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Abstract

presently expanding with an increasing acceleration under the 
negative pressure of a dynamic dark energy. The proposed 
model demonstrates the switch over from a state of decelerating 
expansion to a state of accelerating expansion of the universe 

observations by introducing an effective pressure parameter in 

radiation, matter and dark energy.
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1. Introduction
The standard model in cosmology is also called big-bang model and the 
theoretical framework is formulated based on cosmological principle of 
homogeneity and isotropy. Based on this assumption Alexander Friedmann 

Walker metric and proved that universe expands uniformly but at a 
decelerating rate [1, 2]. However, in 1998, observations associated with Type 
Ia supernovae suggested that this expansion is speeding up rather than 
decelerating [3, 4]. Thereafter, several observations supported the idea of 
accelerating cosmic expansion [5–8].

The cause of this acceleration is unknown and is a great problem 
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p= 2 relates pressure to the density 

parameter. One can show that, if we include a component with negative 

rate can speed up if . 

Hence, it is believed that there is a hidden form of mysterious energy with 
negative pressure called dark energy exists in the universe, which account 
for the recent cosmic acceleration observed. Many recent observations 
support that, approximately 70% of the energy density of the universe is 
in this form with negative pressure to make theory compatible with recent 

p = 2, with 
pressure parameter 
the corresponding energy density remains constant even when volume 
increases. Such a constant dark energy can produce accelerated expansion of 

asks why cosmic acceleration commenced recently in cosmic history, rather 

of alternative or dynamic models of dark energy, including those with a 

gravity theories [16–19].

Also, the growing tensions in Hubble parameter measurements [20–22] 
and large-scale structure observations have further motivated the exploration 
of dynamical dark energy models [23–26].

In this work, we introduce a phenomenological model for the total 

eff, which evolves dynamically with 

accelerated phase, consistent with constraints from recent observational 
data.
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Where, Rik is the Ricci tensor, ik is the metric tensor, R is the Ricci scalar and 
Tik Tik = (P+ 2

uiuk— ik. uiis the four-velocity vector. Friedmann assumed the validity of 

dynamics of the universe. P

Here  for radiation, 0 for matter and 1 for dark energy 

universe has , then universe will expand with deceleration or with 

acceleration when . If, , then universe expands uniformly 
and is called coasting evolution. This evolution dynamics follows from 

 [2]. If we take the 

which is reasonable since during different eras, universe is dominated by a 
single component, then by energy conservation law, dU+PdV = 0. So, from 

R  [28]. R-4 for radiation (
= R-3 for pressure-less matter ( for dark energy 
with 1. 

evolution naturally connects between various epochs dominated by different 
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are proposed in the literature to explain the recent cosmic observations and 

The present model is motivated by some recent works on, parametrized 

[42–45]. In particular, recent works such as those by Odintsov et al. [46] 
and Abdalla et al. [47] have emphasized the importance of designing EoS 
models that remain compatible with Planck 2018 data and BAO results while 
consistent with late-time dynamics of the cosmos. The results of Supernova 

universe is speeding up and is happening at least 5 billion years ago. Also, 
the acceleration of the universe as observed, needs the negative pressure 
parameter for dark energy to be at least 0.6 in magnitude [48]. Using the 
apparent magnitude-redshift data for the distant Type Ia supernova, the 
Hubble parameter has been tuned [49] to 2.173×10-18/s.

In Section 2, we present the mathematical formulation of our proposed 

cosmic dynamics and their compatibility with current observations. Section 
4 summarizes our conclusions and outlines possible extensions, such as the 
inclusion of perturbation analysis or comparison with future data from DESI 
and Euclid missions.

2. New Model and the Method

state parameter eff 
stochastic evolution of early universe was also proposed in the literature 
[50]. In the present work, we consider a rather late evolution of the universe 

2. Let,

Since galaxies are moving away from each other in an expanding universe, 
the wavelength of light from each galaxy is measured to be shifted towards 
the red end of the electromagnetic spectrum. The measurement of redshift 



115

Sivakumar and R. Francis

corresponds to an epoch of redshift z. R0 is the scale factor of the universe at 
the transition redshift. If z0 is the redshift corresponding to R0 , then it can be 
related to the present scale factor by [2],

the transition epoch z=z0, we get, , which marks the boundary 

between deceleration and acceleration, as expected. For z z0,  

 decelerating universe. For z z0,   accelerating universe. 

function of redshift.

Figure 1. eff as a function 
of redshift. The parameter transitions from negative values at low z (accelerated 

z
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To get an order of estimate of relevant cosmological parameters, we start 
from a known value of present Hubble parameter Hp = 2.173×10-18/s. Now, 

So,  and .

Integrating we get

Ri represents the expansion factor of the universe at the beginning of matter 
era, when matter started to dominate over radiation (which is nearly ten 

age of the universe and i 
solution of matter and dark energy.

3. Results from the New Model

The dynamics and state of the universe is described through 
the values of cosmological parameters at various epochs. In the 
present model, the cosmological parameters are evaluated with 

i eff = 0 gives the scale factor at transition as,

R0 = 1.414 Ri 
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When  and as  . Table 1 represents 

different scale factors.

Table 1: Effective pressure parameter and corresponding scale factor

eff 

0 Ri 

R0 

It is to be noted that at 
eff is taken as —0.5,

Then, present scale factor can be expressed as,

R  = 2.0Ri

Hubble parameter becomes,

Substituting present Hp,

R = 1.342  1026

(Comparable with the 1026

Initial state of the universe (After radiation era):
Ri = 0.67  1026

Pi 

eff = 0 
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State of the universe at the transition shift:

R 26

H
26 kgm

P c2 Pa

Present state of the universe:

Rp 
26

Hp 

p 
26 kgm

Pp Pa

eff

Final state of the universe:

Rf 

Hf 

f 

P

eff =   0.666 

The model allows all cosmological parameters- scale factor, Hubble 
parameter, mass density and pressure to be expressed as a function of eff 
given by,
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4. Generalization

radiation and dark energy and is proposed to evolve with scale factor or 

0 marking the transition redshift. 

the computation of the deceleration parameter. The deceleration parameter 



120

ISSN 0975-3303 Mapana - Journal of Sciences, Vol. 24, No.3

dark energy with negative pressure, it undergoes an accelerated expansion 

redshift describes the evolution history and dynamics of the universe. The 
transition from deceleration to acceleration is characterized by a zero value 

H. From the 
formula of deceleration parameter and Hubble parameter given above, one 
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The evolution of Hubble parameter and deceleration parameter as a function 
of redshift is illustrated in Fig. 2 and Fig. 3 respectively.

Figure 2. Redshift evolution of the Hubble parameter H (z
.

Figure 3. Evolution of the deceleration parameter q
to negative values indicates a shift from cosmic deceleration at high redshift to 

acceleration at lower redshift. The transition occurs around as supported by 
recent observations.
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5. Conclusions and future scope

the radiation era in a state of zero pressure and size 0.67 × 1026 with 3.589 × 
10—26 Kg of mass per unit volume and was expanding with a speed of 4.4776 
× 10—18 /s; dark energy which must be thought to be closely connected to 
the density of matter and also the intrinsic topological properties of space 
time gradually made tensor forces in the fabric of space-time strong enough 
to suddenly make the deceleration change to acceleration at the effective 

pressure parameter  when universe was 0.949 × 1026 in size. Presently 
the mass density of the universe is 0.8455 × 10—26, speed 2.173 × 10—18 /s 
and pressure 3.805 × 10—10 Pa. Dark energy density along with the density of 
matter is gradually coming down to zero but is going to be in the universe 

till the end of time when the pressure parameter tends to .

the phase-shift of the universe from deceleration to acceleration within the 
frame of the current understanding about our universe and the concept of 
effective pressure parameter successfully describes the evolution dynamics 

here, for the mixture of matter and dark energy that has not been addressed 
seriously in literature can be a powerful alternative to the pressure parameter 
of the standard model to represent the true nature of the late-time evolution 
of the cosmos.

The present model with an evolving effective pressure parameter can 
successfully explain the late-time cosmic evolution. It favours a dynamic 
dark energy parametrization. It is a simple, phenomenological model aimed 
at explaining the switch over from decelerated to accelerated expansion 

more detailed analysis of the model with observational data is essential to 
constrain the model parameters effectively. Second, the physical origin and 
theoretical interpretation of the evolving dark energy component deserve 

for curvature or combined. This can provide a better understanding of the 
dynamics of the universe and the nature of the source of energy responsible 
for the observed late cosmic acceleration. 
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