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Abstract: In this article, the Barber's second self-creation theory framework is used to explore the homogeneous 

and anisotropic Bianchi type-V metric, in reference to a bulk viscous fluid composed of one-dimensional strings 

embedded in an electromagnetic field. To obtain precise results, we employed power law volumetric expansion 

of the cosmos, and an extra physically valid situation that gives a trace of the energy-momentum tensor zero. We 

reviewed the model's kinematics and physical properties, as well as inquiries into the jerk parameter and energy 

conditions. Additionally, research is done on the effects of the electromagnetic field on the kinematical and 

physical features of the derived universe. 
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1. Introduction 

Recent cosmological findings, such as high redshift SNeIa [1-7], cosmic microwave background radiation 

[8,9], large-scale structure [10-12], baryon acoustic oscillations [10], and weak lensing [13], support the idea that 

the universe is accelerating. The cause of the acceleration of the universe is unknown and is commonly referred 

to as the dark energy (DE) problem, which is due to the negative pressure of the universe. To report this issue, two 

different approaches have been stood up, one is to develop viable DE models, and another modifies Einstein’s 

general theory of relativity (GTR). Even if we don't know much about DE, it must be explained. Although recent 

studies have confirmed that the cosmos is currently accelerating, physicists say there is no assurance that this 

acceleration will continue indefinitely. Furthermore, even if the cosmos may have an oscillating pattern of 

expansion, some scientists conclude that the current acceleration of the universe may be followed by a 

deceleration. Cosmologists have put up numerous theories to explain the universe's cosmic acceleration. It is often 

reported that altered theories of gravity, which are workable substitutes for the GTR, have attracted a lot of 

attention recently.  

A scalar tensor theory of gravity that integrates Mach's Principle within a relativistic framework was 

developed by Brans and Dicke [14]. Barber [15] offered two ongoing creation hypotheses. The first is a revision 

of Brans-Dicke theory, while the second adopts GTR to account for continuous matter generation within 

observational constraints. These altered theories propose that the universe is made up of self-contained 

gravitational and matter fields. Brans claims that Barber's initial idea is inconsistent overall and does not conflict 

with experimental findings. In his second self-creation theory, Einstein's GTR is modified to variable G-theory, 

which is inside the observational limit and predicts local effects. According to his assumption, the gravitational 

coupling of the Einstein field equations can be a variable scalar on space-time, which links to the energy-

momentum tensor's (EMT) trace. 

Barber's second hypothesis of self-creation uses the following field equations: 

11
8

2
ij ij ijR g R T−− = − ,                                                        (1) 

And                                                          
,
;
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
  = = ,                                                            (2) 
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where  is an experimentally determined coupling constant. The measurement of the deflection of light limits the 

value of coupling constant to 
110 − , ijT  is the EMT, 

1G  −= , T  is the trace of the EMT, i.e. 
i

iT T=  and 

the other symbols have their usual meaning. 

Several investigations have focused on examining cosmological theories within Barber’s self-creation 

frameworks. Aditya et al [16] examined Kaniadakis holographic DE universe of Bianchi type II metric within the 

framework of self-creation gravity theory. Hadole & Nimkar [17] investigated a comparative study of Bianchi 

type-VI0 cosmological models in self-creation theory formulated by Barber under the influence of cosmic string, 

perfect fluid, thick domain wall, wet dark fluid and macroscopic body. Raut & Rautkar  [18] discussed the exact 

solution of Einstein's field equations for LRS Bianchi type-I cosmological model. Pawar et al [19,20] constructed 

exact kantowski-sach cosmological models with constant EoS parameter and magnetized anisotropic dark energy 

models in Barber’s second self-creation theory. Pradhan & Vishwakarma [21] considered perfect fluid source for 

an LRS Bianchi type-I metric in Barber's second self-creation theory and investigated some exact solutions for 

the vacuum universe, Zel'dovich universe and radiation universe. Rao & Vinutha [22] presented plane symmetric 

string cosmological models in self-creation theory of gravitation. Hegazy [23] obtained a formula for calculating 

entropy of the universe in terms of the viscosity and used it to study and compare the Entropy, Enthalpy, Gibbs 

energy and Helmholtz energy of the universe in the presence of a viscosity term in the self-creation theory of 

gravitation and in the GTR. Later on, Reddy et al [24] formulated Bianchi type-II bulk viscous string cosmological 

model in self-creation theory of gravitation. Rao & Sireesha [25] obtained and presented the anisotropic axially 

symmetric cosmological model in Barber’s second self-creation theory of gravitation when the EMT is a bulk 

viscous fluid containing one-dimensional cosmic strings.  A variety of cosmological models [26-32] have been 

studied by eminent scholars. 

Bulk viscosity combined with a string of clouds is an intriguing form of an EMT source. We incorporated 

such an EMT source into our work, as influenced by the following work. Prasuna et al [33] investigated Bianchi 

type-III bulk-viscous string cosmological models in the framework of scalar–tensor theory of 

gravitation. Siddiqi & Al-Dayel [34] examined relativistic bulk viscous fluid string spacetime. Dabre & Makode 

[35]  used the plane symmetric LRS Bianchi type I metric to study bulk viscous fluid coupled to a string of clouds.  

Daimary & Baruah [36] studied Bulk Viscous Strings within the Framework of Saez-Ballester Theory in Five-

Dimensional Spacetime. Kayarkar & Deo [37] investigated Bianchi type VI0 bulk viscous cosmic string model in 

modified theory with LVDP. Similarly, several of the authors [38-41] have thoroughly explored string viscous 

fluids in various circumstances. 

The study of magnetic fields is an efficient method for understanding the early stages of cosmic evolution. 

Singh [42] studied an anisotropic Bianchi-I cosmological model filled with bulk viscous fluid and magnetic field 

in string cosmology. Gioia & Montani [43] examined cosmological perturbations and gravitational instability of 

the Bianchi I model with a magnetic field. Sharma & Singh [44] constructed Bianchi type-II string cosmological 

model with a magnetic field in f(R,T) gravity.  Liebscher et al [45] oscillatory singularities in Bianchi models with 

magnetic fields. Bali & Pareek [46] presented Bianchi type I string dust cosmological models in the presence and 

absence of magnetic field. Again, Bianchi type V magnetized string dust bulk viscous fluid cosmological model 

with variable magnetic permeability is investigated by Bali [47].  Sing & Ram [48] discussed the dynamics of 

spatially homogeneous and anisotropic Bianchi type-III string cosmological model in presence of bulk viscous 

fluid and electromagnetic field. Bali et al [49] Bianchi type VI0 magnetized Barotropic Bulk Viscous Fluid 

Massive String Universe in General Relativity. 

The above-mentioned literature motivates us to perform additional research in this field. As a result, the 

purpose of this work is to identify certain exact solutions in the Bianchi V model with magnetized viscous fluid 

in string cosmology and examine their implications for the cosmic early and late time development. 

The work is divided into distinct sections. Section 2 covers metric and field equations, whereas Section 3 

describes how to solve these field equations. Section 4 discusses several essential kinematical parameters. Finally, 

Section 5 provides a conclusion . 

2. Metric & Basic equations 

We consider the homogeneous and anisotropic Bianchi type-V metric as  

( )2 2 2 2 2 2 2 2 2mxds dt A dx e B dy C dz= − − + ,                                           (3)       
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where A, B, and C are the metric potentials considered as functions of cosmic time t only. 

A bulk viscous fluid with one-dimensional strings immersed in an electromagnetic field, as an EMT, is 

calculated as 

( ) ,T p u u pg x x E    
     = + − − +                                               (4) 

And                                                          3 ,p p H= −                                                                  (5) 

where p  = + is the proper string energy density with particles attached to them and p  is the particle energy 

density,   is the string's tension density, 3 H is bulk viscous pressure, ( )t  is the coefficient of bulk viscosity,

H is Hubble’s parameter, x denotes a unit space-like vector for the cloud string and u  denotes a four-velocity 

vector satisfying the conditions, 1u u x x 
 = = −  and 0u x = . 

In a co-moving coordinate system, we have 

( ) ( )10,0,0,1 ,   0,0, ,0 .u x C  −= =                                                   (6)   

Also, E  is a part of EMT given as 

1 1

4 4
E F F g g F F 
    



 
= − 

 
,                                              (7) 

where F  is electromagnetic field tensor that satisfy Maxwell equations,  

 ,
0

k
F = .                                                                  (8) 

In a comoving co-ordinate system, the incident magnetic field is taken along z-axes with the help of Maxwell 

equation (8),  the components of F  except 12F  are vanish i.e. 12F  is the only non-vanishing component along 

z-axes. 

( )12 Constant  SayF M= =  

From equation (7), we have  
2 2

1 2 3 4
1 2 3 44 4

  and  
8 8

M M
E E E E

A A 
= = = = − .                                           (9) 

Now, the field equations (1) & (2) for metric (3) using (4) are 

( )
2 2

1

2 4
8 3

8

B C B C m M
p H

B C B C A A
 



−
 

+ + − = − − −  
 

,                                      (10) 

( )
2 2

1

2 4
8 3

8

A C A C m M
p H

A C A C A A
 



−
 

+ + − = − − −  
 

,                                    (11) 

( )
2 2

1

2 4
8 3

8

A B A B m M
p H

A B A B A A
  



−
 

+ + − = − − − +  
 

,                                  (12) 

2 2
1

2 4

3
8

8

A B B C A C m M

A B B C A C A A
 



−
 

+ + − = −  
 

,                                         (13) 

2 0
A B C

A B C
− − = ,                                                              (14) 

( )
8

3 9
3

A B C
p H

A B C


     

 
+ + + = − + + 
 

,                                          (15) 

where the overhead dot (  ) denotes the derivative with respect to cosmic time t.  

Also, we find some kinematical space-time quantities of physical interest in cosmology, as follows:  
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The spatial volume V are defined as 

.V ABC=                                                                   (16) 

The volumetric expansion rate of the universe is described by the generalised mean Hubble’s parameter H given 

by 

( )
3

1 2 3

1

1 1
,

3 3
i

i

H H H H H
=

= = + +                                                  (17)                                    

in which 1

A
H

A
= , and 2 3

B
H H

B
= = denotes the directional Hubble’s parameters. 

Using (16) and (17), we have obtained the expansion scalar , mean anisotropy parameter mA , shear scalar , 

and deceleration parameter q as 

2 3 ,
A B

H
A B

 = + =                                                             (18) 

23

1

1
,

3

i
m

i

H H
A

H=

− 
=  

 
                                                          (19) 

3
2 2 2

1

1
,

2
i

i

H
=

 
= − 

 
                                                          (20) 

2

1
1 .

aa d
q

dt Ha

 
= − = − +  

 
                                                        (21) 

3. Solution of Field Equations 

Now from (14) we obtain 
2A kBC= , where k is an integrating constant. Without loss of generality, we take k as 

unity, which gives  
2 .A BC=                                                                   (22) 

The field equations (10) - (15) are a system of five independent equations with seven unknowns 

,  ,  ,  ,  ,   and .B C p      To fully solve the aforementioned system, we need two more equations that relate the 

parameters. Therefore, we examine the following physically realistic conditions: 

We take the power law volumetric expansion of the universe as [38]  
3 ,nV t=                                                                     (23) 

where n is an arbitrary constant. 

Solving (10) & (11) with the use of (16), (22) & (23), we obtain, 

1 3 1 3

1 2 1 2

3 1 3 1
,  ,  and .

n nc t c n c t c n

n nn n nA t B t e C t e

− −   − − − −
−   

− −   = = =                                     (24) 

From (24) in (3) we get, 

1 3 1 3

1 2 1 22 4
3 1 3 12 2 2 2 2 2 2 .

n nc t c n c t c n
mx

n nn nds dt t dx t e dy e dz

− −   − − − −
+ −   

− −   

 
 = − − +
 
 
 

                         (25)   

The developed model in (25) appears to be singularity-free till infinite time. 

Reddy et al [24], as well as Rao & Prasanthi [50], discussed the condition where the trace of EMT vanishes. So, 

we utilise an extra physically valid condition, because the field equations are very nonlinear that the trace of EMT 

is zero, which gives 

3 9 0.p H  − + + =                                                     (26) 

From (24) & (26) in (15) we obtain, 
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1 3
1 2

nc c t −= + .                                                       (27) 

From (13), the energy density is 

( ) ( )( )( )2 1 2 1 32 2 2 2 2 3
1 1 2

3 2

3 3
.

8

n nn n

n

M t m t c t n c t c t

t




− −−

+

− + − +
=                                 (28) 

 

Fig.1: Behaviour of energy density vs. time for 1 23,  5,  7,  12c c m n= = = = . 

The fall of energy density is seen from Figure 1 as cosmic time and the effect of magnetic field M increases. 

The tension density is 
2 4

.
4

nM t




−

=                                                                 (29) 

 

Fig.2: Behaviour of tension density vs. time for 12n = . 

Figure 2 clearly shows that tension density decreases over time. However, it should be noted that as the effect of 

the magnetic field increases, tension density decreases from a high value. 

The particle density is 
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( ) ( )( )( )2 1 2 1 32 2 2 2 2 3
1 1 2

3 2

3 3
.

8

n nn n

p n

M t m t c t n c t c t

t




− −−

+

 + + − +
 

= −
 
 
 

                            (30) 

 

Fig.3: Behaviour of paticle density vs. time for 1 23,  5,  7,  12c c m n= = = = . 

The particle density appears to shift from negative to positive, as illustrated in Figure 3 with increasing time and 

magnetic field. Figures 2 and 3 demonstrate that a string-dominated phase is caused by positive tension density 

( )0   and a negative particle density ( )0p   when time t is very small. However, as time and magnetic field 

expand, tension and particle density both decrease in positive, but particle presence is greater than string presence, 

indicating a particle-dominated era, but both eventually become zero with infinite time, resulting in the 

disappearance of particles and strings from the universe. These findings are consistent with Singh & Baro [39] 

and Daimary & Baruah [51]. 

We assume that the coefficient of viscosity should vary with the expansion scalar in such a way that 

0 Constant = = .                                                           (31) 

Therefore, we obtain 

0 .
3

t

n


 =                                                                     (32) 

 

Fig.4: Behaviour of coefficient of bulk viscosity vs. time for 012,  9n = = . 

https://scholar.google.com/citations?user=nADQisgAAAAJ&hl=en&oi=sra
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The coefficient of bulk viscosity is a stringent exponential function of time and is unaffected by the magnetic 

field throughout its existence. 

 

Fig.5: Behaviour of pressure vs. time for 1 2 03,  5,  7,  12,  9c c m n = = = = = . 

From (11), the Pressure is 

( ) ( ) ( ) ( )2 1 3 2 12 2 3 2 2 2 3
0 1 1 2

3 2

8 3 2
.

8

n nn n n

n

M t t c t m t n n c t c t
p

t





− −− +

+

 + − − + − +
 

=                     (33) 

Pressure appears to be growing over time, from negative to positive, with the steady action of magnetism (Figure 

5). 

The equation of state (EoS) for string fluid is given by 

( ) ( )( )( )2 1 2 1 32 2 2 2 2 3
1 1 2

3 2 2 4

3 3
.

2

n nn n

n n

M t m t c t n c t c t

t M t






− −−

+ −

− + − +
= =                             (34) 

 

Fig.6: Behaviour of string EoS parameter vs. time for 1 23,  5,  7,  12c c m n= = = = . 
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The EoS parameter suddenly declines from positive to negative. For tiny magnetism, it drops deeply into the 

negative, but as the magnetism increases, it becomes steady for the rest transition. 

 

4. Some Important Parameters 

The Hubble’s parameter & Expansion scalar are 

.
n

H
t

=                                                                     (35) 

3
.

n

t
 =                                                                     (36) 

Figure 7 illustrates how the expansion scalar and the mean Hubble parameter are declining with time. It 

demonstrates how the universe's expansion slows down over time. 

The mean anisotropy parameter 

( )2 1 32
1

2

2
.

3

n

m

c t
A

n

−

=                                                              (37) 

Expression (32) allows us to conclude that the created universe model is purely anisotropic, as the mean 

anisotropy parameter never approaches 0. 

The shear scalar 
2 2 6

1
nc t −= .                                                                (38) 

 

 

Fig.7: Behaviour of Hubble’s parameter vs. time for 12n = . 

The deceleration parameter 

1
1q

n
= − + .                                                                  (39) 

The deceleration parameter appears to be constant in expression (39), yet for a selected choice of constant 

0.91q→−  demonstrating an accelerating universe. 
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4.1 Jerk Parameter 

Due to the low density of DE, which overcomes the gravitational pull of matter in the universe, cosmic 

expansion was initially sluggish. Matter density decreased, and the age of DE dominance began with cosmic 

expansion. Numerous scholars have explained how the cosmic jerk, which eventually happens for various universe 

models with a positive jerk parameter and a negative deceleration parameter, causes the cosmos to realign from a 

decelerating to an accelerating phase. 

The jerk parameter is defined and obtained as  

( )
2

3 2

3 2
.

a n n
j t

aH n

− +
= =                                                        (40) 

In expression (40), we observe that the jerk parameter is a constant function. We know that, if 1j =  shows 

CDM  model, 1j   shows a Quintessence type model and 1j   gives phantom type model. For our selection 

of constant, 12n =  we get 0.76 1j =   shows Quintessence-type universe. 

 

4.2 Energy Conditions 

The energy conditions are respectively defined as [52] 

(i) Null Energy Condition            : 0p +   

(ii) Weak Energy Condition          : 0,  0p  +   

(iii) Strong Energy Condition         : 3 0p +   

(iv) Dominant Energy Condition   : 0,  0p     

 

From (28) and (33), we can express the conditions as 

( ) ( ) ( )( ) ( )( )2 1 2 2 1 2 1 3 3 1 32 2 2 2 2 3 5 2 1 3
0 1 1 2 1

2

4

.
4

n n n nn nM t t c m t c t n c m t c t nt

p
t






− − − −− − + − + − + + −
  

+ =     (43) 

 

 

Fig.8: Behaviour of NEC vs. time for 1 2 03,  5,  7,  12,  9c c m n = = = = = . 

From Figure NEC is violeted in the beginning since 0p +  , however later on 0p +  , NEC get satisfied 
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( ) ( ) ( ) ( ) ( )( )2 1 2 2 1 3 3 1 32 2 2 1 3 2
0 1 1 2 1

2

2 12 2 3 1 3 1 2
3 .

4

n n nnM t t c c t n n c n n t c t
p

t






− − −− + − + − + − −
 

+ =   (44) 

 

Fig.9: Behaviour of SEC vs. time for 1 2 03,  5,  7,  12,  9c c m n = = = = = . 

 

( ) ( ) ( )2 12 2 2 3 5 1 3
0 1 2

2

4 2 3 1 2 3 1
.

4

n n nt c m t n n c m t n n t
p

t






− − −    + − − + − −
   

− = − 
 
 

              (45) 

 

Fig.10: Behaviour of DEC vs. time for 1 23,  5,  7,  12c c m n= = = = . 

Since all energy conditions occur in the negative phase, it is evident from Figures 8, 9, and 10 that energy 

conditions are initially violated. However, everyone eventually becomes satisfied with passing time. Nevertheless, 

it has been observed that the energy conditions during evolution were unaffected or with a constant effect by 

electromagnetic field. 

 

5. Conclusions 

In the context of Barber's second self-creation framework, this paper investigates the homogeneous and 

anisotropic Bianchi type V metric in which the EMT is bulk viscous fluid is coupled to a string of clouds with an 

electromagnetic field. To obtain exact solutions to the field equations, the power law form of volumetric expansion 

and the condition that gives the trace of EMT zero are applied. 
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According to the study, magnetic field intensity has a major impact on all physical quantities: 

• Energy and tension densities decline over time. The magnetic field has a steady effect on energy 

density, but it has increased the fall in tension density.  

• Particle density changes from negative to positive, transitioning the universe from an early string-

dominated phase to a later particle-dominated stage, both of which vanish after infinite times.  

• Bulk viscosity decays exponentially over time and is unaffected by magnetism.  

• Pressure rises from negative to positive with constant magnetic influence. 

• The EoS value rapidly decreases from positive to negative, becoming stable under greater 

magnetic fields. 

Additionally, it is discovered that the created universe is anisotropic, expanding, accelerating, and in a 

Quintessence-type era with spatial choice of constant values. Magnetic fields have little influence on energy 

conditions, which are initially violated but eventually satisfied as time passes. 
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