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ABSTRACT

The general form of the plane symmetric line element of V
5
 in spherical polar

coordinates have been derived through the study of killing vectors
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admitted by the plane symmetric space-time V
5
. Here we obtained most general

form of the plane symmetric line element of V
5
 in spherical polar coordinates
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where Af ��1 , �� tan2 Brf , �� tan3 Cf , �� tan4 Ef , Df �5 ,

Gf ��6 , Ff �7  and A, B, C, D, E, F, G are the functions of ),,,,( utr �� .
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INTRODUCTION

Plane symmetric (PS) space-time have been studied by Takeno (1966). Takeno
defines a four dimensional Riemannian space of signature –2 is plane symmetric if
it admits the three parameter group of transformations
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Here extending Takeno’s work on 4V  to 5V . We define a five dimensional

space-time 5V  is PS if it admits
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as the killing vectors.
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THE PLANE SYMMETRIC LINE ELEMENT OF 5V IN SPHERICAL

POLAR COORDINATES

Theorem: The general form of the line element of the plane symmetrical space-
time in polar coordinates system is given by
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where Af ��1 , �� tan2 Brf , �� tan3 Cf , �� tan4 Ef , Df �5 , Gf ��6 ,

Ff �7  and A, B, C, D, E, F, G are the functions of ),,,,( utr �� .

Proof : We define a space-time
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ij dxdxgds �2 , ( 5,4,3,2,1, �ji ) (2.2)

is said to be PS if it admits the three parameter group of transformations given in

(1.2) with killing vectors (1.3). Here the Killing vectors �� satisfy the Killing

equation
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where ii 21 , ��  and i3�  are given by (1.3). Inserting the values of i1�  in (2.3) and
varying i  and j  from 1 to 5, we obtain the following set of equations
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Similarly substituting the values of i2�  and i3�  in (2.3), we obtain
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and
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The equations (2.4a1 to 2.4a15), (2.5a1 to 2.5a15) and (2.6a1 to 2.6a15) can be
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Similarly from equations (2.4a1 to 2.4a15) and (2.5a1 to 2.5a15), we have
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Similarly the set of equations (2.5a1 to 2.5a15) and (2.6a1 to 2.6a15), gives
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Solving the equations (2.7a1 to 2.7a15), (2.8a1 to 2.8a15) and (2.9a1 to 2.9a15)
gives the relations

0coscossinsin 1312 ������ gg (2.10a1)
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0coscossinsin 3424 ������ gg (2.10a5)

0cossin 1424 ���� rgg (2.10a6)

0coscossinsin 3525 ������ gg (2.10a7)

0sincos 1535 ���� rgg . (2.10a8)

These are eight equations in fifteen unknowns ).( ijg  So we choose seven of

them as independent parameters
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i.e. CgBgAg ���� 241211 ,, , Dg �44 , Eg �25 , Fg �45 and Gg ��55

(2.11)

Other ijg  can be expressed in terms of them as follows

���� tantan13 Bg ,

��� tan23 Brg ,

r

C
g

�
�

tan
14 ,

���� tantan34 Cg , (2.12)

������ tancot2
22 BrBrArg ,

��������� 2222
33 sintantantansin BrBrArg ,

r

E
g

�
�

tan
15 ,

���� tantan35 Eg .

Then the line element in spherical polor coordinate is 2
5ds  i.e. equation (2.1).

Hence follows the theorem.

PLANE SYMMETRIC SPACE-TIME IN POLAR COORDINATES SYSTEM
FOR V6 AND V7

By straight forward calculations the respective forms of PS space-time in Polar
coordinates for six and seven dimensions are
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REDUCTION IN NUMBER OF ijg

For nV  the number of independent ijg is given by 2/)1( �mm  and for 5V  it is

fifteen. In 5V  the imposition of the PS space time in polar coordinates reduces the

number to seven only, which is an advantage. Hence for 5V  the reduction in number

of ijg  is 15–7 = 8, similarly for 6V  the reduction is 21–11 = 10 and for 7V  the

reduction is 28–16 = 12 etc.

Therefore we observe that for nV , the reduction in the number of independent

components of ijg  is

)1(2
2

])2[(

2

)1(

2

)43(

2

)1( 22

��
��

�
�

�
��

�
�

m
mmmmmmmm

; )( nm �

by mathematical induction.
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