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Abstract: Cylindrically symmetric cosmological model with variable
cosmological constant (A) for dust distribution is investigated. We find that the
matter density is initially large but decreases with time & tends to a finite
guantity for large values of time. The model also satisfies reality condition
p > 0 given by Ellis [9]. The model starts with a big bang at T = 0 and the

expansion in the model decreases with time. Since limT_,m%;t 0, hence the

model does not approach isotropy for large values of T. However ifcothT = %then

the model isotropizes. The cosmological constant A (vacuum energy density)
decreases with time and finally tend to zero for large values of T. The model also
has point type singularity at T = 0 (MacCallum [11])

Key Words & Phrases: Cylindrically Symmetric, Cosmological, Variable A,
dust distribution.

1. Introduction

After formulation of field equations in general relativity in 1915, Einstein applied these for
the study of universe. The universe at that time was supposed to be static, homogeneous
and isotropic. But the later works done by Hubble and Humason indicated that universe is
not static but is expanding that is time — dependent. Friedmann [10] in his investigation
pointed out that for time dependent cosmological model, there is no need of cosmological
constant in Einstein’s field equation. Einstein added cosmological constant into his field
equations to make pressure and density positive for static universes. However, Abers and
Lee [1] predicted that during an early exponential phase, the vacuum energy is treated as
large cosmological constant which is expected by Grand Unified Field Theory (GUT)
(Sakharov [13])). Therefore, the present day observations of smallness of cosmological
constant (A= 10~'22) support to assume that A is time dependent. Several cosmological
models in which A decays with time have been investigated by number of authors viz.
Beesham [8], Abdussattar and Vishwakarma [2], Singh and Chaubey [14], Bali et al. [2-7],
Singh and Baghel [15]. Recently, Bali and Singh [7] investigated cosmological model with
variable Ain Bianchi Type I space time.


http://raops.org.in/

150 Keshav Sharma and Swati Khandelwal

In this paper, we have investigated cosmological model with variable A taking A=
e~2%tconsidering cylindrically symmetric space time. To get the deterministic solution in

terms of cosmic time t, we have also assumed that %‘* = a (constant). The physical and
geometrical aspects of the model are also discussed.

2. Metric and Field Equations
We consider the cylindrically symmetric metric given by Marder [12] in the form as
ds® = A? (dx? — dt?) + B? dy” + C* dz* (1)
where A, B, C are metric potentials and are functions of t-alone.
The energy momentum tensor Tl.j for perfect fluid is given by
T = (p +p)vv/ + pg!
Einstein field equation is given by
R;; — %Rgij —NGij = —87TTij (2)
where A is cosmological constant and depends on time.
The Einstein field equation (2) for the metric (1) leads to

TR R Jop o
%[—%—%+%}+A=8np ®)
B+ 0 2] oy ®

where p is the matter density, p the isotropic pressure and v* the flow vector satisfying

. . 1
v1=0=v2=v3,vivf=—1|.e.v4=z,v4=—A

3. Solution of Field equations

From equations (4) and (5), we have

Byy _ Cas
D4 _ Las (7

B c
which leads to
(CBy —B(4)4=0
(CB, — BCy) =k

which gives
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By _ k
(E)4 - c2

. ] A
To get the result in terms of time t , we assume 74 = @ = constant

which leads to
A=pe*

A
Equation (4) after using p=0, 74 =a,A=ye % leads to

Caa | Aay _ \p2
= t()a=nA
which leads to

% = yB? = c, (constant)

To find the solution, we put
c, =f(C)
df _ df dc

ThUSCM:E_dC it =ff

Now equation (10) leads to
fdf=c,CdC

2 = c,C*+ s

where ¢, , c; are constant

which leads

dc
VereE = Vezdt

where = = [2
c2

Thus, we have

Where+/Cy = a
Thus C = lsinh(at + b)

dc

\/CZCZ + c3

C
sinh™! 7= at+b
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(12)

(13)



152 Keshav Sharma and Swati Khandelwal

Equation (5) after using p = 0 for dust distribution leads to

B‘” +( 4= AA? (14)

B
using 74 = aand A = 2% inequation (14), we have f =5 =1

Which leads to
B = Ilsinh(at + b) (15)
Where | is arbitrary constant.
Thus metric (1) leads to the form
s?= B2e? (dx? — dt?) + I’sinh?(at + b)(dy? + dz?)
which leads to
ds? = pre?e(5" )(dXZ ) + 12sinh?T(dY? + dZ?) (16)
after using the transformation, at+b=T ,x =X,y =Y ,z=Z

4. Some physical and geometrical properties
The matter density (p)for the model (16) is given by

_ 1 2 vy  —2a(=%
p=—1H4> = [2aa coth T + a? coth?T] — o€ b 17)
8np2e““h
The reality condition p > 0 Ellis (9) is satisfied.

The expansion (8)is given by

6 = J_axl( v'=9)

_LAs Ba G
G tE T

1T_a) [a + 2a coth T] (18)

pe“CB

Shear tensor(a;; ) is given by

1 1, 1
oy = E(vi;j + ) +§(Uﬂ7j +7v;) —30095 +viv)

Thus, we have
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1

=———[2a — 2l coth T] (19)
3ﬁea( )
1 2B, Ay (4
07 = g*%oy, _37[?_7_?
= [lcothT — a (20)
3ﬁea( )
33 1 2C4, A4 B4
03 = g 033 _Q[T_X_E
=l [lcothT —a] 1)
3pe%CH)
Uf = 944044 =0 (22)
Now shear (o) is given by
1 o1
0% =20yl =2 [(01)? + (6))? + (6)* + (1))
:ﬁ[((x — lcoth T)?]
3,82e2a(_
Thus,
o= % [((l — [ coth T)] (23)
ﬁﬁea(T)
Now,

E_L(a—lcothT) 24
0 V3 \a+2acoth T .
#0

Butif coth T = 7 then
T _y (25)

5. Conclusion

Cylindrically symmetric cosmological model with variable cosmological constant (A) for
dust distribution is investigated. We find that the matter density is initially large but
decreases with time & tends to a finite quantity for large values of T. The model also
satisfies reality condition p > 0 given by Ellis [9]. The model starts with a big bang at T

= 0 and the expansion in the model decreases with time. Since limy_,, % # 0, hence the
model does not approach isotropy for large values of T. However if cothT = % then the
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model isotropizes . The cosmological constant A (vacuum energy density) decreases with
time and finally tend to zero for large values of T. The model also has Point Type
singularity at T = 0 (MacCallum [11])
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