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Abstract

A slightly different power law-scaling fits to the picture of our 13.7 billion years old flat
universe which is expanding presently at 67 km/s/Mpc with an acceleration. The model
which is an attempt to retain power-law scaling in the light of the accepted facts about the
universe we are living in, has a constant effective equation of state parameter as the cosmic
fluid is a solution of matter, radiation and dark energy. It is successful in explaining the
acceleration of universe which the normal power law fails if the present Hubble parameter
is 67 km/s/Mpc and age of the universe is 13.7 billion years, and it is free from the defect of
singularity.
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1. Introduction

The hot big bang model or standard cosmological model [1-3], which has maximum
consistency with observations is based upon the mathematically elegant assumptions of
spatial homogeneity and isotropy (cosmological principle) through the maximally
spatially symmetric Friedmann-Robertson-Walker metric. This model gives us a good
account of evolution of the early universe. However in this classical general relativistic
model, a singularity in the past is unavoidable and is also associated with many problems
like horizon problem, flatness problem, age problem, cosmological constant problem etc.
[4-6]. A lot of cosmological models were proposed in the literature [7-10] which discuss
these problems, all of which are based on Friedman-Robertson-Walker metric.

dr?
1-kry?

ds? = c?dt? — R%(t)[

+ 1,2(d6? + sin?6dp?)]

Here R(t) is called scale factor for the universe, which is a measure of the size of the
universe and increases with expansion of the universe. k is called curvature parameter,
which can take three possible values: k=+1, 0, -1 and space is positively curved, flat or
negatively curved respectively. The corresponding Friedmann models are called closed,
flat and open models. {t,r;, 6, ¢} are the commoving coordinates in spherical polar
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system. We know that standard cosmology has its theoretical foundation on Friedmann
[11] equations (which are solutions of Einstein’s field equations with above metric) with
power law scaling as a simple and elegant solution and Cosmic Microwave Background
Radiation (CMBR) is the strongest piece of experimental evidence for the evolution of the
universe from a denser state to the present state [12].

The brightest microwave fluctuations that have been measured by Wilkinson
Microwave Anisotropy Probe (WMAP) [13] to the accuracy of 0.004 are about 1° across
to show that ours is a flat universe. The results of supernova cosmology project (SCP)
[14,15] have established the fact that universe has an accelerated expansion. These
observations also point to the need of incorporating a missing energy (dark energy)
density in the total energy density, which possess a negative pressure. Many candidates
were proposed for this unknown dark energy [16-22] like quintessence, tracker fields,
cosmological constant, vacuum energy etc. Recent measurements suggest that at present
our universe is dark energy dominated and equation of state parameter © is less than -1/3
to account for the accelerating expansion rate for the universe. Planck mission [23] and
other recent measurements [24] suggest that the equation of state parameter of dark
energy is -0.6 at least.

From the apparent magnitude-redshift data [23] of the distant type la supernovae,
Hubble parameter has been fine tuned to 67 km/s/Mpc. Melia et al. [25] proposed a model
called Ry, = ct model, in which the authors proposed w = -1 for dark energy and p + 3p =0
to form a coasting evolution for the universe. John [26] argues that this model resembles
their eternal coasting model published in [27]. However these models lacks consistency
with recent observations of acceleration in expansion. The conservation condition in their
models only lead to a uniform expansion. To protect recent results and also to stick on to
the power law-scaling we propose a simple correction to produce a singularity-free 13.7
billion year (by) old flat universe that is expanding presently at a rate of 67 km/s/Mpc [28]
with an acceleration. The plan of the paper is as follows: section 2 describes the new
model, section 3 discusses the results of our model and section 4 is about the conclusions.

2. Materials and Methods

We use Einstein’s equations for an isotropic homogeneous universe, so space-time is described
by Friedmann-Robertson-Walker (FRW) metric and energy momentum tensor is that of a
perfect fluid with energy density p(t) and pressure P (t) which are functions of the time
coordinate t that is proper time for observers moving with the fluid. The resulting
equations are called Friedmann equations and for flat geometry they are given by,

R? 876 R
m——52=0, —=H() @)
R | R? 8mGP(t
20+ =+ 00 = g @

Here p is also the critical density of the cosmic fluid that has matter, radiation and dark
energy. To solve Friedman equations, we need one more equation as there are three
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functions and that is the equation of state: P=wpc?. Equation of state is nothing but the
statement of how density p and pressure P of the fluid are related to each other. w is called
equation of state parameter. For instance, if the fluid is a gas of photons (radiation),
®=1/3.

R is the scaling of the universe and H = g the Hubble parameter.

R :—%pR(1+3w) 3)

An initial state and cosmic acceleration then needs
1

If R = pt™, % =0, % = 0 as in the Friedmann model of flat universe, then n = tH(t).

Using the present H, n = 0.94 < 1.0. But for B > 0,n > 1.0. To stick on to the simple
power law-scaling protecting the experimental evidence for acceleration of the universe and
alsothe present Hubble parameter and the age of the universe we postulate:
A
H() = ()

t+b

(The other way of doing it is of course to modify the age of the universe; we would need
then a universe at least 14.593 billion years aged so thatn > 1.0.)

Results and Discussion

. R A
Integrating Fiar

log.R(t) — log.R(0) = A[log.(t + b) — log,.b]

A
R(t) = R(t);t:b)
R®) =r(t+b)4r= % (6)

Differentiating Eq. (6) twice, R = rA(A — 1)(t + b)*~% and hence,
R®)=at+b)* 2 a=rd(A-1) (7
From Eg. (1) we get

342 1

p(t) = 871G (t+b)? (8)
Also,

3A%2wc? 1

P®) = wp(t)c® = == ©)
Source of gravity is:
2 2
Se(t) = 3P(t) + p(t)c? = 2 (-2)" (3w + 1) (10)

Substituting H, P and R in Eq. (2),
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. (1+3w)
(3+3w)

Now substitute A in H,
_n-gay
H(t)
From energy conservation law: dU + PdV = 0 = wpd(R?) + d(R3p) gives,
p(t) = DR(£)*C+®), D = p(0)R(0)****
Initial state of the universe can be described as:

R(t) = R(0)

A=1

H(t) = H(0) =§

L) =42 0) = ap?

p(6) = p(0) = soarz

P =PO) =355

S6(8) = S6(0) = 22 30 + 1)

A table showing w and A — 1 is shown below:

Table 1. Equation of state parameter and Table 2. Equation of state parameter and
constant A. expansion rate.

o A-1 1) A dR/dt
0.333 -0.500 <-0.666 >2 increasesin time
0.300 -0.487 =—0.666 =2 remains the same
0.200 -0.444 >-0.666 <2 decreases intime
0.100 -0.394
0.000 -0.333
-0.100 -0.259
-0.200 -0.166
-0.300 -0.048
-0.333 0.000
-0.400 0.111
-0.500 0.333
-0.600 0.666
-0.666 1.000
-0.700 1.222
0.800 2.333
-0.900 4.666

-1.000 o0

(11)

(12)

(13)
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Table 3. Equation of state parameter versus density. Table 4. Fall of Hubble parameter
with epoch.
w p(t)
0.333 o R™* Age tinby Hg in km/s/Mpc
0 o R73 0 152.6
-0.333 o R72 1 138.9
-0.600 o R12 2 128.1
-0.666 o R71 3 118.3
-1.000 Constant in time 4 110.5
5 103.7
) rpr A 6 97.8
If w is taken as -0.600, R(t) = R(0) (T) , 7 91.9
— — 8 87.0
A =1.666,b = 10.657by foranyt 9 821
10 78.2
11 74.3
12 71.4
13 68.5
13.7 67
) 0
Table 5. Cosmological parameters at turning points.
Agetin by  Hg in km/s/Mpc P in kg/m® P in Pa Sg in Pa
0 +152.6 +43 x10 7 -232.2x10 " -309.6 x10 ™
13.7 +67 8 x10" ¥ -43.2 x107" -57.6 x10™1
0 +0 +0 -0 -0

4. Conclusion

The model is a fluid that started off from a non-singular state of 43x10?" kg of mass per
unit volume with a negative pressure of size 232.2x10™ Pa under the effect of dark
energy with a speed of expansion of 152.6 km/s/Mpc; mass-density varying inversely as
the scaling raised to 1.2, has got reduced to 8x10% kg/m*® and speed to 67 km/s/Mpc and
the size of pressure to 43.2x10™*! Pa; dark energy-density along with the density of matter
and radiation is gradually coming down but is strong enough to be with us till the end of
time as evident from the decreasing magnitude and sign of cosmic pressure and source of
gravity

and the decaying acceleration since —2 <w<— %

If & were -0:666, A would have been 1 — g =andb, % — t = 15.487 billion years to
drive the universe with an acceleration fixed in time; mass density of the universe would
have been then varying reciprocally as the scaling.
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