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1. Introduction

The purpose of this paper is to give components of Curvature Tensor of Randers
metric in shortest time. We done this using directly the facilities Mathematica,
see [2]. After a short introduction on coefficients of the Chern connection, Levi-
Civita connection and coefficients of the Curvature Tensor in Section 2, see [1], We
shall concentrate in Section 3 to the preparing the commands of Mathematica for
computation components of Curvature Tensor of Randers metric on sphere S3.

2. The Components of the Curvature Tensor of Randers Metric on S3

We consider the sphere 3 of radius 1 in E3:

§% = {(w1, w9, 3) |2} + 23 + 23 = 1}.
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We parameterize S? as

(z1,22,23) — (6790179027903)/\/1 +af + 23 + a3,

with € = £1.
A basis of T,,5% is as follows:

(—ex1, 1+ 23+ m%, —T1T9, —T1X3)

hi = e ,
_ _ 1 2 2 _
by — (—ex, —x122, 1 + 27 + 23, —x223)
2 — A3 )
o o o 1 2 2
B (—exs, —x173, —T2x3, 1 + ] + 23)
3 — A3 b
where

A= \/1+x%+w§+x§.

The induced metric g has the matrix:

1 1+ 23+ a3 —T1T9 —z123
e —ToTq 1+ x% + x% —Tox3
—T1r3 —Tox3 1+ x% + .’E%

The curvature tensor of randers metric has the following formula:

A 6re,  ori, A
h h
= 590—?“ - 5—351 + Dl — Tl
where
kN — 9 _ Nt o
5.%']' a.’Ej J 8yi
NI = Yok — Covbyrys
The coeflicients of the Cartan connection as follows:
T
jk I
. F 9
;‘k = Z(F )yiyjyk

and the Levi-Civita coefficience is given by:

kT T

i 9% 0gsj  Ogjk  Ogks
(ka oz’ + 8xj)
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We denote by (y1,y2,y3) the components of an arbitrary tangent vector in the basis
(h1,h2,hs). The Randers function F' = « + 3 for ¢ = 1 has the form:

F(r1, 22,2391, Y2, Y3) =

\/(A2 —a3)yd + (A2 — 23)y3 + (A2 — 23)y3 — 22122y1Y2 — 201 23Y1Y3 — 2T223Y2Y3

(23A% = 2(z123 + 20)z1)y1 | (A% — 2(x123 4 T2)20)yn | (1A% — 2(x123 + T2)23)ys
+ 1 + A + 1 .

Recall that A = /1 + 27 + 22 + 22 (for details see [3]).
The coefficients of the Chern connection is defined as the following form:

9% 09sj  0gik . Ogs
¥
=2 — 2). 7
gk 2 ((h“k oxs oxd ) (™)
Here
F2
gij = (7)%%’ = FFyiyj + Fyiij' (8)

3. The Commands of Mathematica

We need to introduction index 4, j, k, [ for obtain components of Curvature Tensor
of Randers metric. Then by Mathematica commands we have:

i = Input["i"]; j = Input["j"]; k = Input["k"]; 1 = Input["1"];

By the formula (1) we have:

a = \[Sqrt] (1 + x[1]1"2 + x[2]"2 + x[3]"2);
We input the Randers function by the Mathematica command as follows:

f = (1/
a"2)*(\[Sqrt] ((a~2 - x[1]1"2) y[1]1"2 + (a~2 - x[2]"2)
y[2]172 + (a”2 - x[3172) y[3]1"2 - 2 x[1]*x[2]*y[1]*y[2] -
2 x[11*x[3]1*y[1]1*y[3] - 2 x[2]*x[3]1*y[2]*y[3])) +
1/a ((x[31*a"2 - 2 (x[1]*x[3] + x[2]) x[1])
y[1] + (@2 - 2 (x[11*x[3] + x[2]) x[2])
y[2] + (x[11*a~2 - 2 (x[11*x[3] + x[2]) x[3]) y[31);
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By the formula (2), (8) and Mathematica commands we have:

go[1, 11 = D[(£f"2)/2, y[1]1, y[111;

gol[1, 21 = D[(£f~2)/2, y[11,y[2]];
go[1, 3] = D[(£f"2)/2, y[1]1, y[31];
gol[2, 11 = D[(£f~2)/2, y[2]1,y[1]];
go[2, 2] = D[(£f"2)/2, y[2], y[21];
go[2, 3] = D[(£f°2)/2,y[2],y[3]1];
go[3, 11 = D[(£f"2)/2, y[3], y[11];
go[3, 2] =D[(£°2)/2, y[3], y[2]];
go[3, 3] = D[(£f"2)/2, y[3], y[31];
Tablel[gO[i, jl, {i, 3}, {j, 3}];
MatrixForm[%];

and

gl = Inversel[Table[gO[i, jl, {i, 3}, {j, 3}11;

g = (1/a~2)*{{1 + x[2]"2 + x[3]"2, -x[1]*x[2], -x[1]1*x[3]}, {-x[1]%*
x[2], 1 + x[1]1°2 + x[3]"2, —x[2]*x[3]}, {—=x[3]1*x[1], -x[3]*x[2],
1+ x[1]1°2 + x[2]"2}};

g2 = Inverselg]l;

By the formula (5) we have:

bli_, j_, k.1 = (£/4)*D[£f"2, y[il, y[j], y[kl]; cli_, j_, k.1 = bli,
j, k1/f;

Moreover by the (6), (4), (7) and (3) respectively and Mathematica commands we
have:

\[Gamma] [i_, j_, k_] =
\!'\ (\*UnderoverscriptBox [\(\ [Sum]\), \(s =
1N, NGOINCAC(g2NCIDNGE, sONAN]1/
22\ R\ (DIgN(IDI\ G, JONAVT, x[kI] -
DIg\NCI\I\N(G, ¥DO\NAN], x[s]] +
DLg\C(I\O\(k, s\ONAVI, x[GIDHNIIVVN);

nli_, j_] =
\[Gamma] [i, j, kl*y[k] - \!\(
\*UnderoverscriptBox [\ (\ [Sum]\), \(r
\*UnderoverscriptBox [\ (\ [Sum]\), \ (s

1\, NGBV



International Electronic Journal of Pure and Applied Mathematics — IEJPAM, Volume 4, No. 2 (2012)

USE OF MATHEMATICA PLATFORM FOR THE COMPUTATION... 95

1N, NG@VVIN(eli, j, kI*\[Gamma] [k, r, sl*y[rl*y[s])\)\)\);

\[CapitalGamma] [i_, j_, k_] =
\ !\ (\*UnderoverscriptBox [\ (\[Sum]\), \(s =
1N, NGOINCN\ (gt [i, s/
2)\)\N((\((D[g0[s, jl, x[k]] -
nli, k]1*D[gOls, j1, y[i11)\) - \((D[gOL[j, k], x[s]] -
n[i, sI*D[g0[j, k], y[il11)\) + \((D[g0[k, s], x[jl] -
nli, jI1*D[gO[k, sl, y[L1DD\DIO\DIVN);

R{i_, j_, k_, 1_] =
(D[\[CapitalGamma] [i, j, 1], x[k]] -
nli, k]*D[\[CapitalGamma] [i, j, 1], y[il]) - (D[\[CapitalGamma] [i,
J> k], x[11]1 -
n[i, 11*D[\[CapitalGammal[i, j, k], y[ill) + (\!\(
\*UnderoverscriptBox [\ (\ [Sum]\), \(h = 1\), \(3\)]\[CapitalGamma] [i,
h, k]l*\[CapitalGamma] [h, j, 11\) - \!'\(
\*UnderoverscriptBox [\ (\ [Sum]\), \(h = 1\), \(3\)]\[CapitalGamma] [i,
h, 11*\[CapitalGamma] [h, j, kI\))

4. Conclusion

In this paper after introduction the forms for obtain components of Randers Curva-
ture, we use this forms for sphere S3. we use the Mathematica platform to calculate
the forms that obtain from the introductions.Because we discussion on sphere S3,
this platform with giving particular index and calculate needful formulas, finally
obtains the components of Randers Curvature on sphere S3.
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