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certain form of A(7T). Such models may exhibit better equability with the cosmological observa-
tions. The cosmological constant A is found to be a positive decreasing function of time which is
supported by results from recent supernovae la observations. Expressions for Hubble’s parameter
in terms of redshift, luminosity distance redshift, distance modulus redshift and jerk parameter are
derived and their significances are described in detail. The physical and geometric properties of the
cosmological models are also discussed.
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1. Introduction

Recent observational prediction (Perlmutter et al., 1998, 1999,
2003; Riess et al., 1998, 2004; Clocchiatti et al., 2006) that our
universe is going through a phase of accelerated expansion
redact new pathway in modern cosmology. It is generally
assumed that this cosmic acceleration is due to some kind of
exotic matter with negative pressure known as dark energy
(DE). The nature of DE and its cosmological origin remains
problematic so far. To understand the origin of dark energy
and its nature is one of the greatest problems of the 21st cen-
tury. In order to explain the nature of the DE and the acceler-
ated expansion, a diversity of theoretical models have been
proposed in the literature, such as cosmological constant
(Padmanabhan, 2003), quintessence (Farooq et al., 2011;
Martin, 2008), phantom energy (Nojiri et al., 2003; Alam
et al., 2004; Jamil and Hussain, 2011), k-essence (Chiba
et al., 2000; Pasqua et al., 2012), tachyon (Padmanabhan
and Chaudhury, 2002; Farooq et al., 2010), f-essence (Jamil
et al., 2011), Chaplying gas (Bento et al., 2002; Jamil, 2010),
and cosmological nuclear energy (Gupta and Pradhan, 2010).

The Einstein general relativity theory of gravity is well
tested and passes all observational local test up to the solar sys-
tem scale. At large scales the Einstein gravity model of general
relativity becomes failure, and a more general action needs to
describe the gravitational field. The modification in Einstein—
Hilbert action on larger cosmological scales may be a correct
explanation of a late time cosmic acceleration of the expanding
universe. In this respect, f{ R) modified theories of gravity pro-
vide a natural unification of the early-time inflation and late-
time acceleration (Capozziello and Francaviglia, 2008; Nojiri
and Odintsov, 2011). Among the other modified theories, a
theory of scalar-Gauss-Bonnet gravity, so called f(G) (Nojiri
et al., 2000) and a theory of f(T) gravity (Linder, 2010), where
T is the torsion have been proposed to explain the accelerated
expansion of the universe.

Recently, Harko et al. (2011) purported a new f{R, T) mod-
ified theories of gravity, wherein the gravitational Lagrangian
is given by an arbitrary function of the Ricci scalar R and the
trace of the stress energy tensor 7. They presented the field
equations of several particular models, corresponding to some
explicit forms of the function f(R, T).

R +2/(T)
Si(R) +£(T)
Si(R) +£(R)f5(T)

The cosmological consequences for the class
IR, T) = R+ 2f(T) have been recently discussed in detail by
many authors (Houndjo et al., 2013; Pasqua et al., 2013;
Adhav, 2012; Chaubey and Shukla, 2013; Sahoo and
Mishra, 2014; Sahoo and Mishra, 2014; Reddy et al., 2013;
Singh and Singh, 2014; Chakraborty, 2013; Houndjo, 2012;
Shabani and Farhoudi, 2013). Recently, Chakraborty (2013)
has discussed f(R,T) gravity by considering three cases (a)
SR, T) =R+ h(T), (b) f(R,T) = Rh(T) and (c) f(R, T) is arbi-
trary. Houndjo (2012) has developed the cosmological recon-
struction of f(R,T) gravity as f(R,T) =f;(R) +/>(T) and
discussed the transition of matter dominated phase to an accel-
erated phase. Shabani and Farhoudi (2013) have studied
IR, T) cosmological models in phase space by choosing
AR, T) =g(R) + h(T). Recently, Ahmed and Pradhan (2014)

SR, T) =

have reconstructed the modified f(R,T) gravity by specific
choice of f(R,T)=f,(R)+/f,(R) with “A(T) gravity” and
obtained new accelerating cosmological models in Bianchi
type-V space-time. Following this new conception given in
Ahmed and Pradhan (2014), Yadav (2013) has obtained Bian-
chi type-V string cosmological model with power-law expan-
sion in f(R,T) gravity. Recently, Pradhan et al. (2015)
studied the reconstruction of modified f(R, T) with A(T) grav-
ity in general class of Bianchi cosmological models following
reference Ahmed and Pradhan (2014).

In recent years, several authors (Pradhan and Kumar, 2001;
Ellis and MacCallum, 1969; Ryan and Shepley, 1975; Hinshaw
et al., 2003) have investigated the solutions of Einstein Field
Equations (EFEs) for homogeneous but anisotropic models
by using some different generation techniques. Bianchi spaces
I-IX are useful tools in constructing models of spatially homo-
geneous cosmologies (Ellis and MacCallum, 1969; Ryan and
Shepley, 1975). From these models, homogeneous Bianchi type
V universes are the natural generalization of the open Fried-
man Robertson Walker (FRW) model which eventually isotro-
pize. Modern observations (Wilkinson Microwave Anisotropy
Probe (WMAP) data for example) indicate that the universe is
not completely symmetric (Camci et al., 2001; Pradhan et al.,
2005; Pradhan et al., 2006). From that point of view Bianchi
models (which represents spatially homogeneous and anisotro-
pic spaces) are more appropriate in describing the universe as it
has less symmetry than the standard FRW models. Recently,
Camci et al. (2001) and Pradhan et al. (2005, 2006) have
derived a new technique for generating exact solutions of EFEs
with perfect fluid for Bianchi type ¥ space-time.

Motivated by the above discussions, in this paper, we pur-
pose to study the cosmology of the so-called f(R, T) gravity,
first introduced in reference Harko et al. (2011) and then stud-
ied in references Ahmed and Pradhan (2014) and Pradhan et
al. (2015) by using new generating technique (Poplawski,
2006a,b; Magnano, 1995).

2. The basic equations and generation technique

The theory suggests a modified gravity action given by

S:ﬁ/,f(& T)\/?§d4x+/Lm\/f§d“x, (1)

where f(R, T) is an arbitrary function of the Ricci scalar, R,
and the trace T of the stress-energy tensor of the matter, 7.
L,, is the matter Lagrangian density. 7, is defined as

v/—gL
Ty =— 20 g mv (2)
! V=g og”

and its trace by T'= g"'T},. The field equations are obtained
(Harko et al., 2011) as

1 )
jR(R7 nRu" - Ef(R’ T)gyv + (g;wvlvf - vuv\')fR(R: T)
=8nT, — f7(R, )T\ — f1(R, T) 0. A3)

IRT, _ IR _
where fR(R,T) = %7 fr(R,T) = (arnv 0, = -2T,, — pg,,
and V, denotes the covariant derivative.

The stress-energy tensor of the matter Lagrangian is given

by
Ty = (p + puuy P8 @
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where u* = (0,0,0,1) is the four velocity vector satisfying
wu, =1 and 4*V,u, = 0. p and p are the energy density and
pressure of the fluid respectively.

Assuming f(R,T) = f,(R) + f5(T), Ahmed and Pradhan
(2014) have recently reconstructed the gravitational field equa-
tion of f(R, T) gravity

1 1 8n+ 4
RH" — Eg‘" — (p + E T)gw = T T;w' (5)

Comparing with Einstein equations
Gy — g, = —8nT,. (6)

The arbitrary A is given a negative small value to ensure
having the same sign of the RHS of (6), this choice of 4 will
be kept throughout the article. The term (p+17) can now
be considered as a cosmological constant.

AEA(T)=p+%T. (7)

The dependence of the cosmological constant A4 on the
trace of the energy momentum tensor 7" has been proposed
before by Poplawski (2006a) where the model was denoted
“A(T) gravity”. A(T) gravity is more general than the Palatini
f(R) and could be reduced to it if the pressure of matter is
neglected (Sahni, 2002; Visser, 2005; Astier, 2006). Considering
the perfect fluid case T'= —3p + p, Eq. (7) reduces to

A=3(0-p) (®)

We use the following metric of general class of Bianchi
type-V cosmological model:

ds’ = di* — A2dx* — e [B2dy* — C*d"), )

where o is a constant and the functions A4(¢), B(¢) and C(¢) are
the three anisotropic directions of expansion in normal three
dimensional space. The average scale factor a, the spatial vol-
ume V" and the average Hubble’s parameter H are defined as

a = (ABCY, (10)
V=d = ABC, (11)
and

1
HZE(Hl + Hy + H3), (12)

respectively with H, = ff, H, :1—; and H; = % Here and else-
where the dot denotes differentiation with respect to cosmic
time ¢. From Egs. (10)—(12) we get

1V 1/4 B C
H—iv—§<z+§+z) (13)

Now the cosmological Eq. (5) for the energy momentum
tensor (4) and the metric (9) are

BC B C & 87+ /.
detste e (19
AC A4 C &2 8m+ A

A C & _ A 15
ac T ate 2 ( p )p ’ (15)

AB+A+E L L L TV
4 4B 2 "2 )P ”

AB AC BC 32 87 + A

S 4 17
4B T ac T BCT 2 < p )p ’ (17
A B C

Integrating Eq. (18) and absorbing the integration constant
into B or C, we obtain
A* = BC, (19)

without any loss of generality. From Egs. (14)—(18), we obtain

. .2 2

B (B ¢ (C
2—+ (=] =2=+ (= 2
a(e) e+ (@) &
which on integration yields
B C k
a-g=—, o1
B C (BC):

where k is a constant of integration. Hence, for the metric
function B or C in (21), some scale transformations permit
us to get new metric function B or C.

Under the scale transformation dt = lﬁdr, Eq. (21) becomes
CB. — BC, = kC™'?, (22)

where the subscript denotes derivative with respect to 7. Con-
sidering Eq. (22) as a linear differential equation for B, where
C is an arbitrary function, we get

. d
(i) B=k1C+kC/CTT/2, (23)

where k) is an integrating constant. Similarly, using the trans-
formations dr = B*dx, dt = C'dT, and dr = C**dT in Eq.
(21), we get respectively

@nB@mmzbamG/§@7 (24)
(iii) C(T ks k) = ksB— kB / %, (25)
and

(iv) C(T;ke, k) = ksBexp (k / %) (26)

where k», k3 and k4 are constants of integration. Thus choosing
any given function B or C in Cases (i), (ii), (iii) and (iv), one
can get B or C and hence A4 from (19).

3. Generation of new solutions

We consider the following four cases:

3.1. Case (i): LetC = 1" (n is a real number satisfying n # %)

In this case, Eq. (23) gives

2k
B= klfn + mfliSn/z (27)
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and then from (19), we obtain

2k

AZ _ 2n 1*}1/2‘ 2

kit +—2_5nf (28)
Hence the metric (9) reduces to the new form
ds’ = (kit" + 20" ) [de® — "dx"]

— ¥ [(klr” + 204 )zdy2 + ‘l:z”dzz} , (29)
where

k 3n

The metric (29) is a four-parameter family of solutions to
EFEs with a perfect fluid. For this derived model (29), the
physical parameters, i.e. the pressure (p), the energy density
(p) and the cosmological constant (A) and the kinematic
parameters, i.e. the scalar of expansion (6), the shear scalar
(o), the proper volume (V?) and the deceleration parameter
(¢) are given by

31)

where
g (t) = 16(2* + 327° + 1210) (—2k, "2 4 Skynt>"+?
— 2k 8) |30 (5n — 2)7 + dkky T3 (2 — 5n) 4 4KT2 .

(32)

Fi(t) = t*o?k*n(512 — 1280m) + k7™ (5040/n° + 30001°
— 44,800mn* — 6600/1* + 30, 720mn* — 921671
—1632n% + 102471 + 192)n 4 24,00071°)

+ k3?02 (512 — 80007° 4 96001 — 3840n)

+ kP2 (—1287 — 87 — 2406n° + 8720mn’

+ 3264nn + 684.n + 1865/n° — 10, 8487n?)

+ kT3 (—=30241 + 1280mn + 25671 — 13767n* — 82,

— 1287) + ki3t x (=3975/n* — 22,800mn* + 6001

— 17,088nkn* + 268870 + 693041° + 35,0407n°

— 3636/%) + kk o273 (10247 + 64007n> — 51207n).

(33)

F(7)
&(7)

p(1) = =14 (34)

where
2,(1) = 16(=2k, "% 4 Snk; 7" — 2kt*%)
x [kkﬁ“ (—240n7). + 82 + 2567 — 201)> + 967
— 640n7%) + k17" (4841 — 640nm® — 20> + 25771’
+ 8007%1 + 427 + 1287% 4 3007/m® — 240/nm)
+ K7 (4821 + 42+ 1287%)]. (35)

Fy(t) = o?k**(1536m — 3840nm + 256 — 640n1)
+ ki7™(240/1° + 300047 — 28,8007n* — 2600.n°*
+ 11,5207 — 15367n* 4 288n° — 64/n + 24,0007n°)
+ o2k 2 (153671 — 24,0007 — 11,5207
+ 28,8007 + 2564 — 4000/1° 4 48004n° — 1920/n)
+ kKT (=256 — 402 + 17942n% — 368070’
— 115201 — 420n2 — 123541 + 5952n%)
+ k732180 — 256nm — 12814 + 7047mn® — 404
— 2567) + ki7" (5250 — 48007n* — 45602
+ 69127n% — 1536nm — 3270/m° — 5760mn® + 2364/n°)
+ kk102t33(3072 4 19,2007n> — 15, 360nkn + 512,

+3200/n* — 2560n.1) (36)
F3 ('C)
A=—A 37
) 7
where

23(1) = 16(4n + ) (=2k 72 + Sk t"? — 2k17%)

X (4305 = 20nk3 1% + 8kk (1 25203 1

— 20k, 3 nk + 4K F) (38)
and
Fy(t) = ki kT2 (315n° — 306n” + 1320 — 24)

+ I3 (4202 4 64n — 24) + o2l T (20001

+ 2400n% — 960n + 128) + o2k*t* (128 — 320n)

+ kky o273 (16000% — 12801 + 256)

+ kI3 (17250 — 6361 + 720 + 1830n°)

+ k37(30001° — 46001* + 2640n° — 672n* + 64n).
(39)

The variation of pressure versus time is plotted in Fig. 1(a)
for .=-0.1,k; =1, k, = —1, 2 =0.1 and n = 0.25. We can
see that pressure is an increasing function of time where It
starts from a large negative value and approaches to zero at
the present epoch. It is generally assumed that the discovered
accelerated expansion of the universe is due to some kind of
energy-matter with negative pressure known as ‘dark energy’.
Thus, the nature of pressure in our model is in a good agree-
ment with this assumption.

Fig. 1(b) indicates the behavior of the energy density versus
time. The energy density remains always positive and decreas-
ing function of time. It converges to zero as t— oo as
expected.

The cosmological term A versus time is plotted in Fig. 1(c).
We see that A is a decreasing function of time ¢ and it
approaches a small positive value at the present epoch. Recent
cosmological observations (Perlmutter et al., 1998, 1999, 2003;
Riess et al., 1998, 2004; Clocchiatti et al., 2006) suggest a very
tiny positive cosmological constant A with a magnitude
A(Gh/c*) = 1073, These observations suggest that our uni-
verse may be an accelerating one with induced cosmological
density through the cosmological A-term. Thus, the nature
of A in our derived models is supported by observations.

The physical parameters such as Hubble’s parameters (H),
expansion scalar (0), sheer scalar (o), spatial volume (V),
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Figure 1 Case 1: Plots of p,p, A and energy conditions. The energy density and cosmological constant A(#) are positive decreasing
functions while the pressure is negative. Here A = —0.1, k=1, k; = —1, « = 0.1 and n = 0.25.

deceleration parameter (¢) and scale factor (a) are, respec-
tively, given by

—3/2

2 —
0=23 klnfnfl + 6(24’1),[_7%/2 (k]Tn + 26,([1) (40)
1 _
o =Skt (ke +221) (41)
V3 _ (kl,L_Zn + 2£1n+£1 )% (42)

__ HR()
1= 84(7) 43)
a(t) = (k7" + 20¢"h )é (44)
where

g(t) = (50}131(%15” — 158k, 3% — 4002132 + 8nk T

2
— 20k — Ak, 4 4 43+ 4kkﬁ+‘) . (45)
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and
Fu(t) = k733 (—4400° + 5360 — 64n — 32)
+ ISkt (—46251° 4 98001 — 7320n° + 23361
—272n) + kKT (25250 — 42201 + 2064n* — 272n
—16) + k*t*(4n® — 16) + k*7'™ (25001° — 6500n°
+ 6400n* — 3040n° + 7041* — 64n). (46)
Eqgs. (40) and (41) lead to

1!
:k k™0 + L ")

g
06 2 (47)

Egs. (42) and (40) indicate that the spatial volume is zero at
7 =0 and the expansion scalar is infinite. This show that the
evolution of the universe starts with zero volume at 7 =0
(big bang scenario). We can also see that the spatial scale fac-
tors are zero at the initial epoch t = 0 which is a point type sin-
gularity (MacCallum, 1971). The proper volume increases with
time. The physical quantities isotopic pressure (p), proper
energy density (p), Hubble factor (H) and shear scalar (o)
diverge at 7 = 0. As T — oo, volume becomes infinite where
as p,p,H,0 approach to zero. It is interesting to see that

lim,_, (0%) becomes a constant. Therefore, the model of the

universe goes up homogeneity and matter is dynamically neg-
ligible near the origin. This agrees with the result obtained by
Collins (1977). The variation of deceleration parameter ¢ ver-
sus 7 is plotted in Fig. 2. It shows that ¢ is a decreasing func-
tion of time and approaches a small positive value at late time.
We find that lime;%: 0, which indicates that the model
eventually approaches isotropy for large values of t. Our
model represents a shearing, non-rotating, expanding and
decelerating universe that starts with a big bang singularity
and approaches to isotropy at the present epoch.

Energy conditions:

The weak energy condition (WEC) and dominant energy
condition (DEC) are written as

Dp=0,G1)p—p=0and (i) p+p = 0.

The strong energy condition (SEC) is
p+3p = 0.

The left hand side of energy conditions has been graphed in
Fig. 1(d) in Case (i). From this figure, we observe that

written  as

e The WEC and DEC are valid for our model.
e The SEC is not valid.

3.1.1. Expressions for some observable parameters
(a) H(z) and p(z) parameters

The Hubble parameter H is used to estimate the size and
age of the Universe. It also indicates the expanding rate of
the universe. From Eq. (44), the Hubble’s parameter is com-
puted as

e nky w4 l(n + £y) 0!
= 3(kyt2 + 207+

(48)

Figure 2 Deceleration parameter for Case 1. Here
J=-01k=1, ky=—1, «=0.1 and n = 0.25.

Hence

H Ikt + 2075t
H, - kgt + 2 b

nkl.L.Zn—l +f(}’l +g1)rn+é’1—l
nky w3t + l(n+ 4 )18%71 ’

(49)

where Hj is the present value of Hubble’s parameter.

The redshift we measure for a distant source is directly
related to the scale factor of the universe at the time of the
photons were emitted from the source. The scale factor a
and redshift z are related through the equation
iz

(50)

where ay is the present value of scale factor. The above Eq. (50)
can be rewritten as

1
ay (kT + 2075\
; =1 tz= (kl,on + 2£Tn+[1 ’ (51)

which leads to

H = Hy(1 H)ﬁ(r_o) (nk.fzn +e(n+el)fn+m). 52

©/) \nky w2 + 0(n + £)) 7"

This is the value of Hubble’s parameter in terms of redshift
parameter.
The distance modulus (u) is given by

u(z) = Slog dy + 25, (53)
where d; stands for the luminosity distance defined by
dr = 1”1(1 + Z)Cla. (54)

A photon emitted by a source with coordinate r = r; and
t =19 and received at a time t by an observer located at
r =0, then we determine r; from the following relation:

v o [ d
rl:/ l:/ S (55)
. a Jz (leZn + 2¢7n+h )E
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To solve this integral, we take k; = 1 without any lose of
generality. Using the values of ¢ and ¢; given in Eq. (30), we
obtain the value of r; in terms of hyper-geometric functions as

-3
3 2F1<1 22297 12— 17n 2kz, )

n—73

= "12-30n" 6— 157 "5n—2

3

1-4 3
X ‘L'(l) 2 (2]{210 5 + ‘cé”)

_ _ -3
_2F1<1 22297 12— 17n 2kt )

"12—-30n" 6 — 151 "5n—2

o1 3
XT 1-: 2)1< k —, _‘__L_Zn>:| (56)

Hence from Egs. (54) and (56), we obtain the expression for
luminosity distance as

gy =32 {m (1

"12-30n" 6 — 151 " 5n—2

2229 12— 17n ki) *
n—73

s i
><r(]) 2 2k2 0 5n+r(2)”

. 122729;1 12— 17n 2kc'—%
P12 230n 6 — 150 7 5n—2

o1t i
1 2n(2k —, —|—‘L’2”> (57)

From Egs. (53) and (57), we can obtain the expression for
distance modulus.

(b) Jerk parameter

A convenient method to describe models close to 4 CDM is
based on the cosmic jerk parameter j (Sahni, 2002; Visser,
2005). A deceleration-to-acceleration transition occurs for
models with a positive value of j, and negative ¢,. Flat A
CDM models have a constant jerk j = 1. The jerk parameter
in cosmology is defined as the dimensionless third derivative
of the scale factor with respect to cosmic time

1 d

(1) = — —. 58
i =1 (58)
and in terms of the scale factor to cosmic time
, (*H*)"

H=-—"2 59
i =" (59)

where the ‘dots’ and ‘primes’ denote derivatives with respect to

cosmic time and scale factor, respectively. One can rewrite Eq.

(58) as

) =q+27 -4, (60)
H

Therefore, the expression for Jerk parameter is computed
and is given by
J(2) = 36(ki 7" + 26¢+0)?
a2 =3 4 ) + 2 @) (4 4,)° = 3(n+ 0 +2(n +0,))
(2nk, T2 + 20(n + £,)0+0 )}
- 90(k112” + 247t ) (2nlx1‘c°” +26(n+ 47" )

X (anlrz”(Zn — 1) + 2670 ((n +4) —n— é,)) +255

(61)

This value overlaps with the value j ~ 2.16 obtained from
the combination of three kinematic data sets: the gold sample
of type Ia supernovae (Riess et al., 2004), the SNIa data from
the SNLS project (Astier, 2006), and the X-ray galaxy cluster
distance measurements (Rapetti et al.,, 2007) for
©=1073555545, n=4, k=1, k=1, L=—%, {,==51In
addition to this choice, one can select other sets of values of
different quantities to obtain the observed value of ;.

3.2. Case (ii): Let C=7" (n is a real number satisfying
n#2/3)

In this case Eq. (24) gives

B = k" exp (M7") (62)
and from (19), we obtain

A = kT exp (M7") (63)
where M = Z‘—l Hence the metric (9) reduces to the form

ds? = F0-0)/3 [%z(lfm/sesm/ld%z LM g2 g (()ZM?/! dy2 +d22)}, (64)
The constant k, can be chosen equal to 1 without loss of
generality.

For this derived model (64), the physical parameters, i.e.
the pressure (p), the energy density (p) and the cosmological
constant (A4) and the kinematic parameters, i.e. the scalar of
expansion (0), the shear scalar (o), the proper volume (V)
and the deceleration parameter (¢) can be written as

(@) = ’
P = 6k (32m? + 1200 1 72)

.lfﬂ
{ 640’ T 2T 4 112k k8 4 1Snkokiz' 3

4 240k (n? — n) + kom(1927% — 128n) + 194k, K27

+ 144nnk2k%1_37"} . (65)
~ —4 2~—2n42
p(7) = — — 0’7 ¢ ( 1927 — 322)
16k,72 (3272 + 1210+ A7)
+ nkky @ (1927 + 277) + ka7 ¥ (327 — 1)
+ 1927kyn® + 247kon” + 8n/1k2} : (66)
P S B PPt af + 24’k
16k, (4 + 2) ’

+ 2Unkky ¥ 4 Oy kPE I — 8nk2] (67)
0=73 {nffl 24 %{%M*“} : (68)
o= K (69)

2

3
[k2~2n Mzl ]262o<x (70)
1 y
g=———————5 (@ —dn+ k3" ¥ 4 I (71)

(2n + k7' ¥)
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Figure 3  Case 2: Plots of p, p, 4 and energy conditions.

L
a(z) = [k teM e, (72)

From Eqgs. (68) and (69), we have

g k
0 6(ntt+54° 73)
Fig. 3(a) illustrates the variation of pressure versus time for
A=-01, k=1, kb =—1, « =0.1 and n = 0.25. From the
figure we observe that pressure is decreasing function of time
and it tends to zero at the present epoch. Thus, we see that
at early time (i.e. in early universe) p was large but it decreases
as time increases.
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Here A=-0.1, k=1, ky =—1, . =0.1 and n = 0.25.

Fig. 3(b) shows that the energy density remains always pos-
itive and decreasing function of time and it tends to zero as
t — 00.

Fig. 3(c) shows that A takes a very large value in the early
universe then starts decreasing as time increases. It approaches
a small positive value at the present epoch. So the nature of A
in our models agrees with the observations (Perlmutter et al.,
1998, 1999, 2003; Riess et al., 1998, 2004; Clocchiatti et al.,
2006).

Fig. 3(d) Case (ii) shows that SEC is satisfied whereas DEC
violates. Fig. 4 indicates that ¢ is a decreasing function of time
and approaches to a small positive value at late time. Hence
the model is decelerating.
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N G2y | BT A <3n 2o 3n>
-0.4 1 N\ i
k~177 30 2 2H] 2 .
X < Yo ) TR — — | (2- 3n)e T — n2r sl
s ] 2-3n k(3n — 2)en™
3 N
no 2%, 7\ [kE?
_0.6 4 X . 79
q (3;1—2’2—3;1)(2—3;1 79
-0.7 4 Therefore, the expression for luminosity distance is
obtained as
-0.8 1 z2-n m—'*% 1=
T "(1+2)ag % e n  2ki,
= 3n —2)e 2 25
L G =2y | BT e A 22— 3n
,0'9 .
k%li% = %27"(1 + Z)a Zk%li%
. : . : ><<2 3 ) + LT (2 - 3n)e T — n27S T
0 100 200 300 400 " k(3n = 2)e
7 ) k~1—% k~17% =
x| K “ . (80)
Figure 4 Deceleration parameter for Case 2. Here 3n—2"2-3n)\2-3n

A=-=01, k=1, ky =—-1, « =0.1 and n = 0.25.

The physical and kinematic quantities in Case (ii) have the
similar properties as the model discussed in Case (i).

3.2.1. Expressions for some observable parameters

(a) H(z) and p(z) parameters
From Eq. (72), the Hubble’s parameter is obtained as

2n + M8
H=————— 74
= (74)
Hence
H (%TO) 2n+M€1i1 (75)
H, T ) \2n+ M%)
where Hj is the present value of Hubble’s parameter.
Since
o To %M(af' )
= =1 = (=] e\ 76
8 ra) = (2) ), (76)
which leads to
u(z0 ) [ 204+ METh
H= Hy(1 2yl -) (212 MOt (77)
2n+ M7,

This is the value of Hubble’s parameter in terms of redshift
parameter.

To get the distance modulus u, we first calculate r; which is
given for this case by

7 %) -
r = / ﬁ = / il 1 . (78)
: d T ( JeyF2n M )E o5

We take k; = 1 without any lose of generality. Using the
values of ¢ and /¢, given in Eq. (30), we obtain the value of r;
in terms of Gamma functions as

From Egs. (53) and (80), we can obtain the expression for
distance modulus.
(b) Jerk parameter

In this case, the jerk parameter j = # g is computed as
1

2n + M)’

+ 6MET (nM + 6n + 66, — 18) + 18M> 63721 (£, — 1)

+ MPETN + 8(n® — 6n” + 12n)) (81)

j(t) = (12M07" (n* — 6n — 1)

This value overlaps with the value j ~ 2.16 obtained from
the combination of three kinematic data sets: the gold sample
of type Ia supernovae (Riess et al., 2004), the SNIa data from
the SNLS project (Astier, 2006), and the X-ray galaxy cluster
distance measurements (Rapetti et al., 2007) for
7=2.628716481,n=0.25k=k, =1, ¢, =0.625, M =1.6.

3.3. Case (iii): Let B = T" (n is a real number)

In this case Eq. (25) gives
C=kT" —2T" (82)
and then from (19), we obtain
A* =y T — 24T (83)
Hence the metric (9) takes the new form
ds’ = (ksT" — 20T")[df’ — T"dx’)

- e [Ty 4 (kT - 201" a2 (84)
For this derived model (84), the physical parameters, i.e. the
pressure (p), the energy density (p) and the cosmological con-
stant (A) and the kinematic parameters, i.e. the scalar of

expansion (0), the shear scalar (o), the proper volume (V)
and the deceleration parameter (¢) are given by

_ (D)
p(T) = 'Igs(T) (85)
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where
Fs(T) = ki T# (47250 — 39, 84010’ — 7830n° + 19, 00871’
+3996n% — 2944n7 — 648n + 26, 80071
+ ksk> T*"2(7920mn’ 4 17150° + 1856nm + 420n/.
— 860871* — 19864n° 4 1287 + 407
+ kkso T3 (6400n° 1 + 5120n7 — 10247)
+ k3T (307271° 50400° — 92167n* + 3000n°
— 44,8007n* — 6600/n* — 1632/n* + 1024n7 4 1921
+24,00077°) + k*e?t* (5127 — 1280n7)
+ 1T 353 (41670 + 1224n% — 256nm — 64n) — 40,
— 1287) + k302 T2 (5121 — 3840nm — 960071
— 800077°). (86)
and
g5(T) = 16(=2k;s T*"** + Snk; T2 + 2k T 27)
x [k3T%" (427 + 12877 — 20n1° + 251777 + 800n’ 1
+4874 — 640nn* + 300n*w). — 240n7A)
+ KT (402 + 1287 + 4812) + ki3 T3 (—8)2 — 2567°

+ 640n7* + 201> — 967/ + 240nm2)]. (87)

Fo(T)
T)=-4 88
p(T) (1) (88)

where

g(,(T) = 16(72k3T2n+2 + Snk3T2n+2 + 2kr%+3)2
X (ks T"(60nim + 160nm® + Sn)? — 64n> — 227 — 24n2)
KT #2724 647 + 24m) . (89)

and

Fo(T) = I3 T*3(56 + 2567 + 64n/. + 256nm — 704mn>
— 15820%) + k3k* T? (—=256m — 564 — 3680mn’
— 11854 — 1152nm — 3320/ + 595270 + 1654)n°)
+ o2k T2 (1536m — 3840n7 + 2561 — 640n)
+ k3T (24,000m7° + 30004n° — 28, 8007n* — 2600/4n*
+ 11,5207 + 240n* — 1536mn* + 288 An* — 64n).)
+ ki o> T3(—307271 — 32004n0° + 2560n) — 512,
— 19,2007 4 15,360n7) + k3o T2 (15367
— 11, 520nm + 28, 800n7* — 24,0007n° + 256/
— 19201/, — 400041°) + k2T (4800mn* — 775/n*
+ 576071 4 357041 — 691270 — 2484)n* + 1536nn

+ 472n1.). (90)
_ 5B
A= .
where

g7 (T) = 16(=2ks T + Snks T + 2kT'3)’ (—8kks T
25023 T2 4 20nkks T + 26T 4 41T
— 202 T ) (20nmk; T — 8mks T" + 8k T' ¥
— 20k T" + 5niks T + 27k T %), (92)

and

Fr(T) = k352 (—50001° + 100,0001* — 80001° + 32, 000n°
— 6400n + 512) + o2k* T072"(—1280n + 512)
+ Ik T(3072 — 23,0401 — 57, 6001
— 48,0001%) + Kk T°"+2(58, 125n° — 86, 250n"
+48,2001° — 12,240n% 4 12961 — 32)
+ kK T341(109, 375028 — 208,7507° + 159, 000n*
— 60,4001 + 11,4401% — 864n)o’kk’ T (—12,800n°
+ 10,2401 — 2048) + k2K T¥3(12,750n* — 13, 600°
+ 53601 — 1024n) + o?kk T+ (—8000n* + 128, 000°
— 76,8001 + 20, 4801 — 2048) + k3 7' (75,0001
— 175,0001° + 170,0001° — 88,0001* + 25, 600
— 3968n> + 256n) + kK> T5 % (=72n° + 32)
+ o2k T4 (—48,0001° + 57,6000 — 23,040n)

+ ksk* TH(7001° — 520m% 4 3361 — 96). (93)
0=3| 2o | o -2y o
kr}n/Z N
o =" (kT —207") ", (95)
V3 — [/Q T2n _ 2ZT€|+I1]%629c,\‘7 (96)
a = [l T2 2UT ] (97)
Fy(T)
q= (98
&(T) )
where
2(T) = (502> T + 1502k T3 — 40n* I3 T + dnkehey TH!
— 20T + SN T + 4 TP — 4k THH')?. (99)
and

Fy(T) = ki T3 (4625n° — 23361" + 73201 — 9800n* + 272n)
+ KPR T (25250 — 4220m° + 20641 — 2725 — 16)
+ K371 (25000° — 6500n° + 64001* — 304072° + 704n°
— 64n) + K TH(4n® — 16) + k3> T3 (4401 — 5361°

+ 64n + 32). (100)

From (94) and (95), we get

o _k win , L —=2) !
T e — . (101)

Fig. 5(a) shows the variation of pressure versus time for
A=-=01, k=1, kb =—1, «=0.1 and n=0.25 as a repre-
sentative case. From the figure we see that pressure is positive
decreasing function of time and it approaches to a small pos-
itive value at the present epoch.

Fig. 5(b) shows the variation of energy density with cosmic
time. It is evident that the energy density remains always pos-
itive and decreasing function of time and it converges to zero
as t — oo as expected.
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Figure 5 Case 3: Plots of p, p, A4 and energy conditions. Here 1 = —0.1, k=1, k3 = —1, « = 0.1 and n = 0.25.

Fig. 5(c) is the plot of cosmological term A versus time.
From this figure, we observe that A is very large value in the
early universe but it starts decreasing as time increases and it
approaches a small positive value at the present epoch. Thus,
the nature of A in our models is supported by observations
(Perlmutter et al., 1998, 1999, 2003; Riess et al., 1998, 2004;
Clocchiatti et al., 20006).

The left hand side of energy conditions is plotted in Fig. 5
(d) in Case (iii). From this figure, we observe that SEC is sat-
isfied whereas DEC violates in Case (iii).

Fig. 5 plots the variation of decelerating parameter ¢ versus
7. We see that ¢ is a decreasing function of time and

approaches to a small positive value at late time. Hence the
model is decelerating.

The physical and kinematic quantities in Case (iii) have the

similar properties as the model discussed in Case (i) (see
Fig. 6).

3.3.1. Expressions for some observable parameters
(a) H(z) and p(z) parameters

In this case, from Eq. (94), we obtain the value of the Hub-
ble’s parameter as

ks T =2+ 4) T

— 3(ksT - 207

(102)
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Figure 6 Deceleration parameter for Case 3. Here
A=-01, k=1, kj =—-1, «=0.1 and n = 0.25.

Since
, 1

dy k3 T(Z)n — 2[7%1 N
2_0N = (=2=0 =70 103
a ( +Z) (k3T2n_2€T€1+n ( )
which leads to

T TZV! ) 7—n+l|
H:H0(1+Z)6(—0) nk, _ +€(f’l+[1) - (104)

T) |nky Ty + (n+6,)Ty"

This is the value of Hubble’s parameter in terms of redshift
parameter.

To get the distance modulus u, we first calculate r; which is
given for this case by

/To dT /To dT
r = —_— =
T a T (k3 T2n + 2£Tn+f1 )%e%ax

Setting k3 = 1 without any lose of generality and using the
values of ¢ and ¢, given in Eq. (30), we obtain the value of r; in
terms of Hyper-geometric functions as

3 g (] 22=20m 12— 17n ey ¥
r=——7F-
= 3)e |\ 123007 6 — 150 " 5n -2

s i
><I(l)_2" 2k2 0 5, + Tﬁ"

_ _ 1-%
L (1 22291 12— 17n 2kt z>

(105)

"12—-30n" 6 — 151" 5n—2

- :
1-2n 2k T 2n .
X1 ( = 5n—|—r

Therefore, the expression for luminosity distance is
obtained as

(106)

dL:

3(1 + 2)ap | 22-29n 12—17n 2ky ¥
(n—3)e |7 '\ 12-30m 6 — 151 " 5n—2

me ¢
e

. 22— 291 12— 17n 2kt'~%
P12 =30 6— 151 T5n—2

1-2n 2k Tli% 2n %
T ( 2—5n+f) ‘

From Egs. (53) and (107), we can obtain the expression for
distance modulus.
(b) Jerk parameter

(107)

In this case, the jerk parameter j = # 4is computed as

J(T) = 36(ks T — 2071

y e T (n — 1) (20) — 20T (4 £,)[(n + £0) (n + £ — 3) + 2]
(ks T = 26(n + £,) ")’

=90 (ks T2 — 20T"1) (2mk; T — 26(n + £,) T™1)

x [2nks T (2n — 1) = 20T (n + ;) (n + £, — 1)] + 255

(108)

This value overlaps with the value j ~ 2.16 obtained from
the combination of three kinematic data sets: the gold sample
of type Ia supernovae (Riess et al., 2004), the SNIa data from
the SNLS project (Astier, 2000), and the X-ray galaxy cluster
distance measurements (Rapetti et al., 2007) for
T =0.3201378421, n =0.25,
=13, 01 =0.625 k3 =1, M= 1.6.

3.4. Case (iv): Let B = 1", where n is any real number

In this case Eq. (26) gives

C = k47" exp <€E %“‘) (109)
1
and then from (19), we obtain
2 ~2n k ~{
A = k4T exp 71' (110)
(1
Hence the metric (9) reduces to
ds® = 7 exp 5%“ 7" exp %%f‘ —dx*
4 4
' 2
— e [a’y2 +exp <€—k%['> - dzz} , (I11)
1

where the constant k4 is equal to 1 without loss of generality.

4. Discussions

In this paper, we have studied the evolution of Bianchi type-V
cosmological model in presence of perfect fluid and variable
cosmological constant in f(R,T) theory of gravity (Harko
et al., 2011). In this paper, the field equations has been con-
structed by taking the case f(R, T) = f,(R) + f>(7T) into consid-
eration. We have reexamined the recent work (Ahmed and
Pradhan, 2014) by using a generation technique (Poplawski,

2006a,b; Magnano, 1995) and shown that the f{R, T) gravity
field equations are solvable for any arbitrary cosmic scale func-
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tion. Solutions for four particular forms of cosmic scale func-
tions are obtained in this paper.

We have also established the expressions of observational
parameter, namely Hubble’s parameter H(z), luminosity dis-
tance d;, and distance modulus u(z) with redshift and discussed
its significances. We have also found out the expressions for
Jerk parameter which describes models close to 4 CDM.

e we have proposed a new method to construct four particu-

lar models of f(R,T) gravity which naturally unifies two

expansion phases of the universe: inflation at early times
and cosmic acceleration at current epoch.

The models are based on exact solutions of the f(R,T)

gravity field equations for the anisotropic Bianchi-V

space—time filled with perfect fluid with time dependent A-

term which are perfectly new and physically acceptable.

The model represents an expanding, shearing, non-rotating

and decelerating universe.

e /A in this model is a decreasing function of time and it tends
to a small positive value at late time which agrees with the
recent cosmological observations (Perlmutter et al., 1998,
1999, 2003; Riess et al., 1998, 2004; Clocchiatti et al., 2006).

e We would like to note that all results of this paper are new
and different from the results of recent paper (Ahmed and
Pradhan, 2014) and other papers on the subject.
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