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Abstract
The present paper deals with the study of Bulk viscous string cosmological model in spatially
homogeneous and anisotropic Bianchi-V space time in modified theory of gravity, specially f(R,
T) theory of gravity. To solve the Einstein’s field equations, we consider that the expansion
scalar 6 is proportional to the shear scalar ¢* and hybrid scalar factor which yields a time varying
deceleration parameter. We also consider barotropic equation of state for pressure and density.
Some physical properties of the model are also discussed in details.
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1. Introduction

The genius Albert Einstein modified the special theory of relativity by introducing gravitation
known as General theory of relativity. This theory of gravitation plays an important role in
modern physics. Several authors have done their remarkable work in the General theory of
relativity. This theory has solved many astronomical issues but it fails to answer the issue of
accelerating expansion of the universe and dark energy problem. Recent observations [1-5] clear
the picture of the universe and indicates that the universe is accelerating and filled with 2/3 parts
with the component having large negative pressure called as dark energy. To explain the issue
like accelerating expansion of universe and dark energy, there is a need to modify the General
theory of relativity. Recently several modifications have been made and each one has its novel
feature. Few modified theories are Brans-Dicke theory, scalar tenser theory of gravitation, self-
creation theory, f(R)theory of gravity, f (R, T)theory of gravity.

We are interested in f(R,T) theory of gravity proposed by Harko et al.[6] where the
gravitational Lagrangian involves an arbitrary function of the scalar curvature R and the trace of
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the energy momentum tensor T. Pradhan et al. [7] reconstructed f(R,T)theory of gravity by
takingf(R,T):fl(R)+ f2(T). Adhav [8] studied the exact solutions of locally rotationally

symmetric Bianchi type - | space-time. M. Farasat Shamir et al.[9] obtained the exact solutions
of Bianchi Types-1 & V models in f(R,T)gravity with the assumption of variation law of

Hubble parameter which leads to constant declaration parameter. P.K. Sahoo et al. [10]
investigated the Kaluza-Klein cosmological model in f(R,T) gravity with A(t) by considering

constant deceleration parameter.

The bulk viscosity plays an important t role in the early phase evolution of the universe.
G.L.Murphy [11] showed that the combination of cosmic fluid with bulk deceptive pressure can
generate the accelerated expansion of universe. Moreover, Fabris et al. [12] discussed that the
Bulk viscosity leading to an accelerated phase of the universe. Wang [13] have investigated the
LRS Bianchi type-1 model for a cloud string with bulk viscosity and same author [14] studied the
Bianchi type-111 model for a cloud string with bulk viscosity. Yadav et al. [15] have discussed
the cosmic string in Bianchi type-111 space-time in the presence of bulk viscous fluid. Yadav et
al. [16] have studied some Bianchi type-I viscous string cosmological model for a cloud of string
with bulk viscosity. Bali and Upadhaya [17] have discussed the Bianchi type-lIl string
cosmological model with bulk viscosity. R.L. Naidu et.al.[18] have examined the FRW viscous
fluid cosmological model in (R, T) gravity .

The non-existence of Bianchi type-Ill bulk viscous string cosmological model in f(R,T) gravity

have studied by M. Kiran et al. [19]. Reddy D. R. K. et.al. [20] have discussed the Kaluza-Klein
universe with cosmic strings and bulk viscosity in f(R,T)gravity. K.L. Mahanta [21] have

investigated the bulk viscous cosmological model in f(R,T)gravity. Reddy D. R. K et al. [22]
have investigated the Kantowski-Sachs bulk viscous string cosmological model in f(R,T)

gravity. Same author [23] have also studied the LRS Bianchi type-I1 universe with cosmic string
and bulk viscosity in a modified theory of gravity. H. R. Ghate et.al.[24] studied the Bianchi
Types-1X viscous string cosmological model in f(R,T)gravity with the special form of

declaration parameter. R.L. Naidu et al.[25] have studied the Bianchi Types-V bulk viscous
string cosmological model in f (R, T)gravity. Reddy D. R. K [26-28] have investigated the bulk

viscous string cosmological model in different modified theories.

Bianchi type models are important because these are homogeneous and anisotropic, from which
the process of isotropization of the universe is studied through the passage of time. Bianchi
space-times are useful to make the simplicity of the field equations in the constructing spatially
homogeneous and anisotropic cosmological models. Moreover, from the theoretical point of
view the anisotropic universe has a greater generality than isotropic universe. With this
motivation, In this paper we present the Bianchi type-V space-time with the bulk viscous fluid
containing one dimensional string in modified theory of gravity, f(R,T) theory of gravity, where
R is the Ricci scalar and T is the trace of the energy-momentum tensor. To solve the Einstein’s
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field equations, we consider that the expansion scalar @ is proportional to shear scalar ¢ and
hybrid scalar factor which yields a time varying deceleration parameter. We also consider
barotropic equation of state for pressure and energy density. Some physical properties of the
model are also discussed in details.

2. f(R,T) theory of gravity

The action for f(R,T) theory of gravity is given by
S=Ljf(R,T),/—g d*x+ [Lyy-g d*x, (1)
167

whereR, T,gand L, are the Ricci scalar, the trace of the stress-energy tensor of matterT; , the
determinant of the metric tensor g;; and the matter Lagrangian density respectively.

The stress-energy tensor of matter is defined as

p o2 olfeL) o

TR L

and its trace by T =g"'T;,.

Assuming that the Lagrangian density L, of matter depends only on the components of the
metric tensor g;; and not on its derivatives which yields

oL
Tij:g L _2@1 (3)

ij —m

Varying the action S with respect to the metric tensor g, the field equations in f(R,T) theory

of gravity are given by

fR(RlT)Rij _% f (R1T)gij _(Vi vj _gij D)fR(R,T)=87Z'Tij - fT (R!T)(Tij +®ij)’ (4)

L oT. (OT. _
where ©; =g" (&sz’j which follows from the equation g" (5—']=Tij +@;and o=V' V,is

j
ij

the De Alembert’s operator, f, and f, are the ordinary derivatives with respect toR and T
respectively.
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Contraction of equation (4) gives
fr(RRT)R+3c0f,(RT)-2f(R,T)=8~2T - f. (R, T)T +©®), (5)
where®=g"©; =0;.

Assume that the source is regarded as a perfect fluid, the stress-energy tensor of the matter
Lagrangian is derived as

T; =(p+ p)uu; — pg;, (6)

The problem of perfect fluids described by an energy density p, pressure p and four velocity
u' =(0,0,0,1) are not an easy task to deal and there is no any unique definition of matter
Lagrangian. Thus we can assume L, = —p, which gives

®, =—2T, - PY;. ()

Using equations (7) , the field equations (4) can be written as
1
m(RTﬁg—EW(RTMU—GﬁVjﬂhu»f“R:)=&ﬁ”+n(RTxm+ng, ®)

Since the field equations in f(R,T) gravity also depend on the physical nature of the matter field
through the tensor g;,we obtain several models for each choice of f .Three explicit

specification of the functional form f has been considered in Harko et. al. [6]

R+2f(T)

fRT)=+ fHLR)+F(T) . )
f (R)+ f,(R) f5(T)

Out of these three classes we used f(R,T)=R+2f(T) ‘The Einstein’s field equations (8) can
be written as

1 , ,
Rjj _ERg =871y +2F /()T +[F(T)+2p £'(T)]gy;, (10)

where overhead prime denotes the derivative w.r.to. T.
For a sake of simplicity, we choose

f(T)=nuT, (11)
where g is aconstant.
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3. The Metric and Field Equations

The line element of Bianchi type-V space-time is given by
ds? = dt? — A%(t)dx? —e®*[B2(t)dy? + C?(t)dz?], (12)
where A, B and C are metric coefficients and « (= 0) is an arbitrary constant.

We consider the energy momentum tensor for a Bulk viscous fluid containing one dimensional
cosmic string as

Tij =(p+ ﬁ)uiuj + ﬁgi,- — A% X (13)

and
p=p-<uj,=p-<6, (14)

where p is the rest energy density of the system, & is the Bulk viscous coefficient, £6 is the

known as bulk viscous pressure, @ is the expansion scalar, u' is the four velocity vector, x' is
the direction of the string and A is the string tension density.

The vectors u' and x' satisfy the conditions
uul =—xx! =-1, u'x,=0. (15)
In a commoving co-ordinates system, we have

u' =(0,0,01), x' =(/—i ,o,o,oj, (16)

The corresponding Ricci scalar is

A B C AB BC AC 3¢’

R=2—+—=+—+ + + - a7
A B C AB BC AC A
where overhead dot means derivative with respectto t.
From equation (10), we have obtain field equations as
B C_BC o
—+—+——-—=-0@7+7)p+Br +3u)A + up, 18
BCBCAZ( )P+ ( A+ pp (18)
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A C AC «a? —

K+E+E—F2—(87r+7,u)p+ﬂu,u+,up,
o ,

%+§+%—%:—(8ﬁ+7u)ﬁ+ﬂ,u+up,

AB BC CA 3a?
+ + - =0B7+3 —Spu + A,
a5 T BC Toa ar - ©r3)p—Sput

solving above field equations, we get

E+é+£—%:2/1(47z+/,1),
B A BC CA

B _C AB_AC_,

B C AB AC

AB BC CA 3a°
+ - —
AB BC CA A?

=87 +3u)p—5pu+ 14,

A? =kBC,
where k is a constant of integration.

Without loss of generality, we choose k =1, we have

A* =BC,

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

The average scale factor and the volume scale factor are defined respectively as

Wl

a, = (ABC)3,
V =(a,)® = ABC,
The generalized mean Hubble parameter H is defined by
a, 1
H :a—zg[H:L + HZ + H3],

S
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where H; =%, H, =§, H, =% are the directional Hubble parameters in the directions of

X,y and z axes respectively.

The mean anisotropy parameter A is given by

= 1&(AH)Y (oY
i) -45) >

where

AH; =H, —H. (32)

The expansion scalar 6 and shear scalar o are defined as under

ezu.‘i:—A+E+9:3H, (33)
" A B C
) e
ot oLy pn 00 _[AB BC AC] (3)
2 3 AB BC AC
where
1 1
ot =§(Vjui +Viuj)—§gij49. (35)
The important quantity is defined as
d(1
=—|—=1|-1 36
| dt[Hj (30)

The sign of qindicates whether the model inflates or not. A positive sign of q corresponds to the
standard decelerating model whereas the negative sign of q indicates inflation. The recent

observations of SN la (Perlmutter et al. [1],Reiss et al [3] ) reveal that the present universe is
accelerating and the values of decelerating parameter in the range —1 <q <0.

4. Solution of Field Equations

The system of these four non-linear differential equations consist of six undefined functions i.e.
A B, C, p,p,and A. Hence to find deterministic solution of the model, two additional
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conditions relating to these parameters are required. We first assume that the expansion scalar 6
is proportional to shear scalar o> This condition yields the following relation between the

metric coefficients B and C:
B=C", @37)
where m = 0is an arbitrary constant.
Secondly, we consider the average scale factor
a, =e*'t’, (38)
where a and b are positive constant.

This above equation is the combination of two types of expansion i) exponential law and
i) power law, so it is called as hybrid scale factor. When a =0, the power law is recovered and

for b =0, the scale factor reduces to exponential law.

Using equation (27), (28) ,(37), (38), the metric coefficients are

A=e*'t", (39)
27m

B=(e*t")m™,, (40)

2
C=(e*'t")m,, (41)

The equation (12) takes the form as
an 4

ds? =dt® — (e*'t")? dx® —e™| (e*'t”) " dy? + (e*'t*)m1dz? |, (42)

which represents the Bianchi -V Bulk viscous cosmological model in f (R, T) gravity.

5. Physical behavior of model

The following physical properties play a important role in the study of cosmology. By using this
physical quantities the physical behavior of model as discuss below

The volume scale factor becomes

V = (e3")?, (43)
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The directional Hubble parameters and the mean generalized Hubble parameter are given by

The expansion scalar 0 is given by

The shear scalar o becomes

2
(o3

H1:a+9,
t

p-o-?)
(2t

(44)

(45)

(46)

(47)

(48)

(49)

It is to be noted that for m=1 the model is shear free and nature of shear scalar will be retained

for m=1.

The mean anisotropy parameter A turns out to be

z\:g(m—ljz’
3im+1

(50)

A parameter m is considered to take care of the anisotropic behavior of the model in the sense
that, if m=1, we get isotropic model and for m =1, anisotropic nature will be retained.

The time varying deceleration parameter q is given by

b
=——l’
9= atr o)
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From equation (51), it is clear that g>0 for t < At an early

Jb—b Vb —b
a

and q<0 for t >
a

phase of cosmic evolution t —0, q=%—l and at late phase of cosmic evolution t — oo,

q=-1. Thus for 0<b <1, q has a positive value at early time and at late time g has a negative

value. This suggests that the universe is undergoing decelerating at early stage to accelerating at
late stage.

3) For a barotropic fluid, the combined effect of the proper pressure and the bulk viscous
pressure can be expressed as

p=p-3fH=¢p (52)
Where

P=¢g,p, &¢<[0]] (53)

The string density for the present model is

~ (m-1) 3(at+b)% —b (54)
C2(m+1) (4r + p) t2 ’

Also parameter m is look after survivor of the sting. If m=1, the sting does not survive for
present model otherwise the nature of the string will be retained.

The energy density of the universe becomes

_ 1 [M? (167 — u) +16m(4x + 1) + 7 +167](at + b)? N (m-=21)ub (55)
P8+ u(B-58)° 2AMm+1)% (47 + 1) 2Am+ )@z + 1) |’

The pressure of the universe becomes

o= £, [Mm? (167 — u) +16m(47x + ) + 7 +167])(at +b)? . (m—=1) b (56)
[87 + u(3-58)]t? 2(m+1)? (47 + p) 2m+D)(dr+u) |
The Bulk viscous pressure is
p= £ [Mm? (167 — u) +16m(47x + ) + 7 +167](at + b)? N (m-21)ub (57)
[87 + u(3-58)]t? 2(m+1)? (4 + p) 2m+D(4r+p) |’
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The coefficient of bulk viscosity

(m-2)ub
2m+D) 4z + ) |

£e &y — € [Mm2 (167 — ) +16m(4x + 1) + 7 +167](at + b)? N
387+ u(3-5¢)](at +b)t 2m+1)2 (47 + p)

(58)

From the above results , we observe that the volume scale factor vanishes initially and increases
with time t. The expansion scalar @ tends to infinity at t — 0. These show that the universe

starts evolving with zero volume at t—0and expands with the cosmic time t.All metric
coefficients are vanishes at t =0.So that model has initial singularity. All the three directional
Hubble’s parameters, Hubble parameter H,shear scalar o diverge at t =0. The other physical
quantities p, p, pand &are well behaved and decreasing function of timet. These approach to

zero for t — oo, The anisotropy parameter A is constant throughout the passage of time, therefore
the model is anisotropic at any time.

£ 45t

Hubble Parametor
Expansion Scalar

A 35t

| | | | | |
N % N % 40 4 X }
Time

0 &5 10 % 2 % N % & & K

Fig (1) Hubble parameter vs Time
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6. Conclusion
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Fig (4) Decelerating parameter vs Time
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The present paper devoted to the study of Bulk viscous string cosmological model in spatially
homogeneous and anisotropic Bianchi-V space time in modified theory of gravity, specially
f(R,T) theory of gravity. The Einstein’s field equations are solved by assuming the expansion

scalar @ is proportional to shear scalar o and hybrid scalar factor which yields a time varying
deceleration parameter. We also consider barotropic equation of state for pressure and energy
density. We have also discussed the physical properties of this model and variation of some

physical parameter have been shown graphically. We show that the universe starts evolving with
zero volume at t =0and expands with the cosmic time t.

Thus this model describes a shearing , expanding universe. We hope that our model will be
helpful in study of structure formation and accelerating expansion of the universe at present.

Received Feb. 21, 2016; Accepted March 1, 2016

Prespacetime Journal
Published by QuantumDream, Inc.

Www.prespacetime.com



Prespacetime Journal|March 2016| Volume 7 | Issue 3 | pp. 485-498 497
Ladke, L. S., Hiwarkar, R. A. & Jaiswal, V. K., Bulk Viscous String Cosmology with Hybrid Law Expansion in Modified Theory of
Gravity

References

[1] Perlmutter, S., et al. (1997) Measurement of the cosmological parameters Q and A from the first seven
supernovae at z > 0.35. The Astrophysical Journal, 483, 565. http://dx.doi.org/10.1086/304265

[2] Perlmutter, S., et al. (1998) Discovery of Supernovae Explosion at Half the Age of the Universe.
Nature, 391, 51-54. http://dx.doi.org/10.1038/34124

[3] Reiss, A.G., et al. (1998) Observational Evidence from super-novae for an Accelerating Universe and
a Cosmological Constant. The Astrophysical Journal, 116, 1009-1038.

[4] Perlmutter, S. et al. (1999) Measurement of and 42 high-Redshift Supernovae. The Astrophysical
Journal, 517, 565- 586.http://dx.doi.org/10.1086/307221

[5] Caldwell, R.R. and Doran, M. (2004) Cosmic Microwave Background and Supernova Constraints on
Quintessence: Concordance Regions and Target Models. Physics Review D, 69, 103517.
http://dx.doi.org/10.1103/PhysRevD.69.103517

[6] Harko, T., Lobo, F.S.N., Nojiri, S. and Odintsov, S.D.: “f (R,T) gravity”. Phys. RevD84 (2011)
024020.

[7] A. Pradhan et.al.,Bianchi type —V space time in (R,T) gravity with A(t),arXiv:1303.30000 v2
[physics.gen-ph-qc] 14 July2014.

[8].Adhav, K.S.: LRS Bianchi type-l cosmological model in f ( R, T) theory of gravity, Astro .phys.
Space Sci. 339(2012)365.

[9] M. Farasat Shamiret.al.:“Exact Solutions of Bianchi Types | and V Space-times in f (R,T)” Theory of
Gravity ,arXiv:1207.0708 v1 [gr-qc] 2 July2012.

[10] P.K. Sahoo et.al.,:Kaluza-Klein cosmological model in f (R, T) gravity, arXiv:1011.4735 v2 [gr-qc]
24 Nov2014

[11] G.L. Murphy (1973) Phys. Rev. D 8 4231.

[12] J.C. Fabris, S.V.B. Goncalves, R. de Sa Ribeiro (2006) Gen. Relativ.Gravit.38 495.

[13] X.X. Wang (2005) Chin. Phys. Lett. 22 29.

[14] X.X. Wang (2006) Chin. Phys. Lett. 23 1702.

[15] M.K. Yadav, A. Rai, A. Pradhan (2007) Int. J. Theor. Phys. 46 2677.

[16] A.K. Yadav, Anita Bagora (2009) Fizika B 18 165-180.

[17] R. Bali and R. D. Upadhaya, Astrophys.Space Sci. 283, 1997 (2003).

[18] R. Naidu, K. Dasu Naidu, T. Ramprasad, D.R.K. Reddy (2013) Global Journal of Science Frontier
Research Physics and Space Science 13 55-57.

[19] Kiran M. et. al., Non-existence of Bianchi type-I11 bulk viscous string cosmological model f (R, T)

gravity ,Astrophysics and Space Science. 2013 346(2). p.521

[20] Reddy D. R. K.et. al., Kaluza-Klein universe with cosmic strings and bulk viscosity in f(R,T)
gravity Astrophysics and Space Science. 2013 346(1). p.261

[21] K. L.Mahanta .et. al., Bulk viscus cosmological models in f(R,T) gravity, Astrophysics and Space
Science. Doi 10.1007/s10509-014-2040-6

[22] Reddy D. R. K. et. al., Kantowski-Sachs bulk viscous string cosmological model in f (R, T) gravity,
The European Physical Journal Plus. 2014 129(5).

[23] Reddy D. R. K. et. al., LRS Bianchi type-Il universe with cosmic strings and bulk viscosity in
modified theory of gravity ,Astrophysics and Space Science.2013 346(1). p.219

[24] H.R.Ghate et.al.: Bianchi Types-1X viscous string cosmological model models in f (R, T) gravity
with special form of declaration parameter, International Journal of Theoretical and Mathematical
Physics,2014,4(6),240-247.

[25] R.L.Naidu et.al , Bianchi Types-V  bulk viscous string cosmological model in f(R,T)
gravityAstrophys. Space Sci. DOI 10.1007/s10509-013-1540-0(2013).

Prespacetime Journal WWwWw.prespacetime.com
Published by QuantumDream, Inc.


http://dx.doi.org/10.1038/34124
http://dx.doi.org/10.1086/307221
http://dx.doi.org/10.1103/PhysRevD.69.103517
https://inspirehep.net/record/835596?ln=en
https://inspirehep.net/record/835596?ln=en

Prespacetime Journal|March 2016| Volume 7 | Issue 3 | pp. 485-498 498
Ladke, L. S., Hiwarkar, R. A. & Jaiswal, V. K., Bulk Viscous String Cosmology with Hybrid Law Expansion in Modified Theory of
Gravity

[26] Naidu R. L et. al. ,LRS Bianchi type-Il Universe with cosmic strings and bulk viscosity in a scalar
tenser theory of gravitation, Astrophysics and Space Science. 2012 338(2). p.351

[27] BhaskaraRao M. P. et. al., Bianchi type-V bulk viscous string cosmological model in a self-creation
theory of gravitation, Astrophysics and Space Science. 2015 359(2).

[28] Naidu R. L. et. al., A five dimensional Kaluza-Klein bulk viscous string cosmological model in
Brans-Dickescalar tenser theory of gravitation Astrophysics and Space Science. 2013 347(1).p.197.

Prespacetime Journal WWwWw.prespacetime.com
Published by QuantumDream, Inc.



