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Abstract: With reference to Planck scale Hubble parameter, super luminal expansion speeds, super
luminal rotation speeds and Mach’s principle, we review the current cosmological observations.
With our revised assumptions, it is possible to show that, at Ho=70 km/sec/Mpc, current cosmic
temperature, age, radius, mass, mass density and rotational kinetic energy are 2.721 K, 4.41x10"7
sec, 90 billion light years, 1.14654x105 kg, 0.0482 times the current critical density and 0.6667 times
the current critical energy density respectively. Based on the estimated current mass density and
current rotational kinetic energy density, current cosmic dark matter density can be shown to be
0.2851 times the current critical density. Initial and current expansion speeds are 3x10® m/sec and
3.56x10° m/sec respectively. Proceeding further, we developed two interesting methods for under-
standing cosmic scale factor with reference to a temperature of 3000 K, redshift of 1100 and age of
3,69,000 years. Finally we would like to suggest that, with increasing cosmic age and increasing
cosmic expansion speed, current universe is expanding with a speed of 11.885c. Magnitude of the
future cosmic expansion speed depends on the magnitude of the future Hubble parameter. By
knowing the time to time future cosmic temperatures, corresponding future Hubble parameters
can be estimated and corresponding future cosmic expansion speeds can also be estimated.
Proceeding further, a unified model of evolving quantum cosmology can be developed.

Keywords: big bang; planck scale Hubble parameter; quantum cosmology; Mach’s principle; ob-
servational cosmology; super luminal expansion speed; super luminal rotation speed; dark energy;
cosmic rotational kinetic energy; cosmic age and scale factor

1. Introduction

Photons and black holes can be considered as the best candidates of quantum gravitational objects.
It is true that, without the existence of universe, there is no independent existence to any photon or
any black hole. Now the fundamental question to be answered is: Is our universe a quantum gravi-
tational object or something else? Physicists expressed several opinions with many possible solu-
tions [1-5] and references therein. We could also express different unified views in this direction [6-8]
and readers are strongly encouraged to go through.

In an optimistic approach, some of the modern cosmologists believe that, during cosmic evolu-
tion, Planck scale quantum gravitational interactions might have an observable effect on the current
observable cosmological phenomena. Clearly speaking, with respect to ‘Quantum gravity’ and
Planck scale early universal laboratory, current universe can be considered as a low energy scale
laboratory. If one is willing to consider the current observable universe as a low energy scale labor-
atory, currently believed cosmic microwave back ground temperature can be considered as the low
energy quantum gravitational effect. At any time in the past, i.e as the operating energy scale was
assumed to be increasing; past high cosmic back ground temperature can be considered as the high
energy quantum gravitational effect. Thinking in this way, starting from the Planck scale, ‘quantum
cosmology’ can be considered as “scale independent’ and the universe can be considered as the best
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quantum gravitational object.In this context, we have chosen the following two quantitative rela-
tions.

1) We define the Planck scale Hubble parameter, H, E«/cs/Gh =1.8549215x10* sec” and

H n
apply it to cosmological data fitting in the form of {lﬂn( HP ! H where H, is the run-

t

ning Hubble parameter and » is a suitable power index.

2) To have a closed and evolving massive universe, we choose ‘Mach’s principle’. In this

context, one of our assumption, (GM0 / Rocz)zl can be given some consideration at

fundamantal level. One can find interesting technical discussion on this assumption by
D.W.Sciama, R.H. Dicke, C. Brans and G. J. Whitrow [9-16].

Based on these quantitative relations, we re-view the phenomena of ‘inflation” [17,18,19] “accelera-
tion” and ‘dark energy’ [20-23] with increasing super luminal expansion speeds and increasing su-
per luminal rotational speeds. In this revised version, we proposed methods for understanding
cosmic age corresponding to a redshift of 1100 and temperature of 3000 K. In this context, readers
are strongly encouraged to see our short communication [24] and its elaborated early version [25].

We arranged our revised version in the following way. In section-2, we proposed our revised
assumptions connected with big bang and Planck scale. In section-3 we proposed many possible
applications pertaining to observational cosmology. In section-4, we presented a brief discussion on
quantum cosmology. Section-5 constitutes a lengthy discussion on the scope and applicability of
proposed assumptions. In section-6 we presented our concluding remarks.

Subject of cosmology is quite interesting, very complicated and quite controversial. In June
2015, three professors, Jeppe Trost Nielsen, Alberto Guffanti and Subir Sarkar of Niels Bohr Inter-
national Academy and Rudolf Peierls Centre for Theoretical Physics, using the JLA catalogue of 740
SN Ia processed by the SALT2 method, come to a conclusion that [26,27], evidence for the currently
believed cosmic acceleration is only marginal and current universe seems to expand at a constant
rate. In their words: “The ‘standard” model of cosmology is founded on the basis that the expansion
rate of the universe is accelerating at present - as was inferred originally from the Hubble diagram
of Type la supernovae. There exists now a much bigger database of supernovae so we can perform
rigorous statistical tests to check whether these ‘standardisable candles' indeed indicate cosmic ac-
celeration. Taking account of the empirical procedure by which corrections are made to their abso-
lute magnitudes to allow for the varying shape of the light curve and extinction by dust, we find,
rather surprisingly, that the data are still quite consistent with a constant rate of expansion.”

In this context, with reference to our proposed assumptions 3d and 3f, at H=70 km/sec/Mpc,
current cosmic expansion speed is 11.885c and temperature is 2.721 K. For a moment, let us guess
that, in coming future, (current) Hubble parameter decreases by a factor of 10 and reaches to Ho=7
km/sec/Mpc,. Then with our assumptions 3d and 3f, corresponding cosmic expansion speed and
temperature can be estimated to be 11.98c and 0.854 K respectively. Clearly speaking, expansion
speed increases from 11.885¢ to 11.98c and practically seems to represent a ‘constant rate of expan-
sion’. In our proposed model, steps involved in estimating the cosmic physical parameters.

1) With reference to cosmic temperature, corresponding Hubble parameter can be estimated.

2) By knowing the Hubble parameter, corresponding cosmic age and cosmic expansion speed
can be estimated.

3) By knowing cosmic age and expansion speed, corresponding cosmic radius can be esti-
mated.

4) By knowing the cosmic radius, corresponding cosmic mass can be estimated.
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5) By knowing the cosmic mass, corresponding mass density and rotational kinetic energy can
be estimated.

6) By knowing the cosmic mass density and rotational kinetic energy density, corresponding
dark matter density can be estimated.

2. Workable assumptions connected with Planck scale

With the following simple and logical assumptions, most of the currently believed cosmological
observations can be reviewed and refined at fundamental level. But a major controversy arises with
respect to the currently believed ‘dark energy’ and proposed cosmic ‘rotational kinetic energy” and
needs a careful investigation.

1) With reference to big bang and Planck scale, Hubble parameter associated with Planck scale can
be defined as H ,, =+/c’/Gh =1.8549215x10* sec’!

2) Speed of light can be considered as the initial cosmic expansion speed.
3) At any stage of cosmic evolution, from and about the point of big bang,

t

a) [1+ln(Ht /H, )2}[1_%] can be considered as the cosmic age. It may be noted that, for the

current case, H, = H, and [1+1n(Ht/HO)2}[L]z[L].
H, H,

GM
b) —2’ =1 where M, isthe cosmic massand R, isthe cosmic radius or distance travelled.
Rc

¢) Magnitude of cosmic angular velocity @, isequal to #,.

H
d V= |1+ ln( ol J xc¢ can be considered as the cosmic expansion speed.
t

V,+c

e) Average distance travelled S, = [ jt can be considered as the cosmic radius R, .

2
H
f) Ratio of critical energy density and thermal energy density is equal to {1 + ln( Hp ! H .

t

Note: Mainstream cosmologists believe that the superluminal expansion period of the universe
(called “cosmic inflation”) ended by 102 seconds (a tiny fraction of a second) after the Big Bang
[9-11]. Since that time, they believe, expansion initially decelerated (from gravity) and then, after
about 6 billion years, began very slowly to accelerate (from dark energy). Many cosmologists pro-
posed different starting mechanisms for initiating and fine tuning the believed ‘inflation’. In this
context, we would like to stress the fact that, starting from ‘speed of light’, our model assumes a
continuous increase in expansion speed attains a current radius of 90 billion light years which is just
twice of the modern estimate! Clearly speaking, considering assumptions 2,3b,3c and 3d, currently
believed cosmic inflation, acceleration, dark energy, cosmic homogeneity and cosmic horizon prob-
lems can be reviewed and re-addressed in a very simplified approach. In addition, problems con-
nected with ‘fine tuning’ of beginning of ‘inflation” can be ignored.

3. Various applications of [1 +1In (H ol / H, )J in cosmology

Application-1: Relation between cosmic thermal energy density and critical energy
density

Let us assume that, during cosmic evolution, at any time, thermal energy density is proportional to
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the critical energy density.
aT* o 3HC?
8rG

2
H

With reference to the Planck scale and by considering the proportionality factor as {1 + ln[ Hp 1 H ,

it is possible to define that,

2
al' =|1+In Ay 3H, ¢’ < 4 3H ¢
b H, 87G v, 87G
H 12 2.2 % 2.2 %
—T =|1+n| -2 3 ¢ 1P e |[3Hc
T H, 87Ga | \V, |\ 872Ga
where V, is the cosmic expansion speed and ¢ is the initial cosmic expansion speed.

2.2 H 2
S|y 22 ;(ﬁj 3)
87 GalT, H, c

-2
aly =|1+In My 3H, = = 4 3H,
0 H, 87G v, )\ 8zG
H O] (3126 Vi sH2E )
—T,=[1+In| 2 O . 0
0 H, 87Ga V, )\ 87Ga
where ¥, is the current cosmic expansion speed.
2.2 H 2
3H—Oc45 1+In| —2£ ’:’(ﬁj 5)
87[GaTO HO C

With trial-error, it is noticed that, at
H, =70.0 km/sec/Mpc = 2.268529x10™* sec™, (1IMpc=3.085677581x10%* m)

n

2)

For the current case,

(4)

Obtauned 7, =2.72075 K and

H
1+1n(—’”Jz[ﬁjz11.8851 (6)
H, c

— ¥, =3.563073x10° m.sec”

As per the 2015 Planck data [12], the current value of CMBR temperature is:

Planck TT + lowP + BAO: (2.722£0.027) K
Planck TT; TE; EE + low P + BAO: (2.718+0.021)K

This fitted value of H, =70.0 km/sec/Mpc can be compared with the very recent reference [13].
As per reference [13], best value of  H,=(73.24%1.74) km/sec/Mpc . Clearly speaking,
{(67.7£0.66) > H,, <(73.24+1.74)} km/sec/Mpc .
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As per the 2015 Planck data [12], the current value of the Hubble parameter is reported to be:

Planck TT+low P: (67.31£0.96) km/sec/Mpc
Planck TE+low P: (67.73 + 0.92) km/sec/Mpc
Planck TT,TE,EE+low P: (67.7+0.66)km/sec/Mpc

Clearly speaking, our fit of H, seems to lie in between the values recommended in reference [12]

and reference [13] respectively. See section 4 for further discussion on relation (2).

Note: As the universe is always assumed to be expanding at ‘increasing super luminal speeds’,
there is no scope for ‘temperature isotropy’ and cosmic temperature will decrease continuously.
Since the current observable universe is very large and as the observer is not in a position to reach
all parts of the current universe, one may be forced to arrive at a misconception of ‘CMBR isotropy’.

It may be noted that, in a quantum gravitational approach, relation (2) can be expressed in the
following general form.

3
T, =|0.46148 Iy he
v kG M M, .

H 3 f H ,
where,y5{1+ln( HPIH’MIEZéH [l+ 1+ln[ le}} and M, = %
t t t

he’

ks G (MM,

sion is similar to Hawking’s black hole temperature formula [28] and needs further study. In our
earlier publications,{author Seshavatharam U.V.S [29,30] and along with S. Lakshminarayana and E.
Terry Tatum[31-35]}, we proposed that,

Here in this relation, we try to highlight the expression, . Qualitatively this expres-

87k G MM,

3
where M, is the mass of universe and is equal to < .
2GH,

L

I

Application-2: To estimate the current cosmic age

From the beginning of Planck scale which is assumed to be associated with big bang, cosmic age
can be estimated as follows:

o = [1 +in(Hy/H, )ﬂ(HLJ = [HLOJ )

= 4.408143x10"7 sec = 13.969 Billion years

According to standard cosmology, cosmic age corresponding to a temperature of ~3000 K and red-
shift of ~1100 is around ~3,80,000 years. Based on our proposed assumptions,

If H,=247323x10""% sec”’, obtained T, =2991.9 K =3000 K Corresponding cosmic age can be
fitted with assumption 3a in the following way.

H g 1
tresoonk = l+ln( 1;”“( ] = 3,69,047 years.

0 T=2992K

(10)

See the following table -1.
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Table-1: Various cosmic physical parameters

Estimated
Assumed factor Estimated | Estimated | Estimated | Estimated | Estimated
Hubble I cosmic Cosmic | expansion | cosmic cosmic
parameter 1+ 11{ P! j temperature age speed radius mass
(1/sec) H, (K) (sec) (m/sec) (m) (kg)

2.269E-18 11.8851 2.72E+00 4.41E+17 | 3.56E+09 | 8.514E+26 | 1.147E+54
2.269E-17 11.7879 8.67E+00 2.47E+17 | 3.53E+09 | 4.736E+26 | 6.378E+53
2.269E-16 11.6898 2.77E+01 4.50E+16 | 3.50E+09 | 8.561E+25 | 1.153E+53
2.269E-15 11.5909 8.82E+01 6.53E+15 | 3.47E+09 | 1.233E+25 | 1.660E+52
2.269E-14 11.4911 2.81E+02 8.56E+14 | 3.44E+09 | 1.603E+24 | 2.159E+51
2.269E-13 11.3905 8.98E+02 1.06E+14 | 3.41E+09 | 1.967E+23 | 2.649E+50
2.269E-12 11.2890 2.86E+03 1.26E+13 | 3.38E+09 | 2.325E+22 | 3.131E+49
2.473E-12 11.2851 2.99E+03 1.16E+13 | 3.38E+09 | 2.145E+22 | 2.888E+49
2.269E-11 11.1865 9.14E+03 1.47E+12 | 3.35E+09 | 2.676E+21 | 3.604E+48
2.269E-10 11.0831 2.92E+04 1.67E+11 | 3.32E+09 | 3.021E+20 | 4.069E+47
2.269E-09 10.9788 9.31E+04 1.87E+10 | 3.29E+09 | 3.360E+19 | 4.524E+46
2.269E-08 10.8734 2.97E+05 2.07E+09 | 3.26E+09 | 3.691E+18 | 4.971E+45
2.269E-07 10.7670 9.50E+05 2.28E+08 | 3.23E+09 | 4.016E+17 | 5.409E+44
2.269E-06 10.6595 3.03E+06 2.48E+07 | 3.20E+09 | 4.335E+16 | 5.837E+43
2.269E-05 10.5510 9.69E+06 2.68E+06 | 3.16E+09 | 4.646E+15 | 6.256E+42
2.269E-04 10.4413 3.10E+07 2.89E+05 | 3.13E+09 | 4.950E+14 | 6.665E+41
2.269E-03 10.3304 9.90E+07 3.09E+04 | 3.10E+09 | 5.247E+13 | 7.065E+40
2.269E-02 10.2184 3.16E+08 3.29E+03 | 3.06E+09 | 5.536E+12 | 7.455E+39
2.269E-01 10.1051 1.01E+09 3.50E+02 | 3.03E+09 | 5.818E+11 | 7.835E+38
2.269E+00 9.9905 3.24E+09 3.70E+01 | 3.00E+09 | 6.092E+10 | 8.204E+37
2.269E+01 9.8746 1.04E+10 3.90E+00 | 2.96E+09 | 6.359E+09 | 8.563E+36
2.269E+02 9.7573 3.31E+10 410E-01 | 2.93E+09 | 6.618E+08 | 8.912E+35
2.269E+03 9.6386 1.06E+11 4.31E-02 | 2.89E+09 | 6.869E+07 | 9.249E+34
2.269E+04 9.5184 3.40E+11 451E-03 | 2.85E+09 | 7.111E+06 | 9.576E+33
2.269E+05 9.3966 1.09E+12 4.71E-04 | 2.82E+09 | 7.345E+05 | 9.891E+32
2.269E+06 9.2733 3.49E+12 4.92E-05 | 2.78E+09 | 7.571E+04 | 1.019E+32
2.269E+07 9.1483 1.12E+13 512E-06 | 2.74E+09 | 7.787E+03 | 1.049E+31
2.269E+08 9.0216 3.58E+13 5.32E-07 | 2.70E+09 | 7.995E+02 | 1.077E+30
2.269E+09 8.8931 1.15E+14 5.53E-08 | 2.67E+09 | 8.193E+01 | 1.103E+29
2.269E+10 8.7626 3.69E+14 5.73E-09 | 2.63E+09 | 8.382E+00 | 1.129E+28
2.269E+11 8.6303 1.18E+15 5.93E-10 | 2.59E+09 | 8.562E-01 | 1.153E+27
2.269E+12 8.4958 3.81E+15 6.13E-11 | 2.55E+09 | 8.731E-02 | 1.176E+26
2.269E+13 8.3592 1.22E+16 6.34E-12 | 2.51E+09 | 8.890E-03 | 1.197E+25
2.269E+14 8.2203 3.93E+16 6.54E-13 | 2.46E+09 | 9.039E-04 | 1.217E+24
2.269E+15 8.0791 1.27E+17 6.74E-14 | 242E+09 | 9.177E-05 | 1.236E+23
2.269E+16 7.9353 4.08E+17 6.95E-15 | 2.38E+09 | 9.303E-06 | 1.253E+22
2.269E+17 7.7888 1.31E+18 7.15E-16 | 2.34E+09 | 9.418E-07 | 1.268E+21
2.269E+18 7.6396 4.23E+18 7.35E-17 | 2.29E+09 | 9.521E-08 | 1.282E+20
2.269E+19 7.4874 1.37E+19 7.56E-18 | 2.24E+09 | 9.612E-09 | 1.294E+19
2.269E+20 7.3320 4.41E+19 7.76E-19 | 2.20E+09 | 9.689E-10 | 1.305E+18
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2.269E+21 7.1733 1.43E+20 796E-20 | 2.15E+09 | 9.754E-11 | 1.313E+17
2.269E+22 7.0109 4.61E+20 8.16E-21 2.10E+09 | 9.804E-12 | 1.320E+16
2.269E+23 6.8447 1.49E+21 8.37E-22 | 2.06E+09 | 9.839E-13 | 1.325E+15
2.269E+24 6.6744 4.84E+21 8.57E-23 | 2.00E+09 | 9.859E-14 | 1.328E+14
2.269E+25 6.4996 1.57E+22 8.77E-24 | 1.95E+09 | 9.863E-15 | 1.328E+13
2.269E+26 6.3200 5.12E+22 8.98E-25 1.89E+09 | 9.849E-16 | 1.326E+12
2.269E+27 6.1352 1.67E+23 9.18E-26 1.84E+09 | 9.817E-17 | 1.322E+11
2.269E+28 5.9445 5.44E+23 9.38E-27 | 1.78E+09 | 9.766E-18 | 1.315E+10
2.269E+29 5.7476 1.78E+24 9.59E-28 1.72E+09 | 9.695E-19 | 1.306E+09
2.269E+30 5.5437 5.83E+24 9.79E-29 1.66E+09 | 9.601E-20 | 1.293E+08
2.269E+31 5.3320 1.92E+25 9.99E-30 1.60E+09 | 9.483E-21 | 1.277E+07
2.269E+32 5.1115 6.33E+25 1.02E-30 1.53E+09 | 9.339E-22 | 1.258E+06
2.269E+33 4.8810 2.09E+26 1.04E-31 1.46E+09 | 9.166E-23 | 1.234E+05
2.269E+34 4.6392 6.97E+26 1.06E-32 1.39E+09 | 8.960E-24 | 1.207E+04
2.269E+35 4.3840 2.33E+27 1.08E-33 1.31E+09 | 8.719E-25 | 1.174E+03
2.269E+36 4.1130 7.86E+27 1.10E-34 | 1.23E+09 | 8.435E-26 | 1.136E+02
2.269E+37 3.8229 2.67E+28 1.12E-35 1.15E+09 | 8.103E-27 | 1.091E+01
2.269E+38 3.5088 9.22E+28 1.14E-36 1.05E+09 | 7.713E-28 | 1.039E+00
2.269E+39 3.1637 3.23E+29 1.16E-37 | 9.48E+08 | 7.249E-29 | 9.762E-02
2.269E+40 2.7761 1.16E+30 1.18E-38 | 8.32E+08 | 6.689E-30 | 9.008E-03
2.269E+41 2.3246 4.40E+30 1.20E-39 | 6.97E+08 | 5.991E-31 | 8.067E-04
2.269E+42 1.7610 1.84E+31 1.22E-40 | 528E+08 | 5.059E-32 | 6.813E-05

Application-3: To understand the cosmic scale factor with reference to (z+1)

According to modern cosmology, cosmic age connected with cosmic scale factor is given by,

tz[zlﬂf[[{%j (11)

where (a”ﬂ] = (z+1)is the scale factor. With reference to our proposed assumption 3a, cosmic
Lhen

scale factor can be expressed with the following relation.

% 572/
(z+1)£[11;[—;] {Hln(ﬁ—;j ] (12)

For the CMBR redshift case, i.e. 7, =3000 K and z=1100;
H, =2.47323x107"% sec” = H,_j,g9---(sa)
Estimated, 7, =2991.9 K = T._,,¢g.-....(say)

Corresponding (z+1) can be fitted with the following relation.

2 57723
3
(z+1)= (mj 1+ln[mj =1127.32 (13)
HO HO

With further study; it is also possible to show that,
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(z+1)3/2 EME Ry

iR

SR, z(%}lg =(z+1)* R, (14)
tt

:%;(zﬂ)”

0

where ¥, and V, represent the current and past cosmic expansion speeds, #, and ¢ represent

current and past cosmic ages and R, and R, represent current and past cosmic radii.
" 2/3 It -2/3 - 2/3
(z+1)=| =L | |1+In| =& ~| 2L (1)
H, H, v, %t

Application-4: To understand the cosmic scale factor with reference to (7,/T;)

According to modern cosmology, cosmic age connected with cosmic temperature ratio is given by,

T,

(z+41)=-L

Ty

With reference to the data prepared as per the proposed relations, from relations (2) and (4) it is
possible to show that,

Case-A) {(z+l)5;—’}z [202] /[Z:J .......... (184)
0 0 ! (17)
Case-B) {(24—1) ;—0}: [I?J /(;J ........... (18B)

where V, and V, represent the current and past cosmic expansion speeds respectively. Point to

(16)

n

t t

v v,
be noted is that, magnitude of [H;J and [F’] increase with cosmic age.

For the CMBR redshift case, i.e. 7, =3000 K and z=1100;
H, =247323x107"% sec” = H,_j g9 (sav)

Estimated, 7, =2991.9 K = T__,,(.....(say)

Estimated, 7, =3.3832x10 m.sec” =V, _j;gg.....(say)

For case-A, it is noticed that,

V2 V2
Estimated, —— = 4.62798x10*"m*.sec” = =119 (say)
H, H 1100

. Vi
Estimated, HL =5.59635%10°°m>.sec’!

0
2 2
(z+1)= \/[20] / [m] =1099.6 (18)

2

Point to be noted is that, dimensionally, (#

t
2 2
to represent a ratio of Yo 4/ .
H, H,

For case-B, it is noticed that,

It is noticed that,

J corresponds to ‘length?/meter” and (z+1)? seems
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. |4 |4
Estimated, ——=1.36793x10*'m = —=—..... (say)
H, H__1100

(z+1)= \/(II:;O]/(HV“OOJ =1071.54

L J corresponds to ‘length’and (z+ 1)2 seems to rep-
t

. v
Estimated, —> =1.57065x10?" m
HO

(19)

~

Point to be noted is that, dimensionally, (

i )

It may be noted that, relations (16) and [(18A) or (18B)] start deviating when temperature is reaches
the of the order of 10¢ K. With respect to radiation dominated era and matter dominated era above
relations can be recommended for further research. See the following table -2 for various estimated
redshift magnitudes.

=

resent a ratio of (

Table-2: To estimate various redshift magnitudes connected with cosmic age and radius

Estimat- ) Esti- .
Assumed |- g o | Bt red | BSHmAt o) (z+1) 1) | (z+1)
Hubble . mated ed cos-
mic . expan- . from from from from
parame- Cosmic . mic ra- . ) . )
ter temper- age sion dius relation | relation | relation | relation
(1/sec) ature (se0) speed (m) 1n (14) (16A) (16B)
(K) (m/sec)
8.514E+2 | 1.000E+0 | 1.000E+0 | 1.000E+0 | 1.000E+0
2.269E-18 | 2.72E+00 | 4.41E+17 | 3.56E+09 | 6 0 0 0 0
4.736E+2 | 1.471E+0 | 1.479E+0 | 3.188E+0 | 3.175E+0
2.269E-17 | 8.67E+00 | 2.47E+17 | 3.53E+09 | 6 0 0 0 0
8.561E+2 | 4.578E+0 | 4.628E+0 | 1.017E+0 | 1.008E+0
2.269E-16 | 2.77E+01 | 4.50E+16 | 3.50E+09 | 5 0 0 1 1
1.233E+2 | 1.658E+0 | 1.686E+0 | 3.243E+0 | 3.202E+0
2.269E-15 | 8.82E+01 | 6.53E+15 | 3.47E+09 | 5 1 1 1 1
1.603E+2 | 6.424E+0 | 6.570E+0 | 1.034E+0 | 1.017E+0
2.269E-14 | 2.81E+02 | 8.56E+14 | 3.44E+09 | 4 1 1 2 2
1.967E+2 | 2.588E+0 | 2.662E+0 | 3.300E+0 | 3.230E+0
2.269E-13 | 8.98E+02 | 1.06E+14 | 3.41E+09 | 3 2 2 2 2
2.325E+2 | 1.069E+0 | 1.106E+0 | 1.053E+0 | 1.026E+0
2.269E-12 | 2.86E+03 | 1.26E+13 | 3.38E+09 | 2 3 3 3 3
2.145E+2 | 1.127E+0 | 1.167E+0 | 1.100E+0 | 1.072E+0
2.473E-12 | 2.99E+03 | 1.16E+13 | 3.38E+09 2 33 3 3
2.676E+2 | 4.490E+0 | 4.675E+0 | 3.360E+0 | 3.260E+0
2.269E-11 | 9.14E+03 | 1.47E+12 | 3.35E+09 | 1 3 3 3 3
3.021E+2 | 1.911E+0 | 2.003E+0 | 1.072E+0 | 1.036E+0
2.269E-10 | 2.92E+04 | 1.67E+11 | 3.32E+09 | 0 4 4 4 4
3.360E+1 | 8.218E+0 | 8.664E+0 | 3.423E+0 | 3.290E+0
2.269E-09 | 9.31E+04 | 1.87E+10 | 3.29E+09 | 9 4 4 4 4
3.691E+1 | 3.561E+0 | 3.779E+0 | 1.093E+0 | 1.045E+0
2.269E-08 | 2.97E+05 | 2.07E+09 | 3.26E+09 | 8 5 5 5 5
2.269E-07 | 9.50E+05 | 2.28E+08 | 3.23E+09 | 4.016E+1 | 1.553E+0 | 1.659E+0 | 3.491E+0 | 3.322E+0
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7 6 6 5 5
4.335E+1 | 6.811E+0 | 7.323E+0 | 1.115E+0 | 1.056E+0

2.269E-06 | 3.03E+06 | 2.48E+07 | 3.20E+09 | 6 6 6 6 6
4.646E+1 | 3.000E+0 | 3.248E+0 | 3.562E+0 | 3.356E+0

2.269E-05 | 9.69E+06 | 2.68E+06 | 3.16E+09 | 5 7 7 6 6
4.950E+1 | 1.326E+0 | 1.446E+0 | 1.138E+0 | 1.067E+0

2.269E-04 | 3.10E+07 | 2.89E+05 | 3.13E+09 | 4 8 8 7 7
5.247E+1 | 5.883E+0 | 6.460E+0 | 3.638E+0 | 3.392E+0

2.269E-03 | 9.90E+07 | 3.09E+04 | 3.10E+09 | 3 8 8 7 7
5.536E+1 | 2.617E+0 | 2.895E+0 | 1.163E+0 | 1.078E+0

2.269E-02 | 3.16E+08 | 3.29E+03 | 3.06E+09 | 2 9 9 8 8
5.818E+1 | 1.167E+1 | 1.301E+1 | 3.719E+0 | 3.430E+0

2.269E-01 | 1.01E+09 | 3.50E+02 | 3.03E+09 | 1 0 0 8 8
6.092E+1 | 5.218E+1 | 5.859E+1 | 1.190E+0 | 1.091E+0

2.269E+00 | 3.24E+09 | 3.70E+01 | 3.00E+09 | 0O 0 0 9 9
6.359E+0 | 2.337E+1 | 2.645E+1 | 3.806E+0 | 3.469E+0

2.269E+01 | 1.04E+10 | 3.90E+00 | 2.96E+09 | 9 1 1 9 9
6.618E+0 | 1.049E+1 | 1.196E+1 | 1.218E+1 | 1.104E+1

2.269E+02 | 3.31E+10 | 4.10E-01 | 2.93E+09 | 8 2 2 0 0
6.869E+0 | 4.714E+1 | 5.420E+1 | 3.899E+1 | 3.512E+1

2.269E+03 | 1.06E+11 | 4.31E-02 | 2.89E+09 | 7 2 2 0 0
7111E+0 | 2.122E+1 | 2.460E+1 | 1.249E+1 | 1.117E+1

2.269E+04 | 3.40E+11 | 4.51E-03 | 2.85E+09 | 6 3 3 1 1
7.345E+0 | 9.564E+1 | 1.119E+1 | 4.000E+1 | 3.556E+1

2.269E+05 | 1.09E+12 | 4.71E-04 | 2.82E+09 | 5 3 4 1 1
7.571E+0 | 4.316E+1 | 5.093E+1 | 1.282E+1 | 1.132E+1

2.269E+06 | 3.49E+12 | 4.92E-05 | 2.78E+09 | 4 4 4 2 2
7.787E+0 | 1.950E+1 | 2.322E+1 | 4.108E+1 | 3.604E+1

2.269E+07 | 1.12E+13 | 5.12E-06 | 2.74E+09 | 3 5 5 2 2
7.995E+0 | 8.820E+1 | 1.060E+1 | 1.317E+1 | 1.148E+1

2.269E+08 | 3.58E+13 | 5.32E-07 | 2.70E+09 | 2 5 6 3 3
8.193E+0 | 3.993E+1 | 4.844E+1 | 4.226E+1 | 3.656E+1

2.269E+09 | 1.15E+14 | 5.53E-08 | 2.67E+09 | 1 6 6 3 3
8.382E+0 | 1.809E+1 | 2.217E+1 | 1.356E+1 | 1.165E+1

2.269E+10 | 3.69E+14 | 5.73E-09 | 2.63E+09 | 0 7 7 4 4
8.205E+1 | 1.016E+1 | 4.355E+1 | 3.711E+1

2.269E+11 | 1.18E+15 | 5.93E-10 | 2.59E+09 | 8.562E-01 | 7 8 4 4
3.724E+1 | 4.658E+1 | 1.399E+1 | 1.183E+1

2.269E+12 | 3.81E+15 | 6.13E-11 | 2.55E+09 | 8.731E-02 | 8 8 5 5
1.691E+1 | 2.139E+1 | 4.496E+1 | 3.771E+1

2.269E+13 | 1.22E+16 | 6.34E-12 | 2.51E+09 | 8.890E-03 | 9 9 5 5
7.687E+1 | 9.829E+1 | 1.446E+1 | 1.202E+1

2.269E+14 | 3.93E+16 | 6.54E-13 | 2.46E+09 | 9.039E-04 | 9 9 6 6
3.496E+2 | 4.522E+2 | 4.652E+1 | 3.835E+1

2.269E+15 | 1.27E+17 | 6.74E-14 | 2.42E+09 | 9.177E-05 | 0 0 6 6
1.591E+2 | 2.083E+2 | 1.498E+1 | 1.224E+1

2.269E+16 | 4.08E+17 | 6.95E-15 | 2.38E+09 | 9.303E-06 | 1 1 7 7
7.244E+2 | 9.602E+2 | 4.825E+1 | 3.906E+1

2.269E+17 | 1.31E+18 | 7.15E-16 | 2.34E+09 | 9.418E-07 | 1 1 7 7
3.300E+2 | 4.431E+2 | 1.556E+1 | 1.247E+1

2.269E+18 | 4.23E+18 | 7.35E-17 | 2.29E+09 | 9.521E-08 | 2 2 8 8
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1.504E+2 | 2.047E+2 | 5.020E+1 | 3.984E+1
2.269E+19 | 1.37E+19 | 7.56E-18 | 2.24E+09 | 9.612E-09 | 3 3 8 8
6.860E+2 | 9.466E+2 | 1.621E+1 | 1.273E+1
2.269E+20 | 4.41E+19 | 7.76E-19 | 2.20E+09 | 9.689E-10 | 3 3 9 9
3.130E+2 | 4.382E+2 | 5.239E+1 | 4.070E+1
2.269E+21 | 1.43E+20 | 7.96E-20 | 2.15E+09 | 9.754E-11 | 4 4 9 9
1.429E+2 | 2.031E+2 | 1.695E+2 | 1.302E+2
2.269E+22 | 4.61E+20 | 8.16E-21 | 2.10E+09 | 9.804E-12 | 5 5 0 0
6.523E+2 | 9.424E+2 | 5.491E+2 | 4.167E+2
2.269E+23 | 1.49E+21 | 8.37E-22 | 2.05E+09 | 9.839E-13 | 5 5 0 0
2.980E+2 | 4.378E+2 | 1.781E+2 | 1.334E+2
2.269E+24 | 4.84E+21 | 8.57E-23 | 2.00E+09 | 9.859E-14 | 6 6 1 1
1.362E+2 | 2.036E+2 | 5.782E+2 | 4.276E+2
2.269E+25 | 1.57E+22 | 8.77E-24 | 1.95E+09 | 9.863E-15 | 7 7 1 1
6.225E+2 | 9.483E+2 | 1.881E+2 | 1.371E+2
2.269E+26 | 5.12E+22 | 8.98E-25 | 1.89E+09 | 9.849E-16 | 7 7 2 2
2.846E+2 | 4.423E+2 | 6.126E+2 | 4.401E+2
2.269E+27 | 1.67E+23 | 9.18E-26 | 1.84E+09 | 9.817E-17 | 8 8 2 2
1.302E+2 | 2.066E+2 | 1.999E+2 | 1.414E+2
2.269E+28 | 5.44E+23 | 9.38E-27 | 1.78E+09 | 9.766E-18 | 9 9 3 3
5.958E+2 | 9.670E+2 | 6.539E+2 | 4.547E+2
2.269E+29 | 1.78E+24 | 9.59E-28 | 1.72E+09 | 9.695E-19 | 9 9 3 3
2.727E+3 | 4.534E+3 | 2.144E+2 | 1.464E+2
2.269E+30 | 5.83E+24 | 9.79E-29 | 1.66E+09 | 9.601E-20 | 0 0 4 4
1.249E+3 | 2.131E+3 | 7.049E+2 | 4.721E+2
2.269E+31 | 1.92E+25 | 9.99E-30 | 1.60E+09 | 9.483E-21 | 1 1 4 4
5.718E+3 | 1.004E+3 | 2.325E+2 | 1.525E+2
2.269E+32 | 6.33E+25 | 1.02E-30 | 1.53E+09 | 9.339E-22 | 1 2 5 5
2.620E+3 | 4.741E+3 | 7.700E+2 | 4.935E+2
2.269E+33 | 2.09E+26 | 1.04E-31 | 1.46E+09 | 9.166E-23 | 2 2 5 5
1.200E+3 | 2.247E+3 | 2.562E+2 | 1.601E+2
2.269E+34 | 6.97E+26 | 1.06E-32 | 1.39E+09 | 8.960E-24 | 3 3 6 6
5.501E+3 | 1.070E+3 | 8.573E+2 | 5.207E+2
2.269E+35 | 2.33E+27 | 1.08E-33 | 1.31E+09 | 8.719E-25 | 3 4 6 6
2.522E+3 | 5.117E+3 | 2.890E+2 | 1.700E+2
2.269E+36 | 7.86E+27 | 1.10E-34 | 1.23E+09 | 8.435E-26 | 4 4 7 7
1.156E+3 | 2.463E+3 | 9.831E+2 | 5.576E+2
2.269E+37 | 2.67E+28 | 1.12E-35 | 1.15E+09 | 8.103E-27 | 5 5 7 7
5.304E+3 | 1.196E+3 | 3.387E+2 | 1.840E+2
2.269E+38 | 9.22E+28 | 1.14E-36 | 1.05E+09 | 7.713E-28 | 5 6 8 8
2.433E+3 | 5.880E+3 | 1.188E+2 | 6.129E+2
2.269E+39 | 3.23E+29 | 1.16E-37 | 9.48E+08 | 7.249E-29 | 6 6 9 8
1.116E+3 | 2.943E+3 | 4.281E+2 | 2.069E+2
2.269E+40 | 1.16E+30 | 1.18E-38 | 8.32E+08 | 6.689E-30 | 7 7 9 9
5.123E+3 | 1.520E+3 | 1.617E+3 | 7.150E+2
2.269E+41 | 4.40E+30 | 1.20E-39 | 6.97E+08 | 5.991E-31 | 7 8 0 9
2.352E+3 | 8.398E+3 | 6.749E+3 | 2.598E+3
2.269E+42 | 1.84E+31 | 1.22E-40 | 5.28E+08 | 5.059E-32 | 8 8 0 0
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Application-5: To estimate the current distance travelled by the universe

According to modern cosmological observations, the commoving distance from Earth to the edge of
the observable universe is about 14.26 Gpc (46.5 Gly = 4.40 x 10?6 meters) in any direction. The ob-
servable universe is thus a sphere with a diameter of about 28.5 Gpc = 93 Gly = 8.8x10% m). Readers
are suggested to see the valuable scientific information available in Wikipedia web site on ‘Obser-
vational cosmology’.

According to Mihran Vardanyan et al [14], “Bayesian model averaging is a procedure to obtain
parameter constraints that account for the uncertainty about the correct cosmological model. We
use recent cosmological observations and Bayesian model averaging to derive tight limits on the
curvature parameter, as well as robust lower bounds on the curvature radius of the Universe and its
minimum size, while allowing for the possibility of an evolving dark energy component. Because
flat models are favored by Bayesian model selection, we find that model-averaged constraints on
the curvature and size of the Universe can be considerably stronger than non model-averaged ones.
For the most conservative prior choice (based on inflationary considerations), our procedure im-
proves on non model- averaged constraints on the curvature by a factor of 2. The curvature scale
of the Universe is conservatively constrained to be Rc > 42 Gpc (99%), corresponding to a lower limit
to the number of Hubble spheres in the Universe NU > 251 (99%)”.

With reference to our proposed assumptions, current cosmic radius (including observable and
non-observable) can be estimated in the following way. From the beginning of Planck scale which is
assumed to be associated with big bang, cosmic distance travelled can be estimated as follows:

2
S,ER,E[VH-C]Z,E(V’-FCJ [l+ln(i] ](L (20)
2 2 H, ) |\ H,
_ (Vy+c _ c le ]
o555 oo 22 .

c

For the current case,

= 6.4425[ jz 8.514x10%° m

H,

Table-3: To fit the current cosmic distance

Estimating Cosmic Referen int
method distance elerencepo
Modern estimate 46.5 Gly

(only observable) 14.26 Gpc About earth

Our estimate
(Observable +
non-observable)

90.0 Gly About point of big
27.6 Gpc bang

Note: Gly = Giga or billion light years
Gpc = Giga or billion parsec

From our estimate, current distance (observable and non-observable) about the point of big bang is
90 Gly= 27.6 Gpc. See the following table-3. Clearly speaking, current universe seems to constitute
267 Hubble spheres [14].This is really a very interesting coincidence and needs further study at
fundamental level. Our estimate seems to be approximately 1.935 times higher than modern esti-
mation. With further research and analysis and by understanding the galactic red shifts, discrep-
ancy can be reviewed and resolved. Diameter of current (observable and non-observable) cosmic
sphere about  the point of big bang is 180 Gly=55.2 Gpc. See the following table-4.
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Table-4: To fit the current cosmic diameter

Cetimaring Cosmic Reference point
method diameter P
Modern estimate 93 Gly
A h
(only observable) 28.5 Gpc bout eart
Our estimate 180 Gly About point of
(Observable + 559 G o
non-observable) =P g g

Application-6: To estimate the galactic receding speeds and galactic distances in

the current accelerating universe

Based on relations (20) and (21), within the current radius of 90 Gly=27.6 Gpc, from and about the
point of big bang, galactic receding speeds can be approximated with the following relation.

Ve

n

0

) (d, | 2temn(H, /H,)
(QJVO:(—JM.SSSM: [HW} (d,H,) (22)

where d, is the current galactic distance from the point of big bang and v, is the current galactic

receding speed.

Based on this relation (22), within the current boundary of 90 Gly=27.6 Gpc, galactic distances cor-
responding to assumed galactic receding speeds can be expressed in the following way.

v v
d,=| £ 18, =| —5— 851410 m (23)
Vs 11.8851¢

See the following table-5. By co-relating the estimated galactic distances and actual galactic receding
speeds with observed galactic red shifts, further research can be carried out.

n

Table-5: To understand galactic receding speeds and distances from and about the point of big bang

Galactic re- Estimated dis'tance fI"Ol’l‘l and about
. the point of big bang
ceding speed

meters Gly Gpc

0.1c 7.164E+24 0.76 0.23
02¢ 1.433E+25 1.51 0.46
03¢ 2.149E+25 2.27 0.70
04c 2.865E+25 3.03 0.93
05¢c 3.582E+25 3.79 1.16
0.6¢ 4.298E+25 4.54 1.39
07¢ 5.015E+25 5.30 1.63
08¢ 5.731E+25 6.06 1.86
09c¢ 6.447E+25 6.81 2.09

c 7.164E+25 7.57 2.32

11c 7.880E+25 8.33 2.55
12¢ 8.596E+25 9.09 2.79
13¢ 9.313E+25 9.84 3.02
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1l4c 1.003E+26 10.60 3.25
15¢ 1.075E+26 11.36 3.48
1.6¢ 1.146E+26 12.12 3.72
1.7 c 1.218E+26 12.87 3.95
1.8¢ 1.289E+26 13.63 4.18
19c 1.361E+26 14.39 441

2c 1.433E+26 15.14 4.65

Application-7: To estimate the current mass and mass density of the universe

It may be noted that, many scientists are thinking on “understanding the mass of universe’ in terms
of “‘Mach’s principle’ i.e “relation between inertia and gravity”[15-22]. In this context, our proposed
assumption, 3b can be given some consideration at fundamantal level. One can find interesting
trechnical discussion on this assumption by D.W.Sciama, R.H. Dicke, C. Brans, G. J. Whitrow,
F. M. Gomide, Berman M.S, Som.M.M and A.L. Arbab.

With reference to assumption 3b, at any stage of cosmic evolution,

f (24)

From applications 2 and 3, current visual and non-visual cosmic radius is around 90 Gly. With ref-
erence to assumption 3b, current mass of our (visible and invisible parts) universe can be estimated
with the following relation.

c2R0

M, = =1.14654x10°* kg (25)

Vo+ 1
where, Ry= (OTCJ (FJ . It may be noted that, with this mass, current mass energy density can be
0

expressed with the following relation.

(,0 ) - M, - 3¢?
"0 (ax /3Ry 4nGRy
. o (26)
H
=|1+ [1+In| -2 30 _ 4 43505%102 kg.m™
H, G
Now mass energy density can be expressed with the following relation.
) M yc? 3¢t
(pmassc ) = 3 = 2
0 (4z/3)R; 47mGR,;
. 2 (27)
H
= {H [+ [—’”] S0 3 9865%1071 1m?
H, V4

Now ratio of mass energy density and critical energy density [12] can be expressed with the fol-
lowing relation.
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(28)

-2

2 H
{—pmassczl =81+ 1+h{—f”J =0.048185
pcriticalc 0 HO

Based on this strange and interesting coincidence, proposed method of estimating the current cosmic
mass can be given some consideration. Clearly speaking, Mach’s principle and its quantitative rela-
tion, GM, =c’R, seems to play a vital role in understanding the large scale structure of the evolv-
ing universe and its mass density. It may be noted that, in our earlier published papers and refer-

M, 1
62R0 T2

ences there in, we have focused on and developed “Black hole cosmology models”. But

we could not present a reasonable explanation for the origin and understanding of the observed
cosmic visible mass density. See the following table-6 for understanding the past cosmic mass den-
sity. From the last column of table-6, it is clear that, during cosmic evolution, mass density increases
with cosmic age and strongly supports the ‘hot big bang’ idea of ‘early matter was in the form of

radiation’.
Table-6: To understand the past cosmic mass density
Assumed . Estimated | Estimated | Estimated Estimajced Estimated Ratio of .
Hubble Est1mat'ed cosmic cosmic cosmic costmie critical mass densi-
parameter Cosmic radius mass volume dmas.s density tty aln ;
(Usec) | 25 (m) (kg) I I T e

2.269E-18 | 4.41E+17 | 8.514E+26 | 1.147E+54 | 2.585E+81 | 4.435E-28 | 9.204E-27 4.819E-02
2.269E-17 | 247E+17 | 4.736E+26 | 6.378E+53 | 4.450E+80 | 1.433E-27 | 9.204E-25 1.557E-03
2.269E-16 | 4.50E+16 | 8.561E+25 | 1.153E+53 | 2.629E+78 | 4.386E-26 | 9.204E-23 4.765E-04
2.269E-15 6.53E+15 | 1.233E+25 | 1.660E+52 | 7.844E+75 | 2.116E-24 | 9.204E-21 2.299E-04
2.269E-14 | 8.56E+14 | 1.603E+24 | 2.159E+51 | 1.725E+73 | 1.251E-22 | 9.204E-19 1.359E-04
2.269E-13 1.06E+14 | 1.967E+23 | 2.649E+50 | 3.188E+70 | 8.309E-21 | 9.204E-17 9.027E-05
2.473E-12 | 1.16E+13 | 2.145E+22 | 2.888E+49 | 4.132E+67 | 6.990E-19 | 1.094E-14 6.389E-05
2.269E-12 1.26E+13 | 2.325E+22 | 3.131E+49 | 5.264E+67 | 5.948E-19 | 9.204E-15 6.462E-05
2.269E-11 1.47E+12 | 2.676E+21 | 3.604E+48 | 8.030E+64 | 4.488E-17 | 9.204E-13 4.876E-05
2.269E-10 1.67E+11 | 3.021E+20 | 4.069E+47 | 1.155E+62 | 3.522E-15 | 9.204E-11 3.826E-05
2.269E-09 1.87E+10 | 3.360E+19 | 4.524E+46 | 1.589E+59 | 2.848E-13 | 9.204E-09 3.094E-05
2.269E-08 | 2.07E+09 | 3.691E+18 | 4.971E+45 | 2.107E+56 | 2.359E-11 | 9.204E-07 2.563E-05
2.269E-07 | 228E+08 | 4.016E+17 | 5.409E+44 | 2.714E+53 | 1.993E-09 | 9.204E-05 2.165E-05
2.269E-06 | 2.48E+07 | 4.335E+16 | 5.837E+43 | 3.411E+50 | 1.711E-07 | 9.204E-03 1.859E-05
2.269E-05 | 2.68E+06 | 4.646E+15 | 6.256E+42 | 4.200E+47 | 1.490E-05 | 9.204E-01 1.618E-05
2.269E-04 | 2.89E+05 | 4.950E+14 | 6.665E+41 | 5.080E+44 | 1.312E-03 | 9.204E+01 1.426E-05
2.269E-03 | 3.09E+04 | 5.247E+13 | 7.065E+40 | 6.049E+41 | 1.168E-01 | 9.204E+03 1.269E-05
2.269E-02 | 3.29E+03 | 5.536E+12 | 7.455E+39 | 7.107E+38 | 1.049E+01 | 9.204E+05 1.140E-05
2.269E-01 3.50E+02 | 5.818E+11 | 7.835E+38 | 8.249E+35 | 9.498E+02 | 9.204E+07 | 1.032E-05
2.269E+00 | 3.70E+01 | 6.092E+10 | 8.204E+37 | 9.472E+32 | 8.661E+04 | 9.204E+09 | 9.410E-06
2.269E+01 | 3.90E+00 | 6.359E+09 | 8.563E+36 | 1.077E+30 | 7.950E+06 | 9.204E+11 8.638E-06
2.269E+02 4.10E-01 | 6.618E+08 | 8.912E+35 | 1.214E+27 | 7.341E+08 | 9.204E+13 7.975E-06
2.269E+03 4.31E-02 | 6.869E+07 | 9.249E+34 | 1.357E+24 | 6.815E+10 | 9.204E+15 7.404E-06
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2.269E+04 4.51E-03 | 7.111E+06 | 9.576E+33 | 1.506E+21 | 6.358E+12 | 9.204E+17 6.908E-06
2.269E+05 4.71E-04 | 7.345E+05 | 9.891E+32 | 1.660E+18 | 5.959E+14 | 9.204E+19 6.474E-06
2.269E+06 4.92E-05 | 7.571E+04 | 1.019E+32 | 1.817E+15 | 5.609E+16 | 9.204E+21 6.094E-06
2.269E+07 5.12E-06 | 7.787E+03 | 1.049E+31 | 1.978E+12 | 5.301E+18 | 9.204E+23 5.760E-06
2.269E+08 5.32E-07 | 7.995E+02 | 1.077E+30 | 2.141E+09 | 5.030E+20 | 9.204E+25 5.465E-06
2.269E+09 5.53E-08 | 8.193E+01 | 1.103E+29 | 2.304E+06 | 4.789E+22 | 9.204E+27 5.203E-06
2.269E+10 5.73E-09 | 8.382E+00 | 1.129E+28 | 2.467E+03 | 4.575E+24 | 9.204E+29 4.971E-06
2.269E+11 5.93E-10 | 8.562E-01 | 1.153E+27 | 2.629E+00 | 4.386E+26 | 9.204E+31 4.765E-06
2.269E+12 6.13E-11 | 8.731E-02 | 1.176E+26 | 2.788E-03 | 4.217E+28 | 9.204E+33 4.582E-06
2.269E+13 6.34E-12 | 8.890E-03 | 1.197E+25 | 2.943E-06 | 4.067E+30 | 9.204E+35 4.419E-06
2.269E+14 6.54E-13 | 9.039E-04 | 1.217E+24 | 3.094E-09 | 3.935E+32 | 9.204E+37 4.275E-06
2.269E+15 6.74E-14 | 9.177E-05 | 1.236E+23 | 3.237E-12 | 3.817E+34 | 9.204E+39 4.148E-06
2.269E+16 6.95E-15 | 9.303E-06 | 1.253E+22 | 3.373E-15 | 3.714E+36 | 9.204E+41 4.035E-06
2.269E+17 7.15E-16 | 9.418E-07 | 1.268E+21 | 3.500E-18 | 3.624E+38 | 9.204E+43 3.938E-06
2.269E+18 7.35E-17 | 9.521E-08 | 1.282E+20 | 3.616E-21 | 3.546E+40 | 9.204E+45 3.853E-06
2.269E+19 7.56E-18 | 9.612E-09 | 1.294E+19 | 3.720E-24 | 3.480E+42 | 9.204E+47 3.781E-06
2.269E+20 7.76E-19 | 9.689E-10 | 1.305E+18 | 3.811E-27 | 3.424E+44 | 9.204E+49 3.720E-06
2.269E+21 7.96E-20 | 9.754E-11 | 1.313E+17 | 3.887E-30 | 3.379E+46 | 9.204E+51 3.672E-06
2.269E+22 8.16E-21 | 9.804E-12 | 1.320E+16 | 3.947E-33 | 3.345E+48 | 9.204E+53 3.634E-06
2.269E+23 8.37E-22 | 9.839E-13 | 1.325E+15 | 3.990E-36 | 3.321E+50 | 9.204E+55 3.608E-06
2.269E+24 8.57E-23 | 9.859E-14 | 1.328E+14 | 4.014E-39 | 3.308E+52 | 9.204E+57 3.594E-06
2.269E+25 8.77E-24 | 9.863E-15 | 1.328E+13 | 4.018E-42 | 3.305E+54 | 9.204E+59 3.591E-06
2.269E+26 8.98E-25 | 9.849E-16 | 1.326E+12 | 4.002E-45 | 3.314E+56 | 9.204E+61 3.601E-06
2.269E+27 9.18E-26 | 9.817E-17 | 1.322E+11 | 3.964E-48 | 3.336E+58 | 9.204E+63 3.624E-06
2.269E+28 9.38E-27 | 9.766E-18 | 1.315E+10 | 3.902E-51 | 3.370E+60 | 9.204E+65 3.662E-06
2.269E+29 9.59E-28 | 9.695E-19 | 1.306E+09 | 3.817E-54 | 3.420E+62 | 9.204E+67 3.716E-06
2.269E+30 9.79E-29 | 9.601E-20 | 1.293E+08 | 3.707E-57 | 3.488E+64 | 9.204E+69 3.789E-06
2.269E+31 9.99E-30 | 9.483E-21 | 1.277E+07 | 3.572E-60 | 3.575E+66 | 9.204E+71 3.884E-06
2.269E+32 1.02E-30 | 9.339E-22 | 1.258E+06 | 3.412E-63 | 3.686E+68 | 9.204E+73 4.005E-06
2.269E+33 1.04E-31 | 9.166E-23 | 1.234E+05 | 3.225E-66 | 3.827E+70 | 9.204E+75 4.158E-06
2.269E+34 1.06E-32 | 8.960E-24 | 1.207E+04 | 3.013E-69 | 4.004E+72 | 9.204E+77 4.351E-06
2.269E+35 1.08E-33 | 8.719E-25 | 1.174E+03 | 2.776E-72 | 4.229E+74 | 9.204E+79 4.595E-06
2.269E+36 1.10E-34 | 8.435E-26 | 1.136E+02 | 2.514E-75 | 4.518E+76 | 9.204E+81 4.909E-06
2.269E+37 1.12E-35 | 8.103E-27 | 1.091E+01 | 2.229E-78 | 4.896E+78 | 9.204E+83 5.319E-06
2.269E+38 1.14E-36 | 7.713E-28 | 1.039E+00 | 1.922E-81 | 5.404E+80 | 9.204E+85 5.871E-06
2.269E+39 1.16E-37 | 7.249E-29 | 9.762E-02 | 1.596E-84 | 6.117E+82 | 9.204E+87 6.646E-06
2.269E+40 1.18E-38 | 6.689E-30 | 9.008E-03 | 1.254E-87 | 7.185E+84 | 9.204E+89 7.806E-06
2.269E+41 1.20E-39 | 5.991E-31 | 8.067E-04 | 9.006E-91 | 8.958E+86 | 9.204E+91 9.732E-06
2.269E+42 1.22E-40 | 5.059E-32 | 6.813E-05 | 5.424E-94 | 1.256E+89 | 9.204E+93 1.365E-05

Application-8: To estimate the current cosmic rotational kinetic energy

From assumptions 3a, 3b and 3¢, current cosmic rotational energy can be estimated in the

lowing way.

fol-
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From classical mechanics, rotational kinetic energy of any spherical body is given by,
I (29)

where, / is the moment of inertia of the rotating body and @ is the angular velocity. Based on this
relation, current cosmic rotational kinetic energy can be expressed with the following relation.

1
(Kyor )y = 51005 = 1o H§ (30)

1
2
As current ‘mass density’ is very small in magnitude, current observable universe can be considered

as a thin spherical shell and hence its corresponding current moment of inertia can be expressed
with the following relation.

I, = %MORg (31)

From the above two relations, current cosmic rotational kinetic energy can be expressed with the
following simple relation.

(Ko ), = %Mongg = %MORgHg =1.4257x107 ] (32)

Surprisingly it is noticed that, ratio of proposed current cosmic rotational energy density and cur-
rently believed dark energy density is very close to unity. It can be expressed in the following way.

{(1{,(”)0}/{0.68{3}15& ﬂ =0.98 (33)
(47/3)R; 872G

J is the currently believed dark energy density [12].

3H§c2
87G

where 0.68><[

With reference to critical energy density, current rotational kinetic energy density can be expressed
with the following relation.
(Kror)y _ Mow; _ MoH§

= = (34)
(47/3)R; ~ 4mR,  4AzmR,

With respect to cosmic mass,

(Kiot)y @} [2Ry)_ HZ [*Ry)_ HE (35)
(47/3)R; ~ 4R\ G | 4zRy( G ) 4nG

Surprisingly it is noticed that, ratio of current cosmic rotational kinetic energy density and critical

energy density is equal to % =0.666667 . It can be expressed in the following way.

(Km[)o 3H(?c2 _ chz 3chz -2 (36)
(47/3)R; 87G | | 4G 87G | 3

If one is willing to consider this coincidence as a “heuristic coincidence’, it is possible to say that,
currently believed ‘dark energy’ is nothing but the current cosmic rotational kinetic energy. It is for
further study.
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Application-9: To estimate the current ‘“dark matter” density

Based on the currently believed ‘flat’ model concept and current observations, ‘dark matter’ den-
sity can be fitted in the following way..

(pd ) =J1- (Krot)() 3HO
.matter ) [(4”/3)133] 471'/3 R0 87Z’G
2
0

2
= 1—[£+0.048185} 3Hq =0.28515
3 87G 87G

Quantitatively this can be compared with the currently believed ‘dark matter’ density [12] and
needs further study. Proceeding further, we noticed a very interesting relation in the following way.

(o), =L Perhs Pnar T [(P)y ] 58)

[Py ]

]. We are working on understanding this very strange

(37)

In

where, (p,,),¢

2 (Kror)y E[gj[mgcz

" (4z3)R; \3)\ 872G

and very simple relation with respect to past cosmological evolution. Based on this relation, if

2
(Do) = 0.48185(3

H; . 3H?
, obt d =0.2811
87Z'G J obtaimne (pd.matter ) [ 871'G J

4. Discussion on Quantum cosmology, the Planck scale Hubble parameter and the cosmic tem-
perature

In modern physics literature, one can find many articles on ‘quantum cosmology’. One best review
article is by Martin Bozowald [1]. In his opinion,

1)  “Quantum cosmology is based on the idea that quantum physics should apply to anything in
nature, including the whole universe. Quantum descriptions of all kinds of matter fields and their
interactions are well known and can easily be combined into one theory — leaving aside the more
complicated question of unification, which asks for a unique combination of all fields based on some
fundamental principles or symmetries. Nevertheless, quantizing the whole universe is far from being
straightforward because, according to general relativity, not just matter but also space and time are
physical objects. They are subject to dynamical laws and have excitations (gravitational waves) that
interact with each other and with matter. Quantum cosmology is therefore closely related to quan-
tum gravity, the quantum theory of the gravitational force and space-time. Since quantum gravity
remains unfinished, the theoretical basis of quantum cosmology is unclear. And to make things
worse, there are several difficult conceptual problems to be overcome” .

2) “We remain far from a proper understanding of quantum cosmology, especially when physics at the
Planck scale is involved. At the same time, research on quantum cosmology has led to progress in our
understanding of generally covariant quantum systems and often showed unexpected effects of
quantum space-time”.

These points clearly indicate the poor status of ‘current quantum cosmology’. In this context,
proposed Planck scale Hubble parameter H, = Ve / Gh =1.8549215x10% sec™! can be recommended

for in depth analysis at fundamental level. In addition, one can see the simplicity of relation (2) in
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understanding and fitting the current Hubble parameter and current cosmic temperature in the
form of relation (8) that seems to have a deep quantum mechanical back ground.

5. Discussion on the proposed assumptions and their consequences or results

We would like to highlight the following points:

1)

2)

3)

4)

5)

6)

7)

8)

Modern cosmologists strongly believe that current universe is accelerating. But they are
silent in quantifying the past and current cosmic expansion speeds. Based on assumptuion
3d, we tried our level best in quantifying the past and current cosmic expansion speeds.
Even though, modern cosmology is strongly believing in current cosmic acceleration, it is
silent in quantifying the current cosmic acceleraton. Along with the assumed cosmic age,
we assume the current and initial cosmic expansion speeds and thereby estimating the past
and current cosmic radii. With reference to data presented in table-1, it is very clear that,
current cosmic expansion speed is slowly increasing with increasing cosmic age. Based on
this fact, we can have two possible observations as expressed in the following way.
a) With increasing cosmic age, current universe is expanding with a slowly increas-
ing speed of 11.885c¢.
b) Magnitude of the future cosmic expansion speed depends on the magnitude of
the future Hubble parameter.
c¢) By knowing the time to time future cosmic temperatures, from relation (2),
corresponding future Hubble parameters can be estimated and thus,
corresponding future cosmic expansion speeds can be estimated.
With reference to the proposed assumptions, current universe seems to constitute 267 Hub-
ble spheres. According to Mihran Vardanyan et al [23], the curvature scale of the Universe
is conservatively constrained to be R> 42 Gpc (99%), corresponding to a lower limit to the
number of Hubble spheres in the Universe NU > 251 (99%). This coincidence clearly indi-
cates the workability of our proposed assumptions.
We consider continuous superluminal expansions and hence it is possible to understand the
currently observed large scale cosmic homogeniety or isotropy. Important point to be noted
is that, modern estimate of cosmic radius is strictly assumed to obey ‘inflation” whereas our
estimate of cosmic radius (that is twice of modern estiamte) is independent of ‘inflation’.
From table-1, it is clear that, at around 1.06x10-%? seconds, cosmic expansion speed was
around 4.64c and at around 0.41 seconds, cosmic expansion speed was around 9.76¢. Based
on these points, ‘inflation’ concept can be relinquished [18]. In addition, concepts associated
with ‘fine tuning’ of ‘beginning of inflation’ can also be ignored.
As the observed universe is very large and observers cannot reach outer parts of the
univese, one may be forced to believe in ‘temperature isotropy’.In reality, as universe is
continuously assumed to be expanding at increasing super luminal speeds, expecting
‘temperature isotropy’ may not be reasonable.
Since it is assumed that, universe is always expanding with increasing super luminal
speeds, generally believed ‘Lambda term " can be ignored in our proposed model.
Without a radial in-flow of matter in all directions towards one specific point, one cannot
expect a big crunch and without a big crunch, one cannot expect a big bang. Really if there
was a ‘big bang’ in the past, with reference to formation of big bang as predicted by GTR
and with reference to the cosmic rate of expansion that might had taken place simultane-
ously in all directions at a ‘naturally selected rate’ about the point of big bang - ‘point’ of big
bang can be considered as the characteristic reference point of cosmic expansion in all di-
rections. Thinking in this way, to some extent, point of big bang can be considered as a pos-
sible center of cosmic expansion.
It may be noted that, many cosmologists are working on ‘cosmic rotation’ [36-70].In this
context, one can see the following important points quoted by eminent scientists:
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A)

B)

9]

D)

E)

According to Fani Dosopoulou et al [38]: “Current observations are consistent with
small amounts of universal rotation, which means that, if the universe rotates, it does
so very slowly. This is also in agreement with the inflationary scenario, where the ex-
ponential expansion is expected to essentially eliminate any traces of primordial vorti-
city. Nevertheless, most (if not all) astrophysical structures rotate, which raises the
question whether their rotation is of cosmological origin, or a relatively recent addition
due to local physical processes. Magnetic fields have long been known to act as sources
of rotational distortions and the agent responsible for their generation is the field’s ten-
sion. Consequently, one could argue that the origin of cosmic magnetism and that of
universal rotation are closely (if not directly) related. Put another way, magnetized
universes should also rotate.”

According to L.M.Chechin [39]: “From these estimations it result that Universe angular
velocity must be in the following range10™'sce™ < @, <10 sce™". Our previous esti-

mate of the Universe rotation 107"?sce™, as it seems, is in good correlation with speci-
fied interval. At the same time the peculiarity of quoted articles is the Universe rotation
searching in the determination by a baryonic substrate. In contrary, i.e the Universe ro-
tation determines by Newtonian’s mechanics and is the consequence of vacuum pres-
ence. That is why the ratio of Universe angular  velocity to the Hubble parameter is
about unit, i.e.(@/H), ~1.From this follows the correctness of Gamov’s remark [70]

that the unique reason for Universe expansion and its rotation must be. If take into ac-
count that vacuum creates all baryonic substance, it is the moving force of the total
Universe evolution, hence.”

According to C.Sivaram et al [41]: “The origin of rotation or spin of objects, from stars
to galaxies, is still an unanswered question. Even though there are models which try to
explain this, none of them can account for the initial impulse that gave rise to this spin.
In this paper we present that a cosmological model that contains a term involving the
primordial spin of the universe can explain how these objects acquired the property of
spin. This model also gives a natural explanation for the quadratic scaling of angular
momentum with mass. Again, from this model, the background torsion due to a uni-
versal spin density not only give rise to angular momenta for all structures but also
provide a background “centrifugal term” acting as a repulsive gravity accelerating the
universe, with spin density acting as effective cosmological constant.”

According to Serkan Zorba [42,43]: “The universe is rigidly rotating with an angular
frequency equal to the Hubble’s constant, and with a centrifugal force that is linearly
proportional to distance. It implies that dark energy is not the “vacuum energy,” but
rather the rotational energy of the universe. My model thus has significant implications
for the cosmological principle and the standard model of cosmology. Our universe ap-
pears to possess mysterious dark energy and dark matter because it is part of a rotating
space-time of a disk-shaped universe, and the centrifugal and Coriolis forces due to ro-
tation are perceived by us as dark energy and dark matter.”

According to Wlodzimierz Godlowski [44]: “The presented observational situation is
that the galaxies, their pairs and compact groups have a non-vanishing angular mo-
mentum. In the structures of mass corresponding to groups of galaxies, this feature has
not been found, while in the clusters and super clusters alignment of galaxy orientation
has been actually found. Also we know that galaxies have net angular momentum due
to the fact that we actually measure the rotation curves of galaxies. These facts lead to
the conclusion that theories which connect galaxy angular momentum with its sur-
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9)

10)

11)

12)

rounding structure are at some extend favored by data. We show that in the light of
scenarios of galaxy formations this result could be interpreted as an effect of tidal forces
mechanism, but it is also consistent with Li’s model, in which galaxies form in the ro-
tating universe.”

F) According to Michael J. Longo [45]:“A preference for spiral galaxies in one sector of the
sky to be left-handed or right-handed spirals would indicate a parity violating asym-
metry in the overall Universe and a preferred axis. This study uses 15158 spiral galaxies
with redshifts z < 0.085 from the Sloan Digital Sky Survey. An unbinned analysis for a
dipole component that made no prior assumptions for the dipole axis gives a dipole
asymmetry of —0.0408+0.011with a probability of occurring by chance of 7.9x107*. A
similar asymmetry is seen in the Southern Galaxy spin catalog of Iye and Sugai. The

axis of the dipole asymmetry lies at approx. (/,b)= (52.0°,68.5°) , roughly along that of

our Galaxy and close to alignments observed in the WMAP cosmic microwave back-
ground distributions. The observed spin correlation extends out to separations
~ 210 Mpc/h, while spirals with separations <20 Mpc/h have smaller spin correla-
tions.”

G) According to Korotky V.A. and Obukhov [55]:“We believe that the cosmic rotation is
an important physical effect which should find its final place in cosmology. In this pa-
per we outlined one of the possible theoretical frameworks which can underlie our un-
derstanding of this phenomenon.”

From modern estimates, cosmic radius about earth is 46.5 billion light years and from our
estimate, cosmic radius about the point of big bang is 90 billion light years and  ratio of
these two radii is very close to %2. Estimated radii point of view, factor % is not a big issue.
As earth is far away from the observable cosmic boundary, even though, if current universe
is really rotating with very small magnitude of angular velocity, one may not be able to ob-
serve the effects of cosmic rotation from and about earth.

Considering all the proposed assumptions collectively, it is certainly possible to show that,
ratio of currently believed ‘dark enery density’ and proposed ‘rotational kinetic energy
density’ is equal to unity. This coincidence casts doubt on the existence of ‘dark energy’ at
fundamanetal level and needs further study. It may be noted that, very recently, Naser Mo-
staghel, in his paper [58] clearly demonstrated an alternative way of describing the expan-
sion of space without involving the controversial dark energy. According to Xiaochun Mei
and Ping Yu [59]: The red shift of cosmology is considered as the Doppler’s effect. Howev-
er, the basic formula used to calculate the high red shift of Ia supernova in current cosmol-

ogy is related to scalar factor R(s) rather than velocity factorR(t). There exists incon-

sistency which is not allowed in physics. It is proved that the current formula used to cal-
culates the relation of red shift and distance of Ia supernova is wrong in cosmology. We
should directly use the Doppler’s formula to calculate the red shift of cosmology. By the
method of numerical calculation, based on the Newtonian gravity and the Doppler’s for-
mula, it is proved that the red shift of Ia supernova can be explained well. The hypotheses
of dark energy and the accelerating expansion of the universe are completely unnecessary.
The problem of the universe age can be solved well.

Even though our proposed model is independent of galactic redshifts, galactic distances
and galactic receding speeds, with proposed assumptions, outline of the currently believed
evolving cosmic structure can be understood very easily. By measuring the actual galactic
receding speeds, assumption 3d can be investigated further.

In any model of cosmology, fundamental questions to be solved are: 1) Why do ‘dark mat-
ter” and ‘visible matter” have their measured values of ~33% of critical energy? 2) Why do
‘dark energy’ has its measured values of ~68% of critical energy? 3) How to estimate their
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13)

14)

past and future magnitudes? These are the puzzling questions raised by the Royal Swedish
Academy of Sciences [20] in 2011. In the conclusion part, Royal Swedish Academy of Sci-
ences say: “The study of distant supernovae constitutes a crucial contribution to cosmology.
Together with galaxy clustering and the CMB anisotropy measurements, it allows precise
determination of cosmological parameters. The observations present us with a challenge,
however: What is the source of the dark energy that drives the accelerating expansion of the
Universe? Or is our understanding of gravity as described by general relativity insufficient?
Or was Einstein’s “mistake” of introducing the cosmological constant one more stroke of his
genius? Many new experimental efforts are underway to help shed light on these ques-
tions”. In this context, in applications 5, 6 and 7, we tried our level best in answering these
basic questions with assumption 3b which is having a long history in General relativity and
Cosmology. To have more clarity, readers are strongly encouraged to refer Serkan Zorba’s
papers [39,40] that strongly suggest that, dark energy and dark matter are  inertial effects.
Believing in the existence of ‘dark matter’, stability of galactic clusters, galactic rotation
speeds, oscillating patterns observed in CMB power spectrum, glaring inconsistency ob-
served in Bullet cluster and patterns observed in galactic structural evolution can be un-
derstood. Important point to be noted is that, by estimating the current cosmic mass density
and rotational kinetic energy, current dark matter percentage can be estimated accurately.
See the proposed relations (37) and (38) in section-3, application-9.

We are working on applying our assumptions to review and understand the (big bang) nu-
cleosynthesis. Based on the new approach and obtained results, scope and workability of
our assumptions can be scrutinized and validated.

6. Conclusions

By following the proposed assumptions, we tried in this paper our best to estimate and co-relate
Hubble parameter, temperature, age, expansion speed, radius, mass, mass density, rotational kinetic
energy, dark matter density and galactic receding speeds of the current expanding universe. Key
points to be noted are:

1) We follow an evolving universe with incrreasing super luminal expansion speeds and
super luminal rotational speeds.

2) We successfully implemented Planck scale in current cosmological observations.

3) We perfectly connected current Hubble parameter and current cosmic temperature.
4) We successfully implemented Mach’s principle in modern cosmological observations.
5) We estimated and fitted current cosmic age, radius and mass desnity.

6) We estimated the current cosmic rotational kinetic energy and fitted with the currently
believed dark energy.

7) We fitted the currently believed dark matter density with current mass density,
rotational kinetic energy density and critical energy density.

8) We estimated and fitted CMBR radition temeperature, redshift and age.
9) We proposed two methods of understanding cosmic scale factor.

10) We proposed a very simple method for understanding current cosmic expansion
speed.With reference to current cosmic temperature and current Hubble parameter,
we assume that current universe is expanding with 11.885 times the speed of light. By
knowing the time to time future cosmic temperatures, corresponding future Hubble
parameters can be estimated and corresponding future cosmic expansion speeds can
be estimated.

Proceeding further, with the proposed set of assumptions,
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1) Extrapolation to past and future is very easy.

2) Aunified model of evolving quantum cosmology can be developed.

3) With further study and observations, ‘actual’ galactic receding speeds and observed
galactic redshits can be studied in a unified approach.
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