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Abstract: Bianchi type-VI0 string cosmological model for barotropic fluid distribution with cosmological term 휦 is investigated. 
To obtain the explicit solution of the model, we suppose expansion 휽 is propotional to the shear 흈 and 휦 is proportional to 푹 ퟑ, 
where R is scale factor. We have also discussed physical and geometrical characteristics of the cosmological model. 
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I. INTRODUCTION 
In recent years, the study of cosmological models with dark energy create much more interest due to the fact that our universe is 
undergoing an accelerated expansion which is driven by an exotic energy with large negative pressure named dark energy. 
Cosmologists have proposed many candidates for this dark energy, however, cosmological constant Λ is the simplest and most 
hypothetically attractive candidate of it with equation of state 휔 = −1. According to recent observations, Λ ≈ 10 푐푚  while 
particle physics predicts that Λ is much greater than this value by factor of order 10120. This inconsistency is called cosmological 
constant problem and the simplest way to resolve this problem is to consider cosmological termΛ. Bhoyar et al. [3], Pradhan et al. 
[10], Tyagi et al. [14] have studied cosmological models with cosmological term (Λ) in various contexts.  
Due to the large scale distribution of galaxies in our cosmos, the matter distribution can be suitably described by perfect fluid. 
Bianchi Type-VI0 cosmological models in different context have studied by different researchers viz. Amirhaschi [1], Deo et al. [4], 
Khadekar et al. [6, 7], Pradhan et al. [8, 9], Tyagi et al. [11, 13], Verma et al. [15]. String dust cosmological model for barotropic 
fluid distribution with vacuum energy density in FRW space-time is investigated by Bali and Bola [2]. Dewri [5] has studied 
magnetized anisotropic Bianchi type-VI cosmological model containing dark energy. Trivedi and Shrimali [12] have investigated 
barotropic Bianchi type-VI0 cosmological model in general relativity. 
In this paper, we have investigated Bianchi type-VI0 string cosmological model for barotropic fluid distribution and cosmological 
termΛ. To obtain the explicit solution of the model, we suppose expansion 휃 is propotional to the shear 휎 and Λ is proportional 
to 푅 , where R is scale factor. We have also discussed physical and geometrical characteristics of the cosmological model. 

II. METRIC AND FIELD EQUATION 
The line element for Bianchi type-VI0 space-time is considered as 
푑푠 = −푑푡 + 퐴 푑푥 + 푒 퐵 푑푦 + 푒 퐶 푑푧                                                                                                                                         (1) 
where A, B and C depends on cosmic time t only. 
The Einstein’s field equation in the geometrized unit (c=8πG=1) is given by 
푅 − 푅푔 + 훬푔 = −푇                                                      (2)  

where 푅  is Ricci tensor and 푅 = 푔 푅  is Ricci scalar. 

The energy momentum tensor (푇 ) for the cloud of strings in the presence of perfect fluid distribution is given by 

푇 = (휌 + 푝)푣 푣 + 푝푔 − 휆푥 푥                                                                                                                                                                      (3) 

Here 휌 is proper energy density, p is pressure and 휆 is string tension density. Also 푥 , the unit space like vector specifying the 
direction of strings and 푣 , the unit time like vector satisfying the following conditions: 
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푣 푣 = −1 = −푥 푥  푎푛푑   푣 푥 = 0                                                                                                                                                                  (4) 

In a co-moving coordinate system, we have 

푣 = (0,0,0,1);   푥 =
1
퐴 , 0,0,0                                                                                                                                                                      (5) 

The Einstein’s field equation (2) for metric (1) together with (3) leads to 

퐵
퐵 +

퐶
퐶 +

퐵 퐶
퐵퐶 +

1
퐴 + Λ = 휆 − 푝                                                                                                                                                               (6) 

퐴
퐴 +

퐶
퐶 +

퐴 퐶
퐴퐶 −

1
퐴 + Λ = −푝                                                                                                                                                                   (7) 

퐴
퐴 +

퐵
퐵 +

퐴 퐵
퐴퐵 −

1
퐴 + Λ = −푝                                                                                                                                                                   (8) 

퐴 퐵
퐴퐵 +

퐵 퐶
퐵퐶 +

퐴 퐶
퐴퐶 −

1
퐴 + Λ = 휌                                                                                                                                                                 (9) 

퐵
퐵 −

퐶
퐶 = 0                                                                                                                                                                                                      (10) 

III. SOLUTION OF FIELD EQUATIONS 
The field equations (6) - (10) are the organization of five equations with seven undetermined factors A, B, C, λ, ρ, p and Λ, so to 
obtain an exact solution of the present model we suppose expansion 휃 is proportional to shear 휎, which leads to  
  퐴 = 퐵                                                                                                                                                                                         (11) 
and Λ is inversely proportional to R3, which leads to                                                         

Λ =
훼
푅 =  

훼
퐴퐵퐶                                                                                                                                                                                                   (12) 

where 훼 is constant of proportion. 
Equation (10) leads to 
퐵
퐵 =

퐶
퐶                                                                                                                                                                                                                  (13) 

On integrating equation (13), we get 
퐵 = 퐶푘                                                                                                                                                                                                                  (14) 
where 푘 is the integrating constant. 
Now, without loss of generality, we suppose k=1, then equation (14) becomes 
퐵 = 퐶                                                                                                                                                                                                                     (15) 
To get the deterministic solution, we also use the barotropic fluid condition, 
i.e. 푝 = 훾휌                                                                                                                                                                                                            (16) 
Now, using conditions (11), (12), (15) and (16) in field equations (6) – (9), we obtain 
(푛 + 1)퐵

퐵 +
[푛 + (2푛 + 1)훾]퐵

퐵 −
(훾 + 1)
퐵 +

훼(훾 + 1)
퐵 = 0                                                                                                              (17) 

Now we consider the following cases: 

A. Dust Fluid Model (훾 = 0) 

On putting 훾 = 0 in equation (17), we get 
(푛 + 1)퐵

퐵 +
푛 퐵
퐵 −

1
퐵 +

훼
퐵 = 0                                                                                                                                                        (18) 

Equation (18) leads to 
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2퐵 +
2푛 퐵

(푛 + 1)퐵 =
2

(푛 + 1)퐵 −
2훼

(푛 + 1)퐵                                                                                                                                    (19) 

On putting 퐵 = 푓(퐵) and 퐵 = 푓푓′ in equation (19), we get 
푑푓
푑퐵 +

2푛 푓
(푛 + 1)퐵 =

2
(푛 + 1)퐵 −

2훼
(푛 + 1)퐵                                                                                                                                     (20) 

On integrating equation (20), we get 

푓 =
1

퐵 ( ) −
2훼

푛(푛 − 1)퐵 +
푙

퐵
                                                                                                                                                            (21) 

where 푙 is constant of integration. 
From equation (21), we have 

푑퐵

1
퐵 ( ) −

2훼
푛(푛 − 1)퐵 + 푙

퐵
     

= 푑푡 +푀 = 푡 +푀                                                                                                                 (22) 

where M is the integrating constant. Value of B can be obtained from equation (22). 
Hence, by appropriate transformation of coordinates i.e. B=T, x=X, y=Y and z=Z, metric (1) becomes 

푑푠 = −
푑푇

1
푇 ( ) −

2훼
푛(푛 − 1)푇 + 푙

푇

+ 푇 푑푋 + 푒 푇 푑푌 + 푒 푇 푑푍                                                                            (23) 

B. Stiff Fluid Model (훾 = 1) 

On putting 훾 = 1 in equation (17), we get 
(푛 + 1)퐵

퐵 +
[푛 + 2푛 + 1]퐵

퐵 −
2
퐵 +

2훼
퐵 = 0                                                                                                                                  (24) 

Equation (24) leads to 

2퐵 +
2(푛 + 1)퐵

퐵 =
4

(푛 + 1)퐵 −
4훼

(푛 + 1)퐵                                                                                                                               (25) 

On putting 퐵 = 푓(퐵) and 퐵 = 푓푓′ in equation (25), we get 
푑푓
푑퐵 +

2(푛 + 1)푓
퐵 =

4
(푛 + 1)퐵 −

4훼
(푛 + 1)퐵                                                                                                                                 (26) 

On integrating equation (26), we get 

푓 =
1

(푛 + 1)퐵 ( ) −
4훼

(푛 + 1)(푛 + 2)퐵 +
퐿

퐵 ( )                                                                                                                              (27) 

where 퐿 is constant of integration. 
From equation (27), we have 

푑퐵
1

(푛 + 1)퐵 ( ) −
4훼

(푛 + 1)(푛 + 2)퐵 + 퐿
퐵 ( )     

= 푑푡 +푀′ = 푡 + 푀′                                                                                (28) 

where 푀′ is the integrating constant. Value of B can be obtained from equation (28). 
Hence, by appropriate transformation of coordinates i.e. B=T, x=X, y=Y and z=Z, metric (1) becomes 

푑푠 = −
푑푇

1
(푛 + 1)푇 ( ) −

4훼
(푛 + 1)(푛 + 2)푇 + 퐿

푇 ( )

+ 푇 푑푋 + 푒 푇 푑푌

+ 푒 푇 푑푍                                                                                                                                                                         (29) 

C. Radiation Dominated Model (훾 = 1
3) 

On putting 훾 = 1
3 in equation (17), we get 
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(푛 + 1)퐵
퐵 +

[3푛 + 2푛 + 1]퐵
3퐵 −

4
3퐵 +

4훼
3퐵 = 0                                                                                                                           (30) 

Equation (30) leads to 

2퐵 +
2[3푛 + 2푛 + 1]퐵

3(푛 + 1)퐵 =
8

3(푛 + 1)퐵 −
8훼

3(푛 + 1)퐵                                                                                                            (31) 

On putting 퐵 = 푓(퐵) and 퐵 = 푓푓′ in equation (31), we get 
푑푓
푑퐵 +

2[3푛 + 2푛 + 1]푓
3(푛 + 1)퐵 =

8
3(푛 + 1)퐵 −

8훼
3(푛 + 1)퐵                                                                                                             (32) 

On integrating equation (32), we get 

푓 =
2

(푛 + 2)퐵 ( ) −
8훼

[3푛 + 푛 + 2]퐵 +
푁

퐵
( )

( )

                                                                                                                     (33) 

where 푁 is constant of integration. 
From equation (33), we have 

푑퐵

2
(푛 + 2)퐵 ( ) −

8훼
[3푛 + 푛 + 2]퐵 + 푁

퐵
( )

( )
    

= 푑푡 + 푃 = 푡 + 푃                                                                              (34) 

where 푃 is the integrating constant. Value of B can be obtained from equation (34). 
Hence, by appropriate transformation of coordinates i.e. B=T, x=X, y=Y and z=Z, metric (1) becomes 

푑푠 = −
푑푇

2
(푛 + 2)푇 ( ) −

8훼
[3푛 + 푛 + 2]푇 + 푁

퐵
( )

( )
 

+ 푇 푑푋 + 푒 푇 푑푌

+ 푒 푇 푑푍                                                                                                                                                                         (35) 
 

IV. PHYSICAL AND GEOMETRICAL CHARACTERISTICS 
For the model (23), energy density (휌), string tension density (휆), pressure (p), expansion 휃, and shear σ are given by 

휌 =
2푛
푇 +

훼(푛 − 5푛 − 2)
푛(푛 − 1)푇 +

푙(2푛 + 1)

푇
                                                                                                                                                    (36) 

 

휆 =
(푛 + 2)훼
푛푇 −

2(푛 − 2)
푇 +

푙(푛 + 1 − 2푛 )

(푛 + 1)푇
                                                                                                                                         (37) 

푝 = 0                                                                                                                                                                                                                     (38) 

휃 = (푛 + 2)
1
푇 −

2훼
푛(푛 − 1)푇 +

푙

푇
                                                                                                                                  (39) 

휎 =
(푛 − 1)
√3

1
푇 −

2훼
푛(푛 − 1)푇 +

푙

푇
                                                                                                                                   (40) 

For the model (29), energy density (휌), string tension density (휆), pressure (p), expansion 휃, and shear σ are given by 

휌 = 푝 =
푛

(푛 + 1)푇 +
훼(푛 − 5푛 − 2)

(푛 + 1)(푛 + 2)푇 +
퐿(2푛 + 1)
푇 ( )                                                                                                                      (41) 

 

휆 =
2(푛 − 1)훼

(푛 + 1)푇 +
4

(푛 + 1)푇                                                                                                                                                                      (42) 
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휃 = (푛 + 2)
1

(푛 + 1)푇 −
4훼

(푛 + 1)(푛 + 2)푇 +
퐿

푇                                                                                                                  (43) 

휎 =
(푛 − 1)
√3

1
(푛 + 1)푇 −

4훼
(푛 + 1)(푛 + 2)푇 +

퐿
푇                                                                                                                  (44) 

 
For the model (35), energy density (휌), string tension density (휆), pressure (p), expansion 휃, and shear σ are given by 

휌 =
3푛

(푛 + 2)푇 +
3훼(푛 − 5푛 − 2)

(3푛 + 푛 + 2)푇 +
푁(2푛 + 1)

푇
( )

( )

                                                                                                                           (45) 

 

휆 =
4(푛 + 2)(푛 − 1)훼

(3푛 + 푛 + 2)푇 −
2(푛 − 4)

(푛 + 2)푇 −  
2(푛 − 1)(2푛 + 1)푁

3(푛 + 1)푇
( )

( )

                                                                                                         (46) 

푝 =
푛

(푛 + 2)푇 +
훼(푛 − 5푛 − 2)

(3푛 + 푛 + 2)푇 +
푁(2푛 + 1)

3푇
( )

( )

                                                                                                                        (47) 

휃 = (푛 + 2)
2

(푛 + 2)푇 −
8훼

(3푛 + 푛 + 2)푇 +
푁

푇
( )

( )

                                                                                                      (48) 

휎 =
(푛 − 1)
√3

2
(푛 + 2)푇 −

8훼
(3푛 + 푛 + 2)푇 +

푁

푇
( )

( )

                                                                                                      (49) 

Also, cosmological term Λ for the models (23), (29) and (35) is given by 

Λ =
α

T                                                                                                                                                                                                               (50) 

The magnitude of rotation 휔 is zero, i.e. 
휔 = 0                                                                                                                                                                                           (51) 

V. CONCLUSION 
The models (23), (29) and (35) start expanding with big bang at푇 = 0. The expansion 휃 is decreasing function of cosmic time T for 
n>0 and approaches to zero as 푇 → ∞ and also stops at 푛 = −2. Since푇 → ∞, =

√ ( ) ≠ 0, therefore the model does not 

approach isotropy for large values of  T, however it is isotropized for 푛 = 1.  
Cosmological term Λ for these models are found to be decreasing function of time T for n>-2 and approaches to zero at late time, 
which is in agreement with present astronomical observations. A point type singularity is observed as푇 → 0, 푔 → 0, 푔 → 0, 
푔 → 0 for 푛 > 0. 
Also, we can observe that energy density (휌), string tension density (휆) and pressure (p) for these models are decreasing function of 
time T for n>0 and approaches to zero at  푇 → ∞. 
Hence, in general, the models represent expanding, shearing and non-rotating universe. 
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