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Introduction
The discovery of accelerated expansion of the universe1,2 led 

to a number of new ideas in cosmology. Recent observations of 
supernovae are consistent with the universe made up 71.3% of dark 
energy and only 27.4% of a combination of dark matter and baryonic 
matters.3 Dark Energy (DE) has been conventionally characterized by 
the equation of state (EoS) parameter pω

ρ
=  which is not necessarily 

constant. SNIa data collaborated with CMBR anisotropy and galaxy 
clustering statistics suggest that 1.33 0.79ω− < <− .

4 Due to lack 
observational evidence in making a distinction between constant and 
variableω , usually the equation of state parameter is considered as 
a constant5,6 with phase wise value 11, 0,

3
−

−  and +1 for vacuum 

fluid, dust fluid, radiation and stiff dominated universe, respectively. 
New dark energy models in anisotropic Bianchi type-I (B-I) space-
time with variable EoS parameter and constant deceleration parameter 
have been investigated by Pradhan et al.7 The Bianchi type III dark 
energy models with constant deceleration parameter are investigated 
by Yadav et al.8 Locally rotationally symmetric (LRS) Bianchi Type I 
cosmological models are examined by Akarsu et al.9 in the presence of 
dynamically anisotropic dark energy and perfect fluid. They assume 
that the DE is minimally interacting, has dynamical energy density, 
anisotropic EoS parameter. Some new exact solutions of Einstein’s 
field equations emerged in a spatially homogeneous and anisotropic 
Bianchi type-V space-time with minimally interacting perfect fluid 
and anisotropic DE components, which has dynamic EoS parameter 
investigated by Pradhan et al.10 A special law of variation for Hubble’s 
parameter is presented by S Kumar et al.11 in a spatially homogeneous 
and anisotropic Bianchi type-I space-time that yields a constant 
value of deceleration parameter.A spatially homogeneous and 
anisotropic but LRS Bianchi type-II cosmological model is studied 
by CP Kumar et al.12 with a perfect fluid and constant deceleration 
parameter. Akarsu et al.13,14 have investigated Bianchi-I and Bianchi-
III DE models with constant Deceleration Parameter. Yadav et al.15 
studied spatially homogeneous and anisotropic locally rotationally 
symmetric (LRS) Bianchi-I cosmological model in the presence of 

magnetized dark energy. Sahoo et al.16 investigated axially-symmetric 
cosmological model with anisotropic DE. Recently, Katore et al.17 
studied magnetized anisotropic DE models for Bianchi type-V space–
time with constant deceleration parameter. Very recently, Shaikh et 
al.18 have studied plane-symmetric Universe with variable ω in the 
presence and the absence of magnetic field of energy density 

B
ρ  

together with constant deceleration parameter.

Motivated by above research work, in this paper, we have 
investigated the magnetized anisotropic DE models with variable ω
. This paper is organized as follows: In Section 2, the metric and field 
equations are described. The solution of field equations are presented 
in Section 3. Section 4 deals with cases for 0 & 0  s s≠ =  and section 
5 concludes the findings.

Metric and Field Equations
General solutions of Einstein’s field equations for a perfect fluid 

satisfying a barotropic equation of state have been obtained by Stewart 
et al.19. Hajj-Boutros20 developed a method to build exact solutions of 
field equations in case of the following metric in presence of perfect 
fluid and obtained exact solutions of the field equations which add to 
the rare solutions not satisfying the barotropic equation of state. Some 
hyper surface-homogeneous bulk viscous fluid cosmological models 
with time-dependent cosmological term have been studied by Verma 
et al.21

The general metric for a hyper surface Homogenous space time 
can be described by

         ( ) ( ) ( )2 2 2 2 2 2 2 2,ds dt A t dx B t dy y K dz =− + + +∑  
 		

	                                                                                                       (2.1)

Where A, B are functions of t only and ( ), sin , ,sinhy K y y y=∑  
respectively when 1, 1, 0.k= −

Katore et al.22 obtained the exact solutions of the field equations 
for Hyper surface-homogeneous space time under the assumption 
on the anisotropy of the fluid (dark energy), which are obtained for 
exponential and power-law volumetric expansions in a scalar-tensor 
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theory of gravitation. Katore et al.23 presented a class of solutions of 
Einstein’s field equations describing two-fluid models of the universe 
in Hyper surface-Homogenous space time. Shaikh et al.24 proposed 
the study of cosmological model represented by hyper surface 
-Homogenous reference system for perfect fluid distribution within 
the framework of ( , )f R T  gravity.

The Einstein field equations, in gravitational units ( 1c= and 
8 1Gπ = ) are 

                                        

1
2ij ij ijR R g T− =−                                               (2.2)

Where 
ij

R  is the Ricci tensor, R is the Ricci scalar, and 
ij

T is the 
energy-momentum tensor for magnetized anisotropic fluid.

Now we consider more general energy-momentum tensor for 
magnetized anisotropic dark fluid in the following form

                 
, , ,

j
i B x B y B z BT dig p p pρ ρ ρ ρ ρ = − − + − −                        (2.3)

Where ρ  is the energy density of the fluid; xp , yp and zp are 
pressures on x, y and z axes respectively and Bρ  stands for energy 
density of magnetic field. The anisotropic fluid is characterized by the 
EoS p ωρ= , whereω  is not necessarily constant.25

From Equation (2.3), we have 

       ( ) ( ), , ,
j

i B B B BT dig ρρ ρ ω ρ ω γ ρ ρ ω γ ρ ρ = − − + + − + −  	            (2.4)

Where ,x Bω ωρ ρ= +  yω ω γ= +  and zω ω γ= +  are the directional 
EoS parameters on x, y and z axes respectively. γ  is the deviation free 
EoS parameter on y axis and z axis.

Jacobs26 studied the impact of a regular, early magnetic flux on 
Bianchi type-I cosmological model. To discuss the effects of magnetic 
flux on the evolution of the Universe, King et al.27 used the magnetic 
perfect fluid energy–momentum tensor. Bianchi type-I cosmological 
model in the presence of magnetic anisotropic dark energy is 
obtained by Sharif et al.28. Katore et al.29 investigated Bianchi type-
III cosmological model in the presence of magnetic anisotropic dark 
energy. Zeldovich et al.30 underlined the importance of magnetic field 
for a variety of astrophysical phenomena.

In a commoving coordinate system, for the anisotropic hyper 
surface Homogenous metric (2.1), Einstein field equations (2.2) 
together with Equation (2.4) lead to the following system of equations

  

                                    

2

2 2
2 AB B K

BAB B B
ρ ρ+ + = +

  

                                      
(2.5)

       

                             

2

2 2
2B B K

BB B B
ωρ ρ+ + =− −

 

	                            (2.6)

 

                         
( )

B

A B AB
A B AB

ω γ ρ ρ+ + = − + +
  

                        (2.7)

The energy conservation equation related to cosmic fluid and 
magnetic field is given by 

                       
( )2 1 2 2 0B B

A B B A
A B B A

ρ ω ρ γ ρ ρ ρ
 

+ + + + + + = 
 

  

 

                  
(2.8)

Here the overhead dot on A, B and elsewhere denote differentiation 
with respect to t.

Solution of field equations
The Field Equations (2.5)-(2.7) are a system of three 

linearly independent equations with six unknown parameters 
( , , , , , )

B
A B ρ ρ ω γ .Thus system is initially undetermined and we 

need additional constraints to solve the system.

(i)	 We constrain the system of equations with a law of variation for 
the Hubble parameter proposed by Berman31 for solving FRW 
models, which yields a constant value of deceleration parameter 
(DP). Singh et al.32 have studied flat FRW and Bianchi type models 
by using the special law of Hubble parameter that yields constant 
value of deceleration parameter. A similar law of variation for the 
Hubble parameter in anisotropic space-time metrics that yields 
a constant value of the deceleration parameter, and generated 
solutions for Bianchi Type-I,33 LRS Bianchi Type-II,11,34 Bianchi 
Type-V metric in General Relativity have been proposed .

(ii)	 We assume that the scalar expansion ( )θ  in the model is 
proportional to the shear scalar ( )σ .

This condition leads to the following relation between the metric 
potentials:

                                         
nA B= 	                                            (3.1)

Where ( 0)n >  is a constant?

The motive behind assuming the constrain is explained with the 
reference to Thorne [36] observations of velocity red shift relation for 
extragalactic sources suggest that Hubble expansion of the universe is 
isotropic about 30% range approximately.37,38 To put more precisely, 
redshift studies place the limit 0.30

H
σ
≤ . Collins39 discussed the 

physical significance of this condition for perfect fluid and barotropic 
equation of state in a more general case. Roy et al.40–42 proposed this 
condition to find exact solution of cosmological models.

The average scale factor R of Hyper surface metric is given by

                                     ( )
1

2 3R AB=
				  

					                                (3.2)

The generalized mean Hubble parameter H is defined as

                                
( )1 2 3

1
3

H H H H= + + 		             (3.3)

Where 1
AH
A

=


, 2
BH
B

=


 and 3
BH
B

=


 are the directional Hubble 

parameter H, in the direction of x, y and z axes respectively.

The spatial volume for the model (2.1) is given by 

                                   
1

3 2
3V R AB= =

                                        (3.4)

Using equations (3.2)-(3.4), we obtain

                            
1 1 2
3 3

V R A BH
V R A B

 
= = = + 

 

   				  
				                                                 (3.5)

As the line element (2.1) is completely characterized by Hubble 
parameter H. We also use a well-known relation Berman31 between 
the average Hubble parameter H and average scale factor given as

                                       1
sH k R−= ,                                         (3.6)
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 Where ( )1 0k >  and ( )0s ≥  are constants. This is an important 
relation because it gives the constant value of the deceleration 
parameter.

 We assume that the magnetized dark energy is minimally 
interacting, hence energy conservation equation (2.8) can be split 
into two separately additive conserver components: namely, the 
conservation of energy –momentum tensor for the anisotropic fluid 
and for the magnetic field.

                                
( )2 1 2 0A B B

A B B
ρ ω ρ γ ρ

 
+ + + + = 
 

  



,                              (3.7)

                                           
2B

A

αρ = .	                           (3.8)

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

                                              2

RRq
R

=−




.                                          (3.9)

In Berman’s law the deceleration parameter can get values q≥−1.
For accelerating expansion of the universe, we must have −1≤q<0. It 
exhibits constant-rate volumetric expansion if q=0.

 Using Equations (3.5) and (3.6), we have

                                           
1

1
sR k R− += ,	                             (3.10)

                                      ( )2 2 1
1 1 sR k s R− +=− −

 .                        (3.11)

Using equations (3.9), (3.10), (3.11), we get values for the 
deceleration parameter for the mean scale factor as:

                                                1q s= −  for 0s≠ ,                                  (3.12)

                                          1q=−  for 0s= .	                          (3.13)

The sign of q indicates whether the model accelerates or not. 
The positive sign of q (i.e. s>1) corresponds to decelerating model 
whereas the negative sign of q for 0 1s≤ <  indicates acceleration. 
q=0 for s=1 corresponds to expansion with constant velocity. It is 
remarkable to mention here that though the current observations of 
SNe Ia and CMBR favours accelerating models (q<0), but both do 
not altogether rule out the decelerating ones which are also consistent 
with these observations.43

Using equation (3.10), we obtain the law of average scale factor as

                                 ( )
1

1 sR Dt c= +  for 0s≠ ,	                          (3.14)

                                    
1

2
k tR c e=  for 0s= ,	                           (3.15)

Where c1 and c2 are constants of integration. Thus, the law (3.6) 
provides two types of the expansion in the universe i.e., (i) power-law 
(3.14) and (ii) exponential-law (3.15).

Models for s≠0 and s=0:

Case (i): Model for 0s ≠
Using Equations (3.1), (3.5) and (3.12), we get following 

expression for scale function

                                      ( ) ( )
1

1
0 ,D t c rB t l +=

	                                          (4.1)

                                        ( ) ( )1
1

n
D t c rA t l += ,                                 (4.2)

Where ( )
3

20 3 nl c
−

+=  , 
( )2

3
s n

r
+

=  and 1 0
nl l= .

Therefore, the model (2.1) becomes

( ) ( ) ( )2 2 2 2 2 2 2 2
1 1 0 1

2 2
, .

n
ds dt l Dt c dx l Dt c dy y K dzr r  =− + + + + +∑  

		
                                                                                                             (4.3)

The expression for kinematical parameters the Hubble’s parameter 
H, the scalar expansion, shear scalar, for model (4.3) are given by

                                 ( )
1

1
,kH

Dt c
=

+ 	                                           (4.4)

                               
( )

1

1

33 ,kH
Dt c

θ= =
+

				  
	                                                                                               (4.5)

                               
( )
( )

2 2
2

22
1

11 .
3

n D

r Dt c
σ

−
=

+

				  
	                                                                                              (4.6)

 Using Equations (4.5) and (4.6), we have

                                     
( )

1

1
.

3 3
D n

r k
σ
θ

−
=

	                           (4.7)

Using Equations (3.8) and (4.2), we get                                                        

                                 
( )22

1 1

.B
l Dt c

αρ =
+

 				  
	                                                                                           (4.8)

             

Using equations (2.5), (3.1), (4.1) and (4.8) we have 

             
( )
( ) ( ) ( )

2

2 2 22
2 21
0 1 1 1

2 1
.

n

r r

n D K

r Dt c l Dt c l Dt c

αρ
+

= + −
+

+ +

		                                                                                                                                                   
                                                                                                                (4.9)

It is observed that the Hubble parameter H, the scalar expansion, 
shear scalar, magnetized dark energy density and energy density is 
the decreasing function of time and approaches 0 as t→∞  . Since                                                                                                                                            

lim
,const nt

t
a

σ
θ

=
→∞ 

The model is not isotropic for large value of t.                                    

We observe that at 1ct
D
−

= , the spatial volume vanishes while all the 

parameters diverge. Therefore, the model has a big bang singularity at
1ct

D
−

= , which can be shifted to 0t=  by choosing 
1

0c = .

Using Equations (2.6), (3.1), (4.1), (4.8) and (4.9), the equation of 
state parameter is given by 

                   

( )
( ) ( ) ( )

( )
( ) ( ) ( )

2

2 2 22
2 21
0 1 1 1

2

2 2 22
2 21
0 1 1 1

2 3

.

2 1

n

r r

n

r r

r D K

r Dt c l Dt c l Dt c

n D K

r Dt c l Dt c l Dt c

α

ω

α

 
 −

− − 
 + 

+ +  =
 
 +

+ − 
 + 

+ +  

 			 
      	                                                                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                                                       
                                                                                                                                      (4.10)
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The SN Ia data suggests that −1.67<ω <−0.6244 while the limit 
imposed on ω  by a combination of SN Ia data (with CMB anisotropy) 
and galaxy clustering statistics is −1.33<ω <−0.79.4 So, if the present 
work is compared with experimental results mentioned above then, 
one can conclude that the limit of ω  provided by equation (4.10) may 
accommodated with the acceptable range of EoS parameter.

Using Equations (2.6), (3.1), (4.1), (4.8) and (4.9) and (4.10), the 
skew ness parameter is given by

       

( ) ( )
( ) ( ) ( )

( )
( ) ( ) ( )

2 2

2 2 22
2 21
0 1 1 1

2

2 2 22
2 21
0 1 1 1

1 2 2

2 1

n

r r

n

r r

n r n n D K

r Dt c l Dt c l Dt c

n D K

r Dt c l Dt c l Dt c

α

γ

α

  − − + −    + + 
 + 

+ +  =
 
 +

+ − 
 + 

+ +      (4.11)

In absence of magnetic field i.e. 0α→ the value of Hubble’s 
parameter H, the scalar expansion θ , shear scalar σ  remains as it 
is and energy density for magnetic field ,energy density for fluid, the 
EoS parameter and skew ness parameter given by 

                                             t→∞ 	  	                            (4.12)

   

                              

( )
( ) ( )

2

2 22
21
0 1

2 1
,

r

n D K

r Dt c l Dt c

ρ
+

= +
+

+
                   (4.13)

  

                           

( )
( ) ( )

( )
( ) ( )

2

2 22
21
0 1

2

2 22
21
0 1

2 3

,

2 1

r

r

r D K

r Dt c l Dt c

n D K

r Dt c l Dt c

ω

 
 −

− 
 + 

+  =
 
 +

+ 
 + 

+   	

		                                                                           

(4.14)

                                                                                               

                                                                                                      (4.15)

Case (ii): Model S=0
From Equations (3.1), (3.5) and (3.13) we get following expression 

for scale function

                                    ( ) 2
0 ,k tB t L e= 	                             (5.1)

    

                                       ( ) 2
1

,n k tA t L e=                                          (5.2)

Where 

3

22
0

4

ncL
c

+ 
= 
   , 

1
2

3
2

kk
n

=
+  and 1 0

nL L= .

Therefore, the model (2.1) becomes

  ( )2 2 2 2 2 2 2 2 2 22 2
1 0 , .n k t n k tds dt L e dx L e dy y K dz =− + + +∑  

		
		                                                                             (5.3)

The expression for kinematical parameters the Hubble’s parameter 
H, the scalar expansion, shear scalar, for model (5.3) are given by

                                   
( )

2

1
2 ,

3
H n k= +

				  
					                                 (5.4)

 

                                  ( ) 23 2 ,H n kθ= = + 	                              (5.5)

                                         
( )22 2

2
1 1 .
3

n kσ = −
                                         (5.6)

Using Equations (5.5) and (5.6) , we have

                                       ( )
( )

1 1
.

3 2
n
n

σ
θ

−
=

+
 				  

                                                                                                          (5.7)

Using Equations (3.8) and (5.2), we get

                                        2 2 2
1

.B nk tL e

αρ =
	                               (5.8)

From Equations (2.5), (3.1), (5.1) and (5.8) we have 

                        2 2
2 2 2 2 2 22 2

0 1

2
k t nk t

knk k
L e L e

αρ= + + − 		
 	

				                                                    (5.9)

It is observed that the Hubble parameter H, the scalar expansion, 
shear scalar, magnetized dark energy density and energy density is the 
decreasing function of time and approaches 0

 As 
t → ∞ . Since lim

t
σ
θ→∞

= constant,

The model is not isotropic for large value of t.

Recent observations of SN Ia45,46 suggest that the universe is 
accelerating in its present state of evolution. It is believed that the way 
universe is accelerating presently; it will expand at the fastest possible 
rate in future and forever. For s=0, we get 1q=−  ; incidentally this 

value of DP leads to 0dH
dt

= , which implies the greatest value of 

Hubble’s parameter and the fastest rate of expansion of the universe. 
Thus, this model may represent the inflationary era in the early 
universe and the very late times of the universe.

From Equations (2.6), (3.1), (5.1), (5.8) and (5.9), the equation of 
state parameter is given by

	         
( )

2
2 2 2 2 22 2

0 1

2
2 2 2 2 22 2

0 1

3

2 1

k t nk t

k t nk t

kk
L e L e

kn k
L e L e

α

ω
α

 
 + +
  =−

 
 + + −
  

 		                                                                                                                                                   
                                                                                                     (5.10)	
				  

                                 

 

From Equation (5.10), we observe that 1ω≈−  for sufficiently 
large time t. Therefore, the late time dynamics of EoS parameter 
ω represents the vacuum fluid dominated Universe, which is 
mathematically equivalent to cosmological constant.

( ) ( )
( ) ( )

( )
( ) ( )

2 2

2 22
21
0 1

2

2 22
21
0 1

1 2

.

2 1

r

r

n r n n D K

r Dt c l Dt c

n D K

r Dt c l Dt c

γ

  − − + −    + 
 + 

+  =
 
 +

+ 
 + 

+  
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From Equations (2.6), (3.1), (5.1), (5.8) and (5.9) and (5.10), the 
skew ness parameteris given by

 

                

( )
( )

2 2
2 2 2 2 22 2

0 1

2
2 2 2 2 22 2

0 1

22

2 1

k t nk t

k t nk t

kn n k
L e L e

kn k
L e L e

α

γ
α

 
 − + − + +
  =
 
 + + −
  

 	          (5.11) 

In absence of magnetic field i.e. 0α→ the value of Hubble’s 
parameter H, the scalar expansion θ , shear scalar σ  remains as it 
is and energy density for magnetic field, energy density for fluid , the 
EoS parameter ω  and skewness parameter γ  given by

                                               0s= 			             (5.12) 

                                   
( ) 2

2 2 2 2
0

2 1 .
k t

kn k
L e

ρ= + +
				 

			                                                              (5.13)

                                 

( )

2
2 2 2 2

0

2
2 2 2 2

0

3

2 1

k t

k t

kk
L e

kn k
L e
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Conclusion 

In this paper, we have studied Hypersurface Homogeneous 
anisotropic DE with variable EoS parameterω , considering two 
cases, for 0s≠  and 0s =  respectively. The special law of variation 
for Hubble’s parameter proposed by Berman31 yields constant 
value of Deceleration Parameter given by 1q s= − , which provides 
accelerating models of the universe for 1s<  and decelerating ones 
for 1s> . It is observed that in both cases, EoS parameter ω is variable 
function of time which has been supported by recent observations.1,2 
The EoS parameter of DE evolves within the range predicted by 
the observations. Since in both cases, σ

θ
= constant, the models do 

not approach isotropy at any time. Therefore, we cannot rule out 
the possibility of anisotropic nature of DE at least in hyper surface 
Homogenous framework. It is interesting to note that our investigations 
resembles to the result obtained by Yadav et al.15. The analysis of the 
models reveals that the present-day universe is dominated by Dark 
Energy, which can successfully describe the accelerating nature of the 
universe consistent with the observations.

Acknowledgments
None.

Conflicts of interest
The author declares there is no conflict of interest.

References
1.	 Adam G Riess, Alexei V Filippenko, Peter Challis, et al. Observational 

Evidence from Supernovae for an Accelerating Universe and a 
Cosmological Constant. The Astrophysical Journal. 1998;116(3):1009–
1038.

2.	 S Perlmutter, G Aldering, G Goldhaber, et al. Measurements of Omega 
and Lambda from 42 High-Redshift Supernovae. The Astrophysical 
Journal. 1999;517:565–586.

3.	 M Kowalski, D Rubin, G Aldering, et al. Improved Cosmological 
Constraints from New, Old and Combined Supernova Datasets. The 
Astrophysical Journal. 2008;686:749–778.

4.	 M Tegmark, M Blanton, M Strauss, et al. The 3D power spectrum of 
galaxies from the SDSS. The Astrophysical Journal. 2004  ;606(2):702–
740.

5.	 J Kujat, Angela M Linn, Robert J Scherrer, et al. Prospects for Determining 
the Equation of State of the Dark Energy: What Can Be Learned from 
Multiple Observables? The Astrophysical Journal. 2002 ;572(1):1–14.

6.	 Matthias Bartelmanna, Klaus Dolagb, Francesca Perrotta, et al. Evolution 
of dark-matter haloes in a variety of dark-energy cosmologies. New 
Astronomy Reviews. 2005;49(2-6):199–203.

7.	 A Pradhan,  H Amirhashchi,  B Saha. Bianchi Type-I Anisotropic Dark 
Energy Models with Constant Deceleration Parameter. International 
Journal of Theoretical Physics. 2011 ;50(9):2923–2938.

8.	 Anil  Kumar  Yadav, Lallan  Yadav. Bianchi Type III Anisotropic Dark 
Energy Models with  Constant Deceleration Parameter. International 
Journal of Theoretical Physics. 2011;50(1):218–227.

9.	  O Akarsu, CB Kilinc. LRS Bianchi type I models with anisotropic dark 
energy and constant deceleration parameter. General Relativity and 
Gravitation. 2010;42:119–140.

10.	 A Pradhan, H Amirhashchi, H Zainuddin. Accelerating dark energy models 
in Bianchi type-V space-time with variable deceleration parameter-
revisted. Electronic Journal of Theoretical Physics. 2002;9(27):159–176.

11.	 S Kumar, CP Singh. Anisotropic Bianchi type-I models with constant 
deceleration parameter in general relativity. Astrophysics and Space 
Science. 2007;312(1-2):57–62.

12.	 CP Singh, S Kumar. Bianchi type-II cosmological models with constant 
deceleration parameter. International Journal of Modern Physics D. 
2006;15(3):419–438.

13.	 Akarsu, CB Kilinc. Bianchi type III models with anisotropic dark energy. 
General Relativity and Gravitation. 2010;42(4):763–775.

14.	 Akarsu, CB Kilinc. de Sitter expansion with anisotropic fluid in Bianchi 
type-I space-time. Astrophysics and Space Science. 2010;326(2):315–322.

15.	  AK Yadav, F Rahaman, S Ray, et al. Magnetized dark energy and the 
late time acceleration. The European Physical Journal Plus. 2014. p. 127.

16.	 PK Sahoo, B Mishra. Axially symmetric cosmological model with 
anisotropic dark energy. The European Physical Journal Plus. 2014. p. 
129.

17.	  SD Katore, AY Shaikh. Bianchi Type V Magnetized Anisotropic Dark 
Energy Models with Constant Deceleration Parameter. The African 
Review of Physics. 2014. p. 1–8.

18.	 AY Shaikh, SD Katore. Magnetized anisotropic dark energy models 
with constant deceleration parameter. Pramana–Journal of Physics. 
2016;87:1–8.

19.	 Stewart JM, Ellis GFR. Solutions of Einstein’s Equations for a Fluid 
Which Exhibit Local Rotational Symmetry. Journal of Mathematical 
Physics. 1968;9(7).

20.	  Hajj-Boutros. On hyper surface‐homogeneous space‐times. Journal of 
Mathematical Physics. 1985;26(9).

21.	  Verma MK, Shri Ram. Bulk Viscous Bianchi Type-III Cosmological 
Model with  Time-Dependent G and  Λ. International Journal of 
Theoretical Physics. 2010;49(4):693–700.

22.	 SD Katore, AY Shaikh. Hypersurface-homogeneous space-time with 
anisotropic dark energy in scalar tensor theory of gravitation. Astrophysics 
and Space Science. 2015. p. 357.

https://doi.org/10.15406/paij.2017.01.00020
http://iopscience.iop.org/article/10.1086/300499/pdf
http://iopscience.iop.org/article/10.1086/300499/pdf
http://iopscience.iop.org/article/10.1086/300499/pdf
http://iopscience.iop.org/article/10.1086/300499/pdf
http://iopscience.iop.org/article/10.1086/307221/pdf
http://iopscience.iop.org/article/10.1086/307221/pdf
http://iopscience.iop.org/article/10.1086/307221/pdf
http://iopscience.iop.org/article/10.1086/589937/pdf
http://iopscience.iop.org/article/10.1086/589937/pdf
http://iopscience.iop.org/article/10.1086/589937/pdf
http://iopscience.iop.org/article/10.1086/382125/pdf
http://iopscience.iop.org/article/10.1086/382125/pdf
http://iopscience.iop.org/article/10.1086/382125/pdf
http://iopscience.iop.org/article/10.1086/340230/pdf
http://iopscience.iop.org/article/10.1086/340230/pdf
http://iopscience.iop.org/article/10.1086/340230/pdf
http://www.sciencedirect.com/science/article/pii/S1387647305000291
http://www.sciencedirect.com/science/article/pii/S1387647305000291
http://www.sciencedirect.com/science/article/pii/S1387647305000291
https://link.springer.com/article/10.1007/s10773-011-0793-z
https://link.springer.com/article/10.1007/s10773-011-0793-z
https://link.springer.com/article/10.1007/s10773-011-0793-z
https://link.springer.com/article/10.1007/s10773-010-0510-3
https://link.springer.com/article/10.1007/s10773-010-0510-3
https://link.springer.com/article/10.1007/s10773-010-0510-3
https://link.springer.com/article/10.1007/s10714-009-0821-y
https://link.springer.com/article/10.1007/s10714-009-0821-y
https://link.springer.com/article/10.1007/s10714-009-0821-y
http://www.ejtp.com/articles/ejtpv9i27p159.pdf
http://www.ejtp.com/articles/ejtpv9i27p159.pdf
http://www.ejtp.com/articles/ejtpv9i27p159.pdf
https://link.springer.com/article/10.1007/s10509-007-9623-4
https://link.springer.com/article/10.1007/s10509-007-9623-4
https://link.springer.com/article/10.1007/s10509-007-9623-4
http://www.worldscientific.com/doi/abs/10.1142/S0218271806007754
http://www.worldscientific.com/doi/abs/10.1142/S0218271806007754
http://www.worldscientific.com/doi/abs/10.1142/S0218271806007754
https://link.springer.com/article/10.1007/s10714-009-0878-7
https://link.springer.com/article/10.1007/s10714-009-0878-7
https://link.springer.com/article/10.1007/s10509-009-0254-9
https://link.springer.com/article/10.1007/s10509-009-0254-9
https://link.springer.com/article/10.1140/epjp/i2012-12127-6
https://link.springer.com/article/10.1140/epjp/i2012-12127-6
https://link.springer.com/article/10.1140/epjp/i2014-14196-9
https://link.springer.com/article/10.1140/epjp/i2014-14196-9
https://link.springer.com/article/10.1140/epjp/i2014-14196-9
http://www.aphysrev.org/index.php/aphysrev/article/download/934/378
http://www.aphysrev.org/index.php/aphysrev/article/download/934/378
http://www.aphysrev.org/index.php/aphysrev/article/download/934/378
http://www.ias.ac.in/article/fulltext/pram/087/06/0088
http://www.ias.ac.in/article/fulltext/pram/087/06/0088
http://www.ias.ac.in/article/fulltext/pram/087/06/0088
http://aip.scitation.org/doi/abs/10.1063/1.1664679
http://aip.scitation.org/doi/abs/10.1063/1.1664679
http://aip.scitation.org/doi/abs/10.1063/1.1664679
http://aip.scitation.org/doi/abs/10.1063/1.526812
http://aip.scitation.org/doi/abs/10.1063/1.526812
https://link.springer.com/article/10.1007/s10773-010-0248-y
https://link.springer.com/article/10.1007/s10773-010-0248-y
https://link.springer.com/article/10.1007/s10773-010-0248-y
https://link.springer.com/article/10.1007/s10509-015-2297-4
https://link.springer.com/article/10.1007/s10509-015-2297-4
https://link.springer.com/article/10.1007/s10509-015-2297-4


Magnetized dark energy cosmological models with constant deceleration parameter 113
Copyright:

©2017 Shaikh et al.

Citation: Shaikh AY, Wankhade KS. Magnetized dark energy cosmological models with constant deceleration parameter. Phys Astron Int J. 2017;1(4):108‒113. 
DOI: 10.15406/paij.2017.01.00020

23.	 SD Katore, AY Shaikh. Two-Fluid Cosmological Models in Hypersurface-
Homogeneous Spacetime. Prespacetime Journal. 2015;6(3):207–217.

24.	 AY Shaikh, KS Wankhade. Hypersurface-Homogeneous Universe with 
Λ in f(R,T) Gravity by Hybrid Expansion Law. Theoretical Physics. 
2017;2(1):34–43.	

25.	 SM Carroll, M Hoffman, M Trodden. Can the dark energy equation-of-
state parameter w be less than −1? Physical Review D. 2003. p. 68.

26.	 KC Jacobs. Cosmologies of Bianchi Type i with a Uniform Magnetic 
Field. Astrophysical Journal. 1969. p. 155.

27.	  E King, P Coles. Dynamics of a magnetized Bianchi I universe with 
vacuum energy. Classical and Quantum Gravity. 2007;24(8).

28.	  M Sharif, M Zubair. Dynamics of Bianchi I Universe with Magnetized 
Anisotropic Dark Energy. Astrophysics and Space Science. 2010;300:399–
405.

29.	 SD Katore, AY Shaikh, NK Sarkate. Bianchi Type-III Cosmic Strings 
and Domain Walls Cosmological Models in Self-creation Cosmology. 
Prespacetime-Journal. 2002;3(2).

30.	 Ya B Zeldovich, AA Ruzmainkin, DD Sokoloff. Magnetic field in 
astrophysics. Gordon and Breach, New York, USA. 1983.

31.	 Berman MS. Special Law of Variation for Hubbles Parameters. Il Nuovo 
Cimento B. 1983;74(2):182–186.

32.	 Singh CP, Ram S, Zeyauddin M. Bianchi type-V perfect fluid space-time 
models in general relativity. Astrophysics and Space Science. 2002;315.

33.	 Singh CP, Kumar S. Bianchi type-II cosmological models with constant 
deceleration parameter. International Journal of Modern Physics D. 
2006;15(3):419–438.

34.	 Singh CP, S kumar. Bianchi Type-II inflationary models with constant 
deceleration parameter in general relativity. Pramana-Journal of Physics. 
2007;68:707–720.

35.	  Singh CP, Ram S, Zeyauddin M. Bianchi type-V perfect fluid space-

time models in general relativity. Astrophysics and Space Science. 
2008;315:181–189.

36.	 KS Thorne. Primordial Element Formation, Primordial Magnetic Fields, 
and the Isotropy of the Universe. The Astrophysical Journal. 1967;148:51–
68.

37.	 R Kantowski, RK Sachs. Some Spatially Homogeneous Anisotropic 
Relativistic Cosmological Models. Journal of Mathematical Physics. 
1966;7(3):433–446.

38.	 J Kristian, RK Sachs. Observations in Cosmology. The Astrophysical 
Journal. 1966. p. 143.

39.	 CB Collins. Qualitative Magnetic Cosmology. Communications in 
Mathematical Physics. 1972;27:37–43.

40.	 SR Roy, S Prakash. An anisotropic magneto hydrodynamic cosmological 
model in general relativity. Indian Journal of Physics B. 1978;52:47–52.

41.	 SR Roy, SK Banerjee. A Bianchi type II cosmological model of Petrov 
type D representing an imperfect fluid with a source-free magnetic field. 
Classical and Quantum Gravity. 1977;14(10).

42.	 R Bali, G Singh. Inhomogeneous cosmological models with 
electromagnetic field in general relativity. Astrophysics and Space 
Science. 1987;134(1):47–54.

43.	 RG Vishwakarma. A study of angular size-redshift relation for models in 
which Λ decays as the energy density. Classical and Quantum Gravity. 
2000;17(18).

44.	 RA Knop, G Aldering, R Amanullah, et al. New Constraints on ΩM, 
ΩΛ, and w from an Independent Set of 11 High-Redshift Supernovae 
Observed with the Hubble Space Telescope*. The Astrophysical Journal. 
2003 ;598(1):102–137.

45.	 John L Tonry, Brian P Schmidt, Brian Barris, et al Cosmological Results 
from High-z Supernovae***. The Astrophysical Journal. 2003;594(1):1–24.

46.	  MV John. Cosmographic Evaluation of the Deceleration Parameter Using 
Type Ia Supernova Data. The Astrophysical Journal. 2004;614(1):1–5.

https://doi.org/10.15406/paij.2017.01.00020
https://prespacetime.com/index.php/pst/article/viewFile/717/717
https://prespacetime.com/index.php/pst/article/viewFile/717/717
http://isaacpub.org/25/1213/2/1/03/2017/TP.html
http://isaacpub.org/25/1213/2/1/03/2017/TP.html
http://isaacpub.org/25/1213/2/1/03/2017/TP.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.023509
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.023509
http://adsabs.harvard.edu/doi/10.1086/149875
http://adsabs.harvard.edu/doi/10.1086/149875
http://iopscience.iop.org/article/10.1088/0264-9381/24/8/008
http://iopscience.iop.org/article/10.1088/0264-9381/24/8/008
https://arxiv.org/pdf/1005.4480.pdf
https://arxiv.org/pdf/1005.4480.pdf
https://arxiv.org/pdf/1005.4480.pdf
https://link.springer.com/article/10.1007/BF02721676
https://link.springer.com/article/10.1007/BF02721676
https://link.springer.com/article/10.1007/s10509-008-9811-x
https://link.springer.com/article/10.1007/s10509-008-9811-x
http://www.worldscientific.com/doi/pdfplus/10.1142/S0218271806007754
http://www.worldscientific.com/doi/pdfplus/10.1142/S0218271806007754
http://www.worldscientific.com/doi/pdfplus/10.1142/S0218271806007754
http://www.ias.ac.in/describe/article/pram/068/05/0707-0720
http://www.ias.ac.in/describe/article/pram/068/05/0707-0720
http://www.ias.ac.in/describe/article/pram/068/05/0707-0720
https://link.springer.com/article/10.1007/s10509-008-9811-x
https://link.springer.com/article/10.1007/s10509-008-9811-x
https://link.springer.com/article/10.1007/s10509-008-9811-x
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1967ApJ...148...51T&data_type=PDF_HIGH&type=PRINTER&filetype=.pdf
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1967ApJ...148...51T&data_type=PDF_HIGH&type=PRINTER&filetype=.pdf
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1967ApJ...148...51T&data_type=PDF_HIGH&type=PRINTER&filetype=.pdf
http://aip.scitation.org/doi/10.1063/1.1704952
http://aip.scitation.org/doi/10.1063/1.1704952
http://aip.scitation.org/doi/10.1063/1.1704952
http://adsabs.harvard.edu/abs/1966ApJ...143..379K
http://adsabs.harvard.edu/abs/1966ApJ...143..379K
https://projecteuclid.org/download/pdf_1/euclid.cmp/1103858163
https://projecteuclid.org/download/pdf_1/euclid.cmp/1103858163
http://adsabs.harvard.edu/abs/1978InJPh..52...47R
http://adsabs.harvard.edu/abs/1978InJPh..52...47R
http://iopscience.iop.org/article/10.1088/0264-9381/14/10/011/pdf
http://iopscience.iop.org/article/10.1088/0264-9381/14/10/011/pdf
http://iopscience.iop.org/article/10.1088/0264-9381/14/10/011/pdf
https://link.springer.com/article/10.1007/BF00636452
https://link.springer.com/article/10.1007/BF00636452
https://link.springer.com/article/10.1007/BF00636452
http://iopscience.iop.org/article/10.1088/0264-9381/17/18/317
http://iopscience.iop.org/article/10.1088/0264-9381/17/18/317
http://iopscience.iop.org/article/10.1088/0264-9381/17/18/317
http://iopscience.iop.org/article/10.1086/378560
http://iopscience.iop.org/article/10.1086/378560
http://iopscience.iop.org/article/10.1086/378560
http://iopscience.iop.org/article/10.1086/378560
http://iopscience.iop.org/article/10.1086/376865
http://iopscience.iop.org/article/10.1086/376865
http://iopscience.iop.org/article/10.1086/423365
http://iopscience.iop.org/article/10.1086/423365

	Title
	Abstract 
	Introduction 
	Metric and Field Equations 
	Solution of field equations 
	Models for s≠0 and s=0: 
	Conclusion  
	Acknowledgments 
	Conflicts of interest 
	References 

