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ABSTRACT : In this note, we have examined the spherically symmetric charged perfect fluid distribution through
its characteristic vectors and discussed its geometrical and physical properties. We claim that our results are
generalization of the results obtained by Pandey and Tiwari [9]. It is observed that b, = O, the acceleration is
always directed in radial direction and fluid flow is uniform in t-direction and when a, = 0, then the expansion
is time-dependent only for constant value of (p3 + 2p4). Our results agreed with the results of Pandey and Tiwari
[9] that the expansion f is time-dependent only for constant value of (p3 + 2p4).
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I. INTRODUCTION

The whole universe is spherically symmetric in nature
and therefore it is important to study the spherically
symmetric space-time (SSST). Many researchers are working
on spherically symmetric space-time at national and
international level. At international level, Takeno (1966) [1]
developed the theory of spherically symmetric space-times
(SSST) on the ground of invariant quantities containing two
orthogonal unit vectors and deduced its geometrical and
physical properties. Karade and Borkar [2] have studied
spherically symmetric space-time by assuming various
duplexes of orthogonal unit vectors o, 3, and discussed its
geometrical and physical properties. Further the various
aspects of spherically symmetric space-time with physical
significance have been discussed by Borkar and Karade [3,
4]. The analytical invariants of orthogona spherically
symmetric space-time have been studied by Borkar and
Hajare [5] by assuming the various triples of orthogonal
unit vectors o, B,. Init, it is shown that there are 48-number
of triples of orthogonal unit vectors o, and B, out of which
24 reduces to the duplexes given in Karade and Borkar [2].
The remaining 24-number of non-reducing triples have been
studied and discussed their geometrical and physical
properties in the note of Borkar and Hajare [5]. For these
non-reducing triples, it is observed that the components of
curvature tensor K, satisfy the relation Kspsg = Kog =
Kgo= ququo, whee pzg#r=sandp,q,r,s=1,2,3,
4. The detail investigations of general spherically symmetric
space-time have been carried-out by using these triples by
Borkar and Hajare [6, 7]. These triples are playing an
important role in analyzing the space-time and in the
discussion of physical and geometrical properties of space-
time. Therefore in this paper, an attempt has been made to
examine the spherically symmetric charged perfect fluid

distribution through the triples of its orthogonal unit vectors
o, and B,

A solution of Einstein's field equations have been
obtained by Roy and Bali [8] which is known as conformally
flat non-static spherically symmetric perfect fluid distributions
in general relativity. Thereafter Pandey and Tiwari [9] have
solved Eingtein's field equations and obtained conformally
flat spherically symmetric charged perfect fluid distribution
in genera reativity. In this note, we consider the conformally
flat spherically symmetric charged perfect fluid in general
relativity [9]), in our discussion and studied it through the
theory of triples of orthogonal unit vectors developed by
Borkar and Hajare [5].

We consider the line-element of Pandey and Tiwari [9],

2 1 2 2402 | 22 2 w2
S—W (dr +r°do“+r-sin“06 do —dt) @

where a is function of r only and b is function of t
only and the pressure and density of the fluid in it are

8mp=3 ( 312—b42)+(a+b) [2[)44—311—%) v (2

8ne=3 ( b42—a12)+3 (a+b) [%ﬁ%) . (3

(Here and hereafter the subscript-1 and subscript-4
denotes the derivatives with respect to r and t respectively).

For the completeness, we re-write the results of Pandey
and Tiwari [9] asfollows:

The flow vector v* is given by
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Vi — 1
“~a+h) )

The reality conditions e +p > Oand €+3p > Oare
(byy+2;) >0

and ( al2_|342)+(a+b) [ZbM—%j >0 .5

The non-vanishing component of electromagnetic field
tensor F, in the model (1) is given by

12
Fg = (a+h)>'? [%_aﬂj ... (6)

The current density p is

(a+b)3 5 ) a 12
p=—or a{rz (a+h)? [T—anj (7

r
The non-vanishing component of acceleration vector

_ ii
Vi = Vv IS

o
1= Gib) .. (8

(Here vertical bar ‘|” denotes covariant derivative).

The expression for expansion ¢ , rotation and shear
tensor are

o=V} - (9)

1 1
— 0 :E(Vin ~Vij )*5[‘“ Vi Vi Vij - (10)

l 1 . .
%ij :E(Vin +Vj|i)+§["i VitVi Vij-%(gu W)L

respectively. Pandey and Tiwari [9], in their note shown
that the expansion has the value ¢ = 3b,, which is time-
dependent only and all components of rotation and shear
are zero.

The purpose of this paper is to connect these physical
guantities with the mathematical quantities p’s given in
Borkar and Hajare [5] on the basis of triples of orthogonal
unit vectors o, and 3, and seeking the relation between them
and discuss geometrical and physical properties of space-
time. For completeness we recall the definition of triples of
orthogonal unit vectors o, and 3, (given in [5]) as

Definition: A set {o,, B} of orthogonal unit vectors
o, B, in SSST iscalled triple if any two different components

of o, are nonzero with only one nonzero component of {3, or
there is only one nonzero component of o, with any two
different nonzero components of B.. It is denoted by

(Byr 0ty B) OF (0, By B PG T =1,2,3,4,p 20
There are total 48-number of triples of orthogonal unit
vectors as

(013,02,B1), (g, 02, B2), (0L, 02, B3), (01, 02, B4). (001, 05, By, (001, 05, B ),

(g, 03, Bs), (0, 0, B4), (01, 04, By), (01, 04, B5), (00, 04, B3), (01g, 04, By),
(0,05, B1)s (05, 013, B5), (015, 05, B3), (05, 03, B ) (00,04, By (0,04, B), (33
(013,004, B3): (0,04, B ) (05, 04, By). (05, 04, B5), (015, 04, Ba) s (0,040 B ),
(04, B1sB2), (0, BrsB)s (03, B1,Bo), (04, By Bo), (00, By Ba) (@5, Bas B,

(05,31, B3), (045 By Ba), (044, Brs Ba)s (02, BriBy)y (05, B, B (04, By, B)-

out of which 24-triples namely

(013,02, By), (g, 002, Bo), (01, 05, By, (01, 003, Bs), (g, 0040 Br), (001, 04, By),
(01,05, B2), (02, 03, B3), (02, 04, B2), (020 04, Ba) (g, 04, Ba), (03, 014, By), (:13
(04, B1s B2 (05, Brs B (044, By Ba), (03, By Ba), (04, By Ba). (004, By, Ba)

(012, B5:B3)s (03, B2, Ba)s (02, B0 Ba)s (04, B Ba)s (02, Bai Ba)s (0, By B)-

reduces to duplex of orthogonal unit vector o, and 3,
(for details one may refer Borkar and Hajare [5]). For the
sake of convenience, we recall the definition of duplex of
orthogonal unit vector o, and B, (given in [2]) as.

Definition: A pair (ap, Bq) of orthogonal unit vectors
o, qun SSST is called duplex if only nonzero component
of o, Isits p™ component and the only nonzero component
of B, is its g" component. It is denoted by (o, B,);
p.q=1 2 3,4

The remaining 24 non-reducing triples of orthogonal
unit vectors from (12) are

(013,02,B3), (011, 02, B4), (g, 013, B2), (04, 05, B) (04, 014, B2), (@4, 004, B3),
(01,015, By), (02, 03, Bg)s (002, 04, By), (0, 04, Bs) (003, 04, B, (003, 014, Bo), (14)
(013,B1,B,) (04, B1s B,), (015, By Ba), (04, Bis Ba)s (05, By B (02, By, B,

(014,85, B3), (04, B2, B3), (014, Bs Ba)s (03, B2, Ba), (01, Bai Ba) (0, By B)-

which are playing the important role in the study of
spherically symmetric charged perfect fluid distribution and
in the discussion of its geometrical and physical properties.
This is the motive of present work to study the geometrical
and physical properties of the space-time (1) in view of
triples of orthogonal unit vector o, and B, in this note.

Out of these 24 triples, four triples namely (a.,, o, B,),
(o, o, By, (o, By B, (o, B, B,) do not exist. According
to the behaviour of characteristic scalar p’s (given in [2,9]),
the remaining 20 triples can be classified into three
categories.

(01, 06,B3), (044, 05, B4), (04, 03, B2), (00, 013, B4,

Category | = (o p,,B,), (ot ByB), (.81, Bo), (0L, BusBo):
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(g, 004, By), (0, 040 B3), (05, 04, By ), (05, 014, B),

Cat%ory I (04, B2,Ba)s (013,821 Ba), (01, B3 Ba)s (01, B3y Ba)-

Catwory I ((12,0-3,[31),((12,0-3,[34), (a11ﬁ21ﬁ3)v(a41ﬁ21ﬁ3)-

Il1. Characteristic Quantities:

We are studying the space-time (1), in relation to the
triples corresponding to the different categories I, 11, 111 of
vectors. For the line-element (1), the components of
curvature tensor Kijlm are

rag ~ r2a12 r2b42 .\ r2a11
(a+b)® (a+b)* (a+b)* (a+b)?

K1212 =

2
Kigiz = Sin” 0Ky515

a12 8 b42 + by,
(a+b)* (a+b)® (a+b)* (a+b)®

Kiaa =

3 4.2 4. 2
2ria, 'y r“by

Kome =SN% 0 -
2323 (a+b)?® (a+b)* (a+h)*

r’a’ ra, r’b?  r?h,
K2424 = 4 3 T 3
(a+b)* (a+b)® (a+b)” (a+b)
K3434 = §n26K2424
r’ab, r’ab,

22 ey (arb) Ko =90 0K - (19

The components of curvature tensor Kiim in view of
the definition of SSST given in [1, 5] for the line-element (1)
for the triple (o, o, B,) of category | are

. (2 24]
AKypp = ———| p+2p
1212 (a+b)*
2 w2 2
resno| r 1 2 3 4
4Kwﬂzw{m[*’+pj+[*’+2pﬂ

4K L o
= p+2p
WA (@arb)?| 1412

A~ r’sing S
1213 —
2(a+b)*y—(1+r?)
44 5
4K, r'sne

2 2(a+b)*-(1+r?) b

4 2
r‘since| 1 (1 2 3 4
4K 323 :—(a+b)4 {_1+ 2 (P"‘ P]"‘(P"‘ ZPH

r? 1 2 4
Mo =y L2 2P

4 .. 2
r*sin“o 12
MKy =——| p+
3132 (1+r2)(a+b)4[p Pj
2 A2
—rcsin“g(3 _4
AKoyyoy =——— | p+2
3434 (a+b)4 (P Pj
4K A
2 )@t byt
2 .
-r<sin® 5
4K p143 = Y
2(a+b)*-(1+r?)
—r?sin® 5

4K sza3 = ... (16)

2(a+b)*-(1+r?) b

From (15) and (16), by straightforward calculation, we
obtained

1 2 5

p:p:pzo

S+24— ~4(a+b)* K
2gn2g ¥

=4 {(b42—a12)+(a+b) [%—%ﬂ .. (17)

For the remaining triples of category I, we get the same
results (17).

Theorem 1: For the triples of category I, for the space-
time (1), we have
1 2 5
p=p=p=0
3 4
p+2p=4 {( b,? ~a”)+(a+b) [ﬁ—b‘mﬂ
r

For the triples of category Il, likewise we can deduced
the following relations:

1 2 5
p=p=p=0

S+2S:4 {( b42—af)+(a+b) [%Hmﬂ .. (18)
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Theorem 2: For the space-time (1), for the triples of
category 11, we have

1 2 5
p=p=p=0

S+23=4 {(b42—aiz)+(a+b) (%+aﬂﬂ

Theorem 3: For the triples of category 111, for the space-
time (1), we write

1 2 5
p=p=p=0

o+ 2p =4 [ ( b?-a?)+(a+b) (all—bM)} .. (19)

Let us write the results of pressure, density and other
physical quantities, in view of category wise vectors.

For the vectors of category |

Using equation (17), the equations (2) and (3) give the
pressure and density as

3 3 4
Brp = [p+2pj—(a+b) (a1 +bu) .. (20)

3 3 4
8ne= Z [p+2pj+3 (a+b) (311+b44) (21)

respectively.
The reality conditions e +p >0and € +3p>0lead

3 4 3 4
(bys +a;)>0and —[p+ ZpJ >0 or [p+ ZpJ >0. (22

From (6), the component of el ectromagnetic field tensor
F,, have the form

Ry, =

1/2
2((:11[{))2KS+ 23] - 4(b42 - a12) +4(a+b) (b44 - a11)} 23

The current density p (using (7) becomes

p= (a;b)Ksﬁ 23] —4(b,? - a°) +4(a+b)(by, - a11)1/2}

@

S ay 3
(a+b) (%7%) r

The acceleration vector \;1 (from equation (8), will be

V= —
' A@+h)?

KS+ZSJ+4 (alz—b42)+4 (a+b)b44} 25)

From the expression (9), the expansion ¢ of the model
takes the value

afrs N N
¢22Kp+2pj—4(a+b) [T—bu}wfal} ... (26)

The components of rotation o, (from (10) and its shear
o, (from (11) all goesto zero.

For thetriples of the category Il
We deduced, the pressure (p) and density (<) as

3(3 4
8np = _Z[P"‘ ij +2(a+b)(ay +by) . (27)

8 _3 3+24
RS p+2p
The reality conditions e+p>0and e+3p>Ogive

(bys+23)>0

.. (28)

33 4
and —E[p+2pj+6(a+b)(aﬂ+b44)>0 .. (29)

Electromagnetic field tensor F, is

Fl4

1 3 4 2 2 12
:—2(a+b)2 Kp+2pj—4(b4 -8 )—8311(a+b)} (30)

The current density p becomes

1/2
a+b)|(3 4
PZ(—4)KP+29J—4( b42—312)—8311}

. (3D)
3a 11 3

(a b)+ =) _?
+

The acceleration vector becomes

_ 3 4
Vi =4(a—+rb)2|:(p+ 2pj+4( alz_b42)_4all:| (32)

The expression for expansion ¢, rotation and shear
tensor are
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1/2
3 3 4
dby = ZKN ZpJ b, —4(a+ b)[%+ aﬂjm + 4b4a12} @

w; =0

Cjj = O respectively.
For thetriples of the category 111
The pressure and density are given by

3(3 4 3
8np=—Z[P+ 2pj+(a+b)(2a11—b44—%j . (34)

8ne=731[g+2gj+3 (a+b>[b44+%j - (3)

The reality conditions €+p>0and €+3p>0give

(g +a;)>0

3(3 4 2
and —E[P+2pj+3 (a+b)(2811—%j>0 . (36)

Components of electromagnetic field tensor F, is

. —[S+23j+(b42—a12)

~ a+h)?

1/2

(37)

Fia

+4(a+ b)[%—ij

The current density p becomes

1/2
P :(af:b){_(g+ 23j+(b42 _a12)+4(a+ b)[%+b44ﬂ

... (38)
The acceleration vector is

3 4
R (2 R CRL CH ) s

The expression for expansion ¢, rotation and shear
tensor are

3 5 4 al 1/2
0 :ZKN 2pj—4(a+ b)[T—ij+4alz} ... (40)

(Dij = O
Cjj = O respectively.

1. GEOMETRICAL
FEATURES:

AND PHYSICAL

3 4
In the model (1), the mathematical quantity [p+ ZpJ

plays an important role to study the geometrical and
physical properties of the model. From the equations (20)
and (21), it is observed that the considered modd (1), in
general relativity exists, when

3
~4(a+b)(ay +hy) < [p+ 23) < —g(a+ b) (a4 +hbys) (41

Thereis an acceleration in both direction radial as well
as time and it is zero when

(+20] ——af(a*-07) s @ebbn] . )

Further, the model is expanding in x-direction with
respect to time.

For the vector of category I, It is seen that, p = 0,

3 4 4
e=0, when [P“‘ ij = —§(a+b)(a11+b44)

3 4
and [p+2pj= —4(a+b)(a, +by,) respectively. This

3 4
gives vacuum model for the above values of [P+ ij-

For the vectors of category Il, charged perfect fluid
distribution model (1) exists, when

3 4 8
0< [p+2pj<§(a+b)(aﬂ+b44) .. (43)

and acceleration of fluid flow isin radial as wdl astime
direction and it is zero when

[S+ ZSJ ~4| (6 -a%)+au | . (a9

The model is expanding in x-direction without shearing
and rotating.

It is observed that for the vector of category I, we

3 4 8
have p = 0, =0, when [P+ 29j= §(a+b)(311+b44)
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3 4
and [p+ 29j=0respectively. This shows that model

3 4
(1) is vacuum for the above values of [P+ ij-
For the vectors of category 111, the modd (1) exists, for

3
_Aa+ |o)[|o44 +%) < [p+ 23) <13‘(a+ b)(Zan—bM -%j

... (45)

The accderation is directed in radial as well asin time
direction, and it is zero when

3 4 2
[p+ zpj - 4[(a+ b) (8y1 —bys ) + by } ... (46)

Further, this model is expanding in x-direction with
respect to time.

For these vectors of category 111, we find p = 0, e=0,

3 4 4 3
when [P"' ZPJ = §(a+ b)(za:ll —by, _%j

3 4
and [p+ 2pj =-4(a+ b)(b44 +%j respectively, from

which it is clear that the modd is vacuum for the above

3 4
values of [P+ ij-

It isrealized that our results are generalizations of the
results obtained by Pandey and Tiwari [9]. When b, = 0,
the acceleration is always directed in radia direction and
fluid flow is uniform in t-direction and when a, = 0 then the
expansion is time-dependent only for constant value of
(p® + 2p*. This agreed with the remark of Pandey and Tiwari

(9.
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