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Abstract In this communication we have investigated Bianchi type-II dark energy (DE)
cosmological models with and without presence of magnetic field in modified f(R, T)
gravity theory as proposed by Harko et al. (Phys. Rev. D, 84, 024020, 2011). The exact
solution of the field equations is obtained by setting the deceleration parameter ¢ as a time

function along with suitable assumption the scale factor a(t) = [si nh(at)]%, o and n are
positive constant. We have obtained a class of accelerating and decelerating DE cosmolog-
ical models for different values of n and «. The present study believes that the mysterious
dark energy is the main responsible force for accelerating expansion of the universe. For our
constructed models the DE candidates cosmological constant (A) and the EoS parameter
(w) both are found to be time varying quantities. The cosmological constant A is very large
at early time and approaches to a small positive value at late time whereas the EoS param-
eters is found small negative at present time. Physical and kinematical properties of the
models are discussed with the help of pictorial representations of the parameters. We have
observed that our constructed models are compatible with recent cosmological observations.
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1 Introduction

As per observational evidences we are living in an expanding and accelerating universe (Per-
mutter et al. [1], Riess et al. [2], Spergel et al. [3], Anderson et al. [4], Hinshaw et al. [5],
Suzuki et al. [6], Ade et al. [7]). The cosmic accelerating expansion is assumed to be guided
by a fluid called mysterious energy in cosmology i.e. dark energy. It is also known that the
accelerating expansion of the universe is driven by negative pressure of dark energy which
tends to increase the rate of expansion of the universe. During the investigation of litera-
ture it has been observed that many sources of dark energy such as cosmological constant,
quintessence, tachyon, phantom, k-essence, chaplygin gas etc have been studied by many
researchers [8—14]. In this paper we have studied the expanding and accelerating behavior
of the universe with cosmological constant and EoS parameter. As we know cosmological
constant A was proposed by Einstein in 1917 as the universal repulsion force to allow static
homogeneous solution to Einstein field equations in the presence of matter in accordance
with generally accepted theory at that time. After few year some researchers realized that
the cosmological constant may be measure as the energy density of the vacuum which is the
state of lowest energy more over the vacuum energy momentum tensor. Tl.lj).”" = —p"gi;
and vacuum may be also treated as perfect fluid with EoS as Py, = —pyac, by taking
Pvac = PA = ﬁ and moving the Ag;; one can say that the effect of energy momentum
tensor for vacuum is equivalent to A.

In recent research findings it has been established that hypothetical fluid (DE) is tied with
cosmological constant. It means A is assumed to be source of dark energy i.e. ACDM, as
we know that the density of dark energy evolve with the expansion of the universe, which is
described by the EoS parameter w(t) = %, where p and p are energy density and pressure
respectively.

Here in this study we have presented the cosmological models of the universe in the
frame work of modified gravity theory. Modified gravity theory provides a platform to
understand the problem of dark energy more smoothly, this also indicate the possibilities to
reconstruct the gravitational field theory which may be capable to reproduce the late time
acceleration. The f(R) gravity theory suggests us a very natural unification of early time
inflation and late time expansion of the universe. Allemandi et al. [15] have proposed a
modified gravity theory by including an coupling of arbitrary function of R with the mat-
ter Lagrangian density. Harko et al. [16] have suggested a generalization of f(R) gravity
theory which is known as f (R, T) gravity theory involving the dependence of the trace T
of energy momentum tensor 7,,. We have also emphasized that due to coupling of matter
and geometry this gravity theory depends on the source term representing the variation of
stress-energy tensor with respect to the metric.

Recently many researchers tried to explain the nature of dark energy by assuming w,
is not a constant, but a function of cosmic time (Akarsu and Kilinc [17, 18], Carroll and
Hoffman [19], Ray and Rehman et al. [20] Yadav et al. [21], Yadav and Yadav [22],
Pradhan et al. [23-25], Amirhashchi et al. [26] and Pradhan et al. [27]). Also some
authors investigated Bianchi type dark energy models in the frame work of modi-
fied f(R, T) gravity theory by assuming deceleration parameter as a constant quantity
[28, 29].

Motivated from above research findings, we have explored the dynamic nature of the
universe with the help of variable deceleration (DP) parameter (as suggested by Mishra and
Chawla et al. [30, 31]) along with EoS parameter and cosmological constant in the frame
work of anisitropic cosmological models in string theory. For the purpose of the study we
have presented the solution of field equation with and without presence of magnetic field
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along with known form of evolution of the universe. As we know that in power law model
the scale factor and potential are assumed to be evolve exponentially with a scalar field.
The present paper is organized in six different sections, Section 1 contains introduction, in
Section 2 we have presented brief derivation of f(R, T') gravity theory whereas the met-
ric and equations governing the cosmological models have been placed in Section 3, in
Section 4 the exact solution of field equations have been given under both the cases. The
physical and kinematical behavior of parameters have been presented under Section 5
whereas the result and discussion are given in brief in the last section i.e. in Section 6.

2 Brief of f(R, T) Gravity Theory

In continuation of above introduction presented in Section 1, we may say that the f(R, T)
theory of gravity is the generalization or modification of general theory of gravity. The
action for this theory may be expressed as:

S = %/f(R, T)J/—gd*x +f£m«/—gd4, S

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

I i 120
Y 88l
and the trace T is define as T = g"/7T;;, Assuming that the Lagrangian density £, of

matter depends on the metric tensor components g;; only. After simplification of (2) we
may express T;; as

2

BES
Tij = gijtm — 2@?}, ()

Varying the action S with respect to the metric tensor components g'/, the gravitational field
equations of f(R, T) gravity is obtained as

1
SRR, T)R;j — Ef(R’ T)gij + (00— ViV fr(R, T)

=8nT;; — fr(R, T;j — fr(R,T)0;j, 4)
here ©;; = gt U{85?,-‘,-”} which follows from the relation 9 {g/;;,-T;‘” } =T +0©and 0 =

Viv; frR(R, T) = w here V; denote the co variant derivative. If we go for contraction
of (4) then we have

JRR, T)R+30fr(R,T) =2f(R,T) = 87 — fr(R,T)T — fr(R, T)®, (5

with © = gV @, j. Combining (4) and (5) and eliminating the U fg (R, T') term from these
equations, we obtain

1 1
fR(R,T) {Rij - gRgij} + gf(R, T)gij
1

1
= @Br—fr(R,T)) {Tij - ngij} - frR(R,T) {G)ij - §®gij} + ViV fr(R, T),(6)
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using the covariant divergence of (1) as well energy-momentum conservation law

. 1 4
4 [fR(R, T) - Ef(R’ T)gij + (gi;0—V'V)) fr(R, T)} =0, (7

which corresponds to the divergence of the left hand side of (1), we acquire the divergence
of Tj; as

vty = LRI e Ving R 1)+ viey). ®
8r — fr (R, T)
From (3) we have
8Tij sgij 1 3%£
AR T e 9)
(Sglw Sglw 2 8g"“’g’./
Using the relation (?iﬁ = —8iy8gjodhy With 8y = ‘;Z‘: , which follow g;, g7/ = Slj with
the help of above assumption we may re-express ©;; as
@ =-2 £n =2 @M”Lz‘f’” 10
ij = —2T;; + gijtm — 28 2ghvagl’ (10)
For perfect fluid the energy-momentum tensor 7;; is given by
Tij = (p + p)uiuj — pgij, (1)

where p and p are the energy density and pressure of the fluid respectively. u’ = (0, 0,0, 1)
is the four velocity vector in co-moving coordinates which satisfies the conditions u'u; = 1
and u'V;ju; = 0. From (10) and (11), we have

0ij = —2T;j — pgij, 12)
Now we wish to consider f (R, T) as suggested by Harko et al. [16].
fR,T)=R+2f(T), (13)

where f(T) is an arbitrary function of trace 7. Now using (12) and (13) into the field (4)
taken the form

Rij — Rgij =87 T;j + 2f () T;j + 12pf'(T) + f(T)1gij. (14)
We may also agree with the following assumption
f(T) =nT, 5)

where 7 is a constant.

3 Metric and Equations Governing the Cosmological Model

In present communication we consider Bianchi type-II space time as
ds?* = —dt* + A%(dx — zdy)? + B%dy?> + C?dz? (16)

Here potential A, B and C are the functions of time t only. This ensure that the model of
universe is spatially homogeneous and totally anisotropic.
Energy momentum tensor 7;; for anisotropic dark energy is given by

T;j = diaglp, —px, —py, — Pzl
Tij = diag[l, —wy, —wy, —w;]p. 17
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where p is the energy density of the fluid while py, py and p, are the pressure components
along the x, y and z axes respectively. Here w is the EoS parameter of the fluid with no devi-
ation and wy, wy and w; are the EoS parameter in the directions of x, y and z respectively.
The energy momentum tensor can be parameterized as

T;j =diag[l, —(w +§), —w, —w]p. (18)

For sake of simplicity we choose wy = w, = ® and the skewness parameter § is a
deviation from @ on x axis. In co-moving coordinate system the velocity components are
u' = (0,0, 0, 1). which satisfies the conditions u’u; = 0.

The electromagnetic field tensor F;; has only one non-zero component F3; because the
magnetic field is assumed to be only along the y axes. Subsequently Maxwell’s equations
may be expressed as

Fijix + Fiki + Frisj =0, (19)
1
F{=0
which on simplification, we obtain
;1=K (20)
where K is the constant.

Let us introduce some physical parameters such as the spatial volume V, the expansion
scalar 6, the Hubble parameter H, the mean anisotropy parameter A,,, the shear scalar o
and the deceleration parameter ¢ for the metric (16)

V =a® = ABC 1)
3a vV

9:3H:;:V:(Hx+Hv+Hz), (22)
where H, = %., H, = g, H, = % are the directional Hubble’s parameters in directions of

x, y and 7 axis respectively.

3 2
1 AH;
=3
1=
where
AH; = H; — H, i=1,2,3

3
1
2 _ 1 2 2p2
o _Z[EIH" 3H:| (24)
=

The deceleration parameter g in cosmology is the measure of the cosmic acceleration of the
universe expansion and is defined as

aii H + H?
3.1 Field Equations with Presence of Magnetic Field

Now assuming co-moving coordinates system the field equations (14) for the metric (16)

with the help of (15), (18) and (20) we will get following set of equations:
AB BC AC 1~ -
— bt — 4+ —— —-A2 = p{87 —n(Bw+ 8 —3)} +2py — nB>B?2
18 TBctac 2 p8m —n(Bw + N +2pn—n

(47 +2n)(A%® + BYH B2 (26)
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é+é+BC 34— {87(w+8) + n(Sw +36 — D} +2 (87 +31) B> B
B Cc TBC 47 T TreT@ e P

1 (4 +20)(A22% + BYH B2 27

A C AC 1 - ~ .

4+ =4+ A2 = —p8rw+n(Sw+8—1)}+2pn+4r B B2+ (A% +B*) B2 (28)

A C AC 4

A B AB 1. . ~

Z+E+E+1A2 = —p{8nw+n(5w+8—1)}+2pn—nB* B2 —4n (A’ +B*)B? (29)
Now it is mandatory for us to test these equations in the absence of magnetic field which

being presented in the next Section 3.2.
3.2 Field Equations Without Presence of Magnetic Field

Re-write the set of field equations from (26)—(29) by putting K = 0 as

AB+BC+AC Lz s Go+58—3)} +2 (30)
AB ' BC T AC 47 Treroabe P

S+ 2R = p(8a(w+8) + (5w + 38 — 1)} + 2py 31)

A € AC 14
X+E+E+ZA :—p{8nw+n(5w+8—1)}+2pn (32)
A B AB 1.
X+E+E+1A = —p{8rw+nSw+5—1)}+2pn 33)

where an overhead dot denotes derivatives with respect to cosmic time ¢. Also we have

0 A? 2 A2C2k?
assume A” = 27~ and B* = =7

in all of above equations.

4 Solution of Field Equations

As we know that the (26)—(29) are the set of four independent equations along with six
unknown A, B, C, 1, p and p and therefore some additional constraint equations require for
the solution of field equations,relating these parameters. For exact solution of EFE we have
used two well accepted assumptions such as, we introduce deceleration parameter g as a
function to time ‘t’, as suggested by Mishra et al. [30] and Chawla et al. [32]. i.e. ¢ = b(t)

aéi_ H+ H?
a2\ H2

) = b(1)(say) (34)

In this section main purpose of the study is to see the nature of model by assuming variable
DP which is being presented below
. . 2
Lt =0 (35)
a a

In order to solve the (35), it is important to note here that one can assume b = b(t) =
b(a(t)), as a is also a time dependent function.

/ef gd“da =r+k (36)
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where k is an integrating constant. One cannot solve (36) in general as b is variable. So, in
order to solve the problem completely, we have to choose | sda in such a manner that (36)
be integrable without any loss of generality. Hence we consider

/Sdu =1In f(a), 37
From (36) and (37), we obtain
/f(a)da =t+k (38)

Of course the choice of f(a) is in quite arbitrary, but for the sake of physically viable models
of the universe with observations, we choose

nanfl

a1+ a2’

where o and n > 0 are arbitrary constants. In this case, on integrating (39) and neglecting
the integration constant k, we obtain the exact solution as

a(t) = [sinh(an)]"/" (40)

Since the set of non-linear differential equations are always difficult to solve so remove
this complication in secondly we may assume power law as suggested by Thorne [33],

A=C" (41)
B=C° 42)

where r and s are the proportionality constant.
From (40), (41), (42) and (21), we get

fla) = (39)

CU++D = [sinh(ar)]7 = C = [sinh(at)] 5D (43)
putting the value of C into the (41)and (42)
3r
A = [sinh(at)]7T++D (44)
3s
B = [sinh(at)]70+s+D (45)
The directional Hubble parameters may be expressed as
3ar
H, = ——— coth(at 46
e (at) (46)
3
Hy=——"_ coth(ar) (47)
nir+s—+1)
3
H, = ——— coth(at 48
¢ n(r+s+1)CO (@) (48)

The form of metric (16) after substituting the value of A, B and C is
or 6s
ds? = —dit? + [sinh(at)]7+7D (dx — zdy)? + [sinh(et)] 707D dy?
6
+[sinh(at)] 7T d 72 (49)

The some parameters such as spatial volume, Hubble parameter, deceleration parameter (g),
expansion scalar (), shear scalar o' and anisotropy parameter A,, are obtain by following
mathematical expression:

V = ABC = [sinh(ar)]? (50)
H =< coth(ar) 1)
n
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3
0 =3H = % coth(ar) (52)
n

g =n(l — tanh*(at)) — 1 (53)

Here it is worthwhile to mention that the sign of ¢ indicate the rate of expansion of the
universe is accelerating or decelerating (Fig. 1).

2 302r2 4+ s2 —rs—r—s+1)
o~ =

7 coth® (at) (54)
n

_2(r2+s2—rs—r—s+1)
Am— k2

(35)

Here k is constant and it is equivalentto k = r 4+ s + 1.
Now we have to discuss the physical & kinematical behavior of the model given by (49).

5 Physical and Kinematical Behavior
After calculating all the above mention cosmological parameter we feel necessary to discuss

physical and kinematical behavior of the models under both the cases with presence and
without presence of magnetic field in Sections 5.1 and 5.2

----- n=0.8, o= 0.0825
n= 1, o=0.0922 ||
- — —n=15,0=0.1089 |
------ n=2, o= 0.1203

Decelerating to Accelerating Universe

Fig. 1 The plot of deceleration parameter ¢ versus time ¢ forn = 0.8, 1.0, 1.5, 2.0
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5.1 With Presence of Magnetic Field

Multiplying (28) by 2 then subtracting from the sum of (27) and (29), then substitute the
values of A, B and C from (43)—(45), we get skewness scalar § as

1 32 {3(r2 —2s* —rs —s+2r +1) —nk(r — 2s + 1)}
T o8 +21n) n2k? '
3a2(r — 25 + 1 rose K2 .
_coth?(at) + w + sinh(ar)] " — [sinh(at)]“nf”} (56)
n T

Subtracting (27) from (26), then put A, B and C from (43)—(45) also use the relation p =
wp, we have

1 302132 —r2+2rs+s—r)+nk(r —s+2
p+p= { ( ) ( ) cothz(at)
(87 +2n) nZk?
322(r—s+2) 1 . K2 ,
205D L@ ™ 2 K inh e S (57)
nk 2 4

Multiply (29) by % and (57) by n, then adding these new equations into (28), we get the
following expression

p

_ -1 3a2{(87 + 47])(3r2 —nkr) —3nrs — 3r]s2 — 6ns}
T (8w 4 2n) (87w + 4n) n2k2

3a?{(3n + 8)(3r + 3 — nk) + nksn}
+ n2k?

6(r—s—1)

) .coth?(at) + 2(x + n)[sinh(at)]” &

3a2{(87 + 4n)r — 3n+8)  K2(3n%+20n + 3272 ()]
Sy e 30 8 KEOW 20+ 0 gy 59
n JT

From (57) and (58) the energy density for the model is expressed as (Fig. 2)

P

B 1 3a?{(3s% — kns + 3)(87 + 3n) + (3rs + kn)(167 + Tn)}
T (8w +2n) n2k?

_3a2{3r(8n +n—8) + 654w +n) + nk(—ns + 41 + 8)}
n2k?

) . coth? (at)

s— 3 27 8 4 16 T 8
—(271-l-rz)[sinh(m)](’(nik1> L {—s@8m + ;7)]_: 7+ 110+ 8)
n

+2K2{8712+5nn+772)} 6r+l)]

[sinh(ar)] "

(39)
b
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10000

— — —n=0.5 a0=0.0589
....... n=1.0, o =0.0922 [
n=15,0=01089

9000

8000

S
7 \ 4
000 : / Accelerating Universe

6000

o 5000

4000

3000

2000

1000

] I~ N | e |- | L L | |
9 10 11 12 13 14 15 16 17 18 19 20
t

Fig. 2 The plot of energy density p versus time ¢ with presence of M.F. Here n = 2,7 = 2.432,5 =
1.730, K = 0.1

From (58) and (59) the EoS parameter may be expressed as (Fig. 3)

3 1 3a2{(87 + 4n)(3r2 — nkr) — 3nrs — 3ns? — 6ns)
T (8w +2n)(87 + 4n) n2k2
30?{(3n + 8)(3r —nk +3 3a2{(87 + 4n)r — 3n+8
+a{(n+)(r nk + 3)} coth?(ar) + a“{(87 +4n)r —ns + 3n + 8}
n2k2 nk
. so—s—0  K2(3n% 4 20n + 3272) . 61
+2(7 + n)[sinh(at)]” & — ) [sinh(aez)] nk (60)
T

In literature the relation between matter energy density and dark energy is given by the
equation

Q4+ Qp = 1 61)
where 2, = %’# and Q) = ﬁ )

P A

Y 62)
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1251

250 : : : T
— = —n=050=0.0598 |
20r- n=1.0,0=0.0922 | | T
- - I
150 : n=1.5, o =0.1089 h i
: [
_ 100 : I b
% : J
9 50 / | I
() s
@ v
@ —50 ! i
<] |
i} I
-100 ////?”, 1
|
I
—150 -Decelerating to Accelerating Universe Accelerating Universe :, 7
-200 ! J
!
_250 | | | | | | | | d 1
0 1 2 3 4 5 6 7 8 9 10
Time (t)

Fig. 3 The plot of EoS parameter w versus time ¢
2.432,5 =1.730, K = 0.1

Using equations (47) and (59) into equation (62) we obtain the expression for A (Fig.

with presence of magnetic field. Here n = 2,r

4)

A -1 3a2{(3s% — kns + 3)(87 + 3n) + 3rs + kn)(167 + Tn)}
T 8w +2n) n2k?
2 _ — 4 4 —
_3a {3r(8m +1n —8) —6s(4m + 1)} + ( s)n+8 cothz(ozt)
n2k? nk
6(r—s—1)

nk

+3a2{—s(8n +4n) + 16w + 11 + 8}

nk
+2K2{87T2 + 570 4+ %)}
T

5.2 Without Presence of Magnetic Field

[sinh(axz)] »

— (2 + n)[sinh(at)]

|

3 2
+ izcoth2 (at)
n

6(r+1)
k

(63)

Here the set of (30)—(33) is the set of four equations in six unknown, for the explicit solution
we use the same set of assumptions as used in model one.
Subtracting (32) from (31) then using the (43)—(45), we obtain the skewness parameter as

3a? coth?(ar) {302 — 52 — s + 1) —nk(r — )} 3a%(r —5)

5 — 1
@m +2n)p [

6(r—s—1)
nk

+[sinh(at)]

|

nZk? nk

(64)
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10000

....... n= 0.5, o = 0.0598
n=1.0, o= 0.0922 ]
- — —n=1.5,0=0.1089 ||

9000

8000

7000

6000

< 5000

4000

3000

2000

1000

Fig. 4 The plot of cosmological constant A versus time ¢ with presence of M.F. Here n = 2,r =2.432,s =
1.730, K = 0.1

Simplifying (33) with the help of (43)-(45) and p = —p, we obtain the EoS parameter @
as (Fig. 6),

-1 3a2{(87 + 3n)(3r2 + 3r — nkr) — 3n(s% + s) + nkns}
w =
087 +5n) (8w + 27) n2k?
+3a2{(87r +2n@3 — nk)}.cothz(at) B 3a2{r(87w + 3n) — ns + 87 +2n)
n2k? nk

4w +3n . 6(r=s=1) n

— ~[sinh(ar)]” * - 65
+— [sinh(at)] } e (65)

From (30), (64) and (65), we have (Fig. 5)

p=—-p

-1 302{(r — 5)(8m + 5n) + 3n(8mr + 3nr —ns+87 + 21)}
1627 + n)(4m + n)2 nk
922{(2r* + s%) (4 n + 2n?) — rs(10n* + 567y + 641%) — 2r (30 + 327%)}
h n2k?
902{40mrn — 8s(n? — 61y + 87%) + 247wy + 3n%}
+ n2k?

} . coth? (at)

_3a2{(r —5)8m 4+ 51n) + 3n@nr + 3nr — ns + 87 + 2n)}
nk

— (70 4+ 20mn + 160> — 87 — sn)[sinh(at)]iﬁ('ii*”] (66)
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n= 0.5, o= .0598
n=1.0, o=.0922 []
— — —n=15,0=.1089 ||
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1
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Fig.5 The plot of energy density p versus time ¢ without presence of M.F. Here n = 2, r = 2.432, s = 1.730

Using (47) and (66) into (62) we obtain the expression for A as (Fig. 7)

302, —1
A = —zcoth + 5
n 1627 + n)(4mw + 1)
302{(r — 5)(87 + 5n) +3n8nrr + 3nr — ns 4+ 8w + 2n)}
’ nk
9a? {(2r% + 5%)(@dmn + 2n%) — rs(10n? + 56 + 647%) — 2r (3n* + 327%)}
n2k?
902 {407 rn — 8s(n> — 6 872) + 24 3n?
n o {40mrn — 8s(n 721n+ n7) + 247 4 317} . coth®(ar)
n2k?
3a2{(r — s)(8m + 51) + 3n(87r + 3nr — ns + 87 + 2n)}
nk
6(r—s—1)
—(Tn% + 207 + 16n* — 87 — 5n)[sinh(ar)]” (67)
Table 1 Nature of EoS parameter for different n and «
n o w (MF) w (MF) o (WMF) o(WMF) Universe nature
0.5 0.0598 —1.2654 o< -1 —2.1832 w<—1 Acc. phase
0.6 0.0692 —1.0018 o< -1 —2.0609 w<—1 Acc. phase
1.0 0.0922 —0.3640 o> -1 —1.7846 w<—1 Acc. phase
1.5 0.1089 —0.3480 o> -1 —1.6684 w< -1 Transition phase
2.0 0.1203 —0.1754 o> -1 —1.6220 w<—1 Transition phase
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Fig. 6 The plot of EoS parameter @ versus time ¢ without presence of M.F. Here n = 2,r = 2.432,5s =
1.730
6 Results and Discussion

Following (53) as presented in Section 4, which is a connection between time dependent
deceleration parameter g, n and & may be re-written as

tanh(at) = /1 — 2 ;L ! (68)

100

....... n= 05, o=0.0598
n=1.0, 0=0.0922 |

\ — — —n=1.5,0=0.1089 ||

Accelerating Universe

— |

90

80

70

60

A

0

o
—

J E—

40
30H
20kt Decelerating to Accelerating Universe

101

Fig. 7 The plot of cosmological constant A versus time ¢ without presence of M.F. Here n = 2,r =
2.432,5s = 1.730
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The above equation (68) is valid if 0 < anill < 1.
We may re-expressed the (68) in term of « i.e.

1

1 112

o = — tanh™! |:1 _1 + ] (69)
t n

From observational data age of the universe is o = 13.8Gr and go = —0.73 [34],
1 [ 02772

o = —— tanh 1—— (70)

13.8 n

For real value of &« we may have to impose the constraint i.e. n > 0.27. Now for understand
the nature of model we have decided to know the transition phase of the universe. For this
purpose we have compiled the value of n, @ and w (with and without presence of magnetic
field) given in Table 1.

7 Concluding Remarks

On the basis of above study following conclusions may summarized:

e [tiseasy to analyze from (50) that the spatial volume V is zero at t = 0 and approaches
to infinite as t — oo, this indicates that universe starts evolving with zero volume at
t = 0 (i.e. singularity at + = 0) and expand with cosmic time ¢. Thus we can say that
our constructed models compatible with standard Big-Bang model of the universe.

e Also Fig. 1 indicates the accelerating nature of universe for n < 1 and transition phase
i.e. decelerating to accelerating nature for n > 1.

It is easily seen that the nature of ¢ agree with observational data from SNela, it also

show that the value of g is —1 < g < 1.

e We observed that ‘5—; is constant, which show that the models does not approaches to
isotropy throughout the evolution of the universe.

e Figures 2 and 5 depict the positive behavior of energy density p with cosmic time ¢ for
both models with and without presence of magnetic field, it is clear that p is decreasing
function of time, the value of p very large at the beginning (i.e. at t = 0) and converges
to zero for large value of 7.

e As shown in Table 1 we have presented the values of EoS parameter w for different
value of n and «, at o = 13.8 for both the cases with and without presence of magnetic
field followed by Figs. 3 and 6, which clearly indicate the reason how the universe is
behaving decelerating to accelerating. The value of EoS parameter is negative for all
value of n at ty.

e As we already presented in the previous section regarding the importance of cosmolog-
ical constant A in f(R, T') gravity theory so we have plotted the figure A versus time
t, which have been presented in Figs. 4 and 7 for both the cases(with and without mag-
netic field ), it has been found that cosmological term A is decreasing function of time
and it approaches to a small positive value at the present scenario which is the strong
tuning with the recent observation [1, 2, 35, 36]. Thus we may say that cosmological
constant A is potential candidate to discuss the nature of DE.
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