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IMPLEMENTING THE STANDARD CHAPLYGIN GAS EQUATION IN EXPLORING THE 

ASSORTED SUBSISTENCE OF DARK ENERGY IN RELATIVISTIC COSMOLOGY

 

In Astrophysics and Cosmology, dark energy has been acknowledgedas the hypothetical form of energy, 

exhibiting the property of negatively aggrandized pressure which in turn defeats gravity and has been 

extremely responsible for the accelerated 

deals with the formulation of a cosmic model with the persistence of spatially flat Friedmann Robertson 

Walker (FRW) Metric where the sustenance of the Equation of State of the Barotropic Fluid is pe

operational under the sturdy appearance of the Standard Chaplygin Gas Equation.  Some of the 

physical parameters associated with this cosmic model such as the pressure, energy density, Hubble 

Constant, scale factor of the cosmos etc., have been inv

Equation. 

Keywords: Accelerated Expansion, Anisotropy, Cosmos, Dark Energy,

 

1.0 Introduction: 

 

The cosmic model formulated for this current study portrays the connotation that the scalar expans

endures developments with signified points of spacetime. The energy density 

under presumption sketches a vivid scenario depicting the early epoch cosmos and the late eon cosmos 

which has been grounded on the characteristic b

in the case of late epoch universe, satisfying 

 

Such interpretations essentially redirect to a cosmic scenario of the very early epoch of the cosmos 

where the energy density � conforms to a condition which is 

mysterious non-relativistic matter component abundant in

intelligible as the dark matter. 

 

             The other cosmic scenario relating to the late epoch cosmos implicates that the energy density 

behaves as � ⟶ (−��)
�

�  which essentially furnish that such a cosmic ambiance n

predominance of dark energy in the cosmos. From these two different constraint conditions essentially 
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THE STANDARD CHAPLYGIN GAS EQUATION IN EXPLORING THE 

ASSORTED SUBSISTENCE OF DARK ENERGY IN RELATIVISTIC COSMOLOGY

Pallavi Saikia 

Department of Mathematics, 

Apex Professional University, 

Pasighat, Arunachal Pradesh. 

 

ABSTRACT 

In Astrophysics and Cosmology, dark energy has been acknowledgedas the hypothetical form of energy, 

exhibiting the property of negatively aggrandized pressure which in turn defeats gravity and has been 

extremely responsible for the accelerated expansion acclimatized in the cosmos. This present study 

deals with the formulation of a cosmic model with the persistence of spatially flat Friedmann Robertson 

Walker (FRW) Metric where the sustenance of the Equation of State of the Barotropic Fluid is pe

operational under the sturdy appearance of the Standard Chaplygin Gas Equation.  Some of the 

physical parameters associated with this cosmic model such as the pressure, energy density, Hubble 

Constant, scale factor of the cosmos etc., have been investigated in the light of Standard Chaplygin Gas 

Accelerated Expansion, Anisotropy, Cosmos, Dark Energy, Hubble Constant.

The cosmic model formulated for this current study portrays the connotation that the scalar expans

endures developments with signified points of spacetime. The energy density � of the model universe 

under presumption sketches a vivid scenario depicting the early epoch cosmos and the late eon cosmos 

which has been grounded on the characteristic behaviour when � ≤ 1 that entails �~

in the case of late epoch universe, satisfying � ≥ 1, we shall arrive at �~(−��)
�

� 

Such interpretations essentially redirect to a cosmic scenario of the very early epoch of the cosmos 

conforms to a condition which is �~��� . This erects analogous to the 

relativistic matter component abundant in the cosmos which is more commonly 

The other cosmic scenario relating to the late epoch cosmos implicates that the energy density 

which essentially furnish that such a cosmic ambiance n

predominance of dark energy in the cosmos. From these two different constraint conditions essentially 
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THE STANDARD CHAPLYGIN GAS EQUATION IN EXPLORING THE  

ASSORTED SUBSISTENCE OF DARK ENERGY IN RELATIVISTIC COSMOLOGY 

In Astrophysics and Cosmology, dark energy has been acknowledgedas the hypothetical form of energy, 

exhibiting the property of negatively aggrandized pressure which in turn defeats gravity and has been 

expansion acclimatized in the cosmos. This present study 

deals with the formulation of a cosmic model with the persistence of spatially flat Friedmann Robertson 

Walker (FRW) Metric where the sustenance of the Equation of State of the Barotropic Fluid is perfectly 

operational under the sturdy appearance of the Standard Chaplygin Gas Equation.  Some of the 

physical parameters associated with this cosmic model such as the pressure, energy density, Hubble 

estigated in the light of Standard Chaplygin Gas 

Hubble Constant. 

The cosmic model formulated for this current study portrays the connotation that the scalar expansion � 

of the model universe 

under presumption sketches a vivid scenario depicting the early epoch cosmos and the late eon cosmos 

~����
���� whereas 

)

Such interpretations essentially redirect to a cosmic scenario of the very early epoch of the cosmos 

. This erects analogous to the 

the cosmos which is more commonly 

The other cosmic scenario relating to the late epoch cosmos implicates that the energy density � 

which essentially furnish that such a cosmic ambiance necessitates the 

predominance of dark energy in the cosmos. From these two different constraint conditions essentially 
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signifies that the fusion of Standard Chaplygin gas model in a Barotropic fluid is sufficient to explicate 

the genesis of dark energy and at the same instance the dark matter collectively. 

 

Such asymptotic characteristic flourished by the physical property of the universe which is the 

energy density �  in this context isprecisely functional while inculcating the Standard Equation of 

Chaplygin Gas with the Barotropic fluid content of the model universe under presumption. Earlier this 

entire cosmic scenario has been envisioned by Pallavi Saikia [1] and the allied physical properties 

concerning to the model universe viz., the pressure, scale fa

behaviour have been deliberately investigated.

 

1.1 Introducing the Standard Equation of Chaplygin Gas:

 

In Astrophysics and Space Science, the portrayal of Chaplygin gas stands for a hypothetical substance 

that satisfies an exotic equation of state in the form 

 

where the symbols have their usual meanings i.e.,  

positive constant and � = 1 

 

The Equation of state for the Standard Chaplygin Gas can be expre

 

 

This very equation has its utilization in cosmological arena toformulate a mathematical cosmic model 

which emerges as an effective model inamalgamating a dark energy and dark matter engrained 

cosmological ambiance.  

2. Developing the Mathematically Engrained CosmicModel:

This present study deals with a cosmological model that has been show grounded on an explicitly flat 

Friedmann-Robertson-Walker (FRW) Model. This model envisaged the implication of the metric which 

can be most generously represented as follows:  

 

��� = ��� −

The energy momentum tensor has the representation as under:

 

��� = � ���� +

The terms appearing in Equation (2), exhibits 

�stands for the energy density of the cosmic fluid

�denotes the pressure of the fluid 
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signifies that the fusion of Standard Chaplygin gas model in a Barotropic fluid is sufficient to explicate 

at the same instance the dark matter collectively.  

Such asymptotic characteristic flourished by the physical property of the universe which is the 

in this context isprecisely functional while inculcating the Standard Equation of 

in Gas with the Barotropic fluid content of the model universe under presumption. Earlier this 

entire cosmic scenario has been envisioned by Pallavi Saikia [1] and the allied physical properties 

concerning to the model universe viz., the pressure, scale factor, Hubble Constant, Anisotropic 

behaviour have been deliberately investigated. 

1.1 Introducing the Standard Equation of Chaplygin Gas: 

In Astrophysics and Space Science, the portrayal of Chaplygin gas stands for a hypothetical substance 

an exotic equation of state in the form  

� =  −
�

��
 

where the symbols have their usual meanings i.e.,  � is the pressure, � is the energy density.  and 

The Equation of state for the Standard Chaplygin Gas can be expressed as: 

� = − 
�

�
 

This very equation has its utilization in cosmological arena toformulate a mathematical cosmic model 

which emerges as an effective model inamalgamating a dark energy and dark matter engrained 

Mathematically Engrained CosmicModel: 

This present study deals with a cosmological model that has been show grounded on an explicitly flat 

Walker (FRW) Model. This model envisaged the implication of the metric which 

ly represented as follows:   

−  ��� [��� +  ����� +  ������ � ���] ... (1) 

 

The energy momentum tensor has the representation as under: 

+ ������ − ���� …………………………….(2) 

 

The terms appearing in Equation (2), exhibits their respective meanings as 

stands for the energy density of the cosmic fluid 
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signifies that the fusion of Standard Chaplygin gas model in a Barotropic fluid is sufficient to explicate 

Such asymptotic characteristic flourished by the physical property of the universe which is the 

in this context isprecisely functional while inculcating the Standard Equation of 

in Gas with the Barotropic fluid content of the model universe under presumption. Earlier this 

entire cosmic scenario has been envisioned by Pallavi Saikia [1] and the allied physical properties 

ctor, Hubble Constant, Anisotropic 

In Astrophysics and Space Science, the portrayal of Chaplygin gas stands for a hypothetical substance 

is the energy density.  and � is 

This very equation has its utilization in cosmological arena toformulate a mathematical cosmic model 

which emerges as an effective model inamalgamating a dark energy and dark matter engrained 

This present study deals with a cosmological model that has been show grounded on an explicitly flat 

Walker (FRW) Model. This model envisaged the implication of the metric which 
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��stands for the four-flow vector substantializing the relation

������

Representing Einstein’s Field Equations 

 

��� −  
�

�
���� =

 

Equation (4) effectively producesthe following two subsequent Equations as: 

 

8��� =  −2
�̈

�
− 

�̇�

�� ……………..(5)

and  

              

 

 

As mentioned earlier in the Section 1.1, The Equation of state for the StandardChaplygin Gas is:

 

In this above Equation (7),�stands for a positive constant i.e., 

appearing here is the pressure� and the energy density

correlation between the pressure and energy density under such a cosmic ambiance has been governed 

by an inversely proportional correspondence between these two physical parameters of th

 

The Equation of state for the Barotropic Fluid can be expressed as follows:

� =

 

Equation (8) precisely gets validated with the Equation of State (EoS) or dimensionless parameter 

conforms to the inequality constraint

Here we shall implementthe value of 

find the value of the constant �as 

 

− 
�

�
=  �� ⟹ � = −����

�                

Here in this above Equation (9) and proceeding 

in order to indicate the present values exhibited by the physical parameters involved in formulating the 

cosmic model relating to the model universe.

 

Expressing the Equation of Energy Momentum as un
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flow vector substantializing the relation 

�� = 1 ……………………………(3) 

 

Representing Einstein’s Field Equations as: 

=  −8π� ������ + ������ − �����……….(4) 

Equation (4) effectively producesthe following two subsequent Equations as:  

……………..(5) 

      8��� =  −3
�̇�

�� ………………… (6) 

earlier in the Section 1.1, The Equation of state for the StandardChaplygin Gas is:

� = − 
�

�
…………………(7) 

 

stands for a positive constant i.e., � > 0. The other physical parameters 

and the energy density�. Mathematical computations justify that the 

correlation between the pressure and energy density under such a cosmic ambiance has been governed 

by an inversely proportional correspondence between these two physical parameters of th

The Equation of state for the Barotropic Fluid can be expressed as follows: 

 

 ��       ………………………….(8) 

Equation (8) precisely gets validated with the Equation of State (EoS) or dimensionless parameter 

traint� <  −1 

Here we shall implementthe value of � from Equation (8) and substituting in Equation (7) for which we 

                ….………………..(9) 

Here in this above Equation (9) and proceeding further, we shall use the suffix �(wherever applicable) 

in order to indicate the present values exhibited by the physical parameters involved in formulating the 

cosmic model relating to the model universe. 

Expressing the Equation of Energy Momentum as under 
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earlier in the Section 1.1, The Equation of state for the StandardChaplygin Gas is: 

. The other physical parameters 

. Mathematical computations justify that the 

correlation between the pressure and energy density under such a cosmic ambiance has been governed 

by an inversely proportional correspondence between these two physical parameters of the cosmos.  

Equation (8) precisely gets validated with the Equation of State (EoS) or dimensionless parameter �that 

from Equation (8) and substituting in Equation (7) for which we 

(wherever applicable) 

in order to indicate the present values exhibited by the physical parameters involved in formulating the 
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From this above Equation, on computing the first order derivative of 

 

…………………………….(10) 

Now, we shall apply the Standard Chaplygin Gas Equation from Equation (7) and substituted in 

Equation (10) which leads to the following equation as

 

�̇ =  − 3 �
�̇

�
� �− 

�

�
+ �� 

⟹

 Here log � is the integration constant to be added

 

                  

   [Writing, ��� = �
��

�(�)
�] 

……...……………………(11) 

where �� stands for the current value of the energy density 

�� is denoting the value of the scale factor 

 

Equation (9) illustrates the relationship between the Equation of State parameter 

constant � as  

 

 

                                                                 

………………………………...(12)

 

Now, we present the current value of the EoS parameter involved in the equation as 

��= �����, ��denotes the present time instant.
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�̇ + 3 �
�̇

�
� (� + �) = 0 

 

From this above Equation, on computing the first order derivative of �, we get 

�̇ =  − 3 �
�̇

�
� (� + �) 

 

Now, we shall apply the Standard Chaplygin Gas Equation from Equation (7) and substituted in 

to the following equation as 

1

2
log|�� − �| =  −3 log � + log � 

is the integration constant to be added 

                               ⟹ �� − � = ��. �
��

�(�)
�

�

 

⟹ � =  �� + ��. �
��

�(�)
�

�

�

�
�

 

 

stands for the current value of the energy density � and 

is denoting the value of the scale factor �(�) at the present time instant �� 

Equation (9) illustrates the relationship between the Equation of State parameter 

� =
�

�
 

     ⟹ �� =  −
�

��
�
 

………………………………...(12) 

Now, we present the current value of the EoS parameter involved in the equation as 

denotes the present time instant. 
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Now, we shall apply the Standard Chaplygin Gas Equation from Equation (7) and substituted in 

�

Equation (9) illustrates the relationship between the Equation of State parameter � and the positive 

Now, we present the current value of the EoS parameter involved in the equation as 



IUT Journal of Advanced Research and Development

Volume 9, No 2 (April2023–September2023) 

All rights are reserved by IUT Journal of Advanced Research and Development (IUT

 

 

 

The expression for pressure �as obtained from Equation (7) can be represented as 

� =  
��

Utilizing Equations (9) and (11), we can present the energy density 

…… … ………………………(14) 

There have been two propositioned forms of dark energy viz., the Cosmological Constant, usually 

denoted by the Greek letter Λ and introduced by the greatest physicist of modern epoch, Albert Einstein 

for sketching the perception of a statis cosmos and the second one essentially illustrating the Scalar 

Fields, those considered as dynamical quantities, possessing energy densities 

time and space, for instance the Quintessence, depicting the cosmological scenario of a hurriedly 

streaming out cosmos in every permissible direction. 

 

This Quintessence model of the cosmos for this present study have been repres

assistance of the Equations [1] and [2] which stands for a

the predilection of articulating with the insinuation of a field 

 

Under such a slant, the vivid physical param

and the pressure by��becoming apparent from the Quintessence Scalar Field Model, signified by the 

Equations as under 

 

and 

 

Presuming the endurance of the model unive

homogeneous and isotropic cosmos, these aforementioned Equations take the representation as:

 

�� =  
�

�
�̇�

and 

�� =  
�

�
�̇� −

Here �(�) stands for the potential of the scalar field 

Applying Equations (7) and (9), we have from Equation (16) as
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as obtained from Equation (7) can be represented as  

���
�

�
…………………………………(13) 

 

tilizing Equations (9) and (11), we can present the energy density � as 

� =  �−����
� + ��. �

��

�(�)
�

�

�

�
�

 

 

There have been two propositioned forms of dark energy viz., the Cosmological Constant, usually 

and introduced by the greatest physicist of modern epoch, Albert Einstein 

for sketching the perception of a statis cosmos and the second one essentially illustrating the Scalar 

Fields, those considered as dynamical quantities, possessing energy densities that get alterations with 

time and space, for instance the Quintessence, depicting the cosmological scenario of a hurriedly 

streaming out cosmos in every permissible direction.  

This Quintessence model of the cosmos for this present study have been repres

assistance of the Equations [1] and [2] which stands for a perfectly scalar field model and might arouse 

articulating with the insinuation of a field � and a �(�) potential. 

Under such a slant, the vivid physical parameter � for this cosmic ambiance is represented by

becoming apparent from the Quintessence Scalar Field Model, signified by the 

�� =  
1

2
�̇� + �(�) 

�� =  
1

2
�̇� − �(�) 

Presuming the endurance of the model universe pertaining the characteristic behaviours of a 

homogeneous and isotropic cosmos, these aforementioned Equations take the representation as:

̇ + �(�) ……………………………….(15) 

̇ − �(�) ………………………………...(16) 

 

stands for the potential of the scalar field �(�)considered w.r.t. time instant

Applying Equations (7) and (9), we have from Equation (16) as 
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There have been two propositioned forms of dark energy viz., the Cosmological Constant, usually 

and introduced by the greatest physicist of modern epoch, Albert Einstein 

for sketching the perception of a statis cosmos and the second one essentially illustrating the Scalar 

that get alterations with 

time and space, for instance the Quintessence, depicting the cosmological scenario of a hurriedly 

This Quintessence model of the cosmos for this present study have been represented with the 

perfectly scalar field model and might arouse 

potential.  

for this cosmic ambiance is represented by�� 

becoming apparent from the Quintessence Scalar Field Model, signified by the 

rse pertaining the characteristic behaviours of a 

homogeneous and isotropic cosmos, these aforementioned Equations take the representation as: 

considered w.r.t. time instant�. 
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�̇�

�
=  

�

                                                        [Writing 

 

Equation (15) builds 
�̇�

�
=  � −  �(�)……………………….(18)

    [Writing �� = �] 

 

Equations (17) and (18) are added, so we get the first order derivative of the scalar field 

 

 

At this step, we use the Equations (14) and (19) so that we shall get 

 

 

It has been quite predictive that for a set of values for 

which suggests the inequality condition

characterizing that under such cosmological circumstances, the appearance of dark energy might arise 

in the form of Quintessence. Furthermore, with the constraint inequal

condition �̇� < 0 subsists negatively aggrandized dark energy in the cosmos, strictly directing to the 

Phantom form of dark energy. Thus, the formulated cosmic model for this present paper endorsed three 

diversified 

emergences of dark energy in the cosmos which are as: the Standard Chaplygin Gas, Quintessence and 

dark energy itself. 

 

The Einstein Friedmann Equation while analyzed in this context of the form of dark energy results the 

following Equation as 

⟹ �
�

�

 
  [Utilizing Equation (14)] 
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����
�

�
+  �(�)……………………..(17) 

[Writing �� =  � and implementing Equation (13) here]

……………………….(18) 

Equations (17) and (18) are added, so we get the first order derivative of the scalar field 

�̇�= 
����

�� ��

�
 

………………………..(19) 

step, we use the Equations (14) and (19) so that we shall get  

 

�̇� =  
��. �

��

�(�)
�

�

���. �
��

�(�)
�

�

− −����
��

�
�

 

…………………………(20) 

It has been quite predictive that for a set of values for �� > −1, we shall attaina cosmic ambiance 

inequality condition�̇� > 0that springs to a state of attaining positive kinetic energy 

characterizing that under such cosmological circumstances, the appearance of dark energy might arise 

in the form of Quintessence. Furthermore, with the constraint inequality �� <

subsists negatively aggrandized dark energy in the cosmos, strictly directing to the 

Phantom form of dark energy. Thus, the formulated cosmic model for this present paper endorsed three 

dark energy in the cosmos which are as: the Standard Chaplygin Gas, Quintessence and 

The Einstein Friedmann Equation while analyzed in this context of the form of dark energy results the 

�
�̇

�
�

�

=  
8���

3
. � 

�
�̇

�
�

�

=  
8���

3
. ���. �

��

�(�)
�

�

− ����
��

�
�
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and implementing Equation (13) here] 

Equations (17) and (18) are added, so we get the first order derivative of the scalar field � 

we shall attaina cosmic ambiance 

that springs to a state of attaining positive kinetic energy 

characterizing that under such cosmological circumstances, the appearance of dark energy might arise 

−1, conforming the 

subsists negatively aggrandized dark energy in the cosmos, strictly directing to the 

Phantom form of dark energy. Thus, the formulated cosmic model for this present paper endorsed three 

dark energy in the cosmos which are as: the Standard Chaplygin Gas, Quintessence and 

The Einstein Friedmann Equation while analyzed in this context of the form of dark energy results the 
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…………………………………(21)

where the denotation��represents the Newtonian Gravitational Constant.

 

In this above Equation (21) the energy density

relation  

�� =  Ω���

Applying the above Equation (22), Equation (21) gives rise to,

 

�
�̇

�
�

�

=
����

�
 . ���. �

��

�(�)
�

�

−  ��� Ω

 

⟹ �
�̇

�
�

�

=
������

(�)

�
.  Ω� ���. �

��

�(�)
�

�

 

Equation (24) provides the present value of the Hubble Constant 

applying the formula,  

��
� =  

������
(�)

�
…………………………..….(25)

Thus, Equation (24) yields, 

�̇

�
=  �

                                                                                

This situation demands the cosmic circumstances as follows, 

 

���� > 1 and ��
(�)

=
���

�

����
 …………………………. (27)

 

�̇(�)

�(�)
≃

 

Now expanding the R.H.S. of the Equation (26) up to the second order terms and neglecting the third 

and other higher order terms, we shall have

 

�̇(�)

�(�)
≃  �

Thereby Integrating, 

�(�)� = 2 ��.
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…………………………………(21) 

represents the Newtonian Gravitational Constant. 

In this above Equation (21) the energy density��at current time instant�� = ���prefers the following 

��
(�)

   … … …….…………………………(22) 

 

Applying the above Equation (22), Equation (21) gives rise to, 

� Ω���
(�)

�
�

�

�

�

……………………(23) 

( )
�

�

− ���

�

�

………………………...(24) 

Equation (24) provides the present value of the Hubble Constant ���� =  ���which can be computed by 

…………………………..….(25) 

��. � Ω�. ���. ��
1

��
. ��. �

��

�(�)
�

�

� −  1 

                                                                                ……………………………..(26) 

This situation demands the cosmic circumstances as follows,  

…………………………. (27) 

( )

( )
≃  ��.  � Ω� ����. �

��

�(�)
�

�

� +  �����

�
�

 

Now expanding the R.H.S. of the Equation (26) up to the second order terms and neglecting the third 

and other higher order terms, we shall have 

��.  � Ω�����
�
� �1 +

1

2
. ��.

1

����
. �

��

�(�)
�

�

� 

 

.  � Ω� . ����
�
� �1 +

1

2
. ��.

��
�

����
� �� − ��� +  �� 
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�which can be computed by 

 

Now expanding the R.H.S. of the Equation (26) up to the second order terms and neglecting the third 

�

�  



IUT Journal of Advanced Research and Development

Volume 9, No 2 (April2023–September2023) 

All rights are reserved by IUT Journal of Advanced Research and Development (IUT

 

 

  where��istheconstant of integration to be added 

 …………………………………….. (28)

 

⟹ �
�(�)

��
�

�

=

 Neglecting ��at this step for the sake of mathematical conveniences

…………………………………….. (29)

From Equation (28), we have 

�(�) =  �2 ��. 

 

⟹
�(�)

��
=  

 ……………………………….(30) 

⟹
��

�(�)
=  �

………………………………..(31) 

 

Now, substituting the value of 
��

�(�)
 from Equation (31) in Equation (14), we shall get the modified value 

of the energy density � as 

� =  �

 

⟹ � =  

⎣
⎢
⎢
⎡

−����
� + ��.

2 ��.  � Ω

 

Implementing the Binomial Expansion of 

neglecting all higher order terms, we shall have the expression for the energy density 

 

� =  �

2 ��

                                                                              

 

Now applying the Equations (7) and (9), we have the expression for pressure 

 

Development ISSN2455–

IUT Journal of Advanced Research and Development (IUT-JARD), The ICFAI University Tripura

istheconstant of integration to be added  

…………………………………….. (28) 

( )
=  2 ��.  � Ω� . ����

�
� �1 +

1

2
.

��

����
� �� − ��� 

at this step for the sake of mathematical conveniences 

…………………………………….. (29) 

 � Ω� . ����
�
� �1 +

1

2
. ��.

��
�

����
� �� − ��� +  ���

�
�

�2 ��.  � Ω� . ����
�
� �1 +

1

2
.

��

����
� �� − ����

�
�

 

 

�2 ��.  � Ω� . ����
�
� �1 +

1

2
.

��

����
� �� − ����

� 
�
�

 

 

( )
from Equation (31) in Equation (14), we shall get the modified value 

�−����
� + ��. �

��

�(�)
�

�

�

�

�

[Equation (14)] 

1

� Ω� . ����
�
�. �� − ���

�1 +
1

2
.

��

����
+

1

4
.

��

����
� +

1

8
.

��

����
� + ⋯

Implementing the Binomial Expansion of �1 −
�

�
.

��

����
�

��

, considering up to second terms and 

neglecting all higher order terms, we shall have the expression for the energy density 

��

��.  � Ω� . ����
�
�. �� − ���

�1 +
1

2
.

��

����
� − ����

��

�
�

 

                                                                              ………………………………………….(32)

Now applying the Equations (7) and (9), we have the expression for pressure � as 
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�

�

�
�

 

�

�

from Equation (31) in Equation (14), we shall get the modified value 

⋯ … … + ⋯ ∞�

⎦
⎥
⎥
⎤

�
�

 

, considering up to second terms and 

neglecting all higher order terms, we shall have the expression for the energy density � as 

………………………………………….(32) 
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⟹ � = ����
�. �

2 ��.  � 

                                                                                   

 

Volume �can be represented by the following relation

 

 

In Cosmology and Space Science, the scale factor 

the comparative size of the cosmos at a particular instant of time when compared to is size at a point of 

substantiation, usually considered w.r.t. this 

clarifies the extent regarding how considerably the cosmos has experience magnification from a 

specified time instant in the extreme earlier epoch as when the cosmos undergoes a rapid exponential 

expansion just after the Big Bang cosmology i.e., the inflation and the scale factor of the cosmos starts 

developing thereafter.  

 

Therefore, calculating the volume of the cosmos, we shall have the following expression for 

� = �2 ��.  �

                                                                                        

[Implementing Equation (28)] 

 

Equation (25) give rise to the expression indicating the present value of the Hubble Constant 

 

Utilizing the present value of � at the current time instant, denoted by  

 

�� =  �
8���

3

⎣
⎢
⎢
⎢
⎢
⎡

1 −
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� =
����

�

�
 

�2

� Ω� .����
1

2.��−���

�1 +
1

2
.

�2

����
� − ���

�
2�

− 
1

2

[Applying Equation (32)]

                                                                                   ………………………………………(33)

can be represented by the following relation 

� = �(�)� 

In Cosmology and Space Science, the scale factor �(�) depicts a dimensionless magnitude that indicates 

the comparative size of the cosmos at a particular instant of time when compared to is size at a point of 

substantiation, usually considered w.r.t. this present day that fundamentally  

clarifies the extent regarding how considerably the cosmos has experience magnification from a 

specified time instant in the extreme earlier epoch as when the cosmos undergoes a rapid exponential 

Bang cosmology i.e., the inflation and the scale factor of the cosmos starts 

Therefore, calculating the volume of the cosmos, we shall have the following expression for 

� Ω� . ����
�
� �1 +

1

2
. ��.

��
�

����
� �� − ��� +  ���

�
�

 

                                                                                        ………………………………….(34)

Equation (25) give rise to the expression indicating the present value of the Hubble Constant 

��
� =  

8�����
(�)

3
 

at the current time instant, denoted by  ��
(�)

 in Equation (25), we get

�
�

�

�
�

.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω� . ����
1

2. �� − ���

. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎤

�
�

. 

⎣
⎢
⎢
⎢
⎢
⎡

− ���
�
2.

⎣
⎢
⎢
⎢
⎡
2 ��.  � Ω� . ����

1

2. �� − ���

�2. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎥
⎤

⎦
⎥
⎥
⎥
⎥
⎤

�
�

 

                                                                                        ………………………………….(35)
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[Applying Equation (32)] 

………………………………………(33) 

depicts a dimensionless magnitude that indicates 

the comparative size of the cosmos at a particular instant of time when compared to is size at a point of 

clarifies the extent regarding how considerably the cosmos has experience magnification from a 

specified time instant in the extreme earlier epoch as when the cosmos undergoes a rapid exponential 

Bang cosmology i.e., the inflation and the scale factor of the cosmos starts 

Therefore, calculating the volume of the cosmos, we shall have the following expression for � 

………………………………….(34) 

Equation (25) give rise to the expression indicating the present value of the Hubble Constant ��as   

in Equation (25), we get 

⎦
⎥
⎥
⎤

………………………………….(35) 



IUT Journal of Advanced Research and Development

Volume 9, No 2 (April2023–September2023) 

All rights are reserved by IUT Journal of Advanced Research and Development (IUT

 

 

 

Now considering the term  

⎣
⎢
⎢
⎢
⎢
⎡

1 −

 

we apply Binomial Expansion and neglecting third and all 

 

�1 − ���
�
2. �

2 ��

………………………..(36) 

 

Therefore, implementing Equation (36) in Equation (35), we have the expression for present value of 

the Hubble Constant as  

 

�� =  �
8���

3
�

�
�

.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω�

                                                                                                       

The Equation rendering to Shear stress, 

 

� = 0                                              

Anisotropy parameter concerning to the model universe, 

△= 0                                                …………………………(39)

 

We have at this moment, 

=  �
����

�
�

�

�
.�

�

2 ��.  � Ω

                                                                                                  

Also, 
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⎣
⎢
⎢
⎢
⎢
⎡

− ���
�
2.

⎣
⎢
⎢
⎢
⎡
2 ��.  � Ω� . ����

1

2. �� − ���

�2. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎥
⎤

⎦
⎥
⎥
⎥
⎥
⎤

�
�

 

we apply Binomial Expansion and neglecting third and all higher order terms, we shall arrive at

�.  � Ω� .����
1

2.��−���

�2.�1+
1

2
.

�2

����
�

��

�

�

= 1−  ���
�
2. �

��.  � Ω� .����
1

2.��−���

�2.�1+
1

2
.

�2

����
�

� 

Therefore, implementing Equation (36) in Equation (35), we have the expression for present value of 

� � . ����
1

2

. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎤

�
�

.

⎣
⎢
⎢
⎢
⎢
⎡

1 −   ���
�
2.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ��

�2. �1 +

                                                                                            …………………………(37)

The Equation rendering to Shear stress,  

                                              …………………………(38)

 

Anisotropy parameter concerning to the model universe,  

…………………………(39) 

�� =  �� =  �� =  
�

3
 

�2

� Ω� .����
1

2

. �1 +
1

2
.

�2

����
��

�

�

. �1 −   ���
�
2. �

��.  � Ω� .����
1

2.��−�

�2.�1+
1

2
.

�2

����
�

 

                                                                                                  …………………………….(40)

� =
�̇

�
= 3

�̇

�
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higher order terms, we shall arrive at 

�

�
� 

Therefore, implementing Equation (36) in Equation (35), we have the expression for present value of 

����
1

2. �� − ���

�
1

2
.

�2

����
�

⎦
⎥
⎥
⎥
⎤

⎦
⎥
⎥
⎥
⎥
⎤

 

…………………………(37) 

…………………………(38) 

� ���

�
�

�� 

…………………………….(40) 
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Therefore,  

 

= 3. �
����

�
�

�

�
.�

2 ��.  �

                                                                                                   

                                                                                          

The deceleration parameter �have the expression as

 

� = −1 −  �̇��                                

Equation (40) provides us the computed value of the Hubble Constant

 

� =  �
8�

⎣
⎢
⎢
⎢
⎢
⎡

1

 

Now calculating the first order derivative, 

�̇ =  − �
8���

3
�

�
�

.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω� . ����
1

2

 

                                                                                                 

Also, 

� =  �
8�
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� = 3.
�

3
 

�2

� Ω� .����
1

2

. �1 +
1

2
.

�2

����
��

�

�

. �1 −   ���
�
2. �

��.  � Ω� .����
1

2.��−

�2.�1+
1

2
.

�2

����
�

                                                                                                   …………………………..(41)

                                                                                                                   [Using Equation (40)]

have the expression as 

                                ……………………………..(42)

 

Equation (40) provides us the computed value of the Hubble Constant�as 

�
���

3
�

�
�

.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω� . ����
1

2

. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎤

�
�

. 

⎣
⎢
⎢
⎢
⎢
⎡

1 −   ���
�
2.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ����

1

2. �� − ���

�2. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎥
⎤

⎦
⎥
⎥
⎥
⎥
⎤

 

Now calculating the first order derivative, �̇ =  
��

��
 we have the value as 

� �
1

2

. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎤

�
�

. ���
�
2.

⎣
⎢
⎢
⎢
⎡

��.  � Ω� . ����
1

2

�2. �1 +
1

2
.

�2

����
�
⎦
⎥
⎥
⎥
⎤

 

                                                                                                 ……………………………..(43)

�
���

3
�

�
�

.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω� . ����
1

2

. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎤

�
�
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…………………………..(41) 

[Using Equation (40)] 

……………………………..(42) 

……………………………..(43) 
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⎣
⎢
⎢
⎢
⎢
⎡

1

 

 

∴ �� =  
8���

3
.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω� 

                                                                                                 

 

Therefore, computing the expression 

 

�̇�� = − �
8���

3
�

�
�

.

⎣
⎢
⎢
⎡

2

⎣
⎢
⎢
⎢
⎢
⎡

8���

3
.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω� . ����

 

                                                              

 

  ⟹ �̇�� = − �
8���

3
�

�
�

.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω

����
�.

⎣
⎢
⎢
⎢
⎡

��.  � Ω� . ����
�
�

��. �1 +
1
2

.
��

����
�
⎦
⎥
⎥
⎥
⎤

.

⎣
⎢
⎢
⎢
⎡

1 −   2

……………………………..(45)

Substituting the value of �̇�� from Equation (45) in Equation (42), we get

 

�= �
����

�
�

�

�
. �

�2

2 ��.  � Ω� .����
1

2

. �1 +
1

2
.

�2

���
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⎣
⎢
⎢
⎢
⎢
⎡

1 −   ���
�
2.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ����

1

2. �� − ���

�2. �1 +
1

2
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�2

����
�

⎦
⎥
⎥
⎥
⎤

⎦
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�  . ����
1

2

. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎤

.

⎣
⎢
⎢
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�
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⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ����

�2. �1 +
1

2
.

                                                                                                 ……………………………..(44)

Therefore, computing the expression �̇��, we have 

�
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⎢
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1

2

. �1 +
1

2
.

�2

����
�

⎦
⎥
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�
�

. ���
�
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⎣
⎢
⎢
⎢
⎡

��.  � Ω�

�2. �1 +
1

2

� �
1

2

. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎤

.

⎣
⎢
⎢
⎢
⎢
⎡

1 −  ���
�
2.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ����

1

2. ��

�2. �1 +
1

2
.

�2

����

                                                              [ Substituting the values from Equations (43) and (44)]
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2����
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⎤
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……………………………..(45) 
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�  . ����
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1

2
.
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����
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[ Substituting the values from Equations (43) and (44)] 
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.
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⎣
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⎡
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………………………….(46) 

 

3.1 Analysis Portrayed on the Energy Density 

 

From Equation (32), we get the expression for the energy density 

 

 � =  �

2 �

 

As time progresses i.e. when � ⟶

persistence of dark energy in the cosmos and subsequently the enunciation and dominance of a dark 

energy dominance eon redirecting to an accelerated intensification of the cosmos in a fast

 

3.2 Investigation Carried Out on the Friedmann Robertson Scale Factor 

 

From Equation (28), the scale factor 

�(�) =  �2 ��. 

 

With the advancement of time epochs i.e., as 

Space Science, the scale factor denotes a dimensionless quantity that suggestivelyindicates the 

enlargement of the cosmos. As soon as the scale factor 

cosmic set-up acclimatizes a scenario whe

escalated measure.  

 

3.3 Analysis Performed on Hubble Constant:

 

From Equation (40), the Hubble Constant is expressible as

 

� =  �
8���

3
�

�
�

.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω�

With the advancement of time factor i.e., as 

Parameter under such scenario, verges upon tending to a constant numerical value asymptotically, as 
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���
�.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ����

�
�. �� − ���

��. �1 +
1
2

.
��

����
�

⎦
⎥
⎥
⎥
⎤

+ ��
���

�.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ��

��. �1 +

3.1 Analysis Portrayed on the Energy Density �: 

From Equation (32), we get the expression for the energy density �which is as under

�
��

��.  � Ω� . ����
�
�. �� − ���

�1 +
1

2
.

��

����
� − ����

��

�
�

 

⟶ ∞ , we have � ⟶ 0 . This cosmic ambiance emphasizes the 

nergy in the cosmos and subsequently the enunciation and dominance of a dark 

redirecting to an accelerated intensification of the cosmos in a fast

3.2 Investigation Carried Out on the Friedmann Robertson Scale Factor �(�): 

From Equation (28), the scale factor �(�)is expressible as 

 � Ω� . ����
�
� �1 +

1

2
. ��.

��
�

����
� �� − ��� +  ���

�
�

With the advancement of time epochs i.e., as � ⟶ ∞, the scale factor �(�) ⟶  ∞

Space Science, the scale factor denotes a dimensionless quantity that suggestivelyindicates the 

enlargement of the cosmos. As soon as the scale factor �(�)tends to an infinite value, the précised

up acclimatizes a scenario where the cosmos approaches to accomplish an infinitely 

on Hubble Constant: 

Hubble Constant is expressible as 

�  . ����
1

2

. �1 +
1

2
.

�2

����
�

⎦
⎥
⎥
⎤
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.

⎣
⎢
⎢
⎢
⎢
⎡

1 −   ���
�
2.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ���

�2. �1 +
1

2

With the advancement of time factor i.e., as � ⟶ ∞, the Hubble Constant or more precisely the Hubble 

Parameter under such scenario, verges upon tending to a constant numerical value asymptotically, as 
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which is as under 

. This cosmic ambiance emphasizes the 

nergy in the cosmos and subsequently the enunciation and dominance of a dark 

redirecting to an accelerated intensification of the cosmos in a fast-track podium. 

( )  

�

�
�

 

∞. In Cosmology and 

Space Science, the scale factor denotes a dimensionless quantity that suggestivelyindicates the 

tends to an infinite value, the précised 

re the cosmos approaches to accomplish an infinitely 
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�
1
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, the Hubble Constant or more precisely the Hubble 

Parameter under such scenario, verges upon tending to a constant numerical value asymptotically, as 
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ascertained by Einstein’s Cosmological Constant 

energy in modern epoch, abided by the Equation 

prolonged- time streaming out mechanism in every possible direction conforms

expansion and eventually the Hubble Parameter decelerates from its present value to a constant 

numerical entity but does not practically attain

a de-Sitter type universe in which the exponential streaming out directly triggers out to the size of the 

cosmos that gets double of its size in a finite time span. 

 

However, as � ⟶ ∞, � ⟶ 0

indicating null movements between cos

unfeasible in relevance to dark energy’s dominance in modern time epoch.

Cosmology can grant for a cosmic back drop where the utmost significant physical parameter i.e.

Hubble Constant can suffer hindering or reduced speed mechanism to some extent but sensibly cannot

accomplish a value equal to zero. 

 

 

3.4 Investigation Portrayed on �, the Deceleration Parameter of the Cosmos:

 

From Equation (46), we have 
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����

�
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2
.
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�
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⎥
⎥
⎤

.

⎣
⎢
⎢
⎢
⎡
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For � −  �� ≫ 0 , � gets diminishing

� < 0 and the converse grows as the 

 

In Astrophysics, such measure suggestively

the rate experienced by the cosmos when a positively motivated value of the decelerating parameter 

directs to the decelerating state incurred in the cosmos and conversely a negatively précised value of the 

parameter triggers to an accelerated streaming apart of the cosmos in ever

 

3.5 Inspection Carried Out on Volume:

 

From equation (34), we shall get the volume 
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nstein’s Cosmological Constant Λ. This essentially explicates the dominance of dark 

energy in modern epoch, abided by the Equation � = �Λ
��

�
, that mathematically signifies that the 

time streaming out mechanism in every possible direction conforms

expansion and eventually the Hubble Parameter decelerates from its present value to a constant 

numerical entity but does not practically attain the value zero or infinity. This constant value redirects to 

the exponential streaming out directly triggers out to the size of the 

that gets double of its size in a finite time span.  

0. This is the moment when the cosmos stops expanding, eventually 

indicating null movements between cosmological objects. However, such an ambiance is realistically 

unfeasible in relevance to dark energy’s dominance in modern time epoch. Although Astrophysics and 

Cosmology can grant for a cosmic back drop where the utmost significant physical parameter i.e.

Hubble Constant can suffer hindering or reduced speed mechanism to some extent but sensibly cannot

, the Deceleration Parameter of the Cosmos: 

�2

����
��

�

�

. 

�
�
2.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . ����

1

2. �� − ���

�2. �1 +
1

2
.
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����
�

⎦
⎥
⎥
⎥
⎤

+ ��
2�

�
4.

⎣
⎢
⎢
⎢
⎡
��.  � Ω� . �

�2. �1 +

diminishing and sometimes even achieve negatively developed values i.e., 

grows as the �� − ��� ⟶ 0, �growsamplified.  

In Astrophysics, such measure suggestively empowering the cosmic scenario which establishes 

the cosmos when a positively motivated value of the decelerating parameter 

directs to the decelerating state incurred in the cosmos and conversely a negatively précised value of the 

parameter triggers to an accelerated streaming apart of the cosmos in every admissible direction. 

3.5 Inspection Carried Out on Volume: 

From equation (34), we shall get the volume � as  
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. This essentially explicates the dominance of dark 

, that mathematically signifies that the 

time streaming out mechanism in every possible direction conforms to exponential 

expansion and eventually the Hubble Parameter decelerates from its present value to a constant 

the value zero or infinity. This constant value redirects to 

the exponential streaming out directly triggers out to the size of the 

. This is the moment when the cosmos stops expanding, eventually 

mological objects. However, such an ambiance is realistically 

Although Astrophysics and 

Cosmology can grant for a cosmic back drop where the utmost significant physical parameter i.e., the 

Hubble Constant can suffer hindering or reduced speed mechanism to some extent but sensibly cannot 
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negatively developed values i.e., 

empowering the cosmic scenario which establishes 

the cosmos when a positively motivated value of the decelerating parameter 

directs to the decelerating state incurred in the cosmos and conversely a negatively précised value of the 

y admissible direction.  
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� = �2 ��.  �

 

As time proceeds i.e., � → ∞, volume 

3.6 Investigation Sketched on the Grounds of Pressure:

 

Equation (33) provides the following expression for pressure 

 

� = ����
�. �

2 

 

Inspecting the above cosmic scenario and supposition of implementing the said ambiance in the far 

future, i.e., as � → ∞, Equation (36) implies that 

a negatively epitomized pressure enriched scenario redi

cosmos, efficaciously deploying a repulsive gravitational force of attraction which has been extremely 

responsible for the exponential expansion incurred in the cosmos. 

 

3.7 Exploration Centralized on Critical 

 

The critical density �� of the cosmos have its most explicated Equation in connection to the energy 

density � of the cosmos by the following

 

 

Thus,  

�� =  
��

�
.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω� . ��

                                                                                                             

The above Equation predicts that the energy

essentially signifying that it sturdily portrays the configure of dark energy’s subsistence. The density 

parameter Ω of the cosmos has been defined as the ratio of the genuine or observed density 

critical density �� in relation to the Friedmann universe in Relativistic Cosmology.
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, volume � of the cosmos suffers intensification.  

Sketched on the Grounds of Pressure: 

Equation (33) provides the following expression for pressure � which is 

�
�2
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.
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����
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Inspecting the above cosmic scenario and supposition of implementing the said ambiance in the far 

, Equation (36) implies that � ≪ 0. In Astrophysics and particularly in Cosmology, 

a negatively epitomized pressure enriched scenario redirecting the ascendency of dark energy in the 

cosmos, efficaciously deploying a repulsive gravitational force of attraction which has been extremely 

responsible for the exponential expansion incurred in the cosmos.  

3.7 Exploration Centralized on Critical Density ��in the Pursuance of Energy Density:

of the cosmos have its most explicated Equation in connection to the energy 

of the cosmos by the following 
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3��
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                                                                                                             [Applying Equation (37)]

 

The above Equation predicts that the energy density � ⟶ �1 +
�

�0

�approaches to a constant value, 

essentially signifying that it sturdily portrays the configure of dark energy’s subsistence. The density 

of the cosmos has been defined as the ratio of the genuine or observed density 

in relation to the Friedmann universe in Relativistic Cosmology. 
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Inspecting the above cosmic scenario and supposition of implementing the said ambiance in the far 

In Astrophysics and particularly in Cosmology, 

recting the ascendency of dark energy in the 

cosmos, efficaciously deploying a repulsive gravitational force of attraction which has been extremely 

in the Pursuance of Energy Density: 

of the cosmos have its most explicated Equation in connection to the energy 
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[Applying Equation (37)] 

approaches to a constant value, 

essentially signifying that it sturdily portrays the configure of dark energy’s subsistence. The density 

of the cosmos has been defined as the ratio of the genuine or observed density � to the 

 



IUT Journal of Advanced Research and Development

Volume 9, No 2 (April2023–September2023) 

All rights are reserved by IUT Journal of Advanced Research and Development (IUT

 

 

4.0The Extracted Conclusion: 

 

The model universe considered for this present study emphasizes the physical parameters of the 

cosmos, for instance the scale fac

dominance of dark energy in today’s eon, the Anisotropy Parameter of expansion is professed to be zero 

envisaging that the cosmos has been basically isotropic in its disposition.

 

In Cosmology, the anisotropy of the cosmos is characteristically

 

                                                                      

In equation (40),  

 

��   ; � = �, �, �denotes the value of 

 directions � = � = � 

 

Equation (47) gives rise to 

 

� =  
1

3
�

 

As it has been quite discernable that

�� =  �� =  �� =  
�

3
 

= �
8���

3
�

�
�

.

⎣
⎢
⎢
⎡

�2

2 ��.  � Ω� . �

                                                                                                                             

 

Thus, we have 

 

The above Equation presents anisotropy in the cosmos, necessarily appraises the comparative 

distinction in the expansion rate in varied directions signifies the anisotropy slant of the cosmos, 

predominantly acclimatizing the cosmological back drop of a reasonably homogeneous and iso

featured cosmos. 

 

From Equation (33), the characteristic property flourished by the physical parameter 

that pressure conforms to negatively magnified values for which we acquire the inequality condition 
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The model universe considered for this present study emphasizes the physical parameters of the 

cosmos, for instance the scale factor �(�)  and the volume � escalates with time. Following the 

dominance of dark energy in today’s eon, the Anisotropy Parameter of expansion is professed to be zero 

envisaging that the cosmos has been basically isotropic in its disposition. 

the anisotropy of the cosmos is characteristically expressed by the following

� =
1

3
. �

(�� − �)

��

��

���

 

                                                                      …………………………………(47)

denotes the value of the Hubble Parameter in each of the three principal
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⎡
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2
.

                                                                                                                             [Equation (40)]

� = 0 

anisotropy in the cosmos, necessarily appraises the comparative 

distinction in the expansion rate in varied directions signifies the anisotropy slant of the cosmos, 

predominantly acclimatizing the cosmological back drop of a reasonably homogeneous and iso

From Equation (33), the characteristic property flourished by the physical parameter 

that pressure conforms to negatively magnified values for which we acquire the inequality condition 
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The model universe considered for this present study emphasizes the physical parameters of the 

escalates with time. Following the 

dominance of dark energy in today’s eon, the Anisotropy Parameter of expansion is professed to be zero 

expressed by the following 

…………………………………(47) 

the Hubble Parameter in each of the three principal 
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[Equation (40)] 

anisotropy in the cosmos, necessarily appraises the comparative 

distinction in the expansion rate in varied directions signifies the anisotropy slant of the cosmos, 

predominantly acclimatizing the cosmological back drop of a reasonably homogeneous and isotropic 

From Equation (33), the characteristic property flourished by the physical parameter � assures 

that pressure conforms to negatively magnified values for which we acquire the inequality condition 
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� ≪ 0 with the advancement of time scale and whenever the difference between any particular time 

instance �and a present time instant 

enhanced quantities, in that cosmic domain, pressure obsesse

pressure in Cosmology demands a cosmological

energy in the discernible cosmos. 

 

 For this present study, the values of the directional Hubble parameter, Anisotropy 

shear tensor, all have been persevered to be a zero value.

professed that the equation of state has been precisely consistent with accomplishing negatively 

prioritized values, associated with a dete

that the cosmos starts with the structure that chiefly

Chaplygin gas subsequently the dark energy enchanting the configuration of Quintessence a

emphatically the present mathematical model under supposition energetically emerge out to be a 

cosmos stuffed with dark energy in the appearance of Phantom energy as established in [3,4].

 

From Equation (28), the scale factor 

 

�(�) =  �2 ��. 

Equation (30) implies 

�(�)

��
=  �2 ��

                                                           

 

From this Equation, we shall arrive at the time instance 

2 ��.  � 

 

This endorses the likelihood of emergence of cosmic bounce or singularity which justifiably redirects to 

a theoretical set-up such that the cosmos encompassed compactification or in a simpler sense 

contraction to a exceedingly denser state and in this proc

into an expansion state which gets repeated in a cyclic process of contraction and expansion while a 

singularity fundamentally designates a point structure in spacetime where density and curvature tend to 

become infinite. This nature of bouncing phenomenon mostly envisaged with a stimulus shifting 

tendency from one nature of dark energy to another nature. At diversified time epochs, the sturdy 

endurance of an accelerated streaming apart of the cosmos since the scale 

infinity as time proceeds on and 

investigation has been established to be a hurried intensification of the cosmos.

 

Conversely, the pressure and density for this model univer

values with the progress of time instances which essentially approaches to meet an infinite value.  Thus, 
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with the advancement of time scale and whenever the difference between any particular time 

and a present time instant ��becomes significantly negligible and develops only negatively 

enhanced quantities, in that cosmic domain, pressure obsesses only  negative values and a negative 

pressure in Cosmology demands a cosmological set-up which necessitates the governance of dark 

For this present study, the values of the directional Hubble parameter, Anisotropy 

shear tensor, all have been persevered to be a zero value. At this instance, it should be proficiently 

professed that the equation of state has been precisely consistent with accomplishing negatively 

prioritized values, associated with a deteriorating function of time instances. Such progressions entail 

that the cosmos starts with the structure that chiefly comprehended dark energy in the manifestation of 

the dark energy enchanting the configuration of Quintessence a

emphatically the present mathematical model under supposition energetically emerge out to be a 

cosmos stuffed with dark energy in the appearance of Phantom energy as established in [3,4].

From Equation (28), the scale factor �(�)at time �� is expressed as follows: 

 � Ω� . ����
�
� �1 +

1

2
. ��.

��
�

����
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2
.
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����
� �� − ��� + ���

�
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                                                           [Simplifying by considering the constant �� at this step]

From this Equation, we shall arrive at the time instance �� as under 

� Ω� . |��|
�
� �1 +

1

2
.

��

|��|
� (� − ��) = −��

�
� 

This endorses the likelihood of emergence of cosmic bounce or singularity which justifiably redirects to 

up such that the cosmos encompassed compactification or in a simpler sense 

contraction to a exceedingly denser state and in this process, experiences bouncing back mechanism 

into an expansion state which gets repeated in a cyclic process of contraction and expansion while a 

singularity fundamentally designates a point structure in spacetime where density and curvature tend to 

inite. This nature of bouncing phenomenon mostly envisaged with a stimulus shifting 

tendency from one nature of dark energy to another nature. At diversified time epochs, the sturdy 

endurance of an accelerated streaming apart of the cosmos since the scale factor  

infinity as time proceeds on and de�initively � ⟶ ∞ . The scalar expansion 

investigation has been established to be a hurried intensification of the cosmos. 

Conversely, the pressure and density for this model universe have been developed to restrain only finite 

instances which essentially approaches to meet an infinite value.  Thus, 
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with the advancement of time scale and whenever the difference between any particular time 

becomes significantly negligible and develops only negatively 

s only  negative values and a negative 

up which necessitates the governance of dark 

For this present study, the values of the directional Hubble parameter, Anisotropy parameter and 

At this instance, it should be proficiently 

professed that the equation of state has been precisely consistent with accomplishing negatively 

riorating function of time instances. Such progressions entail 

comprehended dark energy in the manifestation of 

the dark energy enchanting the configuration of Quintessence and 

emphatically the present mathematical model under supposition energetically emerge out to be a 

cosmos stuffed with dark energy in the appearance of Phantom energy as established in [3,4]. 

�

�
�

 

at this step] 

This endorses the likelihood of emergence of cosmic bounce or singularity which justifiably redirects to 

up such that the cosmos encompassed compactification or in a simpler sense 

ess, experiences bouncing back mechanism 

into an expansion state which gets repeated in a cyclic process of contraction and expansion while a 

singularity fundamentally designates a point structure in spacetime where density and curvature tend to 

inite. This nature of bouncing phenomenon mostly envisaged with a stimulus shifting 

tendency from one nature of dark energy to another nature. At diversified time epochs, the sturdy 

factor  �(�)approaches 

. The scalar expansion � for this current 

to restrain only finite 

instances which essentially approaches to meet an infinite value.  Thus, 
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the anisotropy parameter of the cosmos is comprehended to attain a zero value, we possibly ought to 

incorporate that the model universe presumed under this present investigation,

isotropic cosmos.  

 

 

Thus, the Standard Chaplygin

the origin of dark energy as well as dark matter 

the formation of dark matter preceding the formation of dark energy [3, 4] in the cosmos. This scenario 

clearly validates a cosmic background where equally the establishment of dark matter and dark en

can be undoubtedly exposed on supposition of a general fluid in the configure of Standard Chaplygin 

Gas which in subsequent eons has been mostly expectant to function

conformations of dark energy correspondingly.
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