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Abstract. We consider here a model of the spherical void (or its precursor) containing low density
conducting fluid surrounded by a thick spherical shell of radiation embedded in a Robertson—
Walker (RW) universe with flat space sections. The underdense region has a metric which is the
special case of a selution given by Maiti [1] surrounded by Vaidya metric. We also assume the RW
universe to be fifled with a perfect fluid with a linear equation of state. The matching conditions
indicate that if the time coordinate in each region is future directed then the underdense region
appears to go on contracting to a comoving observer in the universe as the Tatter expands until it
disappears. However, if the pressure in the RW universe vanishes, (approximately the present day
condition), the underdense region remains static. We have also extended the space-time coordinates
of Vaidya metric to the interior of the underdense region as well as the RW universe. It remains to
be seen if the region having Vaidya metric disappears earlier than the interior or vice versa.
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1. Introduction

Astronomical observations in the last two decades have indicated the existence of regions
of the universe which appear to be empty, called voids {(see [2]}. Later evidence indicated
that the voids are not completely empty but contain gas [3] or dust [4] or dark matter or
radiation but are deficient in luminous matter [5, 6]. Many theoretical investigations into
the origin and evolution of such voids have been published. (see Bonnor and Chamorro
[7] and the references therein). There have been four principal lines of investigations:
small perturbations of homogeneous cosmologies, use of the Einstein—5traus vacuole [8],
treatment of the boundary of the void by thin wall approximation and matching of the
exact solutions of Einstein’s equations including Tolman spacetimes with a homogeneous
model of the expanding universe on the outside, The present paper is a representative of
the last named approach.

It is believed that primeval inhomogeneities (underdense regions) formed in the
radiation-filled early universe which later expanded into voids [9]. Even at the very early
epochs there was some excess of matter over antimatter. In fact, the ratio of baryon to
photon number was 1077, This is known as baryon asymmetry {[9] p. 159). We consider a
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peried in the early universe after inflation has taken place so that all inhomogeneities
have been smoothed out. Still the universe is very hot. This may be ~ 1 second after the
big bang ([10] p. 1799). Matter is ionised and is in the plasma state. We know that plasma
has a very high electrical as well as thermal conductivity. Since electromagnetic
influences are not important on the large scale, we do not consider them here. For
simplicity we assume the presence of a single spherical region of matier and radiation
whose density is much below the average. For non-GR work on voids, see Sahni and
Coles [36] and Padmanabhan [37]. We denote this as region I and call it the core of the
void for the purpose of this paper. In our framework in general relativity (which is
essentially a macroscopic theory) we cannot consider microscopic phenomena like
creation and annihilation of particles. We also do not know the exact nature of dark matter.
So we assure that the universe has already become homogenecus and isotropic after the
completion of inflation ([9] p. 262, 270). The core is supposed to be embedded in an RW
metric with flat space sections (region II). If, however, the rate of expansion of region Lis
slower than that of region ITL, a gap may be formed as considered by Harwit [11, 12]. We
take the metric (2.1) in region I, which reduces to the RW form when a — 0. In this case
£ takes the place of k£/4 (k being the spatial curvature). When £ is positive (hence k > Q)
region I expands at a slower rate than region HI Since region I contains radially flowing
radiation, some of it will flow across the boundary to the exterior space. Hence we shall
not have vacuum as considered by Harwit ([11] p. 398--399, {12]) but a shell of radiation
characterised by Vaidya metric (for a review on the collapse of radiating stars see Bonnor
et al [13]).

We shall match the first and second fundamental forms in different regions as thisis a
coordinate independent method and we need not have the same coordinate patch describ-
ing all the regions. The matching conditions give the relations between the different
coordinate patches on the bounding surfaces. Using this method we may paste together
slices of different solutions of Einstein’s field equations expressed in different coordinate
systems.

In our model the core is a spherical slice cut out of a special case of the space-time
sohution found by Maiti [1] (region I). The core is surrounded by a thick shell cut out of
Vaidya space-time [14] (region I). This combination has been matched with the RW
metric with zero spatial curvature. For simplicity we assume the RW universe to be filled
with a perfect fluid with a linear relation between pressure p and density p so that the
scale factor has the form ~ ¢".

COBE satellite has shown that the microwave background is highly isotropic {anisotropy
is 1 part in 10°) [15]. This means that the universe was highly isotropic at the time when
radiation decoupled from matter. Then how is it that at present we have clusters,
superclusters of galaxies and voids in between? So, many cosmologists have the impres-
sion that any small anisotropy present at the time of decoupling may have increased
subsequently i.e. a small underdense region may have expanded to its present size. In the
meodel of the void, we are going to consider, the reverse happens, i.e. voids initially present
tend to disappear with the expansion of the universe. When the universe becomes matter
dominated as at present, the void becomes static. But voids which are supposed to originate
in the early universe should not be present now. The facts stated above will pose a problem
to the theorists uniess the result is very much model dependent. However, the possibility of
contracting voids in expanding closed dust universes was shown by Chamorro [16, 17].
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Figure 1. Three regions of spacetime.

In §2 we present the metrcs in the three different regions and the relevant field
equations. In § 3 we shall discuss the boundary conditions. In § 4 we discuss the solutions
satisfying the above boundary conditions. In §5 we shall extend the space-time
coordinates of Vaidya metric (region If) to regions I and IiL. In § 6 we shall discuss the
main conclusions.

2. Model of the void
The core of the void called region I (figure 1) has a metric of the form given by Maiti [1]:

2 2
a R (Ii) 5 .
ds? = |1 4 ——r] dff ———=(dr] #2d0% + 77 sin” 6 dp? 2.1

L { Ti+§rﬂ 1 {1—{—&'%)2( 1 1 1 p7) (2.1)
where a and ¢ are both constants. The energy momentum tensor is that of a fluid with heat
flux expressed in the standard form as

T;’ = (p-+ p)uu’ - pﬁﬂ gt — g (2.2)

where g* represents the heat flux vector which is orthogonal to the velocity vector 1. In
the present spherically symmetric case the radial component g' is nonvanishing. In
comoving coordinates Einstein’s field equations for the metric {2.1) and energy
momentum tensor (2.2) are _

-2

e datlgt @ T pep (14—

P TTR TR (” 1+£r%) PR (R ](H 1+ 5?’?)
(23)

-2
8up = 126/ 1% + 3(R/R)2(1 1 f&z) (2.4)
501
Aatrf -
STF(][ = ——w—w—afe;lR (] + ﬁ%} . (2.5)
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By taking suitable values of ¢, a and choosing an adequate solution for R we can make p
and p inside the void small.
In region II the metric is taken in the form of Vaidya [14]:

2 ’
ds? = (1 — J'L@’l) dv? -+ 2dvdry — r2(d6P + sin® 6 dg?). (2.6)
L]
In Region HI we have the RW metric with flat space sections filled with a perfect tuid
with p = vp, 0 < < 1/3. The corresponding scale factor involves a power in f3:

dsfy = df — 7(dri + 72 d6® + }sin? 0dg?) 2.7)

where n = 2/3(y +1).
Wheny=0,n=2/3andfory=1/3,n = 1/2. (2.7a)

3. Boundary conditions
The matching conditions on the boundary between regions T and II are obtained by
equating the first and the second fundamental forms on the two sides. (For a definition,
please see Weatherburn [18] pp. 123128, a detailed discussion of the junction conditions
is given in Misner ef af ([19] pp. 551-554)). The method has been applied to Vaidya
metric by Santos [20] and to flat space RW metrics by Dey [21] and Dey and Banerji
[22,23]. We give below the outline of the method to make the paper self-contained.

We consider a 3-space X which divides the space-time into two distinct four dimen-
sional manifolds V* (interior space time) and V™ (exterior space time). Let g; be the
intrinsic metric to ¥, then E

dsy, = gy dx dx’, {3.1)

Here latin indices represent the values 1,2,3 and Greek indices the values 1,2, 3,4
Equation (3.1) is an invariant known as the first fundamental form. The metrics in V= are
given by

dsh = at;dys dyl. (3.2}

The x5 are the intrinsic coordinates to the 3-space 2 and y3 s are the coordinates in V.
When approaching ¥ in V*+ or V- we demand that the first fundamental forms of the
boundary I, ds? =ds. Here

8i = dapy (33)

where y7 = 8y /0x'.
Let N* be the unit vector normal to V3 given by the equations:
oy NY = 0,405 N*N7 = %1, {3.4a,b)
The positive sign cotresponds to a spébélike hypersutface and the negative sign to a
timelike hypersurface. Since the 3-space is necessarily time-like we take the second sign.

Equation (3.4a,b) fixes the normal except for the direction. Thus we have two alternative
signs for the normal vector at each side of the hypersurface. We must choose these two

676 Pramana - J. Phys., Vol. 51, No. 6, December 1998



Robertson-Walker Universe

normal vectors in such a way that if N, points from V™ outwards then N| points inwards
over V' and vice versa. This identification determines the arrow of time as we shall see
below (see e.g. Fayos et af [24], p. 4863).

The extrinsic curvature of ¥ is given by

S A

Q;F = yf:}-aiﬁNﬁc . (3.5)
4 L] j T (¥

y,cfj = yﬁ,j + Fj})’fi)’:.f' — Ffj)’,h- (3.6)

The Christoffel symbols with Greek indices are formed in 4-space while those with latin
indices are formed in 3-space X. The invariant

dsy = Q5 dx'de/ (3.7)

is called the second fundamental form. This should also match on the two sides.

The advantage of the above method is that we may cut out 4-spaces expressed in
different coordinate systems and paste them together on a 3-space. The junction coadi-
tions then give the relations between the coordinates on the two sides. The papers by
Bonner and Chamorro [7,25,26] take the same coordinate. patch to extend over all the
regions. It is not necessary for our method.

Let the intrinsic metric on the bounding surface = be given by

dst, = dr* — §*(7)(d6* + sin® 0 do?). (3.8)
Matching the first fundamental forms dsfy, = dst = ds}y we obtain
2 2.2
i R.'. ¥
{H ? 2} o (3.9)
I+4n (1+erf)
Rity)r:
= 3.10
o) l—l—gf”{' ( )
{1-M}@2+2f2@: . (3.11)
2

A dot denotes derivative with respect to 7.
Now we determine the extrinsic curvature tensor of the bounding surface for region I

Qo _, [ﬁR(n)(HHEr?)(J el ARR((@) J

Q%Isinzéf (1+¢&3y ’ (42 1 +a+e?) 1
(3.12)
O - (1+a+€r?)R(rl)M (i rarehR@).
" (1+&0h (1+&)
26r {1 =~ a-+ErhR{n) 2 2aér (1 +a+ 5;%)“ 3
(e U RO wE
21 rat R, RER/ 4
(rer)? T et aryr (3.13)

where R’ = dR/ds,.
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The exirinsic curvature tensor of the bounding surface for region II is

2 FH. i
Qu ==+ Kl - m-(v)) Dy -+ f'ﬂ‘z} LTS (3.14)

o2
3 sin” @

Matching (3.12), (3.13) and (3.14), (3.15) we obtain

AR (1 +a+ &)1 - &7), N FR*(1) )R (1)

(e e O e
., { (_1 B 2:7:(1))) - Im} (3.16)
(I+a+ &R . . (14+at+E&MRn) ., 26 (1= a+ Erf)R(1) .
St s fy ) — s P -3 Hh
(1+¢rp) (1+ &) (1+&r7)

. 2aér (1 + 72Y 5 2(1 +a+ &R (1) .

RO +ér) (1+&d) :
Rz(fl )R’(rl) i‘3 — K{‘E_Eﬂ 3.17
+(1 da &) (1 + &) ijL T 5o ) G17)

A number of papers have been published on the problem of matching a Vaidya metric
with an RW metric, in particular, or with a nonstatic spherically symmetric metric,
in general [27,28,24]. Fayos et al (128] p. 2735) write: “There are metrics which
are usually thought of as nonradiating, and therefore one might think that they should not
be matchable to Vaidya exterior, The fact thatl they are matchable indicates that there are
alternative interpretations for the interior metrics in which they do radiate.” These
remarks also apply to our case of the RW metric. We shall discuss this more fully at the
end of §4.

Similarly matching the first fundamental forms on the bounding surface of regions 11
and I we obtain two equations

B8t =1 (3.18)
Fy = Iyl (3.19)

and again eq. (3.10) on the other surface.
Matching the second fundamental forms we obtain

. 2miv )
ratity A nrdiy gt = Kl L 2m )>’i)f’2 + rm} (3.20)
ELEL: r
. : : . T
Fatat b 2niniiti e nig e — ity = [(ﬂ - ”ﬂ : {3.21)
N X o N i‘i v
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4. Solutions of the maiching conditions
4.1 Boundary between regions I and 11
We have now to find the solutions of the maiching conditions (3.9)—(3.11),(3.16).(3.17).

Let us assume the boundary of regions I and II te be stationary in the comoving
coordinates of region I, i.e.

(ridg = 1o (4.1)
From eq. {3.8) we obtain
. 1+ &3
= AT . (4.2)
14 a-+ 570

taking only the positive sign. We assume thai f, increases when 7 does so. Equations
(3.16) and (3.17) become on using (4.2}

o1 — )R 2
=GB (2 ) s
(1+&rg) r
2atry My
=F{|l—=—=] 4.4
wrerem LG ) &
Substituting the value of r; from eq. (3.10) in eq. (3.1 1) and solving the quadratic equation
we obtain
R 1\ T Ry - ?;”lil*&'(:;)}
) 1+H'!—f"§ + \/;l#a»{ gﬂ)z + {1 Ry
v 2m 1+ Efln) : (45)
Rru }
Solving for 4 in (4.3) we obtain
__Rny |*£"S
. 14 HH—E; l+{rﬂ
v 2m{l+£ (46)
{ Rln
Comparing (4.5) and (4.6) and squaring we obtain
4&%7 - 2m(1 4 &r3) 3 R*rs N (47
(14 &5) Rry (1 -Fa+&rd)
Differentiating both sides with respect (o {; we obtain
d JR'R'
—(m/R} = i o (4.8)
dsy (&)1 Fa+&p)
A simple solution of this was found by Banerjee et al [28]. When R" =10, i.e.
R = by, b is a constant. ' (4.9

Here we have chosen the origin of time #; in such a way that the additive constant
vanishes, such that & — 0 when # — (.
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In this case
m/R = c{constant).
Using (4.9) we obtain
m = bet {4.10)
Here m must be positive. If region | is collapsing then £, increases from negative values

towards zero, then » and ¢ should be of opposite signs and m decreases with time. Using
{4.0) and (4.2) we obtain

(1-ta+ &)1 — &) — bry(1 + &r2)
u+@@ﬁ1—ﬂﬁm}

du/dty = iy = (4.11)

o

Equations (4.11) and (4.2) show that on =, v is a linear Function of f1 and 7. The
denominator is positive but the numerator may be positive or negative.

Substituting from (4.9} and (4.10) in {4.7) we obtain

26 B
¢ = 507 . 702 — (4.12)
(I &gy 200 +a+&3) (1 +&7)

If a,& are known then the above equation gives ¢ in terms of the radius rg of region I,
and b.

We have seen above that 9 is a constant. Hence # vanishes. So eq. (4.4) gives

my . 2aéry
s TR{I;}(I +a+§r§)'

(4.13)

Substituting for 9, m and s, from (4.6), 4.10), and (3.10-3.1 1) we obtain another
equation connecting ¢, b and ry. Thus we obtain both b and ¢ in terms of rq.
Let us now introduce #, on £ by the equation

d I}
vzim-/l;@. (4.14)

i

The second sign corresponds to advanced time going towards the past. Taking the first
sign and substituting the values of r, and m we abtain using (4.11):
Bry

Treq
f2:'U+f;_‘“‘—”'_“"“

2e{1-+erd)
e
(+atod)(=t)
(1+ gy {1 el

:1‘!

(4.14a)

L]
The sign should be chosen in such a way that when #, increases, £, also increases.
4.2 Boundary between regions I and IHf

H the boundary between regions 1 and III appears static to an observer in comoving
coordinates in region I, #5 == ay {constant), # = 0, then the bouadary conditions (3.11),
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{3.18)(3.21) give after some manipulations:

3 = 1 {taking only the positive sign) 4.15)
Py = CL’()I%I (416)
—nagti~! A4 1
dv/dt; = -mwﬂm%‘;lm:?w {(4.17)
13
2m = ntedn"? (4.18)
Wb e (3n - 2)a?

EZ_U_TU:L%:D, (4.19)

oo T+ nogty

Equation (4.19) can be satisfied only when » = 2/3 which corresponds to v =0 (eq.
2.7a) i.e. a matter dominated universe where the pressure can be neglected. This shows
that the boundary between regions II and Il can remain static only when our universe is
matter dominated. In afl other cases the bounding surface moves. Further, when n = 2/3
eq. (4.18) shows that m is constant and Vaidya metric reduces to that of Schwarzschild:

ds? = {1 — 2m/r)di2 — {1 — 2m/r) " 'dr} — r}{d0 + sin® B d¢?) (4.20}

under the transformation

S / dr;
- 1—2mfry’

Substituting from (4.17), (4.18) and (4.16) we obtain

diz
nes [
I - 4/90,

= iy + 4/3@313”3 + 4/9cd]n

(421}

3217% — 20|
30 4 2a0||
This agrees with the expression found by Dey and Banerji [22]. If we want both £; and 1,

to be future directed, we must take the first sign and reject the second.
Let us assume

ry = g = ol + O (4.22)

where o, q and ay are constants.
Taking only the positive sign of the square root, we obtain trom (3.18)

hho= [l — latar e (4.23)
From (3.19) we obtain
r o= ualy = atg""“ + onply. (4.24)

From (3.11) we obtain

ST O R T 5
. o Ry (1= 2m/ry) ‘ (4.25)
(1 —2m/ry)
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From (3.20) and (4.25) we obtain
2m = mu (4.26)

We substitute all the quantities in eq. (3.21) and find under what conditions it is satisfied.
The condition is

a=1-n (4.27)
and

+30*(1 — n)o? — na + (2~ 3n) = 0. (4.28)
The first sign gives

= 1/nor= _3_%’_111_% (4.29}
Case I

= l/m‘;_” + o, (4.30}
From (4.23) we obhtain

B=[1=(1 =)/ (4.31)

whenn — 1/2, &3 — oo. Hence, in the early universe we have always dr — 0 for dry # 0.
So we reject this solution.

Case 11

23
e (ag > 0). (4.32)

e 3n({l — n) 3

Thers is no restriction on the value of o which depends naturally on initial conditions.
For 1/2 < n < 2/3 the value of u; gradually decreases when 1 increases. This shows that
the void contracts when the universe expands. The result was found by other methods by
Fayos et al [26] [eqs. after their eq. (51)].
The second sign gives ’
2-73n

3n(l —n)’ (433)

a=—1/nor
The first value leads to inconsistency as before. The second value gives an expanding
vold but here £, is past directed when #y is future directed as shown above in eq. (4.21).

Therefore, this value sheuid be rejected.
Using (4.32) we have from (3.19)

2—3n

9 = Uath = ol — ———1 4.34

2 7 sty = oty 3n(l —n) 3 ( )
From {4.23) and {4.27) we obtain

. 3

by = " (4.35)

2{3n — '1)1/2‘
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From (4.25), (4.26), (4.32), (4.34) and (4.35) we obtain

drs
Wagtt 17

v={2(1 —n)/a} / 3= (4.36)

Using (4.14) we obtain

. E {2-m/{e=1)g; g (27!1)/(rl—ijdx
tz:{30:0(1—~H)}1’Hﬁ"1(n)“ﬂ—” {(31;— l)] :c— e 6n; - / * }

14+x
(4.37)
where x = 3n{l — njags .
From (4.26) and (4.32) we obtain
d 2 30)"% e \
23 e g ey, (4.38)

dts 2

This is negative for 1/2 < n < 2/3 and zero for n = 2/3.

We have seen above that in our model the boundary between regions Il and 11l is not
comoving with the matter of the RW universe in the normal perfect fluid interpretation
where the energy momentum tensor is

T;w = (ﬁ + ]-_7)15;1“:/ - :58;1.1/' (439)

Thus an accretion process occurs on to the region 11 [27].

Tupper £30] remarked as follows: “Given a metric tensor that does, in fact, lead to a
T,, satisfying the energy conditions, how do we know what type of field this energy
tensor represents? Put another way, is it possible that 7., is nonuniquely a viable energy
tensor, i.e. can the energy tensors of two apparently different fields be identical in that
they have precisely the same components? The answer to this is in the affirmative™.
Tupper and his coworkers gave a number of examples (e.g. [31,32,33]).

Fayos et al 127} showed how to construct a T, in which the cosmological fluid is
comoving with T having the same velocity v, and additional terms as follows:

T,uu == (P +p)UJ_L'UV — PEuv — ‘Qzlulv -+ H,LHI' (440)
Here ° = vy = 3n/2(3n — DY ol = —{(2 = 3n)/2(3n — 1) /*}s7",
o= {(2 - 3n)/203n — )8 (4.41)

[# is an outgoing radial null vector field (the minus sign indicates that the radiation is
incoming in region I}, and 11, is a tensor of anisotropic pressures, which is tracefree
and orthogonal to v, The values of T}, given by (4.39) and (4.40) are identical. We take
on the boundary X:

p = (2 3n)/603n— 1)}p+p) = (2 —30)/6Gn — )P
+ {{15n — 4}/6(3n — 1)}7,

p=p+{(2—3n)/23n— D}p+p) = {30/203n — 1)}P
{23200 - Dp, b= 1L =1,
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O ={3n(2-3n)/43n -1 HG+F), Tpe={(2—3n)*/123n— 1)} 7 1),
5 = 1100'3?11; (2 — 3?1), H“ = H00.9n2r§”/(2 — 31’1)2,
Hyp = ~Tloo-2(3n — 26" /(2 — 3n)%,  Ilyy = Iy sin® 0. (4.42)"

Obviously for # = 2/3(~v = 0) (4.39) and (4.40) are identical.

At a distance from 3,0 = f/(1 — p22)!/? (4.43)
where f(3, ;) is an arbitrary function subject to the restriction

fls ()} =dus /des = {(2 — 3n) /3n}e". (4.44)

In normal situations the velocity of ¥, [dus /dz;| is very small and we can always choose f
in such a way that it decreases monotonically away from . So, at some distance from the
boundary of the void there is very little departure of the RW universe from the usual
perfect fluid interpretation. A comoving ohserver there will find the void to be coliapsing.
As the radiation enters region ITI, it can be scattered or absorbed by the matter existing
there. The different possibilities of how this radiation gradually fades away can be
described by the different choices of the arbitrary function f.
From (4.42) we find that

p+p={0Gn+1)/303n ~ 1)}(5 +P). (4.45)

Here 1/2 <n <2/3, 50 p+p >0 for (p+p) > 0. For the energy momentum tensor
given by (4.39} and metric (2.7) Einstein’s field equation gives

p=n [t > 0.

Further p = +yp > 0 because 0 < -y < 1/3. This means that the strong energy condition is
obeyed. 50, we find that the energy momentum tensor of (4.40) corresponds to that of
reasonable matter of region Il

We have seen above that a comoving observer in region I finds the boundary between
regions [ and II to be static while a comoving observer in region I, a little away from the
boundary ¥ of the void finds ¥ to be collapsing. We may define a comoving observer in
the present day universe to be one to whom the microwave background radiation has no
dipole anisotropy ([91 p. 380, [34]). According to such an observer the boundary between
regions 1 and HI contracts with time. Now the question arises as to whether the region II
will ever disappear or not. This can be determined by expressing the two boundaries in
terms of ra, > coordinates, We may also like to know the behaviour of bounding surfaces
as seen by an observer somewhere within region IIT or region 1. Such questions can be
answered if we extend the same coordinates to both the regions. With this end in view we
have extended the coordinate patch in region II to the interior of regions T and Il in the
following section.

*There is & misprint in the expression for [ly, in rel. [27]. The correct expression is obtained by
replacing x by x* in both the numerator and denominator.

684 Pramana — J. Phys., Vol 51, No. 6, December 1998



Roberison-Walker Universe
5. Extension of coordinates r» and £ o regions I and IIL

5.1 Region [

We may extend the radial coordinates r» to the interior of region I by using eq. (3.9) and
(4.9).

brity
Yy =

Hm;—l—él'?l (51)

We extend the coordinate 2 by requiring it to be orthogonal to rp. Hence (see de 1a Cruz
[35] for the method)

Oty /Oty (RR))™ (1)
OnjOr, nliven 2 7)1 e 52)
t?'/ i (E*E';)('—Jﬂjzﬁf’z)z r‘(ijL‘grl)(]*‘ErI) {E+f£+£r1«)
I k
Using (4.14a)} we obtain
g {(1+a —0—&3)(1 — 51“8‘) (5.3)
= 232 2c'(1+fr{1}) B
{1+ &) {1 *"""*;;"““}
where
_ 1+a+ &)l —~&rd)
=5y +1 2)%¢1 ( ! 0
bR 2 e T v a e
al3 - )
+ (5.3a)

2a+2)(1+a+&)(1+a+83)

5.2 Region I

In the same way we may extend the radial coordinate r to the interior of region IIl by
using (3.19) '

Iy = ?'3I'g. (54)
We take the coordinate # to be orthogonal to r; so that

812/81‘3 . (1/1‘1)%‘“?‘”

o 5.5
atg/aﬁ 3 ( )
We may obtain #, within region IIH by replacing x in (4.37) by
: 3n{l — n){(2 — 3n) -
x=3n(l —njagids + 5.6
x=3n{l —n)ag { 2 R 0 (5.6)

where

3n{1—m)(2—3n) t g 21 n)2 2
T — Pl=n — —=n i — 2.2 ) .
2 {{G 43, Oto} +44 —an (ry —u3) (5.6a)
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6. Conclusion

In this model of the spherical void or its precursor the radins of the void (a combination of
regions 1 and II) formed in the early universe goes on cosntracting as the universe expands.
This is contrary to the belief among some cosmologists that a small anisotropy present at
the time of decoupling of matter from radiation increased subsequently. As the universe
evolved, various particle species became dominant, Then at temperatures 10°0-107e®
pairs annihilated and raised photon gas temperatere above that of neutrinos. Finally at
T~ 4000 K recombination took place and matter decoupled from radiation. Now it has
become matter-dominated and if a void is formed now or if any such relic is lelt over
from the past, it will remain static. However, in the present framework we cannot find a
mathematical solution representing the complete evolution of the universe from the early
epoch as particle creation processes cannot be incorporated i this formalism. If we start
with a particular valoe of v in the equation of state p = ~vp in our formalism, we cannot
change its value in the course of evolution. But we know that in the real universe v has
changed from 1/3 to 0.

The coordinates in region II have been extended to the interiors of regions I and
IIE It will be interesting to see if the outer shell of the void {region II} vanishes before
its core {region I) or vice versa and what the matching conditions would indicate
after that. Work is proceeding aleng these lines. It is interesting also to find out how
the bounding surfaces will behave as seen by an observer at some point within region I
or [IL
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