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1. Introduction

General relativity (GR) or Einstein’s theory of gravitation is the most successful theory in application to cosmology. Until recently, our mental
picture of the universe was based more on our philosophical prejudices (or religious beliefs) than on observational data [1]. Cosmology
is a study of the origin, structure evolution, and fate of the universe as a whole based on interpretations of astronomical observations at
different wave-lengths through laws of physics. Relativistic cosmological models are described as the exact solutions of the EFEs that help
in understanding the important features of our universe. Many generalizations of EFEs have been proposed in last few decades. Einstein’s
general theory of relativity (GR) is one of the most beautiful structures of theoretical physics. Among several theories of gravitation, GR has
been designated as the most successful one. In fact, GR is regarded as a geometric theory of gravitation.

Einstein’s theory of gravitation is characterized by mathematical elegance and outstanding formal beauty using tools of Riemannian geometry.
It is also realized that it leads to gravitational action. In 1917, Einstein introduced the cosmological constant A as the universal repulsion to
make the universe static in accordance with a generally accepted picture of that time.

Einstein’s theory is modified in several ways for better understanding. The bimetric theory, scalar-tensor theory, etc to name a few. A
modification was given in f(R,T) theory [2, 3]. The f(R,T) theory of gravitation is one of the most popular alternatives to Einstein’s theory
of gravitation. Harko et al. (2011) [4] proposed another extension of standard GR, called the f(R,T) theory of gravity, by introducing
an arbitrary function of the Ricci scalar R and the trace T of the energy-momentum tensor. The field equations are derived from the
Hilbert-Einstein type variational principle [5, 6]. In f(R,T) theory we assume that the gravitational part of the action still depends on a
generic function of the Ricci scalar R, but also presents a generic dependence on 7' [7]. Such a dependence on 7 would come from the
consideration of quantum effects [8]. In reality, f(R,T) theory provides an alternative way to explain the current cosmic acceleration with
no need of introducing either the existence of extra spatial dimension or an exotic component like dark energy [9, 10]. In this theory, the
gravitational Lagrangian S, is given by an arbitrary function of the Ricci scalar R and trace 7. This theory can be applied to explore various
issues of current interests and may lead to some good inferences [11].

Bianchi types models have a vital role in the description and understanding of the early stages of evolution of the universe. In view of the
observation of microwave background radiation, it is found that the universe is not isotropic [3, 12, 13]. Thus, the study of Bianchi types-III,
V, VIp & VI, cosmological models is important in the sense that these models are homogeneous and anisotropic, from which the process of
isotropization of the universe is studied through the passage of time.
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In this paper, an attempt has been made to investigate the exact solutions for Bianchi types-111, V, VI & VI, cosmological models in the
framework of two cases of f(R,T) theory of gravity. The physical and geometrical behaviors of such models have also been discussed.

2. f(R, T) theory of gravity

The f(R,T) theory is a modification of GR. The field equations of f(R,T) theory are derived from a Hilbert-Einstein type variational
principle.
The action for modified f(R,T) theory of gravity is given by

_ 1 4 4
S= 1ox [ FRT)VZgd et [ S0v/=gd'x @1

where f(R,T) is an arbitrary smooth function of Ricci scalar R and the trace T of energy-momentum tensor. Sy, is the matter Lagrangian
density. The matter energy-momentum tensor 7;; from the Lagrangian S, is defined as [14],

-2 d(v/—gS

1= —2 9/=85n) 22)
V=g g

Let us assume that the dependence of matter Lagrangian density S, is merely on the metric tensor g;; instead of its derivatives. In this case,

Equation (2.2) becomes

A
Ty =8isSn =25 - @3)
The variations of the metric determinant and Ricci scalar R are
1 L
IV-g) = —5V—8 gijdg", 2.4
I(R) = 0(g"Rij) =Rijog" +gijV*Vidg’ —ViV;dg!. 2.5)

The field equations of f(R,T) theory are obtained by varying the action S in Equation (2.1) and using the properties given in Equations (2.4)
and (2.5)

df(R,T) df(R,T) df(R,T)

o1 k .
where V; denotes the covariant derivative. We define the variation of T with respect to the metric tensor as
a(gMT;
7(‘3# W 1,40, @7
where
aT;
_ ki 9Tkl
Q=g ik (2.8)
It is clear from Equations (2.3) and (2.7), the tensor ®;; give in Equation (2.8) lead to
92,
_ L 1g..S Dokl m
®ij = 72T,j +g,jSm 2g &gijagkl . (29)

Note that when f(R,T) = f(R), then Equations (2.6) reduces to the field equations of f(R) gravity. Contraction of Equation (2.6) gives the
following relation between the Ricci scalar R and the trace T of the stress-energy tensor

If(R,T) If(R,T)

If(RT)  If(RT)
L R43VRV L 2 f(R,T) = 8T — T — G 2.10
with @ = g/ ©;;, Equation (2.10) gives a relation between Ricci scalar R and the trace T of energy-momentum tensor 7;;. In the other way
the matter Lagrangian Sy, can be taken as S;, = —p. Then with the use of Equation (2.9), we obtain ®;; as

Using Equation (2.11) in Equation (2.6) the field equations become
of(R,T of(R,T of(R, T of(R,T
f(R.T) f(R.T) (SH £ ))m f(RT)

o] k
g Rij= 5 (R T)gij+ (8;jV' Vi = ViVj) =55 = 37 57 Psii- (2.12)
Following, Harko et al. (2011) [4] to obtain some particular classes of f(R,T) modified gravity models by specifying functional forms of
f(R,T) as

R+2£(T),
FRT)=4¢ fiR)+ fo(T), (2.13)
fi(R)+ f2(R) f3(T).

In this paper, the attempt is to explore the first and the second cases of Equation (2.13) to study the exact solutions for Bianchi-IIL, V, VIy &
VI, in f(R,T) theory of gravity.
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3. The metric and the field equations
The spatially homogeneous (SH) and anisotropic Bianchi types space-times are given by,

ds* = di* — A3dx® — e P A3dy? —e 2™ A%dZ, 3.1
where A1,A, and A3 are called cosmic scale factors which are functions of time t, so the equation (3.1) represents different Bianchi types as,

1. Bianchi type-IIl if m =0,

2. Bianchi type-Vifm=1,

3. Bianchi type-VIp if m =-1,

4. Bianchi type-V];, for all other m =h =-1.

The computation of Ricci tensor R;; and its spur was done using Mathematica [15] and [16]; the non-vanishing independent components are,

. Ay A ,
Ry = 1+m>+A A& (-22-2) 4], (3.2)
Ay Az
(m+ I)A] Az mA3
R _ _f2 _ 33
14 A A Ay (3.3)
672XA2 [—(m+ 1)A2A3 —A (Az(A3A1 +A1A3) +A1A3A"2)]
Ry = 5 ; B4
AA;3
e 2mx A, [—A%AzAé +Ar (m(m—l— 1)As —A; (A1A3 +A1A“3))]
Ry = 3 ) (3.5)
ATAy
Al Ay A3
R . 4arpf42 A3 3.6
44 A +A2 +A37 (3:6)

and

A‘.l A2 A3 A]Az A1A3 A2A3 m? +m-+1

R=2|—+4+—=+— 3.7
Al +Az +A3 +A1A2 AlArA;  AxAz A3 ' @D

where an overhead dot denotes derivative with respect to time ¢. The energy-momentum tensor for a perfect fluid is given by
Tij = (p + p)uiuj — pgij, (3.8)

where p is the proper energy density, p is the isotropic pressure and u; = (0,0,0,1) is 4-velocity of the fluid particles which satisfies the
condition u'u; = 1. The EFEs are given by

1
Rij— 5Rgij = —8aT;j + Agij, Y

where A is the cosmological constant. The average scale factor a(¢) and spatial volume V are defined by

v=d=]]A: (3.10)
i=1
Mean HP is given by
[ 1 (A Ay  A;
H=-—=-=-YH=-(—+2+=2 3.11
3V a 3;1 3(A1+A2+A3’ @10

in which HPs in the directions of x,y and z-axes are obtained as
Ai .
HizA—, i=1,2,3 (no sum). (3.12)
i

The scalar expansion 0 is given by

Al Ay As
6=|—+-—=+—|=3H.
(A1+A2+A3

Moreover, the shear 62 is given by

1 o113
62_761](71]—* ZHiz—3H2 s
2 2 i=1
the shear parameter is given by
2 2 2 o’ 1 ijoo Oij
LP=L3+2° = o = gy, with Ly = -
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The density parameter € is given by
Q=1-3*-K >0,

where the curvature parameter K is given by

3
R 1 > ..
K:@:E (;Ni 2’;1\1,»Nj>, i,j=1,2,3, (3.13)
J
ie.,
Group class Bianchi type | Ny | Ny | N3
Class A, (a=0) Vi 0| + -
\Y 0 0 0
Class B, (a#0) VI, 0 - +
111 0 + -

Table 1: Canonical Structure Constants for Different Bianchi Types

The three structure constants Ny, N> and N3 are the eigenvalue of the symmetric matrix, N¥ = diag(Ny,N»,N3). In another way, we can get
the form

Q+K+3*=1.
An important observable quantity in cosmology is deceleration parameter (DP) defined as

H da
==Y 3.14
1 H a2 .19

The evolution of H is describe by

H=—(1+q)H*.
It is worth mentioning here that “the name DP and the negative sign are historical. Initially, ¢ was supposed to be positive but recent
observations from the supernova experiments suggest that it is negative”. To solve an integral part in the aforementioned equation, we may
refer to the power-law assumption. Many kinds of researchers have used the power-law relation. For instance, Johri and Desikan [17] in the

context of Robertson-Walker Brans-Dicke models, have already used the power-law relation between scale factor and scalar field. We use a
well-known relation [18] between the mean HP and average scale factor a, given as

H=la""Vn, (3.15)
where / > 0. This is an important relation because it gives the constant value of the DP. Using Equations (3.11) and (3.15), we get

a=la"™" (3.16)

and consequently, from Equation (3.14) the DP turns out to be
q=n-— 13

which is obviously a constant. Integrating Equation (3.16), it follows that

kyel forn=0
_{ 1 €7, orn R (3.17)

1
(nlt +ky)n, forn=#0,
where k| and k, are constants of integration, thus we obtain two values of the average scale factor a, that correspond to two different models

of the universe. In this paper, we consider the average scale factor @ when n = 0 in the first case of f(R,T') theory and n # 0 in the second
case of f(R,T) theory.

4. Exact solutions for some Bianchi types

Here we first develop some important cosmological parameters and EFEs for Bianchi types III, V, VI & VI, space-times and then find the
exact solutions of EFEs for constant and non-constant curvature case.
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4.1. Solution for f(R,T) =R+2AT

We consider the case in which the function f(R,T) is given by f(R,T) = R+2AT, where A is a constant. Thus the field Equation (2.12)
take the form

1
G,’j:Rij—ERgij:(8ﬂ+21)7}j+l(2p+T)gij. “4.1)

This form looks like EFEs in GR, the term A (2p + T') may play the role of cosmological parameter A of the GR field equations, that is
A=AT)=AQ2p+T),

which supports the suggestion by Poplawski [19] where the dependence of the cosmological parameter A on 7. The researchers like Magnano
[20] have suggested that the A(7') gravity is more general than the gravity in Palatini f(R) theory and could be reduced to it if the pressure
of the matter is neglected. Considering the perfect fluid case, the trace T = p — 3p, hence Equation (4.8) becomes

A=Alp—p)
Thus we rewrite Equation (4.1) as
1
Rij*ERgij: (87I+2l)Tij+Agij. 4.2)
Now using Equations (4.2), and ( 3.2) to ( 3.9) we obtain a set of differential equations for Bianchi types-III, V, VIy & VI, space-times

Ay Ay AA3 m
L2030 M gmiod)p-A
A Ay T AjAy A2 (7 +20)p—A,
Al Ay AlA
AL taan a (87 +24)p =4,

A“| Ag A IA 3 m2

—— = (8r+20)p—A
AT AT A A (Bm+24)p—A,
A]Az A2A3 A]Ag, m*+m+1
- = —A—(8T+21)p,
AlAr | AyAz  AlA3 A2 ( )P
Al Az mA3
N——==_"2= = 0. 4.3
(m+ )Al A A 4.3)

Integrating Equation (4.3) and absorbing the integrating constant into A, or Az, we get
AT = ApAT. (4.4)

Using Equation (3.10) in Equation (4.4) we get

AT =gdant, 4.5)
4.1.1. Cosmological solutions

We now obtain physically factual cosmological models to describe the decelerating and accelerating phases of the universe. Setting A3 = V¢,
where d is any constant, then from Equation (4.5), we get

Ar1n+2 _ a3Vd(m— 1 )’
S Hmd—d) 4.6)

Here we will consider the value of average scale factor a for n = 0 only (see (3.17)). Using Equations (3.10), (3.17), (4.3) and (4.6) the
metric coefficients A;(i = 1,2,3) turn out to be

Ai(t) = (kl e”>§[, i=1,2,3 (no sum), 4.7)

where

3(14+md—d)
m—+2

(1+m—d—2md)

3
, &= p_— ) , & =3d.

& =

Using these in (3.1), we get the following form of the metric (3.1) as

£ ¢ , &
ds® = di® — (Iq e“) d? — e*“((k1 el’> Y dy? e m2mx (k1 e“) a2
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4.1.2. Physical and geometrical properties of the solution

In this subsection, we will compute the relevant physical and geometrical properties of the space-time. The necessary computations were
done using Mathematica, necessary programming was done by us. The spatial volume and the average scale factor a(r) are

3
V= (kl elt) =d.

Mean HP and DP are
—i
H=1 g=— =—1
) q aH2 )
from Equation (3.12), the HPs in the directions of x,y and z-axes are
A; ,
Hi==—=1¢&,i=1,2,3 (nosum).
Aj
The scalar expansion is
0 =31=3H.
The shear scalar is
12
o? = Sle+g+el-3),
- [3(1 —3d)X(m? +m+ 1)}
T (m42)? '
The shear parameter is given by
1
2= g8 +e-3),
1 2,2
_ 3(1-3d n].
3(m+2)2[( ) (m? +m+ 1)

In this subsection, we take A =0.1, [ =5, m=0,+1, n=0.5, d =0.1 and k; = 1, for all graphs . The energy density p in the model is
obtained as

| 912/1<—3dm(1+m)+(1+m)2+3d2(1+m+m2))
P = 882 1 6An 1 A2) { (m+2)?
2 g 2
_91 (87H—37L)<1+m d(=2+3d)(1+m+m )) _xm—(8n+3/1)(m2+m+1)]
(m+2)? (kl elt)% ’
T
1= L
- SRR m=—1
_E_:l:_ m=0
[ m = 1
_>oa |
=2al
z = e = 10

Figure 4.1: The Evolution of Energy Density p Versus Cosmic Time ¢

Figure 4.1, shows p as a decreasing function for 0 <7 < 1 and constant for # > 1. The expressions for isotropic pressure p in the model is
given by

| 912(877:+3l)(73dm(1+m)+(1+m)2+3d2(1+m+m2))
P32 T 6an+22) { (m+2)?2

912%(1+m—d<—2+3d><1+m+’"2>) m(8n+3l)*(m2+1)/l]

(m + 2)2 (kl elz) 6“(::1(;)7‘0
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Figure 4.2: The Evolution of Pressure p Versus Cosmic Time ¢

From Figure 4.2, we observe that the pressure is an increasing function for 0 <t < 1 and constant for # > 1. The cosmological parameter A is

—917(8m+24) <6d2 +6md? +6m>d* + m+m? — 5m*d — 5md — Zd)

A
A= 8(87m2 + 641+ A2) { (m+2)?
(8m+3A)(m? +2m+1) — A(m* +m+1)

6(1+md—d) :
(kl elz) m+2)

0.8 -
o5l
04l
L e m = —1
: m =10
o= mo= 1
oz
[ 1 1 1 1 1 1 1 1 I—'
o > 4 = g 10

Figure 4.3: The Evolution of Cosmological Constant A Versus Cosmic Time ¢

From Figure 4.3, we observe that the cosmological term A is an increasing function for 0 <t < 1 and constant for ¢ > 1. The density
parameter Q is given by

1
R [S(I—Sd)z(mz—l—m—i-l)] K >0,

where K is the curvature parameter, as defined in Equation (3.13). The Ricci scalar R for Bianchi types-111, V, Vly & VI;, cosmological
models are given by Equations (3.7) and (4.7), it follows that

272 (1 4md—d)

R= W |:(27— 18d — 18md+27m+27d2+27md2)_|_m2(9_ 18d+27d2)] _2(m2+m+ 1) (k] elt) 2)
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1R

Figure 4.4: The Evolution of Ricci Scalar R Versus Cosmic Time ¢

From Figure 4.4, we observe that the Ricci scalar R is an increasing function for 0 < ¢ < 1 and constant for r > 1. The function f(R,T) of
Ricci scalar R and the trace T, can be found as

F(R.T)=R+2A(p —3p).

flR, T)
5
245 L
240 5
N L R m=-1
40
----- m:ﬂ m=-1
235 [ - )
m=1 T m=0
m=1
2
130 b
F wml
— 7| OIS
= as
‘ ‘ ‘ ‘ ‘ ‘
10 02 04 18 18 10
e e
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t
2 - i 8 10

Figure 4.5: The Evolution of f(R,T) Versus Cosmic Time 7

Figure 4.5, shows that the f(R,T) is an increasing function for 0 <t < 1 and constant for r > 1.
4.2. Solution for f(R,T) =A(R+T)

We consider the case in which the function f(R,T) is given by f(R,T) = A(R+T), where A is an arbitrary parameter. Thus the field
equation (2.12) take the form

1 1
ARij—SA(R+T)gij+ (V¥ Vi = ViV))A = 8+ A) Ty + (P+ §T> Agij,
setting (g,-ijVk —ViV;)A =0, we get
1 1
ARij~ 3 ARg;j = (87 -+ A)Tij + (p+§T) Agij. (4.8)
The Einstein tensor G;; is defined by

o1
Gij :RZJ—ERg,-j.
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Equation (4.8) becomes
1
AGij=(8m+A)T;j+ (p+ ET) Agij- (4.9)

This form looks like EFEs in GR, we choose a negative small value for the arbitrary A so that we have the same sign of the RHS of Equation
(4.9) we keep this choice of A throughout the discussion. The term (p + %T) can now be regarded as a cosmological parameter A. Hence

1
A= =T
p+ > 1
so Equation (4.9) becomes

o1 8m+ A
Gij:le—ERgij:7( n )

which supports the suggestion by Poplawski [19] where the dependence of the cosmological parameter A on 7. The researchers like Magnano
[20] have suggested that the A gravity is more general than the gravity in Palatini f(R) theory and could be reduced to it if the pressure of
matter is neglected. Considering the perfect fluid case, the trace T = p — 3p, hence

Ti; +Agij, (4.10)

A=5(p—p)

The field equations, in this case, are similar to those written earlier (4.3) to (4.3) with only change due to rights side of (4.10), thus the
coefficient (87 +2A) is replaced by (%) The field equation for G4 is same as Equation (4.3). Also following same procedure we get
relations (4.4) and (4.5).

4.2.1. Cosmological solutions

We now obtain physically factual cosmological models to describe the decelerating and accelerating phases of the universe. Setting A3 = V¢,
where d is any constant, then from Equation (4.5), we get

A11n+2 _ a3vd(m71)

PAUAmd—d) 4.11)

Here we will consider the value of average scale factor a for n # 0 only. Using Equations (3.10), (3.17), (4.3) and (4.11) the metric
coefficients A; (i = 1,2,3) turn out to be

Si
Ai(t) = (nlt+ky)w,i=1,2,3 (no sum), (4.12)
where

3(4md—d) ,
él_ m+2 ) 52_

Using these in (3.1), we get the following form of the metric (3.1)

3(1+m—d—2md)

=3d.
po——) &

& &
0 /1

£
ds® =di® — (nlt + ko) 7 dx® —e X (nlt +ky) 7 dy? —e ™ (nlt + k) 7+ d?.

4.2.2. Physical and geometrical properties of the solution

In this subsection, we will compute the relevant physical and geometrical properties of the space-time. The necessary computations were
done using Mathematica, necessary programming was done by us. The spatial volume and the average scale factor a(r) are

3 3
V=(nlt+ky) =a’.
In this subsection, we take A = 0.1, I =5, m=0,+1, n=0.5, d = 0.1 and k, = 1 for all graphs.

-
I.-

3.0x=10% |
_I m = —1
e =
25%10% —a
zo=q0%F m =
1.5=10% |
1.0=10% |
so0=q07
- z 4 8 g 10

Figure 4.6: The Evolution of Volume V Versus Cosmic Time ¢
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Figure 4.6, shows that volume V is an increasing function of time . Mean HP and DP are

—i

=— = =n—1
nlt+ky’ =g ="
in which HPs in the directions of x,y and z-axes are
A &il .
H=—= =1,2,3 .
vt = i=1,2,3 (no sum)
The scalar expansion becomes
0= 3 .
nlt +k1
The shear scalar is
12
2 2 2 2
2 = -3
2li+ha)? [51 +& +6
i [3(1 3d)2 (m* + +1)]
= — — m-+m .
(m+2)2(nlt + ky)?
D‘E
1.5
N m = —1
1.0 | oo m=4d
N m 1
0.5
= = 10 ]

Figure 4.7: The Evolution of Shear Scalar 62 Versus Cosmic Time ¢

Figure 4.7, shows 2 as a decreasing function of time 7. The shear parameter is given by
1
o= c|g+g+ed-s).
1 2,2
= — _[3u-3d n].
R [301=3d)2 (> +m+ 1)
The energy density p in the model is obtained as
P14+ m—d(=243d)(1+m+m?)  A? 323—n)  2(m*+m+1) N A(m*+m+1)
2(4m 4 A)(m+2)%(nlt +ky)? 6(4m+1)% | (nlt+ky)? (ankz)% 2(4n+l)(nlt+k2)%
2
0.008F
0005 |
L m=—1
o004 | ===== m=0
N m = 1
0.003 |
o002
0.001 |
: 1 ; 1 I "1 |'
3 2 = 8 ] 10

Figure 4.8: The Evolution of Energy Density p Versus Cosmic Time ¢
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Figure 4.8, shows that energy density p is a decreasing function of time t. The expressions for isotropic pressure p in the model is given by

AP (1+m—d(—2+43d)(1+m+m?)  A(l6x+31) | 32(3—n)  2(m*>+m+1) N A(m*+m+1)
- 2 2 2 2 (1-+md—d) (1-+md—d) *
24+ A)(m~+2)?(nlt + ky) 6(4m+ 1) (nlt +k3) (nlt+k2)% 2(4n+l)(nlt+k2)%
=
s |
5 :_ = m = —1
F m =0
: m =1
=1
1k
- = < 5 = 10 ’
Figure 4.9: The Evolution of Pressure p Versus Cosmic Time ¢
Figure 4.9, shows that the pressure is a decreasing function of time. The cosmological parameter A is
A 1(p ») A 32(3—n)  2(mP4+m+1)
T H\WPWTP)= 2 nd—
2 6(4m+A) | (nlt k) (4 o) S
.-l"_
ol
E - m = —1
0.5 :— m =m0
- me = 1
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Figure 4.10: The Evolution of Cosmological Constant A Versus Cosmic Time ¢

Figure 4.10, shows that the cosmological term A is a decreasing function of time . The density parameter Q, is given by

Q=1- m [3(173d)2(m2+m+1)} ~K>0,

where K is the curvature parameter, as defined in Equation (3.13). The Ricci scalar R for Bianchi types-1II, V, Vly & VI;, cosmological
models are given by Equations (3.7) and (4.12) it follows that

2 g,
R o [ 8 8 -G G &)+ B b Ead) | <20 e () T
212 6(1+md—d)

= 1)(27 — 184 +27d* — 12 2(9 — 18d +27d* — 3n)| — 2(m? V(nlt 4+ ky) ™m0
(m+2)2(nli + k2 )2 [m 1) + n)+m”(9—18d+ m)| =20+ m+ 1) (nlt + )
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Figure 4.11: The Evolution of Ricci Scalar R Versus Cosmic Time ¢

Figure 4.11, shows that the curvature is positive through the whole evolution of the universe. The function f(R,T) of Ricci scalar R and the
trace T can be found as

fR,T)=AMR+X(p—3p).

FIR, T
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Figure 4.12: The Evolution of f(R,T) Versus Cosmic Time ¢
Figure 4.12, shows that the f(R,T) is an increasing function when m = 0,1 and decreasing function when m = —1 of time 7.

5. Conclusion

In this paper, we have extended the study of exact solutions of EFEs for Bianchi types-11II, V, VIy & VI, space-times in f(R,T) theory and
obtained the exact solutions corresponding to singularity point n # 0, and regular point n = 0. The exact solutions to the corresponding
field equations are obtained in quadrature form. The behaviors of the cosmological parameter A have been discussed in each case. We have
also examined the well-known physical and geometrical properties of our models in two different viable cosmologies. It is shown that our
models represent expanding, shearing, non-rotating and accelerating universe in each case. In the first case of f(R,T) theory, when n =0
with a = k; e, the model has no singularity point. The volume V is finite and blows to infinite at f — co. The generalized HP H is constant
and accordingly, expansion scalar 6 is constant. The HPs H;, i = 1,2, 3 are finite for all finite values of t. The shear scalar o2 and shear
parameter X2 are constant as f — oo. The energy density p (Figure 4.1) is constant as f — oo and the Figure 4.1, shows that p is negative, its
physical interpretation may be debatable however this is mathematically consistent. The isotropic pressure p (Figure 4.2), density parameter
Q and Ricci scalar R (Figure 4.4) are constant as t — o, The function f(R,T) of the Ricci scalar R and trace T is finite (Figure 4.5) at
non-singularity.

In the second case of f(R,T) theory, when n # 0 with a = (nlt +ky) ¥ , the model has singularity point taken as, r = ;’;’ , it is observed that
the spatial volume V — oo as t — oo (Figure 4.6), and the volume scaler factor vanishes at the singularity point. The generalized HP is zero
at the singularity. The expansion scalar 6 — 0 as r — oo, as well as it is observed that 6 starts with infinite value at = 0 and then rapidly
becomes constant after some finite time. The direction HPs H;, i = 1,2,3 are zero at the singularity point. The shear scalar o? (Figure 4.7)
and shear parameter £ are zero as t — oo. The isotropic pressure p (Figure 4.9), energy density p (Figure 4.8) are constant at  — co. The
Ricci scalar R is infinite  — oo (Figure 4.11). The density parameter Q is constant as t — oo, The function f(R,T) of the Ricci scalar R and
trace T is infinite (Figure 4.12) at the singularity.
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