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Abstract : A model formed by string dust in the context of general relativity is
studied. This model is used as a source of Bianchi Type V space-time. The
model represents big bang model in which expansion decreases with time. The
model in general represents anisotropic space-time. However, the model
isotropizes for large values of time. The model allows particle horizon and
represents Point Type singularity. For large values of T, the string tension
vanishes. Thus anisotropy is maintained due to the presence of string. As soon

as string disappears, anisotropy also disappears.
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1. Introduction

It has not yet convincingly been decided whether the physical universe can
better be explaned by a closed or an open model. But many theoretical
considerations have pointed towards the possibility of an open universe. Bianchi
Type V models represent the open generalized Friedmann-Robertson-Walker (FRW)
cosmological model with K = -1 where K is the curvature of three-dimensional space
at any time t. Nayak and Sahoo [13] have investigated Bianchi Type V models with
a matter distribution admitting anisotropic pressure and heat flow. Ram et al.[14]
investigated Bianchi Type V cosmological models with perfect fluid and heat

conduction in Lyra geometry.
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It scems that after the big-bang, the universe might have experienced a
number of phase transitions. The phase transitions produce vacuum domain structure
such as domain walls, strings and monopoles (Kibble [10], Everett [9]). Cosmic
strings have excited considerable interest as they act as gravitational lenses and gives
rise to density perturbations leading to the formation of galaxies. (Turok [19]).
Letelier [11] has done a pioneering work in the formulation of energy-momentum
tensor for classical massive strings. Stachel [17] considered massless (geometric
string) models to develop a realistic treatment of strings. Banerjee et al. [8] have
investigated some cosmological solutions for massive strings in Bianchi Type |
space-time in presence and absence of magnetic field. Tikekar and Patel [18] have
obtained some exact solutions of string cosmology in Bianchi Type Il space-time.
Roy and Banerjee [16] have investigated some LRS Bianchi Type Il string
cosmological models for cloud of geometrical and massive strings using the
condition € = A and (c/0) constant respectively. Bali and Dave [1] have investigated
some special strings solutions for Bianchi Type IX space-time using the condition
p = A and a = ¢ where a is metric potential. Many authors viz. Bali et al.
[1,2,3,4,5,6,7], Reddy and Rao [15], Wang [21] have investigated string

cosmological models in different contexts.
2. The Metric and Field Equations

We consider Bianchi Type V metric in the form

dt® = — dt* +A%dx” + Ble™dy” + C’e**dz” (D
where A, B, C are functions of t-alone.

The energy-momentum tensor for string dust is given by Letelier [9]

Tij =€V, Vj—kxi x1 (2
together with

ViVi :—xixi =-1 ..(3)
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x #0,x,=0=x_=Xx ..(5)
where € is the rest energy density of the system of strings, . the string tension

density, v' the flow vector, x' the direction of string.

The Einstein field equation

. . .
RiJ — 5 RgiJ =—8n1n Tij(usingtheunits in whichc=G=1) ...(6)

for the line-element (2.1) leads to

B44 n C44 n B4C4 1

B C BC - A ..(D
A44 n C44 n A4C4 _ 1 -0
A C AC A2 ..(8)
A44 n B44 n A4B4 —L:O
A B AB AZ (9)
A4B4 n A4C4 n B4C4 _ i —8ne
A B C ..(1D)
3. Solutions of Field Equations
Equation (11) leads to
2 2
AT =L"BC (12)
where [ is constant of integration. From equations (8) and (9), we have
By Cu_ ARG
B C Al B C ...(13)

which after using (11) leads to
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(CB,-BC,), 1(BO),
(CB,-BC,) 2 BC --(14)

After integration, it leads to

C2 B = L
C A \/BiC ...(15)
L being constant of integration. To get deterministic model of the universe, we

apply string dust condition € = . Thus equations (7) and (10) lead to

B C A (B C
ﬁ_kﬁ__“[ 4+ 4]4_ 2 0

B C A|B C P: ...(16)
Using (12) in (16), we have
B44 C44 1 B4 C4 2
e T e T =0 17
B C 2(B C] ¢°BC
To solve equations (15) and (17), we assume
B
BC=M,E=V ...(18)
Using (18) in equations (15) and (17), we have
Va_ L
Vv u3/2 ...(19)
2 2
u u v
and ﬂ__;‘+l_‘21+%:0
Lot 2ve
which after using (19) leads to
2 2
Hag —M—‘Z‘=—L—3—% ...(20)
oo 21 n
which leads to
2 , LI 4
2u  —— W = .21
Mo M2 2



Bianchi Type V String Cosmolgical Model intu.... 341

To find the solution of (21), we assume that
u, =f(p)

Thus y,, =ff' f' =df/du.

Now equation (21) leads to

2
d o2y 20 _ 12 4

—~ (f*)—- R ...(22)
dM( ) . R
The solution of (22) is given by
g2 2 DT M (23)
il
L 4
where g2 =" p2=—"_ .24
3 02
Equation (23) leads to
2 2 2 2 3
(d_“j _a +bu +Mp .(25)
dt il

The value of p in terms of cosmic time t is not solvable, therefore, after
suitable transformation of coordinates, the metric (1) leads to
T dT?

ds? =— T T +TdX? +TveXdY? +T v 'e®¥dz?...(26)
a” + +

LdT
T+a? +b2T? + MT?

where logv =I

.27

u=T/x=X,y=Y,z=2.

and

4. Some Physical and Geometrical Aspects

The energy density (€), the string tension density (), the expansion (0), the
shear (o), the spatial volume (R?), the deceleration parameter (q) for the model (26)

are given by
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3,2 o202 N 30 _
gne=—+(@a" +b T +MT")—————— =14 -..(28)
4T AT 0?7
A B C 2
O=—4 4 4, 4 =i\/a—+b2T+l\/IT2 ..(29)
A B C 2T\T
L(B, C L
2|l B C 2T
R?®=ABC =/ T°? (3D
o 2m2 3
q:_ﬂ _,_ 26717 +3T .(32)
R2?/R? a? +b2T? +MT?

Particle Horizon. Since

fT dT fT ar__
- ——— — finit

1, RY(T) ‘1, T2

This is convergent integral, so the particle horizon exists.

5. Discussion and Conclusion

The reality condition p > 0 is satisfied when
302a°T? +3/°b°T> +3M £2T® —12T> >12¢°

The model (26) starts with a big bang at T = 0 and the expansion decreases
with time. The model in general represents anisotropic space-time. However, for
large values of T, it isotropizes. The deceleration parameter q > 0, hence the model
decelerates. The model allows particle horizon. The model also represents Point Type
singularity at t = 0 (MacCallum [12]). For large values of T, string tension ()
vanishes. Thus anisotropy is maintained due to the presence of string. As soon as

string disappears, anisotropy also disappears.
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