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Abstract: In this paper, LRS bianchi type | models in the light of perfect fluid, quintessence and standard
Chaplygin gas, have been studied by solving the Rosen’s field equations in bimetric theory of gravitation. It is
pointed out that the geometry of perfect fluid model is coincide with the geometry of quintessence model for

@q €[-1, 0],y #—1/3and the geometry of quintessence model for @, =—1/3is similar to geometry of
standard Chaplygin gas model. All models are expanding with accelerating expansion. Other geometrical and
physical properties of the model are studied.

Our opinion supports the observational data that universe is continuously expanding with accelerating
expansion.
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l. Introduction

The different cosmological models with dark energy and dark matter have been taken considerable
interest in General relativity. More recently, dark energy has been found to be required in order to explain the
apparent accelerating expansion of the universe. It now seems that universe containing 23% dark matter and
73% dark energy in the form of energy densities and the remaining 4% is baryonic matter [1-4]. The dark matter
is unknown form of matter which has clustering properties of ordinary matter and has not been yet detected. The
dark energy is hypothetical form of energy acting repulsively which permits all of space and tends to accelerate
the expansion of the universe. This accelerated expansion of the universe was confirmed by the observations
such as type | supernovae (SNela) [5-7], Sloan Digital Sky Survey [8], and Wilkinson Microwave Anisotropic
Probe (WMAP) [9-11]. In the light of these observations, depending on the ideas of dark energy, cosmologist
proposed many candidate for dark energy such as cosmological constant, quintessence [12-13], phantom [14-
15], quintom [16-17], tachyons field [18-19], Chaplygin gas models [20-21] dark energy models. The
cosmological constant candidate suffers from two well known problems namely the fine tuning and the cosmic
coincident problems [22]. The quintessence dynamical dark energy model is combination of positive energy
density and the negative pressure. Tracker field (a form of quintessence dark energy model) which provide a
new motivation for the quintessence scenario [23-24]. Another alternative to dynamical dark energy model is
Chaplygin gas model which is considered to be unification of dark matter and dark energy. In Chaplygin model,
three different models namely standard Chaplygin gas, generalized Chaplygin gas and modified Chaplygin gas
models given in [25-30].

The great success of General Relativity, however not stopped alternative theories being proposed in
order to explain acceleration and existence of dark matter in the universe. One of the alternative theories among
them is Rosen’s bimetric theory of gravitation which is free from singularities appearing in the big-bang of
cosmological models and it obeys the principle of covariance and equivalence of the general relativity [31-32].
Therefore the peoples are interested to investigate the cosmological models of the universe in bimetric theory of
gravitation which is based on two matrices, one is Riemannian metric described the geometry of curved space
time and second is flat metric refers to the geometry of the empty universe and described the initial forces.

The Rosen’s field equations in bimetric theory of gravitation are

where Nij :% % (g9 gsi‘a)w ,N=g! Nj; is the Rosen scalar and let k =1. The vertical bar (|) stands

for y —covariant differentiation, where g = det(g;;) and » = det(y;;) . Many researchers have been

developed the theory and investigated various cosmological models of the universe, in bimetric theory of
gravitation and studied their behavior geometrically and physically [33-48]. A locally rotationally symmetric

www.iosrjournals.org 62 | Page



LRS Bianchi Type | Cosmological Models with Perfect Fluid and Dark Energy in Bimetric Theory of

(LRS) having much more contribution in the physics of spatial homogeneous cosmological model and therefore
we plan to study a LRS bianchi type | cosmological model in related to perfect fluid with quintessence and
standard Chaplygin gas dark energy in this research note. The model is filled with perfect fluid

p=wp, 0<w<1 For quintessence, we consider pq =@y Py, Where @y e[-1, 0] and for standard

Chaplygin gas dark energy model, the equation of state is to be assumed p. =— x/ p. ,where u is constant.

In view of these considerations, LRS bianchi type | models have been studied and it is realized that: i)
The model with perfect fluid has volumetric exponential expansion and is always supported isotropize, shear

less dust universe with accelerating expansion. ii) The quintessence dark energy model with @ € [-1, O]and
Oy # —1/3, having the similar physics as that of perfect fluid model in regards of geometry and all its physical

parameters. The quintessence dark energy model with @y =—1/3 represents dark energy star and it is

continuously expanding and expansion has accelerating phase. iii) The Chaplygin gas model is behaves like that
of dark energy model for ag = —1/3 and having the same geometrical and physical significance as that of it.

I1.  Metric And Solutions Of Field Equations

We consider LRS bianchi type-1 metric in the form
ds? =dt? — A%dx? — B2 (dy? +dz?),

)
where the metric potentials Aand B are functions of t only.
The background flat metric correspondence to line element (2) is
do? =dt? —dx? —dy? —dz? @)
The energy momentum tensor for the perfect fluid distribution is
Ti =(p+p)yY;u; — pgi,
ij (p+ Py i — PGj 4)

in which p is the energy density and p is the pressure of a perfect fluid. The four velocity time-like vector u'

in commoving coordinate system is u' = (0,0, 0,1) with magnitude

gijuiuj =1 (5)
The components of Tij are
Tll =p AZ, T22 =T33 =p BzandTOO =p other T'J :0, i # J (6)
The Rosen field equations (1) for the metric (2) and (3) are as under
2 5 2
)
)
2
AL A—Z = 167z p,
AA ®)
2 5 2
(5ol 5o
9)

where dot (.) over the head of Aand B denotes the differentiation w. r. to t.

From the equations (7) and (8), we have
[A_A_ZJ_ [EB_]
A aA2) (B B2
A B (10)

which on integrating yield
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where Ky is positive constant.
Using the above relation (11), the equations (8) and (9) take the form

.. 5
_|B_ B = 167 p,
B R?

B2
3l=— — | = 167 p.

I11.  Solutions Of The Field Equations With Their Geometrical And Physical Significance
3.1 Model with perfect fluid

(12)

(13)

With the equation of state p = wp, 0 < @ <1of perfect fluid, the equations (12) and (13) have the solution

A=k, (14)
B= eclt, (15)
where ¢, is the constant of integration.
The volume of the model is
V = AB2 =k,e3%! (16)
Thus the required metric is
ds? = dt? —k,e®*'dx? —e?™! (dy? + dz?) an

This is the LRS bianchi type | perfect fluid model in bimetric theory of gravitation. This model has
volumetric exponential expansion. The model starts with non-zero volume and non-zero scale factors and the
volume and scale factors increasing as time t increasing and reaches infinite values at final stage.

The Hubble parameter H and its directional’s Hy, H, and Hsare
H=H;=H,=Hz;=¢ (18)
The energy density p, pressure p, the scalar expansion 6, the shear o and the decelerating parameter
( are given by

p=p=0, (19)
6=3cy, (20)
c?=0, 1)
q=-1. 22)

It is seen that the energy density p and pressure p in this perfect fluid model attain zero values
forever indicating that the model is dust universe. The Hubble parameter H and its directional’s Hy, H,and
H ;are independent of timetand admit constant (non-zero) values which shows that the rate of expansion is

constant. Also the scalar expansion @ is independent of time t and attains non-zero constant value which
supports the expansion in the model. The model has zero shear. The deceleration parameter q =—1 shows

model has accelerating phase.
Thus the LRS Bianchi type | perfect fluid model is always supports the dust universe with accelerating
expansion and it is isotropize and shearless.

3.2 Model with quintessence dark energy

The equation of state for the quintessence model is given by
Pq = @q pg,where 0 €[-1,0] (23)
and in view of this, the equations (12) and (13) can be taken together as
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B B2
(3a)q +1) (E _F):O
(24)
We bifurcate the equation of state parameter @, as
BB =0 f 10 1/3 25
(E_?)_ Jfor @y €[-1, 0], o #— (25)
B _B’ 0 f =-1/3 26
(E—?)i  for o =- (26)
For wq €[-1, 0], wy # —1/3, the equation (25) yield
B=ef!
and equation (11) gives
A= kl eclt
Thus the scale factors A, B and the volume V are given by
_k. et
A=k, e, @7)
B=e%', (28)
_ 2 _ 3¢t
V =AB” =k’ (29)

where Ky is positive constant and c, is constant of integration.
The LRS Bianchi type | quintessence dark energy model (for @, €[-1, 0], @y # —1/3) in Bimetric

theory of gravitation has volumetric exponential expansion. The volume V and the scale factors A, B behave
in the similar way as that of the perfect fluid model (17).

The Hubble parameter H and its directional’s H;, H,and H 3, energy density Pq, pressure Py, the scalar
expansion @, the shear o and the decelerating parameter g obeys the values

(30)
Pq =Pq =0, 31)
0=3cy, (32)
o2 =0, (33)
q=-1 (34)

It is seen that all these physical parameters, the Hubble parameter H and its directional’s
Hi,H,, Hjz, the energy density Pq: pressure Pg, the scalar expansion ¢, shear o and the decelerating
parameter g having exactly similar nature as that of the physical parameters of perfect fluid model (17) whose
physics explained earlier in perfect fluid model and there is no any new physics they are gaining in the model.
For @y = —1/3, the equation (26) gives

_KeGt’
A=k, (35)
t2
B=e%', (36)
_ 2 _ 3¢, t?
V =AB° = kle (37)
and the model is
dSZ — dt2 _ k162c1t2 dX2 _62qt2 (dyz + dZZ), (38)

which has volumetric exponential expansion starting with non-zero volume and non-zero scale factors
and the volume and scale factors are infinite at later stage of time t.
The physical parameters are
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(39)
Pq =(=1/3) pq =c,/87k, (40)
f=6ct, (41)
o =0, 42)
q=—(+2c,t%)/2c,t2. 43)

This dark energy quintessence model for @, = —1/3 represents dark energy star, it’s energy density

q
Pq, Pressure pq are constant forever shows that there is uniform distribution of dark matter. The Hubble

parameter H and its directional’s H;,H, and Hare increasing function of time t shows that the rate of
expansion is increases with time t. Also the scalar expansion is increasing function of time t which supports
the model is continuously expanding. The magnitude of shear o is zero shows that the model is shear less. The
deceleration parameter q is found to be negative shows that the model has accelerating phase of expansion.

Thus the quintessence dark energy model for @, = —1/3 is represents dark energy star starting with

q
non-zero volume and non-zero scale factors and has volumetric exponential expansion with uniform distribution
of dark matter. The model is shearless and continuously expanding with accelerating phase.

3.3 Model with Chaplygin gas dark energy
The equation of state for the standard Chaplygin gas is given by

pq =T (44)

where g is constant.
From equation (12) and (13), and using above equation (44), we have

ﬂtz
@tz
B=e 2 , (46)
2
where ¢ = @ is constant.
3Juat?
V=ke 2 , (47)
ds? = dt? —keV“® Udx? —eV4e ¥ (dy? 4 dz?) (8)

This is LRS Bianchi type | Chaplygin gas dark energy model in bimetric theory of gravitation and having the
same geometry, same volume and same scale factors as that of the quintessence model (38) corresponding to

g =-1/3.
The physical parameters, like the Hubble parameter H and its directional’s H;, H,and H, the energy

density p., pressure p.,the scalar expansion @, the shear o and the decelerating parameter ¢ are as follows
H=H;=H,=H;=\uat,

(49)
pe = (-1/3)p; = ua 167k,

(50)
0 =3\ uat, 51)
o’ =0 (52)
q=—Q+t>Jua)/t?. (53)
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It is to be noted that the results of all the physical parameters, volume V, the Hubble parameter H and
its directional’s Hy, H, and Hj, energy density p., pressure p., scalar expansion &, shear o and the

decelerating parameter g matched with those of quintessence model (38) corresponding to N =-1/3 and

therefore they admit the same physics as remarked in quintessence model (38) for @y =-1/3and there is no

any new ideas they contributing in physical properties. Therefore it is observed that this Chaplygin gas model
(48) is goes over to quintessence model (38) for a, =-1/3 along with its geometrical and physical properties.

It is remarkable point that the Chaplygin gas model (48) and the quintessence model (38) corresponding to

@q =-1/3 both represents dark energy star and filled with uniform distribution of dark matter, they

continuously expanding with accelerating expansion and are shearless.
All these perfect fluid model, quintessence model and the Chaplygin gas model are isotropize in nature
and shearless.

IV.  Summary

1) LRS bianchi type I models have been investigated, in related to perfect fluid, quintessence dark energy
and standard Chaplygin gas by solving Rosen’s field equations in Bimetric theory of gravitation.

2) LRS bianchi type | perfect fluid model has volumetric exponential expansion starting with non-zero
volume and non-zero scale factors.

3) LRS bianchi type I perfect fluid model is always supports the dust universe with accelerating expansion
and it is isotropize and shearless.

4) LRS bianchi type | quintessence dark energy model, for @, #—1/3is goes over to perfect fluid

q
model and its geometry and all the physical parameters behave in similar fashion as that of perfect fluid
model. This quintessence dark energy model is also represents dust universe with accelerating
expansion and it is isotropize and shearless.

5) LRS bianchi type | quintessence dark energy model (38) corresponding to @y =-1/3 also has

volumetric exponential expansion starting with non-zero volume and non-zero scale factors and it
represents dark energy star.
6) This dark energy quintessence model corresponding to @q = —1/ 3 filled with uniform distribution of

dark matter and it is continuously expanding with accelerating phase.
7) LRS bianchi type | standard Chaplygin gas model (48) has the same geometry, same volume and same
scale factors as that of quintessence model (38) corresponding to @y =-1/3and all its physical

parameters admits the same physics as remarked in the literature of quintessence model for

@4 = —1/3and there is no any new idea they contributing in physical properties.

8) It is remarkable point that the perfect fluid model and quintessence model for w, = —1/ 3 admits the

q
same physics.
9) It is realized that the quintessence dark energy model for «q, =-1/3 and standard Chaplygin gas

model, both represents dark energy star.
10) All these perfect fluid model, quintessence model and standard Chaplygin gas model are isotropize in
nature and shearless.

V. Conclusion

LRS bianchi type | models corresponding to perfect fluid, quintessence and standard Chaplygin have
been investigated by solving the Rosen’s field equations in bimetric theory of gravitation. It is observed that the
geometry of perfect fluid model is coincide with the geometry of quintessence dark energy model for

@y e[-1, O],a)q #-1/3. It is also realized that the geometry of quintessence dark energy model for

0y = —1/3is similar to geometry of standard Chaplygin gas model. Other geometrical and physical properties

of the models are studied.
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It is pointed out that all these perfect fluid, quintessence and standard Chaplygin gas dark energy

models are expanding with accelerating expansion and our opinion is agreed with, the observational data [5-11],
as they remarked that the universe is continuously expanding with accelerating phase.
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