
Prespacetime Journal| May 2016 | Volume 7 | Issue 8 | pp. 1165-1175 
Mohurley, I. S., Gahane, D. H., Jumale, R. K. & Jumale, J. K., Five-Dimensional Exact Bianchi Type-I Cosmological Models in a 
Scalar-Tensor Theory 

 

ISSN: 2153-8301  Prespacetime Journal 
Published by  QuantumDream, Inc. 

www.prespacetime.com 

 

1165 

Article 

Five-Dimensional Exact Bianchi Type-I  
Cosmological Models in a Scalar-Tensor Theory  

I. S. Mohurley
1
, D. H. Gahane

2
, R. K. Jumale

3
 & J. K. Jumale

*4
 

 
1
Department of Physics, Shri Dnyanesh Mahavidyalaya, Nawargaon, India 

2
Department of Physics, N. H. College, Bramhapuri, Distt- Chandrapur, India 

3
Kaveri Nagar, Yavatmal Road, Darwha-445202, M.S., India  

4
Department of Physics, R. S. Bidkar Arts, Comm. & Science College, Hinganghat, India 

 

Abstract 
The present study deals with a spatially homogeneous and anisotropic five dimensional Bianchi 

type-I cosmological models filled with perfect fluid in the frame work of scalar-tensor theory 

proposed by Seaz and Ballester (1985). Two different physically viable models (n ≠ 0, n = 0) of 

the universe are obtained by using a special law of variation for hubble’s parameter which gives 

a constant value of deceleration parameter. The Einstein’s field equations are solved exactly and 

solutions are obtained. Also physical and kinematical properties of the models are discussed. 
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1. Introduction  
 

In recent years, there has been considerable interest in string cosmology. Many authors have 

obtained cosmic string in different Bianchi type space times [Pradhan et al. (2009), Amirhashci 

and Zainuddin (2010) and Tripathi et al. (2009, 2010)]. The simplest anisotropic models of the 

universe are Bianchi type-I homogeneous models whose spatial section are flat but the expansion 

or contraction rate are directional dependent. The advantages of these anisotropic models are that 

they have a significant role in the description of the evolution of the early phase of the universe 

and they help in finding more general cosmological models than the isotropic FRW models. Saha 

and Visinescu (2010) and Saha et al.(2010) have studied Bianchi type-I models with cosmic 

string in presence of magnetic flux. Recently, the Einstein’s field equations have been solved for 

massive string by applying a variation law for generalized Hubble’s parameter in Bianchi-I 

space-time by Pradhan and Chouhan (2011). 

 

In last few decades, many researchers are interested in the alternative theories of gravitation 

since from the birth of the Einstein’s general theory of relativity does not seem to resolve some 

of the important problems in cosmology like dark matter or missing matter problem. Saez and 

Ballester (1985) have developed a theory in which the metric is coupled with a dimensionless 

scalar field  and the  coupling gives a satisfactory description of the weak fields. Scalar-

                                                 
*
Correspondence Author:  J. K. Jumale, Department of Physics, R. S. Bidkar College, Hinganghat - 442 301 Wardha, India.  

  E-mail: jyotsnajumale@yahoo.com    

mailto:jyotsnajumale@yahoo.com


Prespacetime Journal| May 2016 | Volume 7 | Issue 8 | pp. 1165-1175 
Mohurley, I. S., Gahane, D. H., Jumale, R. K. & Jumale, J. K., Five-Dimensional Exact Bianchi Type-I Cosmological Models in a 
Scalar-Tensor Theory 

 

ISSN: 2153-8301  Prespacetime Journal 
Published by  QuantumDream, Inc. 

www.prespacetime.com 

 

1166 

tensor theory helps to solve the problem in non-flat FRW cosmologies. Many authors have 

investigated cosmological models within the framework of Saez-Ballester’s scalar-tensor theory 

of gravitation. Single and Agrawal (1991,92) have studied Bianchi type I to IX models in Scalar 

tensor. Shri Ram and Singh (1995) have obtained spatially homogeneous and locally rotationally 

symmetric (LRS) solutions which admit a Bianchi-I group of motions on hypersurfaces 

t=constant. Shri Ram and Tiwari (1998) have investigated inhomogeneous plane symmetric 

models. Singh and Shri Ram (2003) have presented a spatially homogeneous and isotropic FRW 

model with zero curvature. Reddy (2003) has obtained an exact Bianchi type-I string 

cosmological model in the Seaz Ballester’s theory. Mohanty and Sahu (2003,04) have studied 

Bianchi type-VI0 and Bianchi type-I models in this theory. Reddy et. at. (2006) have obtained 

exact solutions for a spatially homogeneous and LRS Bianchi-I space time with constant 

deceleration parameters in the Saez Ballester’s scalar tensor theory. Recently G. C. Samanta et 

al. (2012) have obtained five dimensional Bulk Viscous string cosmological models in Saez and 

Ballester theory of gravitation. 

 

The study of higher dimensional cosmological models is motivated mainly by the possibility of 

geometrically unifying the fundamental interactions of the universe. String theory unifies  all the 

elementary interactions including gravity. The study of higher dimensional physics is important 

because of several prominent results obtained in the development of the superstring and other 

field theory. Krori et al. (1994) constructed a Bianchi type-I string cosmological model in higher 

dimensional space time and obtained that matter and string coexist throughout the evolution of 

the universe. Several authors constructed five dimensional cosmological models in various 

aspects.  

 

Thus in the present paper, we have obtained exact solutions of five dimensional anisotropic 

Bianchi type-I space-time in the scalar tensor theory proposed by Seaz and Ballester (1985) on 

the lines of Suresh Kumar and C. P. Singh (2008). 

 

The paper is organized as follows : In section-2, we give a introduction about the field equations. 

In Sec.3, we deal with an exact solution of the field equations with perfect fluid. In section-4,5, 

we have discussed the cosmological model with physical behavior for both the models and in the 

last section-6, we summarize and conclude the results. 

 

 

2. The metric and field equations in 5V  

 

We consider five dimensional spatially homogeneous and anisotropic Bianchi type-I metric 

 
222222222 )())(()( dutCdzdytBdxtAdtds                                                    (1) 

 

where BA  ,  and C  are functions cosmic time t alone.  

 

The field equation given by Saez and Ballester (1985) for the combined scalar and tensor field is 
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and  scalar field  satisfies the equation 
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where RgRG ijijij
2

1
  is the Einstein tensor, 

 

  and m are constant , ijT  is stress energy tensor of matter,  

comma and semicolon denote partial and covariant differentiation respectively. 

 

The energy momentum tensor ijT  for perfect fluid distribution is taken as 

 

 ijjiij pgvvpT  )(                                                                                                 (4) 

 

where p  is pressure and    is the energy density for a fluid )1,0,0,0,0(iv is the five velocity of 

the particle and 1i
ivv . 

 

In a co-moving coordinate system, the field equations (2) and (3) for the anisotropic Bianchi 

type-I space time (1) in case of (4) as  
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The energy conservation equation 
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leads to the expression 
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which is a consequence of the field equations (5)-(9) are five equations involving six unknown 

A,B,C, , p and  . 

 

3. Solutions of the Einstein’s field equations in 5V    
 

Einstein’s field equations (5)-(9) are a coupled system of higher non-linear differential equation. 

The solutions of the field equations are solved by applying a variation law for generalized 

Hubble parameter proposed by Berman (1983) in space-time (1) which gives a constant 

deceleration parameters. Many authors have considered cosmological models with constant 

deceleration parameter. Reddy et al. (2006,07) have presented LRS Bianchi type-I models with 

constant deceleration parameter in scalar tensor and scale covariant theories of  gravitation. Also 

Suresh Kumar and C. P. Singh (2006,07) have investigated LRS Bianchi  type-II models with 

constant deceleration  parameter in general relativity, Guth’s inflationary theory and self creation 

theory of gravitation.  

 

Recently Suresh Kumar and C. P. Singh (2007) have obtained a exact solutions for a spatially 

homogeneous and anisotropic Bianchi-type-I space-time with perfect fluid in general relativity 

by applying a special law of variation for Hubble’s parameters that yield a constant value of 

deceleration parameter. 

 

Using the special law of variation for the Hubble parameter given by Berman(1983), gives a 

constant value of deceleration parameter. Hence, the law read as 

 

42 ][

n

n CABDDaH



                                                                                            (12) 

 

where 0D  and 0n  are  constant. 

 

Considering 4

1

2 )( CABa  , CABaV 24   as the average scale factor and the volume scale 

factors of the anisotropic Bianchi-I space-time in 5V  and Hubble parameter is given by 
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From (12) and (13) we get, 
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Integration of (14) gives 
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Dteca 2 ,    )0( n                                                                                                  (16) 

 

where 1c and 2c  are constant of integration. 

 

It is mention here that we have used nDaH  , 0D , 0n  to get the above equation. Thus 

we obtain two values of the average scale factor corresponding to two different models of the 

universe. 

 

The value of deceleration parameter (q), is then found to be 
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Substituting (15) into (17), we get 

 

)1(  nq                                                                                (18) 

 

which is constant value of deceleration parameter. 

 

 

Subtracting (8) from (9) and taking integral of the resulting equation two times, we get 
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where 321 ,, ddd  and   321 ,, xxx  are constants of integration. 

 

From equations (19)-(21),  the metric functions  can be written as 
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Satisfy the following relation  
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The integral of (9) gives  
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where h  is constant of integration. 

  

4. Five dimensional Model of the Universe when 0n  
 

This model is based on the exact solutions of five dimensional Bianchi type-I space-time filled 

with perfect fluid. 

 

Using (15) in (22-24), we obtain the metric functions as 
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Substituting (15) in (27), the scalar field is given by 
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Putting (28-30) in (7) and (8), the pressure and energy density of the model is given by  
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The solutions (28-30) satisfy the energy conservation equation (11) identically and hence 

represent exact solutions of the Einstein’s field equation (5-9). 

 

The directional Hubble factors )4,3,2,1( iH i  in the direction of zyx ,,  and u  read as  
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The expansion scalar   is given by  
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The anisotropy parameter A is define as  

 

           n

n

cnDtbbb
D

A

82

1
2
3

2
2

2
12

))(2(
4

1


                                                                             (36) 

 

  

The special volume (V) are found to be 
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From the above results, it can be seen that the spatial volume is zero at )/( 1 nDct  , and 

expansion scalar is infinite, which shows that the universe starts with zero volume with infinite 

rate of expansion. The scalar factors also vanishes at )/( 1 nDct   and singularity obtained at 

initial stage. As t  increases, the scale factors and spatial volume increases but expansion scalar 

decreases. Thus the rate of expansion slows down with increase in time. Also 

AHHHHp ,,,,,,, 4321  and 2  decrease at t  increases. As t , scale factors and volume 

become infinite whereas AHHHHp ,,,,,,, 4321  and 2  tend to zero. Therefore, the model 

would essentially give an empty universe for large time t. The ratio  /  tend to zero as t  

provided 4n . Therefore, the model approaches isotropy for large values of t. Hence the model 

represents shearing, nonrotating and expanding model of the universe at late times. 

  

5. Five dimensional Model of the Universe when 0n   
 

This model is based on the exact solutions of five dimensional Bianchi type-I space-time filled 

with perfect fluid. Using (17) in (23-25), we obtain the metric functions as 
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The scalar field is given by 
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Putting (28-30) in (7) and (8), the pressure and energy density of the model is given by 
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The solutions (28-30) satisfy the energy conservation equation (11) identically and hence 

represent exact solutions of the Einstein’s field equation (5-9). 

 

The directional Hubble factors )4,3,2,1( iH i  in the direction of zyx ,,  and u  read as  
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The expansion scalar   is given by  
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The anisotropy parameter A is define as  
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The special volume (V) are found to be 
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From the above results, it can be seen that the spatial volume, scale factors, scale field, pressure, 

energy density and cosmological parameters are constant at 0t . Thus universe starts evolving 

with a constant volume and expands with exponential. As t  increases, the scale factors and 

spatial volume increases exponentially while the scale field, pressure, energy density, anisotropy 

parameter  and shear scalar  decrease. It is to noted that the expansion scalar is constant 

throughout the evolution of universe and therefore the universe exhibits uniform exponential 

expansion in this model. 

 

As t , the scale factors and volume of the universe become infinitely large whereas the 

scalar field, anisotropy parameter and shear scalar tend to zero. The pressure, energy density and 

Hubble’s factors become constants such that p . The model approaches isotropy for large 

time t. Thus the model representing shearing, nonrotating and expanding model of the universe 
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with a finite start approaching to isotropy at late times. For 0n , 1q , this value of 

deceleration parameter leads to 0/ dtdH , gives the greatest value of Hubble’s parameters and 

the fastest rate of expansion of the universe. Therefore the solutions presented in this model are 

consistent with the observations. 

 

6. Conclusion  
 

In the present paper, we have obtained a spatially homogeneous and anisotropy Bianchi type-I 

space-time using scalar tensor theory of gravitation proposed by Saez and Ballester (1985). 

These field equations have been solved using a special law of variation of Hubble’s parameter 

that yields a constant value of deceleration parameter. Two models have been obtained 

)0,0(  nn also some important cosmological parameters have been obtained for both the 

models and physical behavior of the models is discussed in detail. 

 

For 0n , scale factors and volume vanishes. As t , the pressure, energy density and scalar 

field become negligible whereas the scale factors and spatial volume become infinitely large. 

 

For 0n , density being finite. The universe exhibit exponential expansion and expand 

uniformly. Both models represent shearing, non-rotating and expanding universe, which 

approaches to isotropy for large values of t . The scalar field decreases to zero as t  in both 

the models. If we assume 0h then solution reduce to the solutions in general relativity [8] and 

the Saez-Ballester’s scalar-tensor theory of gravitation tends to standard general theory of 

relativity in al respect. The solutions obtained in the models are found to be consistent with the 

recent observations. Finally the solutions presented in this paper are new and may be useful for 

better understanding of the evolution of universe in Bianchi type-I space-time within the 

framework of Saez-Balleste’s scalar tensor theory of gravitation. 

 

Received April 27, 2016; Accepted May 07, 2016 

 

References 
 

[1] Suresh Kumar & C. P. Sing: Int. J. Theor. Phys.(2008) 47:1722-1730. 

[2] Saez, D., Ballester, V. J: Mod. Phys. Lett. A, 113, 467(1985). 

[3] Singh, T., Agrawal, A. K. : Astrophys Space Sci. 182, 289(1991). 

[4] Singh, T., Agrawal, A. K. : Astrophys Space Sci. 191, 61(1992). 

[5] Shri Ram, Singh, J. K. : Astrophys Space Sci. 234, 325(1995).  

[6] Shri Ram, Tiwari, S. K. : Astrophys Space Sci. 277,461 (1995). 

[7] Singh, C. P., Shri Ram: Astrophys Space Sci. 284,1199 (2003). 

[8] Reddy, D. R. K. : Astrophys Space Sci. 286, 359 (2003). 

[9] Mohanty, G., Sahu, S. K. : Astrophys Space Sci. 288, 611 (2003). 

[10] Mohanty, G., Sahu, S. K. : Astrophys Space Sci. 291, 75 (2004).   

[11] Reddy, D. R. K., Subba Rao, M. V., Koteswara Rao, G : Astrophys Space Sci. 306,171        



Prespacetime Journal| May 2016 | Volume 7 | Issue 8 | pp. 1165-1175 
Mohurley, I. S., Gahane, D. H., Jumale, R. K. & Jumale, J. K., Five-Dimensional Exact Bianchi Type-I Cosmological Models in a 
Scalar-Tensor Theory 

 

ISSN: 2153-8301  Prespacetime Journal 
Published by  QuantumDream, Inc. 

www.prespacetime.com 

 

1175 

       (2006). 

[12] Reddy, D. R. K., Naidoo, R. L., Adhav, K. S. : Astrophys Space Sci.307, 365 (2007). 

[13] Tripathi, S. K., Nayak, S. K., Sahu, S. K., Routrary, T. R. : Astrophys Space Sci.323,281    

        (2009). 

[13] Tripathi, S. K., Nayak, S. K., Sahu, S. K., Routray, T. R. : Astrophys Space Sci.323, 281     

       (2009). 

[14]  Pradhan A, Chouhan D. S. : Astrophys Space Sci. (2011), 331,697-704.   

[15] Tripathi, S. K., Behera, D., Routray, T. R. : Astrophys Space Sci. 325,93 (2010). 

[16] Saha, B., Visinescu, M. : Int. J. Theor. Phys. 49,1411 (2010). 

[17] Saha, B., Rikhvitsky, V., Visinescu, M. : Cent. Eur. J. Phys. 8,113 (2010).   

[18] Amirhashchi, H., Zainuddin, H: Electron. J. Theor. Phys. 23, 213 (2010). 

[19] Krori, K. D. Chaudhury, T., Mahanta, C. R. : Gen. Relativity, Gravit. 26,265 (1994). 

[20] Reddy, D. R. K., Rao, N.V. : Astrophys Space Sci. 271, 359 (2000).   

[21] Rahaman, F., Bera, J. K. : Int. J. Mod. Phys. D. 10, 729 (2001).  

[22] Venkateswarlu, R., Pavan Kumar, K. : Astrophys Space Sci. 127,(2002). 

[23] Singh, G. P., Deshpande, R. V., Singh, T. : Pramana J. Phys. 63, 937,(2004). 

[24] Adhav, K. S., Khadekar, G. S., Mete, V. G. : Astrophys Space Sci. 301,73 (2006). 

[25] Reddy, D. R. K., Naidu, R. L., Rao, S. A., Devi, K. N. : Astrophys Space Sci. 310,177      

        (2007). 

[26] Reddy, D. R. K., Govindarao, P., Naidu, R. L. : Int. J. Theor. Phys. 47, 3150 (2008). 

[27] Khadekar, G. S., Patki, V. : Int. J. Theor. Phys.47, 1751 (2008). 

[28] Reddy, D. R. K., Naidu, R. L. : Int. J. Theor. Phys. 47, 2339 (2008).  

[29] Mohanty, G, Sahoo, R. R., Bishi, B. K. : Astrophys Space Sci 319, 75 (2009). 

[30] Reddy, D. R. K., Naidu, R. L. : Int. J. Theor. Phys. 48, 10 (2009).  

[31] G. C. Samanta, S. K. Biswal, P. K. Sahoo : Int. J. Theor. Phys. DOI 10.1007/s 10773- 

        0121407-6(2012). 

 


