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Abstract:

The universe filled with Modified Chaplygin Gas Dark Energy has been studied in f (r)theory of gravity.
Detail study has been done with the help of equation of state parameter and phantom divide line .
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1] Introduction :

The most significantly studied modified theories

of gravity are f(R), f(R,T), f(T,z), f(R,L,)
and so on. Ferraro and Fiorini (2007, 2008)
developed f(T) theory of gravity for solving particle
horizon problem and obtained singularity free
solutions with positive cosmological constant.
Bamba et al. (2011) studied the evolution of
effective equation of state for different f(T) models as
well as Daouda et al.(2012) examined this model
with the holographic Dark Energy model to study the
phantom behavior as well as unification of Dark
Energy and Dark Matter. Plane symmetric Modified
Chaplygin Gas Dark Energy model in f(T) theory of
gravity has been studied in this article .

[2] f (T)gravity & Plane Symmetric Solutions :

The modified field equations of the
teleparallel theory of gravity (Sharif and Jawad
2012) are obtained by varying the action with respect

to the vierbein vector field h;, and are given by

[0, s - Tes, e £1)+572, (1), +%h;’ e f(T)]:%kthT; :

)

where $" =h’S"", k*=82G, f, = f

dT
The teleparallel Lagrangian density is described by
the torsion scalar T and is defined as

T:Spluvaluv, (2)

where
1

Spﬂv=5

(K“% +54T "5 =82T%,), (3)

is the antisymmetric tensor.
Here, The torsion and contorsion tensors are defined
as

prv:r‘pvy_l—‘p,uv:hip(aﬂh‘i,_avh;,) (4)
i

vap B _E(Tﬂvp _Tvup _Tp/lv). (5)

The plane symmetric line element is in the form
ds? =dt? — R’ (t)(dx? +dy?) — R, (t)dz? (®
where R, and R, are the cosmic scale factors.
Using above equations, the torsion T becomes

<. s
T:_z[z RE, 5

)
RR, Rf]

For above plane symmetric metric, the
average scale factor a, the mean Hubble parameter
H and the anisotropy parameter A of the expansion
are respectively given by

1
a=(R’R,)*,

(8)
=288 e
1&(H, -HY
A:§Z( 'H J (10)
i=1

where H; are the directional Hubble paramerters in

X,y and z direction respectively.
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_ R, For A=0, here , the isotropic behavior of the
These are givenby H, =H,= R expanding Universe will be obtained.
1
H R, Using such condition, the field equations reduce to
3 =——.
RZ

The energy momentum tensor for perfect fluid is
given by
Tpv =diag(py ,—Py,—Pv.—Pu), (11)

where p,, is the energy density and P,, is the
pressure of matter inside the Universe.
Using above, the field equations of f(T) gravity for
i=0=v and i=3=v

reduce to following set of equations:
T+ f(r)_4(25z1§e2+§zj(l+ fM))=2k2p,+ (12)

172 1

o
4 R1R2+iz+Rlz @+ f(T))
RIRZ Rl Rl

N &
R szfszz + Rflfilz |, i frr —(T + f)=2k?P,
Rl Rl RZ Rz Rl Rl Rl RZ

(13)

For solving the field equations (12) &(13),
we consider that the expansion € is proportional to
shear o . {Thorne 1967 suggests that from the
observations of velocity red shift relation for
extragalactic sources have shown that the isotropy of
the Hubble expansion of the universe holds within
about 30% range approximately (Kantowski and
Sachs 1966) and further studies have given the limit

to be %SO.SO, where o is shear and H is
Hubble constant. }.
For plane symmetric universe,the expansion scalar

and shear scalar are given by

g=2% R (14)
R1 R2

o t[R_R) (15)
V3R R,

As per Bali and Kumavat ( 2008) , it leads

to condition

R,t)=R"(t), m>2.  (16)

Using this condition, we found
(m-1)

A=2 )
(m+2)

(17)

2) (812G f Tf
oo (me2) (816 1 Th)
omr)l 3 Mg 3 ) U9
2 2(m+2) m+5
(Hz)':m+2 2k°P, + ol TfT+m+1T+f ' (19)
3 2+ 2f, +4Tf;

where prime denotes the derivative with respect to

L'Q
In{A ? J

[4] Modified Chaplygin Gas Dark Energy
Cosmological Model:

Here, we choose the scale factor of the form
R,(t)=R"(t) =a(t) =a,(t, —t)" t<t, m>2 ,h>0
; (20)
where n and s are positive real constants. For
convenience , we take S =1.

The equation of state of the Modified Chaplygin Gas
Dark Energy model is given by

B
p;/:Apy__a ! (21)
Py
where A>0 ; B>0 are positive constants .

For T+f(T)=T, the above field equations reduce to

DY) {_8;@ }
H _9(2m+1) 3 (pM +pDE) - (22)

2\ _(m+2 m+5 _
(H )_( 3 JSﬂG|:PM+PDE+(m+1)(pM+pDE):|

23
Here we have assumed (for non-relativistic maEter))
F. =0.

Using above all equations, the energy
density and pressure of Modified Chaplygin Gas
Dark Energy becomes

-1

=——(f +2Tf; ). 24

Pr 167ZG( T) (24)
ot g

PT m+1 . (25)

T167G| L+ f, +2TH,

The energy conservation equations corresponding to
Dark Matter and Dark Energy are

Pw +3Hpy, =0,
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The resulting Equation of State parameter for
Modified Chaplygin Gas Dark Energy in f(T)

gravity will be given by

f (m+5)
o =— T g =1+ A+l,( . h>0
f 1 13(@ra)(1+A))
(l+ fr +Thy {7"' ij B aﬁ(ij +1
T ca+m|h) |
(27)
hl 3(1+a)(1+A)
B H
For C<0and ———|a,| — >1
ca+A)| °Lh

@, cancross the phantom divide line.

5] Conclusion:

The Modified Chaplygin Gas Dark Energy
Plane Symmetric universe has been studied in f(T)
gravity . It is interesting to note that the Equation of
State parameter @; can cross the phantom divide

line in f (T) theory of gravity similar to Karami &
Abdolmaleki (2010) .
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