and cal-
culated Christoffel symbols in 2.1 . to computelz;. ik
In Schwarzschild Robertson-Walker space time we construct function file
SRW2 .
SRW 2 is a function with 4 arguments. The first three arguments are
three lower indexes in R}, ik
And the forth argument is upper indexes in R

ijk *
for example to compute Rj,,it is enough to call SRW 2 with argument
(2,2,4,4) or type the following command in MATLAB :
>>SRW2(2,2,4,4)
the Rieman tensor R\_224\"{}4 is :
ans =
K/ (Kxr\"{}2 - 1)
So we will have :
ik = SRW2(i, j, k, s)
With this method we have obtained Rm s that nonzero components
are as follows :

k k
R223 3224 T2 — R23.2 Rz42 T2 _1
R§23 = kr? R332 = R334 = —kT2R§43 = kr?
R42124 = Ri34 = erSiRQ (0) R42142 = Ri43 = —kTQSin2 (9) .

Also to calculate R;ji; in Schwarzschild Robertson-Walker space time we
construct SRW3 with 4 arguments. These arguments are R;;j; indexes.
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For example to calculate Ry334 it is enough to call
SRW3 with (4,3,3,4) :
$>$$>$ SRW3(4,3,3,4)
the Rieman tensor R\_4334 is :
ans =
-16%K*r\~{}4*sin(theta) \"{}2
So we have:
Rijkl = SRW3(17]7 ka l)
By this process we have obtained R;;;; in Schwarzschild Robertson-
Walker space time that nonzero components are the following :

16 16
Ro393 o 1 6R2339 o + 16
Ry — _ 1k7%sin” (0) o 16kr®sin” (6)
2424 — kT2 1 2442— ]{77“2 1
16 16
Rygos = ——— + 16R3930 = ————— — 16
8223 = 15 + 3232 e
R3434 = 16k7’43in2 (9) R3443 = —16kr4sin2 (9)
Ry — LOFTZSin°0) - 16kr?sin” (0)
4224 = — 51 Tuown = o2 1

R4334 = —16kr4sin2 (9) R4343 = 161{:7“452'712 (9)
Also with this method we can see that these R;j 1S satisfying the follow-
ing equalities:

Rijry = —Rjin = —Rijie = Ryij

4. Ri1cCl TENSOR

we know that the components of Ricci curvature tensor are defined

by :
Rjp = R;’ik

To compute Ricci tensor in Schwarzschild Robertson-Walker space time
we construct function file SRW4 with two arguments and these argu-
ments are [7;; indexes.
for example to compute R44it is enough to call SRW4 with tow argu-
ments(4,4) or type the following command in MATLAB.
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\gg SRW4(4,4)
the RICCI tensor ( R\_44) is :
ans =
2*xK*xr\"{}2*sin(theta)\"{}2
So we will have:
Ry, = SRWA(j, k)
By this process we have obtained R;.ks That nonzero components are
the following :
Rap = 2kr?sin® (0)

—2k
= 2kr? =—.
Rs3 PRy =
Finally the Ricci tensor is the following:
0 0 0 0
R 0 2krisin®(0) 0 0
k=00 0 2kr? 0
—2k
0 0 0 55

4.1. Scalar curvature. The scalar curvature is defined by
S = Rjg"

To compute the scalar curvature in Schwarzschild Robertson-Walker
space time we construct the MATLAB script SRW5 and it is enough
to run SRW5 to abtain scalar curvature. So we have: the scalar curva-
ture 1s:

(6*K) /s\"{}2

Finally the scalar curvature is the following:

4.2. Einstein tensor. The Einstein tensor is defined by [1]

s
Gjk = Rjr — 5 gjk
In this equation the Rjiare Ricci tensor that we calculated in 2.3 and gy,
’s are metric coefficients.
To compute Einstein tensor in Schwarzschild Robertson-Walker space
time we construct SRW6 with two arguments and these arguments are

!
G kS Indexes.
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for example to compute G it is enough to call SRW6 with (2,2) argu-
ment or type SRWt6 (2,2) in MATLAB.

>SRW6(3,3)

the einstein tensor ( G\_ 22) is :

ans =

K/ (K¥r\"{}2 -- 1)

So we have:

G 1 = SRW6(j, k)

By this process we have obtained G; ;- that nonzero components are the

following:

3k k
Gll = ?G22 = m

Gs3 = —kr’Guy = —kr?sin? (0)

So the Einstein tensor in Schwarzschild Robertson-Walker space time is

%0 0 0
0 - 0 0
G = kr2—1
Tk 0 —kr? 0
0 0 0  —kr?sin?(0)

4.3. Weyl tensor. from [1] about Weyl tensor we have:

Uabea = ] (GacYbd — YadJbe)

n(n—1

28
] (Gac9bd—YGadbe)

1
Zabed = nf (Racgbd + RbdGac — Radgoe — Rbcgad)_m

2
Wabcd = Rabcd - Uabcd - Zabcd

We use these equalities and to calculate Weyl tensor in Schwarzschild
Robertson-Walker

space-time We construct function file SRW7 with 4 arguments, these
arguments are W;;i; indexes.

For example to compute Wi3y3it is enough to call SRW7 with (1,3,1,3)
arguments or type SRW7 (1,3,1,3 ) in Matlab:

the WEYL tensor W\_1313 is:
ans =
-5xK*xr\~{}2
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So we have:

Wabcd = SRW7(CZ, b, C, d)
By this method we have obtained W/, .s that nonzero components are
the following :

5k ok
wi212 = mwlml = Tz _1
w1313 = —5kr2w1331 = 5k7’2
W1414 = 5k”l"28in2 (9) W1441 = —5kr23in2 (9)
w2112 = —i’wmm = —i’w2323 = —M

kr?2 —1 kr?2 —1 2(kr? — 1)
kr2(17s2 4 32) kr2sin? (0) (17s? + 32)

w2332 = WU)MM = - 2(kr? — 1)
20702 2

Wa442 = b sz(f;(l_?; - 32)w?,113 = Skrlwsiz = —5kr?
kr2(17s? + 32)
W3223 = m
- k(175 + 32)w3434 _ krisin? (0) (17s? + 32)
2(kr?2 —1) 2
krtsin? (0) (175 + 32)
W3443 = — B
wa114 = bkr?sin® (9)
2502 2 202 2
w41 = —5kr?sin’ (0) waz24 = b Sm2((:22(1_7f) +32) Wq242 = _kr san(gfr);i?f) +32)
krtsin? (0) (1752 4 32) krisin? (0) (17s2 + 32)
W4334 = — 5 Wq343 = B

5. CONCLUSION

In this paper we study the geometric quantities of Schwarzschild
Robertson-Walker space time With 4 dimensional. by using MATLAB
platform and construct functions to calculate nonzero components of
quantities without difficult and long calculations. So we illustrated the
possibility of the study of geometric objects for Schwarzschild Robertson-
Walker space time using the facilities of computer platform.

This method by MATLAB can be used to compute other quantities in
geometry or plot the geodesics without difficult calculations.
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6. AprPENDIX (M-FILES)

SRW1:

function gama\_Z1Z2\_Z3 =SRW1(Z1,Z22,Z3)

syms t r theta phi s K ;

g=[-1 0 0 0;0 (s\"{}2)/(1-K*xr\"{}2) 0 0;0 0 s\"{}2*r\~{}2 0;
0 0 0 s\"{}2*r\"{}2x((sin(theta))\"{}2)] ;

Z5=inv(g) ;

X=[t r theta phil;

gama\_Z1Z2\_Z3=0;

for d=1:4

W=1/2%25(d,z3)* (diff (g(22,d) ,X(21))+diff (g(d,Z1),X(Z2))-diff (g(Z1,Z2),X(d)));
gama\_Z1Z2\_Z3=W+gama\_Z1Z2\_Z3;

Z4=(sum(gama\_Z1Z2\_Z3));

end

z1=’ the christoffel symbol’;
z2=> gama\_’;

z3=’ is :7;

disp([zl 22 num2str(Z1) num2str(Z2) °’\"{}’ num2str(Z3) z3]);
gama\_Z1Z2\_Z3 = (Z4);
end

SRW2:

function R\_I1I2I3\_I4 =SRW2(I1,I2,13,I4)

t=sym(’t’) ;r=sym(’r’) ;theta=sym(’theta’);

phi=sym(’phi’);s=sym(’s’);K=sym(’K’);

X=[t r theta phil;

parti=diff(chris(I1,13,14),X(I2))-diff(chris(I1,12,14),X(I3));

P3=0;R\_I1I2I3\_I4=0;

for S=1:4
part2=((chris(I1,13,8))*(chris(S,I2,14)))-((chris(I1,12,S))
*(chris(S,13,14)));

P3=P3+part2;

end

R\_I1I2I3\_I4=part1+P3+R\_I1I2I3\_I4;

function gama\_nb\_k = chris(n,b,k)

g=[-1 0 0 0;0 (s\"{}2)/(1-K*xr\"{}2) 0 0;0 0 s\"{}2*r\"{}2 0;

0 0 0 s\"{}2*r\"{}2*((sin(theta))\"{}2)] ;

G=inv(g);
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X=[t r theta phil;
gama\_nb\_k=0;
for d=1:4
W=1/2*G(d,k)*(diff(g(b,d),X(n))+diff (g(d,n),X(b))-diff(g(n,b),X(d)));
gama\_nb\_k=W+gama\_nb\_k;
sum(gama\_nb\_k) ;
end
sum(gama\_nb\_k) ;
end
wordl=’ the Rieman tensor’;word2=’ R\_’;word3=’ is : ’;
disp([wordl word2 num2str(I1) num2str(I2) num2str(I3) ’\"{}’
num2str(I4) word3]);
sum(R\_I1I2I3\_I4);
end

SRW3:

function R\_M1M2M3M4 =SRW3(M1,M2,M3,M4)
t=sym(’t’);r=sym(’r’) ;theta=sym(’theta’);
phi=sym(’phi’) ;s=sym(’s’) ;K=sym(’K’);
g=[-1 0 0 0;0 (s\"{}2)/(1-K*xr\"{}2) 0 0;0 0 s\"{}2xr\"{}2 0O;
0 0 0 s\"{}2*r\"{}2x((sin(theta))\"{}2)] ;
R\_M1M2M3M4=0;
for Z2=1:4
I1=g(Z,M1) .*(sTw(M2,M3,M4,2)) ;
R\_M1M2M3M4= R\_M1M2M3M4+I1;
end
function R\_M2M3M4\_D =srw(M2,M3,M4,D)

X=[t r theta phil;
NN\_1=diff (GAMA (M2,M4,D) ,X(M3))-diff (GAMA(M2,M3,D),X(M4));
NN\_3=0;R\_M2M3M4\_D=0;
for S=1:4

NN\_2=((GAMA (M2,M4,S) ) *(GAMA(S,M3,D)))-((GAMA (M2,M3,8))

*(GAMA(S,M4,D)));
NN\ _3=NN\_3+NN\_2;
end
R\_M2M3M4\_D=NN\_1+NN\_3+R\_M2M3M4\_D;
function gama\_nm\_k =GAMA(n,m,k)
g=[-1 0 0 0;0 (s\"{}2)/(1-K*xr\"{}2) 0 0;0 0 s\"{}2xr\"{}2 0;
0 0 0 s\"{}2xr\"{}2x((sin(theta))\"{}2)] ;
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G=inv(g);

X=[t r theta phil;

gama\_nm\_k=0;

for s=1:4
N=1/2%G(s,k)*(diff(g(m,s) ,X(n))+diff(g(s,n),X(m))-diff (g(n,m),X(s)));
gama\_nm\_k=N+gama\_nm\_k;

end

sum (gama\_nm\_k) ;

end

sum (R\_M2M3M4\_D) ;

end

W\_1=’ the Rieman tensor’;W\_2=’> R\_’;W\_3=’ is : ’;

disp([W\_1 W\_2 num2str(M1) num2str(M2) num2str(M3) num2str(M4) W\_31);

sum( R\_M1M2M3M4) ;

end

SRW14

function RICCItensor =SRW4(Z1,Z2)

t=sym(’t’);r=sym(’r’) ;theta=sym(’theta’);
phi=sym(’phi’);s=sym(’s’);K=sym(’K’);

R\_Z17Z2=0;

for e=1:4

MS=sc\_ro\_wa\_2(Z1,e,Z2,e);

R\_Z1Z2=MS+R\_Z17Z2;

end

function R\_ABC\_D =sc\_ro\_wa\_2(4A,B,C,D)

X=[t r theta phil;

LL\_1=diff (sc\_ro\_wa\_1(A,C,D),X(B))-diff(sc\_ro\_wa\_1(A,B,D),X(C));
LL\_3=0;R\_ABC\_D=0;

for S=1:4
LL\_2=((sc\_ro\_wa\_1(A,C,S))*(sc\_ro\_wa\_1(S,B,D)))-((sc\_ro\_wa\_1(4,B,S))
*x(sc\_ro\_wa\_1(S,C,D)));

LL\_3=LL\_3+LL\_2;

end

R\_ABC\_D=LL\_1+LL\_3+R\_ABC\_D;

function chris\_nm\_k =sc\_ro\_wa\_1(n,m,k)

g=[-1 0 0 0;0 (s\"{}2)/(1-K*xr\"{}2) 0 0;0 0 s\"{}2*r\"{}2 0;
0 0 0 s\"{}2*xr\"{}2x((sin(theta))\"{}2)] ;

Z\_1=inv(g);
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X=[t r theta phil;

chris\_nm\_k=0;

for Vi=1:4
N\_1=1/2%Z\_1(V1,k)*(diff (g(m,V1),X(n))+diff (g(V1,n),X(m))-diff (g(n,m),X(V1)));
chris\_nm\_k=N\_1+chris\_nm\_k;

end

sum(chris\_nm\_k) ;

end

sum (R\_ABC\_D) ;

end

H\_1=’ the RICCI tensor’;H\_2=’ R\_’;H\_3=’ is :’;
disp([H\_1 ’>(° H\_2 num2str(Z1) num2str(Z2) ’)’ H\_3]);
RICCItensor=sum(R\_Z1Z2);

end

SRW5:

clear all;clc;

syms t r theta phi s K ;

g=[-1 0 0 0;0 (s\"{}2)/(1-K*xr\"{}2) 0 0;0 0 s\"{}2xr\"{}2 O;
0 0 0 s\"{}2*r\"{}2*((sin(theta))\"{}2)]1;

M=inv(g) ;X=[t r theta phi];

R(2,2)=-(2%K) / (K*r\"{}2 - 1);R(3,3)=2%K*r\"{}2;
R(4,4)=2xKxr\"{}2*sin(theta)\"{}2;
R(1,1)=0;R(1,2)=0;R(1,3)=0;R(1,4)=0;R(2,1)=0;
R(2,3)=0;R(2,4)=0;R(3,1)=0;R(3,2)=0;R(3,4)=0;R(4,1)=0;R(4,2)=0;R(4,3)=0;
MS=0;

for T\_1=1:4

for T\_2=1:4

Z=(R(T\_1,T\_2))*(M(T\_2,T\_1));

MS=MS+Z;

end

end

WORD1=’ the scalar curvature is : ’;

disp(WORD1) ;disp(MS);

SRWG :

function EINSTEINtensor =SRW6(M1,M2)
syms t r theta phi s K ;



The use of MATLAB platform to compute some geometric ... 79

g=[-1 0 0 0;0 (s\"{}2)/(1-K*r\"{}2) 0 0;0 0 s\"{}2*r\"{}2 0;
0 0 0 s\"{}2*r\"{}2*((sin(theta))\"{}2)]1;
R(2,2)=-(2*%K) / (K*xr\"{}2 - 1);R(3,3)=2%K*xr\"{}2;
R(4,4)=2xKxr\"{}2*sin(theta)\"{}2;
R(1,1)=0;R(1,2)=0;R(1,3)=0;R(1,4)=0;R(2,1)=0;
R(2,3)=0;R(2,4)=0;R(3,1)=0;R(3,2)=0;R(3,4)=0;
R(4,1)=0;R(4,2)=0;R(4,3)=0;

S=(6%K) /s\"{}2;
EINSTEINtensor=R(M1,M2)-((S/2)*g(M1,M2));

W\_1=’ the EINSTEIN tensor ’;

W\_2=> G\_ ’;W\_3=’ is :7;

disp([W\_1 °>(’ W\_2 num2str(M1) num2str(M2) ’)°’> W\_31);
end

SRWT :

function WEYLtensor = SRW7(msl1,ms2,ms3,ms4)
t=sym(’t’) ;r=sym(’r’) ;theta=sym(’theta’) ;
phi=sym(’phi’);s=sym(’s’);K=sym(’K’);
g=[-1 0 0 0;0 (s\"{}2)/(1-K+xr\"{}2) 0 0;0 0 s\"{}2xr\"{}2 0;
0 0 0 s\"{}2*xr\"{}2x((sin(theta))\"{}2)] ;
R(2,2)=-(2*K) / (K*r\"{}2 - 1);R(3,3)=2*K*r\"{}2;
R(4,4)=2xK+xr\"{}2*xsin(theta)\"{}2;
R(1,1)=0;R(1,2)=0;R(1,3)=0;R(1,4)=0;R(2,1)=0;
R(2,3)=0;R(2,4)=0;R(3,1)=0;R(3,2)=0;R(3,4)=0;R(4,1)=0;
R(4,2)=0;R(4,3)=0;
SC\_CU=(6*K) /s\"{}2;
U=(SC\_CU/4*3)*((g(ms1,ms3) * g(ms2,ms4))-(g(msl,ms4) * g(ms2,ms3)));
Z=((1/4-2)*( R(ms1l,ms3)*g(ms2,ms4) + R(ms2,ms4d)*g(msl,ms3)

- R(ms1,ms4)*g(ms2,ms3) - R(ms2,ms3)*g(msl,msd) ))

- ((2*SC\_CU/4*2)*( g(msl,ms3)*g(ms2,ms4)

- g(ms1,ms4)*g(ms2,ms3) ) );
WEYLtensor = S\_R\_W\_3(ms1,ms2,ms3,ms4) - U - Z ;
function R\_0ABC = S\_R\_W\_3(0,A,B,C)
g=[-1 0 0 0;0 (s\"{}2)/(1-Kxr\"{}2) 0 0;0 O s\"{}2*xr\"{}2 0;
0 0 0 s\"{}2*r\"{}2*((sin(theta))\"{}2)] ;
R\_0ABC=0;
for v=1:4
N\_1=g(v,0) .*(S\_R\_W\_2(A,B,C,v));
R\_OABC= R\_OABC+N\_1 ;
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end

function R\_ABC\_D = S\_R\_W\_2(A,B,C,D)

X=[t r theta phil;

N\_2=diff (S\_R\_W\_1(A,C,D),X(B))-diff (S\_R\_W\_1(A,B,D),X(C));
N\_4=0;R\_ABC\_D=0;

for S=1:4
N\_3=((S\_R\_W\_1(A,C,S))*(S\_R\_W\_1(S,B,D)))-((S\_R\_W\_1(A,B,S))
*(S\_R\_W\_1(8,C,D)));

N\_4=N\_4+N\_3;

end

R\_ABC\_D=N\_2+N\_4+R\_ABC\_D;

function gama\_nm\_k = S\_R\_W\_1(n,m,k)

g=[-1 0 0 0;0 (s\"{}2)/(1-K*xr\"{}2) 0 0;0 0 s\"{}2xr\"{}2 0;

0 0 0 s\"{}2xr\"{}2x((sin(theta))\"{}2)] ;

G=inv(g);X=[t r theta phil;gama\_nm\_k=0;

for s=1:4
N\_5=1/2%G(s,k)*(diff (g(m,s) ,X(n))+diff (g(s,n),X(m))-diff (g(n,m),X(s)));
gama\_nm\_k=N\_5+gama\_nm\_k;

end

sum(gama\_nm\_k) ;

end

sum (R\_ABC\_D) ;

end

sum( R\_0ABC);

end

P\_1=’ the WEYL tensor 75 P\_2=" W\_’;P\_3=’ is @ 75

disp([P\_1 P\_2 num2str(msl) num2str(ms2) num2str(ms3)
num2str(ms4) P\_3]);
end
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