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Complete scenario of cosmic evolution from emergent phase to late time acceleration (i.e.

non-singular ever expanding Universe) is a popular preference in the recent cosmology. Yet

one can’t exclude the idea that other type of evolution pattern of the Universe may also

be possible. Especially, the bouncing scenario is becoming a matter of interest now a days.

The present work is an exhibition of such a different pattern of cosmic evolution where

the evolution of Universe has been shown as a cyclic thermodynamic process. Under dif-

fusion mechanism (non-equilibrium thermodynamic process), the cosmic evolution has been

modelled as [ emergent � accelerated expansion � decelerated expansion � decelerated

contraction � accelerated contraction � emergent] .
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Diffusive fluid.

’Bulk flow’ or ’advection’ is the motion or flow

of an entire substance from or to the system due

to the pressure gradient (for example water flow

out of tap). On the other hand, ’diffusion’ is the

gradual transport or dispersion of concentration

within a body, due to the concentration gradient

with no net movement of the substance from or to

the system. The diffusion depends on the parti-

cle random walk motion and results in mixing or

mass transport without any net bulk motion. In-

homogeneity of concentration within the system

(it may be due to various process like bulk flow,

particle creation-annihilation etc.) leads to the

disturbance in the equilibrium condition among

the different parts of the system. To restore the

equilibrium state, a pressure termed as ’diffusive

pressure’ is generated which drives the flow of

molecules from higher to lower concentration re-

gion. Both advection and diffusion processes are

the transport phenomena and hence thermody-

namically irreversible process [1]. The combina-

tion of these two irreversible process is called ’con-

vection’. Convection process results a net trans-

port of mass and it occurs in a non-equilibrium

system. So, to apply the laws of thermodynamics,

one may assume the quasi-steady state where the

process changes with time very slowly and then

the thermodynamic laws are applicable instanta-

neously [1].

Here, Universe is assumed as a system of two

fluids. One is a diffusive fluid with a dissipative

pressure called diffusion pressure (π). Another is

non-diffusive fluid. In cosmic diffusion process,

the diffusion pressure deficiency leads to the trans-

port phenomena as wel as it causes a continuous

expansion of the Universe so that it can never be

in equilibrium . Hence, the cosmic diffusion pro-

cess can be described as diffusion within a contin-

International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-8, Issue-4, April 2022
ISSN: 2395-3470
www.ijseas.com

96



uously evolving isolated system. So, the Fokker-

Planck equation (which describes the continuity

condition of diffusion process) must be modified

for a continuously expanding system.

At the present context, the energy momentum

tensor
(
T
(d)
µν

)
of the diffusive fluid is chosen in the

form,

(a)

(b)

FIG. 1. Variation of different cosmological parame-

ters namely (a)Scale factor (a) (b) Hubble parame-

ter H for the set of values (b0, b1, β) = (0.4, 0.2, 1) =

(0.7, 0.4, 2) = (1, 0.6, 3) respectively.

T (d)
µν = (P + ρ(0))uµuν − Pgµν , (1)

where ρ(0) is the density of the diffusive fluid and

the total pressure, P = P (0) + π, P (0) being the

thermodynamic pressure of the fluid.

The other fluid has the energy momentum ten-

sor as,

˜Tµν = (P̃ + ρ̃)uµuν − P̃ gµν (2)

Due to the mutual interaction of the two fluids,

the energy momentum tensor of individual fluid

will not be conserved and the dissipation of the

two fluids can be expressed as,

∇µTµν(d) = Qν(d) and (3a)

∇µT̃µν = Q̃ν , (3b)

where Qν(d) and Q̃ν are the interaction terms for

the two fluids respectively. In an isolated universe,

the total energy-momentum tensor will be con-

served and hence one finds, Qν(d) = −Q̃ν . The in-

teraction between two fluids can be considered as

the particle creation-annihilation mechanism[5].

Asper Bianchi identity, it is obvious that the

effective density ρ = ρ(0)+ρ̃ and the effective pres-

sure Peff = P (0) + P̃

∇µTµν(d) +∇µT̃µν = 0 (4)

In the frame work of general theory of relativity,

the equation (4) can be simplified for a homoge-

neous, isotropic and flat FLRW universe as,

∂ρ(0)

∂t
+3H(P (0) +π+ρ(0))+

∂ρ̃

∂t
+3H(P̃ + ρ̃) = 0,

(5)

where H = ȧ
a is the Hubble parameter of the uni-

verse.

Now this combination of two fluids can be

treated as a dissipating single fluid system with.
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(a)

(b)

FIG. 2. Variation of different thermodynamic pa-

rameters namely (a)Energy density (ρ) (b)

Temperature T for the set of values (b0, b1, β) =

(0.4, 0.2, 1), (0.7, 0.4, 2), (1, 0.6, 3) respectively.

The continuity equation for this system can be ex-

pressed as,

Considering the two fluids as the barotropic flu-

ids with barotropic index ω0 and ω̃ respectively

(i.e. P (0) = ω0ρ
(0) and P̃ = ω̃ρ̃), one can effec-

tively write, Peff = ω0ρ
(0) + ω̃ρ̃ = ωρ, where ω is

the equivalent barotropic index of the combination

of two fluids. Again for a diffusive system, one can

estimate the conservation equation as [2–4],

∂ρ

∂t
+ 3H(1 + ω)ρ = γa−3, (6)

with γ as diffusion parameter. The above equation

(6) is the modified form of Fokker - Planck equa-

tion in such model. Comparing equation (??) with

equation (6), one finds the expression for diffusive

pressure π in terms of diffusion parameter γ as,

π = −γ a
−3

3H
. (7)

The corresponding Friedmann equations can be

found in the forms,

3H2 = Kρ (8a)

−2Ḣ = K(Peff + π + ρ), (8b)

with K as a constant. Eliminating K from Fried-

mann equations, one obtains the evolution equa-

tion of the universe as,

2Ḣ + 3(1 + ω)H2 =
γa−3

ρ
H. (9)

Again the solution of the conservation equation(6)

yields,

ρ = a−3(1+ω)
(
ρ0 +

∫ t

t0

γa3ωdt

)
, (10)

where ρ0 is the density at reference epoch of time

t0 with a(t0) = 1 . Substituting the value of ρ

from equation (10), in the equation (9), one ob-

tains the solution for energy density in-terms of

Hubble parameter as,

ρ = ρ0

(
H

H0

)2

(11)

withH0 is the value of Hubble parameter at t = t0.

Under such diffusion process, the universe un-

dergoes entropy production (as diffusion is a ther-

modynamically irreversible process) and the cos-

mic fluids suffer from thermal instability in arbi-

trary condition. Hence one has to consider the in-
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stantaneous thermal equilibrium state of the uni-

verse with an instantaneous equilibrium temper-

ature (T ). According to non-equilibrium thermo-

dynamics, the evolution of instantaneous equilib-

rium temperature T can be obtained through the

relation [5, 6],

Ṫ

T
+ ω

(
3H +

π

1 + ω

)
= 0. (12)

FIG. 3. Variation of φ = h−1 with time t.

Here in this context, one can write the evolu-

tion of temperature as,

Ṫ

T
+ ω

(
3H − γ

(1 + ω)ρa3

)
= 0 (13)

The dissipative term γa−3

ρ H of the evolution

equation (9) of the Universe depends on the ther-

modynamic behaviour of the diffusive fluid. The

enthalpy of the diffusive h is related to the energy

density ρ as,

h = E + PV = (1 + ω)ρV0a
3. (14)

Hence, equation(9) can be found in terms of en-

thalpy as,

2Ḣ + 3(1 + ω)H2 = 3η(1 + ω)Hh−1, (15)

with η = 1
3γV0, another constant.

Second law of thermodynamics insists that any

system interacting with thermal energy converts a

fraction of heat into the corresponding amount of

work i.e. any thermodynamic system has the heat

engine property with efficiency η < 1. Carnot’s

first theorem states that reversible heat engine

possesses the maximum possible efficiency and

generally it follows a cyclic thermodynamic pro-

cess between two heat reservoirs (T1 and T2, T1 >

T2) (say).The Carnot cycle is the most well known

reversible engine with efficiency η = 1− T2
T1

. Again

asper Carnot’s theorem, all reversible engines are

equally efficient. Hence if one has the motivation

to predict the cosmic evolution pattern from ther-

modynamic point of view then it may be a quite

wise decision to modell the Universe as a reversible

heat engine (not essentially the Carnot engine) .

The cosmic heat engine clearly follows the

cyclic and bouncing evolution pattern and it can

be assumed as (Emergent stage � Inflation �

Decelerating expansion � Decelerating contrac-

tion � Inflationary contraction � Emergent)

. Now in a bouncing Universe, near emergent

stage[7–13], t → ±∞, a → b0(a constant), H →

0, h ∼ constant. Also at, t = t̃, H = 0, γ = 0,

where t̃ is the transition time epoch from expan-

sion to contracting phase.So, the primitive choice

(after trials with several different choices ) is taken

as,

h−1 = α1H
2 + α2

H

t− t̃
+ α3

b0
a

(t− t̃ )H (16)

where α1, α2 and α3 are constants. For simplicity

of the calculation, one takes
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α1 = 3 and α2 = −2
1+ω , α3 = − 4β

1+ω with β, a

constant.

Then, the evolution equation (15) takes the

form

2Ḣ + 4β

[
(1− b0

a
) +

b0
a

(t− t̃)H
]

= 0. (17)

The equation (17) yields the solution,

in the simplified forms,

H = −2β(t− t̃ )

(
1− b0

a

)
(18)

a = b0 + b1 exp
[
−β(t− t̃ )2

]
(19)

where b1 is also a constant. Hence the deceleration

parameter is found as,

q =
a

a− b0

[
1

2β
.

1

(t− t̃)2
− 1

]
(20)

which suggests that, with in the epoch range : t̃−
1√
2β
≤ t ≤ t̃ + 1√

2β
, the deceleration occurs and

beyond this range, acceleration occurs. The other

two thermodynamic parameters are as,

ρ ∼
[
(t− t̃ )

(
1− b0

a

)]2
(21)

T ∼
[
(t− t̃ )

(
1− b0

a

)] 2ω
1+ω

. (22)

The variation of different parameters has been

presented graphically in FIG. 1, 2 and 3. In

this cyclic process, Universe starts from emergent

phase and it follows successive accelerated and de-

celerated expansions. Then successively deceler-

ated contraction and accelerated contraction oc-

cur and finally it leads to the emergent phase

again. Intersetingly, the initial and final emergent

phases are thermodynamically identical but dif-

fernt in cosmic perspective (initial emergent phase

has positive Hubble parameter but the final one

possesses negative Hubble parameter). So this

process can be described as a cyclic process ther-

modynamically only. Conclusively, it can be spec-

ulated if a worm hole exists between the initial

and final emergent phases then this cycle will be

repeated for ever.
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