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Tn the present paper a plane symmetric mode! filled with disordered radia-
tion has been derived and some of its physical and geometrical properties
arve discussed. It is fouad that the model iz ncither eonformally fiat nor
of class one. The Petrov classification reveals that it is of type ID.

1. INTRODUOTION

In this paper we derive a plane symmetric model filled with disordered
radiation which is characterized by a perfect fluid of density p = 3p. In
earlier paper (Singh and Singh 1968) the plane symmetric perfect fluid model,
in case it represents a disordered radiation, becomes both conformally flat
and of class one. However, in this case the model is neither conformaliy
flat nor or class one. The coordinate system used is comoving and the lines
of flow are geodesics. A particle in the model initially at rest would remain
permanently at rest. The generalized Doppler effect has been derived. It
is found that the model is of Petrov type 1D.

2. Twur DIiSoORDERED RapiaTion MoDEL

The most general plane symmetric space-time is represented by
(Taub 1951)

d8? = A¥di?—da?)— B¥dy®+dz?) e (221)
where 4 and B are functions of x and ¢ only. Here we consider the case
when the metric potentials are functions of ¢ alone. The non-zero components
of the energv-momentum tensor

—8nT% = RE-—-1RS% o (2.2)

for the line element (2.1) are .

— 87T} = 2B,, ! (»2A4B4 Bg)

A AB B
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1 A By, A2
— 872 = 8 — [ “Zu A :
81TE = —87T§ = 5 ( + E ) T (2.4)
1 24,B
STt — 4
sl A? < AB B ) (2.5)

Here and in what follows the suffix 4 after 4 and B denotes an ordinary differen-
tiation with respect to .

For the disordered radiation we take

T!=T:=T3= —p, Ti=p and p=3p. .. (2.6)

Substituting these values in (2.3), (2.4) and (2.5) and eliminating p between
(2.3) and (2.4). (2.8) and (2.5) we get the following two equations :

Ay A% B} B, | 24,8,

o S S |3 =0 2.
A Az B? B ' AB e (27)
and
24, 3B,, 2B,
S ToM T4 ) e (2
A B, B ' (2:8)
Integrating eqn. (2.8), we get
2 = KB2RB? o (2.9)

where K is a constant of integration. Again eliminating 4 between (2.7)
and (2.8) we get

2 9
Bus  Biy | 2By,

— —") (210
B, BB (2.10)

A general solution of the above equation is given by

1 /l ‘21-1-1'3

¢B(Bley—k,)' . (2.11)

where k,, k, and k, are constants of integration. Thus from eqn. (2.9) we get

K(Bky—ky)®
2 . TV Ie Al
A — B -
Hence the matrix (2.1) becomes
A8 = K(Bk R (e dar)— Br(a@y - d2?) - (212)

where B is determined by eqn. (2.11).
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3. SomE PROPERTIES OF THE MODEL

The components of 7% for the line element (2.12) are given by

k
&l — _ R — __RnS 2
8T 8aT5 8nT3 R(Bh— ) B
(3.1)
l
3k
4 2 _ f
8713 = K(Bh,— 7B J
For the perfect fluid distribution we have
T% = (p+p)v*vi—pg' . (32)
where vig; = 1. Equation (3.2) gives
N=v =¥ =9, =9, =0, =0 )
B i K(Bky,—k,)® \t
4 -3 _ 2 1
v “{K(Bkz——k,)3}’ ”4"{ B —}’
_ ky .. (83)
P = R(Bh— Tl B | (
and
3k,
8P = R BE—k B ]

Density and pressure are positive provided that K and k, are hoth positive
or negative.

The flow vector reveals that in the coordinate system used the matter
in the universe is permanently at rest. It is found that % also satisfies the
geodesic equations viz., v'v%; = 0 and hence the lines of flow are geodesics.
Here a comma (, ) preceding a suffix stands for a covariant differentiation.

The geodesic equations for the metric (2.12) are

&z | (2Bky+k,) de  dt

m + J— ___~Bz H —Jg— =0 vee (3_4@)
dby | 2Bky—k) dy dt
2 T 7 2 =0 .. (8.40)
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d%  2(Bk,—k) de dt

FE A A o (340
d?t 2Bk, k de \® [ dt \?
o+ () + g )

+K(ka——k,)2{( 3:2’ >2+< ZZ J}=0 . @0

If we consider a particle initially at vest, ie., if

de  dy  dz
== =0 .. (3.5)

we conclude from eqns. (3.4a-d) that for all such particles the components of
spatial acceleration would vanish ie.,

Pe Py

dst  dst T ds®

and the particle would remain permanently at rest. Hence we get from eqp.
(3.4d) that

& 1 (@Bhytk)
=P~ d”]‘

The path of light rays in the model (2.12) is characterized by

ds? = 0

deyt B [ (dy\? (dz\?] _
(J{) +——~K02[(37) +(%) ] =1 .. (3.6)
where C = (Bk,—k,)*2. In the case when the velocity is along the z-axis

the light pulse leaving a particle at (0, 0,z) at time ¢, would reach at the
origin at a later time ¢, given by

ie.,

% z
| ¢tydt = [ dz ... (8.7
[ 21 0

2\
Where ¢(t) = (K_B{/;_) . Hence by differentiation of eqn. (3.7) we get

_ [$:(8)+ U:ldt, ... (3.8
%= ""00 @9
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Where d— = U, is the-component of the velocity of the particle along the
1

z-axis at the time of emission and ¢,(f) and ¢@,(¢) denote the values of ¢(t) for
t=t, and t =1, respectively.

The proper time intervals 09 and 82 between the emission and reception
of the two successive light pulses measured by the local observers moving
with. the source and ab rest at the origin are

o) = {%—-02 ]*at]’
and
| 5 — (55—2)5&2

U being the velocity of the source at the time of emission. Hence the redshift
in this case is given by (Tolman 1962)

- KC? KC*(t WY o,
i\ﬂ - otd - I[_ B ] [{ B3(t,) } +Lz-] (8.9)
X T e T T [KCR o Jﬁlliq_(tz) ] o
. B B3(t,)

The non-vanishing components of the Weyl conformal curvature tensor
Chigr for the metric (2.12) are
C’14 = nég = *2012 = 2('13 = ‘2034 = *’20%1

ky
~ K(Bly—k)B

= o (say)

indicating that the line element (2.12) is in general not conformally flat. Since
the Weyl tensor having all the symmetry properties of a vacuum Riemaun
tensor, is to be thought of as representing the free gravitational field (Szekeres
1966), its eigen-value o may be interpreted as the:energy density of the free
gravitational field. However, when « = 0, (2.12) becomes conformal to
flat space-time and reduces to a particular case of the Lemaitrs “Universe. Tt
is found that the metric is of Petrov type ID. |
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