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( ABSTRACT ) In this paper we have studied thehybrid exponential lawcosmological model of the universe representing a Chaplygin gas

equation of state i.e.p =4p - 2

with variable gravitational and cosmological constant terms in the context of higher

dimensional space-time. We have used the relation of energy density with hybrid exponential law for scale factor to obtain the solution of field
equations. Here we have also discussed some physical behavior of the model.
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Introduction

The higher dimensional cosmological model is widely studied in order
to describe the dynamics of our universe and the geometrical structure
of the physical world both at a large and at a small scale for unifying
gravity with other fundamental forces in nature. In last few years,
many attempts was made on cosmological models in which space-time
has more than four dimensions. The most famous theory is due to
Kaluza [1] and Klein [2]. They have introduced five-dimensional
space-time and have shown that the gravitation and electromagnetism
could be unified in a single geometrical structure. Chodos and
Detweiler [3] studied the higher dimensional cosmological model in
which an extra dimension contracts to a very small scale and pointed
out that this contraction of extra dimension is a consequence of an
evolution of the large scale structure of the universe. Many authors [4-
20] obtained the solution of Einstein's field equations for higher
dimensional space-time containing the energy-momentum tensor of
matter generated by a perfect fluid. In their analysis, some authors have
shown that extra dimension contracts or remains constants.

In general relativity the Newtonian constant of gravitation
Ggravitation G plays the role of a coupling constant between geometry
of space-time and matter in the Einstein's field equations. In 1937,
Dirac [21] firstly proposed the concept of time dependent gravitational
constant on the basis of his number of hypothesis. Lau [22] proposed
the variable gravitational constant G and cosmological constant A in
the context of Einstein's field equations. Several authors such as
Abdussattar and Vishwakarma [23]; Khadekar et.al. [24]; Pradhan and
Yadav [25]; Pradhan and Rai [26]; Bali and Tinkar [27];

Singh et.al. [28]; Singh and Kale [29] studied the cosmological models
with variable gravitational constant G and cosmological constant A
theories in higher dimensional space-time.The cosmological constant
A is found to be a positive decreasing function of time which is
supported by results from recent supernovae type-Ia observations.

Riesset al. [30, 31]; Knop et. al. [32] proposed the concept of
accelerated expansion of the universe and lead to the search for a
new type of matter which violates the strong energy condition p+3
p<0. The matter content is responsible for such a condition to be
satisfied at a certain stages of cosmological evolution called as
dark energy. The type of dark energy represented by a scalar field is
often called quintessence. The simplest example for dark energy is
the cosmological constant A. In particular, one can find another
type of dark energy so called Chaplygin gas which obeys an
equation?=-2 of state such as [33], where p and p are respectively
pressure and energy density, and B is positive constant. According
to the point of view, Chaplygin gas unifies dark matter and dark
energy in only one fluid. Subsequently the above equation was
generalized to the form p= -% withO<m<1. The present work is
on modified Chaplygin gas obeying equation of state (see [34] — [40] )
as follows:

p=4p —% for A> 0.
In this paper, we have characterized the cosmological universe

representing a modified Chaplygin gas equation of state (givenineq.1)
with variable gravitational constant G and cosmological constant A

terms in the context of higher dimensional space-time. When
constructing this model, we assume that matter is treated as a perfect
fluid determining the dynamics of the model.

2.Metric and Einstein’s Field Equations

We consider the (n+2)dimensional homogeneous and isotropic model
ofthe universe represented by the space-time metric in the form

2

ds? = dt? — a2(b) Lirz + rzdcbz], )

wherea(t)is the cosmic scale factor, and
d®? = dof + sin?0,do? + -+ sin®8,5in%6, ... ... sin®@,_,d6z.

Without loss of generality the constant ktakes on only three values0O
and + 1. The constant k is related to the curvature parameters.The
higher dimensional space-time is the standard cosmological model and
are consistent with the observational results.

For perfect fluid distribution Einstein’s field equations with the
variable gravitational constant G(t) and cosmological constant
A(t)may be written as

1
Ry —~Rg,; = —8rG(OT, — A(Dg,;. 3)
where the symbols have their usual meaning.

The energy momentum tensor T, for perfect fluid is defined by

Ty = (p+ P)uruj — PYij- “

wherep is the energy density of the matter, pstands for the isotropic
pressure of the cosmic fluid and g_ij is the metric tensor and u_iis the
four velocity fluid vector such thatu* u_i=1.

The Einstein’s field equations (3) with energy momentum tensor (5)
for the space-time metric (2) lead to the following set of field equations

wherep is the energy density of the matter, pstands for the isotropic
pressure of the cosmic fluid and g_ij is the metric tensor and u_i is the
four velocity fluid vector such thatu”[u_i=I.

The Einstein’s field equations (3) with energy momentum tensor (5)
for the space-time metric (2) lead to the following set of field equations

@ [(S)z + ai] =8nG(t)p+ A(t), 5)

i nm-1)[7a\% &k
n-+— [(;) + ;] =-8rnG(Dp+A(L). (6)
where the dots denotes the differentiation with respect to cosmic time t.

3.Solution of the field equations

The field equations contain two independent equations in five
unknown parameters name lya, p, p, G and A. There fore to obtain an
exact solutions of the field equations, we need three more conditions
relating these unknown parameters. For which we have used The
following an satz for the scale factor of the universe [41]:
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I) The following ansatz for the scale factor of the universe [41]:
a(t) = Ct%eft, @)

whereC>0,0>0 and >0 are constants. This generalized form of the
scale factor is called hybrid expansion law which is a mixture of power
law and exponential law. These power law and exponential law is
obtain as a special case of hybrid expansion law, when 0=0 and =0 in
(7) respectively. The assumption o>0 and >0 lead to a new
cosmological model. We have used the relation of energy density p
with hybrid expansion law for scale factor to obtain the solution of field
equations. Here we have also discussed some physical behavior of the
model.

(i1)The modified Chaplygin gas obeying equation of state(1) and
ansatz (7) for the scale factor a(t). Without loss of generality we
consider the relation of energy density p with hybrid exponential law
for scale factor in the form

P ®)

al

wherey>0 is a constant.

4.Physical parameters

The equations (1), (7) and (8) lead to the following expressions of

isotropic pressure and energy density respectively
p=ACTY e FYt _ pCmYpTaremBrt )

p=CYt e Byt (10)

We are concerned with only physically realistic model, which is
obtained for C>0. The behavior of the energy density for an
appropriate choice of constants is shown in Fig. i. The energy density is
positive and decreasing function of time t and with theexpansion of the
Universe it converges to small positive constant value near to zero
whichis in accordance to the constraints of cosmic microwave
background radiation data [42].
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Fig.-1: Energy density of the model versus cosmic time for the
appropriate choice of constants.

Variable gravitational constant
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Fig.-ii: Variable gravitational constant of the model versus cosmic
time for the appropriate choice of constants.

Variable cosmological constant

A= m[(*—‘”)2 T ]

n [kc 2 2% P 1at 7]
- [1+A-BCm* Dy glm+Day g(m* DBy (12)
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As from the fig. iii, it is observed that the variable cosmological
constants initially negative then with expansion it becomes positive
and approaches to small positive constant which is near to zero. After
omitting the constants we observed the behavior of the form Gt
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Fig.-iii: Variable cosmological constant of the model versus cosmic
time for the appropriate choice of constants.

During the expansion of the model, the overall density parameter is
given by

_ 1emG(t)p _ 2(aCY T PV 1ot 13
- n{n+1)H? - (n+1)(x+pt? ](1+A_Ec(m+—1}yt(m+1}nye(mi—j}lﬁy{) ( )

The overall density parameter of the model is a function of time and
increases with expansion. The behavior of overall density parameter of
the model versus cosmic time for the appropriate choice of constants is
shown in fig-iv.
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Fig.-iv: Overall density parameter of the model versus cosmic time
for the appropriate choice of constants.

5.Kinematical parameters
The Spatial volume of the model is given by

V = C3t3%e3Ft, (14)

In this model, we observed that the spatial volume of the Universe
starts with big bang at t=0 and with the increase of time it always
expands and when t=o, then the spatial volumev—-co. Thus, inflation is
possible in this model which shows that the Universe starts evolving
with zero volume and expands with time t. The graphical behavior of
spatial volume of the universe is shown in Fig. v.
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Fig.-v: Spatial volume / average scale factor versus cosmic time for
the appropriate choice of constants.

The Hubble parameterofthe model is given by

_ [atft
H= ( t ) as)
The Expansion scalar of the model is given by
_ _ a+ft
6 =3H = 3(“£), (16)

Initially, at t=0 mean Hubble parameter, expansion scalar and the
magnitude of shear scalar are all infinitely large but with the expansion
of the Universe these parameters decreases. This shows that the
evolution of the Universe starts with an infinite rate and with the
expansion it declines. The behavior of Hubble parameter of the model
verses time tis shown in Fig. vi.
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Fig.-vi: Hubble's parameter and expansion scalar versus cosmic
time for the appropriate choice of constants.

The deceleration parameter of the model is given by

a
g=-1+ (a+B0) (17)

Fig.-vii: Hubble’s parameter and expansion scalar versus cosmic
time for the appropriate choice of constants.

The sign of deceleration parameter indicates whether the model
inflates or not. The negative sign of deceleration parameter indicates
inflation. Also, recent observations of type-la show that the present
universe is accelerating and that the value of deceleration parameter
lies in some place in the range-1<q<0. The deceleration parameter
decreases rapidly and approaches -1 asymptotically, which shows de-
Sitter like expansion at late time. For this model, the deceleration
parameter gives a transition from a decelerating expansion phase to the
present accelerating phase. These observations follow it our derived
model.

6.CONCLUSION

We have studied the effect of varying gravitational constant G and
cosmological constant A terms on cosmological universe representing
a modified Chaplygin gas equation of state with energy-momentum
tensor containing perfect fluid in the context of higher dimensional
space-time. We have considered the scale factor in the form of hybrid
expansion law which is a mixture of power law and exponential law.
We observed that hybrid expansion law model of the universe evolves
with a variable deceleration parameter ghaving the transition from
deceleration to acceleration phase which is take place atpointt=(a-
a)/B , where 0<a<l1, which is an important feature of the early stages of
the evolution of the universal cosmological model. We, also observed
that the deceleration parameter q approaches negative value with
increase of time i.e. ¢—-1as —oo , which shows that the universe is in
the accelerated expansion phase. We observed that energy density
pdecreases with increase in time. We observed that the pressure
decreases from positive to negative with increase in time. It is
interesting to note that the behavior of the gravitational constant and
cosmological constant are same for the all open, closed and curved
Universe and approaches towards zero with increase in time.

REFERENCES:

1. T. Kaluza, ZumUnit atsproblem der Physik, Sitzungsberichte der
PreussischenAkademieder Wissenschaften, Berlin, Germany, 1921.

O.Klein, Zeitschriftf urPhysik, 37,895, 1926.

A.Chodos and S. Detweiler, Physical Review D, vol. 21,no. 8, pp. 2167-2170, 1980.

H. Baysal and I. Yilmaz, Chinese Physics Letters, vol. 24,n0.8, pp. 2185-2188,2007.

E. Alvarez and M. B. Gavela, Physical Review Letters, vol. 51, no. 10, pp. 931-934,
1983.

P.G. O. Freund, Nuclear Physics B, vol. 209, no. 1, pp. 146-156, 1982.

7. T.Appelquistand A.Chodos, Physical Review Letters, vol. 50,no. 3, pp. 141-145,1983.
8. S.Randjbar-Daemi, A. Salam, and J. Strathdee, Physics Letters B, 135,388, 1984.

DA e

?‘

F. Rahaman, S. Chakraborty, N. Begum, M. Hossain, and M. Kalam, Fizika B, 11, 57,
2002.

F.Rahaman, B. C. Bhui, and B. Bhui, Astrophysicsand Space Science, 301,47,2006.
G. P. Singh, R. V. Deshpande, and T. Singh, Pramana, vol. 63,no. 5, pp. 937-945,2004.
G. S.Khadekar, A. Pradhan, and M. R. Molaei, Int. J. of Modern Physics D, 15, 95,2006.
1. Yilmazand A. A. Yavuz, International Journal of Modern Physics D, 15,477,2006.
G. Mohanty, K. L. Mahanta, and R. R. Sahoo, Astr.and Space Science, 306, 269, 2006.
A. Pradhan etal. Chinese Physics Letters, 24,3013,2007.

K. D. Purohitand Y. Bhatt, International Journal of Theoretical Physics, 50,1417,2011.
Sanjay Oli, Journal Of Gravity, vol. 2014 pp. 1-4,2014.

G. Mannaand B. Bhui, Astrophysics and Space Science, vol. 213, pp.299-303, 1994.
G.P. Singh and S. Kotambkar, General Relativity and Gravitation, 33, 621,2001.
Fabio Cardoneet.al.,General Relativity and Gravitation, Vol. 31, No. 7, pp 1049, 1999.
P.A. M. Dirac, Nature, vol. 139, no. 3512, article 323, 1937.

Y. K. Lau, Australian Journal of Physics, vol. 38, pp. 547-553,1985.

A.Abdussattar and R. G. Vishwakarma, Australian Journal of Physics, 50,893 1997.
G. S. Khadekaret.al.,International Journal of Theoretical Physics, 47,3057 2008.
Pradhan, A. and Yadav, V. K., Int. ]. Mod. Phy. D 11, pp 857-868, 2002.

Pradhan. A. and Rai, A., Astrophysics and Space Science, 291, 151,2004.

Bali, R and Tinkar, S., Chin. Phy. Let. 26, 029802-029806, 2009.

Singh, C. P. et.al.,Class. Quantum Gravit.24,455-474,2007.

G.P.SinghandA. Y. Kale, Int. J. Theo. Phy. 48, 3158-3168, 2009.
A.G.Reisset.al.,Astron. J., 116, 1009, 1998.

S.Perlmutteret. al., Astrophys. J. 517,565, 1999.

R. K. Knop et.al.,Astrophys. J. 598,102,2003.

A Kamenshchik etal., Phys. Lett. B511,265 (2001).

V. Gorini etal., arXiv:gr-qc/0403062.

V. Gorini, A. Kamenshchik and U. Moschella, Phys. Rev. D 67,063509 (2003).

U. Alam, V. Sahni, T.D. Saini, Mon. Not. Roy. Astron. Soc. 344, 1057(2003).

M.C. Bento, O. Bertolami and A.A. Sen, Phys. Rev. D 66, 043507 (2002).

H.B. BenaoumarXiv:hep-th/0205140.

U. Debnath, Chin. Phys. Lett. 28, 119801 (2011).

U. Debnath, A. Banerjee and S. Chakraborty, Class. Quantum Grav. 21,5609 (2004).
S. Kumar, Gravitation and Cosmology19,284 (2013).

A.Pradhan, A. Singh and R. Upadhyay, ARPN J. Sci.Tech. 3, 1 (2013).

52 | INDIAN JOURNAL OF APPLIED RESEARCH ]




