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Abstract 
We present a Machian model of Quantum Cosmology with full dark matter 
and light speed expansion and rotation. During galaxy formation and evo-
lution, fraction of dark matter transforms to visible matter with a relation of 
the form, m_vis = constant * (m_dark)2/3. Using this relation and replacing 
MOND’s “critical acceleration” with “current cosmic maximum angular ac-
celeration”, galactic flat rotation speed range of (50 to 500) km/sec can be fit-
ted well. Estimated flat rotation speeds of DD168, Milky Way and UGC12591 
are 49.96 km/sec, 199.66 km/sec and 521.75 km/sec respectively. Based on 
these striking coincidences, it is possible to say that, MOND’s approach is 
implicitly connected with cosmological estimation of 95% invisible matter. 
With reference to SPARC data for flat rotation speeds and current cosmic 
maximum angular acceleration, galactic total mass can be estimated. Consi-
dering galactic total mass, galactic visible mass and dark mass can be esti-
mated. Proceeding further, galactic working radii, angular velocity and visible 
matter density can be estimated. Estimated Milky Way’s effective radius is 
293 kpc. Even though, this model is free from “big bang”, “inflation”, “dark 
energy”, “flatness” and “red shift” issues, at 2.722 K, estimated present Hub-
ble parameter is 66.24 km/sec/Mpc, cosmic radius is 146.3 times of the Hub-
ble radius, angular velocity is 146.3 times lower than the Hubble parameter 
and cosmic age is 146.3 times of the Hubble age. With future observations 
and advanced telescopes, it may be possible to see far distant galaxies and 
very old stars far beyond the current observable cosmic radius. 
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1. Introduction 

We would like to emphasize the fact that, the basic principles of cosmology were 
developed when the subject of cosmology was in its budding stage. Friedmann 
made two simple assumptions about the universe [1] [2]. They can be stated in 
the following way.  

1) When viewed at large enough scales, universe appears the same in every 
direction.  

2) When viewed at large enough scales, universe appears the same from every 
location.  

In this context, Hawking expressed that [2]: “There is no scientific evidence 
for the Friedmann’s second assumption. We believe it only on the grounds of 
modesty: it would be the most remarkable if the universe looked the same in 
every direction around us, but not around other points in the universe”. 

In our earlier and recent published papers [3]-[20] we tried to highlight the 
basic drawbacks of big bang, inflation and galactic red shift in various possible 
ways. As of now, theoretically and observationally, with respect to inflation, iso-
tropy, expansion speed, dark matter, dark energy and rotation, whole subject of 
cosmology is being driven into many controversies and dividing cosmologists 
into various groups with difference of opinions. On the other hand, very unfor-
tunate thing is that, quantum cosmology point of view, “as a whole”, progress is 
very poor [21]. Instead of discussing the controversies, we would like to propose 
a new model which can pave a new way for understanding and correlating as-
trophysical and cosmological observations in terms of quantum mechanics and 
general theory of relativity in a Machian view. It needs further study.  

With reference to our very recent publication [20], in this version, 
1) Implemented Mach’s relation in place of Schwarzschild radius of black 

hole.  
2) We tried to couple cosmic gravitational self energy density and cosmic 

thermal energy density.  
3) Tried to define the Gamma parameter with the ratio of past and current 

temperatures [10] [11]. It helps in estimating the Hubble parameter with a direct 
relation rather than trial-error approach.  

4) Made an attempt to bring clarity in the estimation of galactic dark matter. 
5) Tried to define a dark matter reference mass unit of 3.523 × 1038 kg in 

terms of current cosmic mass and Planck mass.  
6) Tried to provide a clear procedure for understanding galactic dark matter 

via Inverse square law and cosmic angular acceleration.  
7) Removed some topics pertaining to “Cold dark matter” and “Relativistic 

dark matter” of galaxies.  
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8) Based on the available Spitzer Photometry and Accurate Rotation curves 
(SPARC) data, we have added Table 1 for the estimation of galactic total mass, 
visible mass, dark mass, working radii and visible matter density.  

9) Considering low massive galaxies, we have added Table 2. By assuming the 
visible mass, its dark mass, total mass, flat rotation speed, working radii and vis-
ible mass density can be estimated.  

With three simplified assumptions, an attempt has been made to develop a 
practical model of the universe. As so many galaxies are rotating and all the 
cosmic observations are being carried out with photons, we consider a light 
speed expanding [22] [23] [24] [25] [26] and light speed rotating universe. As 
galaxies are the key building blocks of the evolving universe and as all galaxies 
constitute massive rotating dark holes at their centers, we consider a growing 
and rotating Machian universe model [27]-[34]. That is why we call it a practical 
model. Interesting point to be noted is that, our model is absolutely free from 
“cosmic red shift” concept. Most important point to be noted is that, we have 
developed a very tight quantum gravity relation for correlating cosmic tempera-
ture and Hubble parameter independent of galactic red shifts and galactic dis-
tances. It can be applied to different time periods of the past.  

2. Holographic Principle and Mach’s Relation 

According to G’t Hooft, the combination of quantum mechanics and gravity re-
quires the three dimensional world to be an image of data that can be stored on a 
two dimensional projection much like a holographic image [35] [36]. The “ho-
lographic principle” is a property of string theory and a supposed property of 
quantum gravity that states that the description of a volume of space can be 
thought of as encoded on a lower-dimensional boundary. Based on this concept, 
for the four dimensional spacetime universe, its three dimensional increasing  
volume can be set by Mach’s principle, ( )2 1t tGM c R ≅ . Clearly speaking, in-

formation of the evolving universe can be extracted from 2
t

t
GM

R
c

≅ . With this  

proposal, at any stage of cosmic evolution, a closed and massive universe can be 
defined with its minimum possible radius. One can find interesting technical 
discussion on this relation by D. W. Sciama, R. H. Dicke, C. Brans and G. J. 
Whitrow [27]-[34]. According to Lorenzo Barattini and Paolo Christillin, cen-
trifugal force appears to be due to a relativistic effect of the counter-rotating 
Machian Universe [35]. 

3. Reasons for Choosing Light Speed  

Based on the following reasons, we consider light speed as a special feature of 
cosmic expansion and rotation.  

1) All cosmic observations are being studied with photons that propagate with 
“speed of light”. Clearly speaking, since the beginning of modern cosmological 
observations, galactic receding speeds, galactic rotation curves, galactic visible 
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mass and gravitational lensing are being studied with “light speed” photon as a 
key tool.  

2) It is well believed that “gravity” propagates with light speed. Even though 
gravitational wave physics is having 100 years of theoretical history, in 2015 only 
scientists could able detect “gravitons” [36]. Very interesting and notable point 
is that gravitons also propagate with “speed of light”. So far no ground based 
telescope or space telescope is able to catch gravitons for studying routine galac-
tic properties. Frankly speaking, gravitational wave physics is in its budding 
stage for understanding and studying the routine galactic observations. 

3) It is well established that electromagnetic interaction propagates with light 
speed.  

4) It is well proved that, light speed is the ultimate speed of material particles.  
5) So far, it has not yet been possible physically to measure the actual galactic 

receding speeds.  
6) So far, it has not yet been possible to demonstrate and distinguish “space 

without matter” and “matter without space”. In this ambiguous situation, with-
out knowing the origins of “space” and “matter”, it is quite illogical to say that, 
space drags massive galaxies at super luminal speeds.  

7) So far, either at microscopic level or at macroscopic level, it has not yet 
been possible to establish a common understanding among quantum mechanics 
and gravity.  

4. Reasons for Considering Universe as a Machian Sphere  

Based on the following reasons, we consider a Machian universe.  
1) 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 ex-
pect 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 have taken place simultaneously 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 direc-
tions. Thinking in this way, to some extent, point of big bang can be considered 
as a possible centre of cosmic evolution. If so, thinking about a centre less un-
iverse is illogical. 

2) Mass and size pertaining to pre and post big bang [37] are unclear.  
3) Whether Planck scale is associated with big bang or big bang is associated 

with Planck scale is also unclear.  
4) As there exist no clear reasons for understanding the occurrence of expo-

nential expansion, cosmologists are having different opinions on cosmic infla-
tion [38].  

5) So far, it has not yet been possible to establish solid connection between 
Planck scale and current physical parameters of the observable universe.  

6) At any stage of cosmic expansion, if the universe wishes to maintain a 
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closed boundary to have its size minimum, it is having an option to follow the 
“Mach’s relation” at that time. It may be noted that, Machian radius is 2 times 
less than the Schwarzschild radius of a black hole. At any stage of cosmic evolu-
tion, if one is willing to consider the “Machian radius” of the evolving universe 
as its minimum possible radius, corresponding other characteristic cosmic 
physical parameters can be estimated/predicted easily and can be compared with 
time to time cosmological observations.  

5. List of Symbols 

At any stage of cosmic evolution,  
1) Cosmic time = t 
2) Cosmic Hubble parameter = tH  
3) Cosmic angular velocity = tω  
4) Ratio of Hubble parameter to angular velocity = tϒ  
5) Cosmic radius = tR  
6) Cosmic total dark mass = tM  
7) Cosmic volume = tΦ  
8) Cosmic temperature = tT  
9) Galactic distance from cosmic centre = ( )Gdis t

r  
10) Galactic receding speed from cosmic centre = ( )Gres t

v  
11) Increment in expansion distance = ( )exp t

d∆  
12) Distance from cosmic centre = ( )d t

r   
13) Wavelength of cosmic graviton = ( )gw t

λ  
14) Frequency of cosmic graviton = ( )gw t

υ  
15) Galactic star rotation speed = ( )Grot t

V   
16) Galactic angular velocity = ( )Grot t

ω  
17) Estimated visible mass of galaxy = ( )Gvis t

M  
18) Estimated visible mass density of galaxy = ( )Gvis t

ρ  
19) Estimated total mass of galaxy = ( )Gtot t

M  
20) Estimated dark mass of galaxy = ( )Gdark t

M  
21) Ratio of dark mass of galaxy to visible mass of galaxy = Dark mass factor =

( )Gdark t
X  

22) %Dark mass of galaxy = 
( )
( )

100
1

Gdark t

Gdark t

X
X

 
×  + 

 

Note: Planck scale symbols can be understood with a subscript “pl” and cur-
rent symbols can be understood with a subscript “0”.  

6. Three Simple Assumptions 

We propose the following three assumptions. 
Assumption-1: By following Mach’s principle, right from the beginning of 

Planck scale, universe is expanding with speed of light and rotating with speed of 
light from and about the cosmic centre. It can be expressed with, 

2
t tGM c R≅                               (1) 
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2
t

t
t

GM cR
c ω

≅ ≅
 

                          (2) 

3

  t
t

cM
Gω

∴ ≅                            
 

(3) 

Assumption-2: At any stage of cosmic evolution, ratio of Hubble parameter 
to angular velocity can be expressed as, 

2

1 ln 1 lnpl plt
t

t t t

TH
T

ω
ω ω

        ≅ + ≅ + ≅ ϒ      
        

                     (4) 

where ( ),pl plTω ≅  Planck scale angular velocity and temperature respectively.  
Assumption-3: Right from the beginning of Planck scale, at any stage of cos-

mic expansion, gravitational self energy density and thermal energy density are 
equal in magnitude and can be expressed as follows.  

Let, Cosmic volume = 34
3t tR Φ ≅  

 

π
               (5) 

Based on relations (3) and (5), gravitational self energy density can be expressed 
as,  

( ) 2 2 2 2
33 94

5 3 20
gsc t t t

t
t t

c GM c
R

R G

ρ ω   ≅ − ÷
π

≅ −   
   πΦ

             (6) 

2 2
49

0
20

t
t

c
aT

G
ω
π

− + ≅                        (7) 

2 2
49

20
t

t
c

aT
G

ω
≅

π
                         (8) 

7. Expressions for Cosmic Temperature and Age 
Rewriting relation (8) with respect to the radiation energy density constant, 

2 4

3 315
Bka
c

π
≅



 and considering relation (3), cosmic temperature can be estimated 

in the following way.  
Based on assumption (3) and relation (8), 

2 4 4 2 2

3 3

9
2015

B t tk T c
Gc

ω
≅

π
π

                       (9) 

By proceeding in the following way, a very simple expression for cosmic tem-
perature can be obtained. 

2 3 5
4 4

3

2 3 5

3

12 4 6

3 2

135
20
135
20

135
20

t
B t

t

t

c
k T

G
c G c

G G c

c c
GG

ω

ω

ω −

 ≅  
 

   ≅ ×   
   

   ≅    
   

π

π

π











                (10) 
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22 4 6 2 6

3 2 2 6

2 24 12 3

3 4

4 12

3 4 2 2

135 4
20 4

135
220

135
20

t

t

pl t

c c G c
GG G c

c c c
G GG

c
G M M

ω

ω

−

− −

    ≅ ×          

    ≅ ×          

 ≅  
 

π

π

π




 



 

Hence,  
1

3 34

3

135 0.6831
20t

B t pl B t pl

c cT
k G M M k G M M

 ≅ ≅
 π 



 

           (11) 

It may be noted that, in a theoretical approach,  
1) Right from the beginning of Planck’s scale, we try to see the gradual time 

dependent variations in cosmic radius, cosmic temperature, Hubble parameter 
and angular velocity with a set of three simple assumptions. With further study, 
deviations in their respective magnitudes can be analyzed with reference to radi-
ation dominated era, matter dominated era like physical conditions and black 
body spectrum like analyzing tools and methods. We are working in this direc-
tion.  

2) As cosmic mass, radius, Hubble parameter, angular velocity and tempera-
ture are inter-related, they can be represented in any required manner. 

3) “Ease” and “Simplicity” are the basic requirements of unification.  
As universe is always expanding with speed of light, tR ct≅ . Hence, 

1t t

t t

R
t

c Hω
ϒ

≅ ≅ ≅                      (12) 

8. Current Cosmic Physical Parameters at Current Cosmic  
Temperature 

Following the assumptions, the Planck scale Hubble parameter can be expressed 
as follows: 

3
43 11.85492 10 secpl pl

pl pl

c c H
GM R

ω −≅ ≅ ≅ ≅ ×             (13) 

where 2 3 351.6162 10 mpl plR GM c G c −≅ ≅ ≅ ×  is the Planck length and 
the assumed radius connected with the Planck mass.  

Planck scale cosmic temperature can be expressed as 
1 4 1 42 2 2 2

319 9
9.67791 10 K

20 20
pl pl

pl

H c c
T

Ga Ga
ω   

≅ ≅ ≅ ×      
   π π

         (14) 

As per the 2015 Planck data (Planck Collaboration 2015) [39],  
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

+ ± 


+ ± 
+ ± 
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The current value of CMBR temperature is reported to be: 

( )
( )

Planck TT low P BAO : 2.722 0.027 K 

Planck TT;TE;EE low P BAO : 2.718 0.021 K

+ + ± 


+ + ±   
In this paper, for calculation purpose, we consider

 
0 2.722 KT ≅ . Hence, 

2

0
0

1 ln 146.3plT
T

   ϒ ≅ + ≅  
   

                    (15) 

4
20 1

0 2

20
1.4674 10 rad sec

9
tGaT

c
ω − −⋅

π
≅ ≅ ×               (16) 

18 1
0 0 0 2.14675 10 sec 66.24 km sec MpcH ω − −≅ ϒ ≅ × ≅          (17) 

28
0 0

0 0

2.043 10 mc cR
Hω

 
≅ ≅ ϒ ≅ × 

 
                  (18) 

3
55

0
0

2.751 10 kgcM
Gω

≅ ≅ ×                      (19) 

0
0

0 0

1 2159.5 Billion yearst
Hω
ϒ

≅ ≅ ≅                   (20) 

9. Cosmic Rotation 

As per the recent 2020 publication [40], according to Vladimir A. Korotky, 
Eduard Masár and Yuri N. Obukhov: “In observational cosmology, the main dif-
ficulty for detecting a global rotation is its smallness-less than 10−13 rad/year ac-
cording to the generally accepted assessment. It is impossible in the Universe to 
distinguish the direction corresponding to the axis of rotation, with respect to 
which one could notice deviations (in the standard tests) from the Friedman 
standard cosmology. In theoretical cosmology, the main difficulties are related, 
on the one hand, to the lack of simple models of an expanding and rotating Un-
iverse in general relativity (GR) similar to Friedman–Robertson–Walker models. 
On the other hand, there are no convincing predictive effects of cosmic rotation 
that are consistent with the capabilities of the equipment of modern astronomi-
cal observatories”. 

In this context, we strongly propose that, as “spin” is a basic property of 
quantum mechanics, from the subject point of quantum gravity, universe must 
have “rotation”. If it is assumed that, universe is a Machian sphere, it is quite 
natural to expect “cosmic rotation”. Considering the 6 major applications of 
dark matter in view (see section 10), by estimating the currently believed dark 
mass of a galaxy with its corresponding visible mass, and by replacing the “acce-
leration” parameter ( )0 6cH ≈   of MOND with cosmic angular acceleration 
( )0cω , we try to fit the flat rotation speed of a galaxy. One most interesting as 
well as speculative point is that, even though MOND approach is “the best” in 
fitting galactic rotation curves, its back ground physics is unclear with respect to 
galactic structures and cosmic acceleration parameter ( )0cH . It can be con-

https://doi.org/10.4236/ijaa.2020.103014


U. V. S. Seshavatharam, S. Lakshminarayana 
 

 

DOI: 10.4236/ijaa.2020.103014 255 International Journal of Astronomy and Astrophysics 
 

firmed with the conclusion section of recent paper authored by Stacy McGaugh 
[41]. Here, our approach is having 4 different actions:  

1) To estimate the generally believed dark mass of galaxy.  
2) To implement cosmic angular acceleration in understanding galactic 

structure. 
3) To fit flat rotation speed of a galaxy.  
4) Finally, to divulge the existence of cosmic rotation.  
Kurt Gödel put a lot of efforts in developing a realistic universe model with 

rotation and expansion. His heuristic results were presented at International 
Congress of Mathematics held at Cambridge (Massachusetts) from 30th August 
to 5th September 1950 [42].  

The first experimental evidence of the Universe rotation was done by Birch in 
1982 evidently [43]. According to Birch, there appears to be strong evidence that 
the Universe is anisotropic on a large scale, producing position angle offsets in 
the polarization and brightness distributions of radio sources. These can proba-
bly be explained on the basis of a rotation of the Universe with an angular veloc-
ity of approximately 10−13 rad/year. In our model, current cosmic angular veloc-
ity is 4.631 × 10−13 rad/year. Observational effects of current cosmic rotation can 
be understood with the works of Obukhov [44], Godlowski [45], Longo [46] and 
Chechin [47].  

According to Michael Longo the universe has a net angular momentum and 
was born in a spin.  

Whittaker says [48]: “however, that any of the mathematical-physical theories 
that have been put forward to explain spin (rotation) in the universe has yet won 
complete and universal acceptance; but progress has been so rapid in recent 
years that it is reasonable to hope for a not long-delayed solution of this funda-
mental problem of cosmology”.  

According to T. Valery and S. V. Timkov, current universe is rotating with 
light speed and angular velocity equal to the current Hubble parameter [49].  

Very recent and advanced studies of Lior Shamir suggest [50] that, the distri-
bution of galaxy spin directions in SDSS and Pan-STARRS shows patterns in the 
asymmetry between galaxies with opposite spin directions and can be considered 
as an evidence for large-scale anisotropy and an indication for a rotating un-
iverse. 

10. Understanding Galactic Dark Matter and Its Estimation 

As per modern cosmological observations, most of the cosmologists infer dark 
matter as a characteristic and inherent feature of any galaxy. Dark matter seems 
to have a major role in understanding 6 different issues pertaining to many of 
the galaxies. They are [51] [52]: 

1) Galactic formation and evolution. 
2) Galactic rotational curves.  
3) Gravitational lensing.  
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4) Galactic collisions.  
5) Motion of galaxies within galaxy clusters. 
6) Cosmic microwave fluctuations.  
Most unfortunate thing is that, so far, no ground based experiment or no 

cosmological observation could establish any direct evidence for the existence 
of dark matter and opened a new window for MOND like interesting concepts. 
In this context, some of the cosmologists are trying to understand the pre-
sumed 6 major applications of dark matter with galactic “visible mass” only. 
Effectiveness of this attempt seems to be interesting. One can find interesting 
technical discussion in the context of CMB fluctuations, galactic rotation curves 
and galaxy clusters [53]. Anyhow, here we would like appeal that, the subject 
under consideration is falling under a “debate” or “conflict of interest” and needs 
further study at utmost fundamental level with respect to the strange nature of 
presumed dark matter. Ongoing and future experiments and observations may 
help in resolving the issue.  

In this context we propose our views in the following way. 
1) Right from the beginning of Planck scale, “universe” is generating dark 

mass only.  
2) Dark mass plays the complete role in the formation and evolution of galaxies.  
3) During cosmic evolution, for any galaxy, part of dark mass slowly trans-

forms to visible mass.  
4) Current galactic visible mass can be understood with the following relation.  

( ) ( ) ( )
1

2 3
00 0Gvis X GdarkM M M ≅                     (21) 

where ( )0GvisM  = Current visible mass of galaxy. 

( )0GdarkM  = Dark mass of galaxy. 

( )
( )
( )

1
3 4
0 38

0
0

3.523 10 kg
1

pl
X

M M
M ≅ ≅ ×

+ ϒ
 

=Current semi empirical mass of reference [20]. 
5) By estimating the current galactic visible mass, current galactic dark mass 

can be understood with the following relations.  

( )
( )
( )

3
0

0
0

Gvis
Gdark

X

M
M

M
≅                      (22) 

( ) ( )3 2

0 0Gdark GvisM M∝                      (23) 

6) Current galactic dark mass factor can be understood with the following re-
lation.  

( )
( )
( )

( )
( )

0 0
0

00

Gdark Gvis
Gdark

Gvis X

M M
X

M M
≅ ≅                  (24) 
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where,
 ( )0GdarkX  = Current dark mass factor of galaxy. 

( ) ( ) ( )0 0 0Gdark Gdark GvisM X M≅                  (25) 

7) Current galactic total mass can be understood with the following relation.  

( ) ( ) ( ) ( ) ( )0 0 0 0 0
1Gtot Gdark Gvis Gdark GvisM M M X M ≅ ≅ + +       (26) 

where, ( )0GtotM  = Current total mass of galaxy. 
8) Current galactic dark mass percentage can be understood with the follow-

ing relation.  

( )
( )
( )

( )
( )

0 0
0

0 0

% 100 100
1

Gdark Gdark
Gdark

Gtot Gdark

M X
M

M X
≅ × ≅ ×

 + 
        (27) 

11. To Develop a MOND like Relation for Galactic Flat  
Orbiting Speed with Cosmic Angular Velocity and  
Galactic Total Mass  

Even though MOND approach [54] [55] [56] was aimed for understanding ga-
lactic rotation curves without dark matter, with reference to the proposed cur-
rent cosmic angular velocity and relation (10), it is possible to fit the rotation 
curves and thereby galactic dark masses can be inferred. 

Observed galactic flat rotation curves can be understood in the following way. 
At present, for any galaxy, let,  

( )
( )
( )

( )
( )

( )
( )

1 2 30 0 0
0

1 2 30 0 0

G G G
Grot

G G G

G M G M G M
V

r r r
≅ ≅ ≅          (28) 

where,  
( )0GrotV  = Current observed flat orbiting velocity of galactic star. 

( ) ( ) ( )1 2 30 0 0
, ,G G Gr r r ≅  Increasing galactic distances from galactic centre. 

( ) ( ) ( )1 2 30 0 0
, ,G G GM M M ≅  Increasing galactic masses at increasing galactic ra-

dii. 

( )
( )

( )
( )

( )
( )

1 2 30 0 0

1 2 30 0 0

ConstantG G G

G G G

M M M
r r r

 
≅ ≅ ≅  

 
 

Point to be noted is that, star’s orbiting velocity changes with changing galac-
tic dark mass distribution and it needs further study and observational data for a 
number of galaxies. Let, 

( )
( )
( )

0
0

0

Gtot
Grot

Geffe

G M
V

r
≅                     (29) 

where,   
( )0GrotV ≅  Observed current flat orbiting speed of galactic star. 

( )0Geffer ≅  Current galactic effective radius. 

Writing ( ) ( )
( )

0
20
0

Gtot
Geffe

Grot

G M
r

V
≅  and eliminating ( )0Geffer ,  
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( )
( )

( )
( )

4

0 0
2

0
0

Gtot Grot

GtotGeffe

G M v
G Mr

≅                    (30) 

Now, based on MOND approach, assume that, 

( )
( )

4

0
0

0

Grot

Gtot

v
c

G M
ω≅                       (31) 

where, 

0cω ≅  Current possible maximum cosmic angular acceleration.  
Thus, 

( ) ( ) ( ) ( )44
0 00 0 0 0

1Grot Gtot Gdark GvisV G M c G X M cω ω ≅ ≅ +       (32) 

Based on this relation, estimated flat rotation speeds of DD168, Milky Way 
and UGC12591 are 49.96 km/sec, 199.66 km/sec and 521.75 km/sec respectively. 
As per the reference photometric data [54] and [57], their corresponding flat ro-
tation speeds are 52 km/sec, 202.6 km/sec and 500 km/sec respectively. Within a 
range of (50 to 500) km/sec, these striking coincidences are strongly supporting 
our proposed concepts.  

In this way, 
1) Current galactic angular velocity can be understood with the following re-

lations.  

( )
( )
( )

3

0
0

0

Grot
Grot

Gtot

V
G M

ω ≅                      (33) 

where, ( )0Grotω  = Current galactic angular velocity 

( ) ( ) 00 0Grot GrotV cω ω≅                      (34) 

2) Based on relations (28), (31) and (32), effective radius of galaxy can be ex-
pressed as, 

( ) ( )
( )

( )0 0
0

000

Gtot Gtot
Geffe

Gtot

G M G M
r

cG M c ωω
≅ ≅              (35) 

3) Based on relation (28), as a special case, radius of galaxy corresponding to 
its visible mass and flat rotation speed, can be called as galactic “visible radius” 
and can be expressed as,  

( )
( )
( )

( )
( )

0 0
0

00 00
1

Gvis Gvis
Gvis

GdarkGtot

G M M
r

X cG M c ωω
≅ ≅

 + 
          (36) 

4) Based on relations (28), (34) and (35), if dark matter distribution is “as ex-
pected”, galaxy should follow flat rotation speeds in between ( )0Gvisr  and 
( )0Geffer . A least, close to the geometric mean of ( )0Gvisr  and ( )0Geffer  rotation 
speed should be flat. It can be expressed as, 

( ) ( ) ( )
( )0

00 0
0

Gvis
Ggeom Geffe Gvis

G M
r r r

cω
≅ ≅             (37) 
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5) Effective, geometric and visible radii can be expressed with a common rela-
tion of the form,  

( ) ( )
( )0

0 0
0

1

1 1where, ,0,
2 2

p Gvis
Gx Gdark

G M
r X

c

p

ω
 ≅ + 

 = + − 
 

              (38) 

6) With reference to the observed ordinary matter density [39] [58], we no-
ticed that, for any galaxy,  

( )
( ) ( ) ( )

( )
( ) 28 30 00

0 3

0

1.0 to 29.2 10 kg m
4
3

Gvis GtotGrot
Gvis

Geffe

M MV
c r

ρ − −

 
  

≈ ≈   π      
⋅



×



 (39) 

Clearly speaking, fitted density seems to be the geometric mean of visible mass 
density and total mass density. For 122 galaxies, its average value is close to 6.5 × 
10−28 kg/m3. It needs further study at basic level. See Table 1 and its last column. 

Interesting point to be noted is that, 
( )0GrotV

c
 
 
  

 seems to play a key role in fit-

ting the mean density. It needs further study. 
It may also be noted that, based on the average mass-to-light ratio for any ga-

laxy, present matter density can be expressed with the following relation [58].  

( ) 32 3
00

1.5 10 gram cmGvis hρ η−≅ ×               (40) 

Here, gal n

0

s

0

axy u

and 

km sec Mp100 8c 0.6h H

M M
L L

η ≅



 ≅ ≅

 

Note that elliptical galaxies probably comprise about 60% of the galaxies in the 
universe and spiral galaxies thought to make up about 20% percent of the galax-
ies in the universe. Almost 80% of the galaxies are in the form of elliptical and 
spiral galaxies. For spiral galaxies, 1

0 9 1hη − ≅ ±  and for elliptical galaxies, 
1

0 10 2hη − ≅ ± . For our galaxy inner part, 1
0 6 2hη − ≅ ± . Thus the average 1

0hη −  
is very close to 8 to 9 and its corresponding matter density is close to (5.55 to 
6.24) × 10−32 gram/cm3 and can be compared with the above proposed magni-
tude of (1.0 to 29.2) × 10−28 kg∙m−3.  

Note: Important point to be noted is that, in estimating the approximate visi-
ble mass of the universe, while multiplying the average galactic visible matter 
density with total cosmic volume, one must exclude the intergalactic volume or 
volume occupied by the free space. Clearly speaking, one must find the ratio of 
total galactic volume and total free space volume.  

7) With reference to MSTG and MOND approaches [54], approximate galac-
tic core radius can be expressed as, 

( )
( ) ( )

( )
0 0

0
0

1
2 2 1

Gvis Gvis
Gcore

dark

r G M
r

X cω
 ≈ ≈   + π π

            (41) 
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12. To Understand Cosmic Redshift Associated with Cosmic  
Current and Past Temperatures  

With reference to the light emitted from first hydrogen atoms, we define the 
following two ad hoc relations. 

Let, 1 ln t
t

pl

R
x

R
 

≅ +   
 

                    (42) 

where plR  is the Planck scale cosmic radius. 

( )0exp 1tZ x x≅ − −                     (43) 

Based on these two ad hoc definitions, it is possible to show that,  

0

0

0 0

exp 1 ln 1 ln 1

  exp ln ln 1

  exp ln 1 1

t

pl pl

t

pl pl

t t

R R
Z

R R

R R
R R

R R
R R

        ≅ + − + −                     

       ≅ − −              

   ≅ − ≅ −  
   

          (44) 

With respect to the proposed assumptions, it is clear that at any stage of cos-
mic expansion,  

1) Cosmic radius is inversely proportional to cosmic angular velocity.  
2) Cosmic angular velocity is directly proportional to squared cosmic temper-

ature.  
Hence,  

2
0

2
0 00

1 1 1 1t t t

t

R T T
Z

R TT
ω
ω

≅ − ≅ − ≅ − ≅ −            (45) 

where tT  is the past cosmic temperature; 
and 0T  is the current cosmic temperature. 

0

 1 tT
Z

T
∴ + ≅                         (46) 

13. To Understand Hubble’s Law and to Locate the Cosmic  
Centre  

Based on first assumption and special theory of relativity, from and about the 
cosmic centre, for any materialistic galaxy, its current receding speed can be un-
derstood in the following way. 

( )
( )

( ) ( )0
0 00 0 0

0 0

1Gdis
Gres Gdis Gdis

r
v c r r H

R
ω

   
≅ ≅ ≅     ϒ  

        (47) 

In this way qualitatively Hubble’s [59] law can be understood. Since 0ω  is 
known, by knowing the actual galactic receding speed, its distance from the 
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cosmic centre can be estimated. By estimating the cosmic radial distances of ga-
laxies along with their locations, it seems possible to locate the cosmic centre. If 
any galaxy’s actual receding speed is found to be faster than speed of light, our 
model can be falsified.  

14. To Estimate Current Gravitational Wave Length  

With reference to current cosmic mass and Planck mass, wavelength of current 
gravitational waves [60] can be obtained as follows.  

Our idea is that, at any stage of cosmic evolution, “evolving universe” is an 
“internal accelerating” object and wavelength of cosmic graviton is equal to 2π  
times the geometric mean of radius of universe at time t and Planck scale radius. 
At present, it can be expressed as, 

 ( ) 0
0 20

0

222 0.00361 mpl
gw pl

pl

G M McR R
c

λ
ω ω

≅ ≅ ≅ ≅
ππ

π      (48) 

Corresponding frequency and energy can be expressed as,  

( ) ( )
3

0

0
0 00

83.033 GHz
22 2

pl
gw

gw pl pl

c c c
R R G M M

ω ω
ν

λ ππ
≅ ≅

π
≅ ≅ ≅  (49) 

( ) 0
00

0.0003434 eV
2

pl
gw plE h

ω ω
ω ω

 
 ≅ ≅ ≅
 π 

          (50) 

In a rotating universe, according to Christillin [61], there is a possibility of 
continuous generation of gravitational waves. In this context, our proposed 

0

2
83 GHzplω ω

π
≅  cosmic gravitons are for future experimental verification.  

15. Understanding Cosmic Anisotropy  

As universe is always expanding at speed of light, at any stage of expansion, 
cosmic boundary expands by 3 × 108 m in one second. In between the cosmic 
centre and cosmic boundary, expansion distance covered in one second can be 
expressed as,  

( ) ( ) ( )83 10 md t
exp t

t

r
d

R
∆ ≅ ×                 (51) 

where,  
( )exp t
d∆  = Increment in expansion distance at time t. 

( )d t
r  = Distance from cosmic centre at time t.  

tR  = Cosmic radius at time t.  
Clearly speaking,  
1) Distance moved near to cosmic boundary is more compared to distance 

moved near to cosmic centre.  
2) Rate of volume change near to cosmic boundary is higher than the rate of 
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volume change near to cosmic centre. 
3) Anisotropy [50] [62] gradually increases from cosmic centre to cosmic 

boundary. 

16. Understanding (Internal) Cosmic Acceleration  

According to Saul Perlmutter, Adam Riess and Brian Schmidt, observable un-
iverse is accelerating [63] [64]. Clearly speaking, expansion of the universe is 
such that the velocity at which a distant galaxy is receding from the observer is 
continuously increasing with time. It can be understood in the following way. 

Based on relation (47) and with reference to two time periods ( )2 1t t> , ratio 
of galactic receding speeds can be expressed as,  

( )
( )

( )
( )

2 2 1

21 1

Gres Gdist t t

Gres Gdis tt t

v r R
v r R

  
 ≅      

                    (52) 

where,  
( )

1Gres t
v  and ( )

2Gres t
v  = Galactic receding speeds corresponding to 1 2,t t  

respectively where ( ) ( )
2 1Gres Grest t

v v> .  
( )

1Gdis t
r  and ( )

2Gdis t
r  = Galactic distances corresponding to 1 2,t t  respec-

tively where ( ) ( )
2 1Gdis Gdist t

r r> .  

1t
R  and 

2t
R  = Theoretical cosmic radii corresponding to 1 2,t t  respectively 

where ( )2 1t tR R> .
 

Clearly speaking,  
1) Within the cosmic horizon, second by second, galactic receding speeds are 

increasing and resemble a kind of internal cosmic acceleration.  
2) Acceleration seems to be higher near to cosmic centre and gradually reach-

es to zero at horizon.  
3) Hubble’s law pertaining to two increasing time periods seems to be a natu-

ral consequence of internal cosmic acceleration. 
4) Cosmic horizon is always expanding at speed of light.  

17. To Relinquish Dark Energy 

If it is assumed that, universe is always expanding with speed of light, then, con-
sidering “dark energy” like concepts need not be required [65] [66]. If one is able 
to understand the reasons for light speed expansion, it may help in understand-
ing the internal acceleration. Proceeding further, till today, no cosmological ob-
servation or no ground based experiment could shed light on the physical nature 
of dark energy. 

18. Understanding Cosmic Age 

Observable cosmic radius is just 2.2 times the Hubble radius and corresponding 
cosmic age is ( )01 H . Our model result of cosmic radius is 146.3 times the 
Hubble radius and corresponding light speed cosmic age is 146.3 times ( )01 H . 
In this way, our model result of cosmic age can be justified. We would like to 
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emphasize that,  
1) Modern cosmological observations are limited to 2.2 times the Hubble ra-

dius and needs further study.  
2) Time is a dynamic and emerging cosmic parameter.  
3) Cosmic age depends on the model under consideration.  
4) One should not worry about the absolute value of cosmic age.  

19. Understanding Nucleosynthesis 

Based on relations (1) to (20) and by assuming appropriate density range or 
temperature range that is required for formation of nucleons and atoms, cosmic 
physical parameters pertaining to nucleosynthesis can be understood [67]. For 
example, cosmic age corresponding to a temperature of 1010 K is 5.05 sec. It 
needs further study. Estimated cosmic age corresponding to 3000 K is 1.78 × 106 
years. This estimation is 4.68 times higher than the current estimation of 3.8 × 
105 years. Clearly speaking, starting from the Planck scale, without considering 
“inflation” like cooling pattern, our model follows a slow thermal cooling pat-
tern throughout the cosmic evolution.  

20. Inferences of Growing Machian Universe 

Based on the proposed assumptions and with reference to the above relations, 
we would like to say that,  

1) Earth, Solar family, Milky Way and all other galaxies are living inside the 
proposed Machian universe.  

2) There is matter and space outside the proposed growing and rotating Ma-
chian universe.  

3) The growing and rotating Machian universe always sucks matter inward 
and thus it grows on with increasing suction rate. 

4) At poles, inward matter flow rate is maximum and at equator, inward mat-
ter flow rate is zero. Thus, starting from poles to equator, inward matter flow 
rate gradually decreases. 

21. To Develop Practical Methods for Understanding a  
Growing Machian Universe 

We would like to propose the following points for understanding cosmic singu-
larity.  

1) To study cosmic anisotropy on very large cosmic distances. 
2) To believe, to understand and to study the consequences of cosmic rota-

tion. 
3) To develop high precision cosmic gyroscopes. 
4) To study galactic mean temperature and to estimate the galactic dark mass.  
5) To correlate galactic rotations and cosmic rotation. 
6) To find oldest galaxies like EGSY8p7 whose age is closer to or greater than 

13.8 billion years. 

https://doi.org/10.4236/ijaa.2020.103014


U. V. S. Seshavatharam, S. Lakshminarayana 
 

 

DOI: 10.4236/ijaa.2020.103014 264 International Journal of Astronomy and Astrophysics 
 

7) To study very high energy cosmic gravitons. 
8) To study cosmic dipole magnetic moment and its related properties. 

22. Discussion on Cosmic Temperature, Angular Velocity,  
Radius and Age 

Relation (11) is very similar to the famous Hawking’s black hole temperature 
formula [68]. This is due to the similarities in between Mach’s relation for in-
creasing cosmic radii and Schwarzschild radius of a black hole. For the Planck 
scale, cosmic temperature can be expressed as,  

30.6831
pl

B pl

cT
k GM

≅
                        (53) 

Comparing this with Hawking’s relation, it is differing by the numerical factor 
0.6831. In may be noted that, in our earlier publications [3] [12], we tried to de-
velop models of black hole cosmology with modified Hawking’s temperature re-
lation as,  

( )

3

3

8

where  2

t
B t pl

t t

cT
k G M M

M c GH

≅

≅

π


                   (54) 

In those publications our aim was to couple Hubble parameter and cosmic 
temperature without cosmic rotation. In some situations, we were forced to as-
sume the equality of Hubble parameter and angular velocity. By doing so, we 
could be able to match current Hubble radius and Hubble age. But, our idea of 
MOND’s approach of dark matter analysis and advocated [43] Birch’s cosmic 
angular velocity are not working for the case of 0 0H ω≅ . Hence, in this paper, 
we are forced to accommodate ( )0146.3 c H  radius ( )0146.3 1 H . With future 
observations and advanced telescopes, it may be possible to see far distant galax-
ies. For example, the oldest stars in the Milky Way are nearly as old as the cur-
rent universe itself. Based on this observation, by considering very old galaxies 
compared to Milky Way, there is a possibility of observing very old stars beyond 
our current observable radius which may help in understanding the actual cos-
mic radius and age.  

23. Discussion on Galactic Flat Rotation Curves and Galactic  
Dark Matter Estimation 

1) With reference to maximum possible (current) cosmic angular acceleration, 
MOND relation can be rewritten as follows. 

( ) ( )4
00 0

10 2

0

 27.28

1.2 10 m secwhere, 27.28

Grot GvisV G M c

c

ω

ω

− −

 ≅  

 × ⋅
≅ 

 

              (55) 

2) On comparison, percentage of dark mass in MOND model seems to be 
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constant at (26.28/27.28) × 100 = 96.33% whereas in our approach, dark matter 
percentage increases with increasing (visible) mass and radius of galaxy. It is 
very interesting to note that, MOND’s approach implicitly seems to support the 
cosmological estimation of 95% invisible matter and 5% visible matter. It needs 
further study.  

3) By minimizing the errors in estimating the visible mass of galaxy and by 
properly choosing the effective radius of galaxy, accuracy can be improved in es-
timating the dark mass of a galaxy. Point to be noted is that, there is no correla-
tion between photometric mass estimations and parametric mass estimations. 
Similarly, in some cases, including Milky Way, there is no correlation between 
MSTG mass estimations and MOND mass estimations. It needs a careful analy-
sis.  

4) Staring from the lowest massive galaxy, (DDO 154) to the highest massive 
galaxy (NGC 2841), dark mass seems to increase from 2.7 to 49.3 times respec-
tively and needs further study. Applying this idea to Sun like stars, dark mass ra-
tio is close to 0.0001.  

5) As per the recent studies [69], Virial mass of Milky Way is 0.97 12
0.481.28 10 M+
− ×



 
and its corresponding upper limit is 122.25 10 M×



. Based on proposed relations, 
for Milky Way [54], estimated flat rotation speed is 199.6 km/sec and its corres-
ponding total mass is 10 1210.6 10 2.7 1025.5 M M × ≅ × ×

 

. This is a good fit 
and strong support for our proposal. Based on relation (34), estimated angular 
velocity of whole Milky Way is 2.2 × 10−17 rad∙sec−1. It is for observational testing 
and further study. Sun is located at 8 kpc from the Milky Way center and is 
having a rotational period of 240 million years. So, for the whole Milky Way of 
radius 290 kpc, our proposal can be given a chance [70].  

6) For Milky Way, its corresponding “visible” and “effective” radii are 11.5 
kpc and 293.66 kpc. Corresponding geometric radius is 58.1 kpc. As per the ob-
servational data [71], for Milky Way, starting from a radius of 60 kpc, rotation 
speed seems to decrease gradually [72] [73]. Using the current dwarf galaxy 
population, very recently predicted [70] edge of the Milky Way halo is (292 ± 61) 
kpc. This is a very good support. See Table 1 for other galaxies. 

7) In near future, by thoroughly studying the galactic dark mass distribution 
and corresponding deviations, variations in flat rotation speeds can be ana-
lyzed in a systematic approach. Very recent studies conducted on super spiral 
galaxies with Southern African Large Telescope (SALT) suggest high rotation 
speeds in the range of (240 to 570) km/sec indicating a dynamical masse range 
of (0.6 to 4) 1210 M



 [74]. It may be noted that, with a visible galactic mass of 

( ) 12 120.6 4 10 1.55 10M M× × ≅ ×
 

, estimated flat rotation speed is 539 km/sec. 
This is a good support for our proposal pertaining to most massive galaxies having 
fast rotation speeds. Considering a visible mass of (0.98 ± 0.1) of ( )log darkM  men-
tioned in Table 1 of Ref. [74], corresponding flat rotation speeds can be fitted well.  

8) We are also working on developing alternative relations for estimating
( )0GdarkX . On lower side, by studying the ultra faint dwarf galaxies it seems 

https://doi.org/10.4236/ijaa.2020.103014


U. V. S. Seshavatharam, S. Lakshminarayana 
 

 

DOI: 10.4236/ijaa.2020.103014 266 International Journal of Astronomy and Astrophysics 
 

possible to fine tune darkX .  
9) Interesting point to be noted is that, for small galaxies whose mass is less 

than 3.5 × 1038 kg, their dark mass seems to be less than their visible mass. 
Whether it is, “correct or not”, can be confirmed with their galactic rotational 
curves. For a galaxy of visible mass 610 M



, galactic flat rotation speed seems to 
be 5.0 km/sec. It needs further investigation with respect to least massive galaxy, 
Segue 2. According to Evan N. Kirby et al. [75]: “Either Segue 2 would be the 
first of a vast class of new galaxies to be discovered with very low luminosities 
and very low dark matter content, or it would have to represent a rare case of a 
dark matter halo that is typically too small to host a galaxy but, for some reason, 
managed to form a small number of stars over at least 100 Myr.” See Table 2 for 
low massive galaxies. 

10) Relation (34) seems to be very simple in representation, easy to follow and 
simple to visualize and analyze MONDin approach connected with galactic 
structures and cosmic structure.  

24. Preparation of the Data Table 1 

By considering the available accurate flat rotation curves from SPARC data base 
[76] and considering relation (32) as a basic relation, galactic total matter can be 
estimated with the following relation. 

( )
( )4

0
0

0

Grot
Gtot

V
M

Gcω
≅                         (56) 

Based on relations (22), (25) and (26), we have,  

( ) ( ) ( ) ( )
( )
( )

3
0

0 0 0 0
0

Gvis
Gtot Gvis Gdark Gvis

X

M
M M M M

M
≅ + ≅ +         (57) 

We have developed a simple C++ program to solve this relation and tried to 
estimate the galactic visible mass and dark mass approximately. In Table 1, we 
have presented the data.  

 
Column-1: Galaxy name 

Column-2: SPARC flat rotation speed excluding the error in km/sec 

Column-3: Estimated total mass of galaxy in   

Column-4: Estimated visible mass of galaxy in   

Column-5: Estimated dark mass of galaxy in   

Column-6: Estimated galactic dark mass percentage 

Column-7: Estimated galactic visible radius in kpc  

Column-8: Geometric mean radius of galactic visible radius and effective radius in kpc 

Column-9: Estimated galactic effective radius in kpc 

Column-10: Fitted galactic visible mass density in kg/m3 
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Table 1. Estimated galactic total mass, visible mass, dark mass, working radii and visible mass density. 

Galaxy 
Rotation  

speed 
km/sec 

Estimated  
total mass 

1010 M


 

Estimated 
visible mass 

1010 M


 

Estimated  
dark mass 

1010 M


 

Dark 
mass% 

Estimated  
visible radius  

kpc 

Estimated  
geometric  
radius kpc 

Estimated  
effective  

radius kpc 

Fitted visible  
mass density 

kg/m3 

D631-7 57.0 1.80 0.34 1.46 81.3 4.4 10.3 23.8 1.77E-27 

DDO064 46.1 0.77 0.18 0.59 76.3 3.7 7.6 15.6 2.47E-27 

DDO154 47.0 0.83 0.19 0.64 76.8 3.8 7.8 16.2 2.40E-27 

DDO161 66.3 3.29 0.51 2.77 84.4 5.0 12.7 32.2 1.39E-27 

DDO168 53.4 1.38 0.28 1.11 79.9 4.2 9.4 20.9 1.96E-27 

DDO170 60.0 2.21 0.39 1.82 82.4 4.6 11.1 26.4 1.63E-27 

ESO079-G014 175.0 159.63 7.43 152.20 95.3 10.4 48.4 224.2 2.88E-28 

ESO116-G012 109.1 24.11 2.05 22.07 91.5 7.4 25.4 87.2 6.25E-28 

ESO563-G021 314.6 1667.18 36.12 1631.07 97.8 15.7 106.7 724.7 1.09E-28 

F561-1 50.0 1.06 0.23 0.83 78.3 4.0 8.5 18.3 2.18E-27 

F563-V2 116.6 31.46 2.46 29.00 92.2 7.8 27.8 99.5 5.61E-28 

F568-V1 112.3 27.07 2.22 24.85 91.8 7.6 26.4 92.3 5.96E-28 

F571-8 139.7 64.82 4.03 60.80 93.8 8.9 35.6 142.9 4.17E-28 

F571-V1 83.6 8.31 0.98 7.33 88.2 6.1 17.6 51.2 9.62E-28 

F574-1 97.8 15.57 1.52 14.06 90.3 6.8 21.9 70.0 7.46E-28 

F579-V1 112.1 26.88 2.21 24.67 91.8 7.6 26.4 92.0 5.98E-28 

F583-1 85.8 9.22 1.06 8.17 88.5 6.2 18.2 53.9 9.22E-28 

IC2574 66.4 3.31 0.52 2.79 84.4 5.0 12.8 32.3 1.39E-27 

IC4202 242.6 589.54 17.95 571.60 97.0 13.1 75.2 430.9 1.68E-28 

KK98-251 33.7 0.22 0.07 0.15 66.9 2.8 4.8 8.3 3.98E-27 

NGC0024 106.3 21.73 1.91 19.82 91.2 7.3 24.5 82.7 6.52E-28 

NGC0055 85.6 9.14 1.05 8.09 88.5 6.2 18.2 53.7 9.26E-28 

NGC0100 88.1 10.25 1.14 9.12 88.9 6.3 18.9 56.8 8.83E-28 

NGC0247 104.9 20.61 1.84 18.77 91.1 7.2 24.1 80.6 6.66E-28 

NGC0289 163.0 120.14 6.13 114.02 94.9 9.9 43.9 194.5 3.24E-28 

NGC0300 93.3 12.90 1.33 11.57 89.7 6.6 20.5 63.7 8.05E-28 

NGC0801 220.0 398.69 13.79 384.91 96.5 12.3 65.9 354.4 1.98E-28 

NGC0891 216.1 371.17 13.14 358.03 96.5 12.1 64.3 341.9 2.04E-28 

NGC1003 109.8 24.74 2.09 22.65 91.6 7.4 25.6 88.3 6.18E-28 

NGC1090 164.4 124.32 6.27 118.06 95.0 10.0 44.5 197.9 3.19E-28 

NGC1705 71.9 4.55 0.65 3.90 85.8 5.4 14.3 37.9 1.22E-27 

NGC2366 50.2 1.08 0.23 0.85 78.4 4.0 8.6 18.5 2.16E-27 

NGC2403 131.2 50.43 3.40 47.03 93.3 8.5 32.7 126.0 4.62E-28 

NGC2683 154.0 95.73 5.25 90.47 94.5 9.5 40.7 173.7 3.56E-28 

NGC2841 284.8 1119.72 27.64 1092.09 97.5 14.7 93.3 593.9 1.29E-28 
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NGC2903 184.6 197.64 8.59 189.06 95.7 10.8 52.0 249.5 2.64E-28 

NGC2915 83.5 8.27 0.98 7.30 88.2 6.0 17.6 51.1 9.63E-28 

NGC2976 85.4 9.05 1.04 8.01 88.5 6.2 18.1 53.4 9.29E-28 

NGC2998 209.9 330.37 12.15 318.22 96.3 11.9 61.9 322.6 2.14E-28 

NGC3109 66.2 3.27 0.51 2.76 84.3 5.0 12.7 32.1 1.40E-27 

NGC3198 150.1 86.39 4.90 81.49 94.3 9.4 39.3 165.0 3.71E-28 

NGC3521 213.7 354.95 12.75 342.20 96.4 12.0 63.4 334.4 2.07E-28 

NGC3726 168.0 135.58 6.65 128.93 95.1 10.1 45.8 206.7 3.08E-28 

NGC3741 50.1 1.07 0.23 0.84 78.4 4.0 8.6 18.4 2.17E-27 

NGC3769 118.6 33.67 2.58 31.10 92.3 7.9 28.5 103.0 5.45E-28 

NGC3877 168.4 136.87 6.70 130.18 95.1 10.2 45.9 207.6 3.07E-28 

NGC3893 174.0 156.01 7.32 148.70 95.3 10.4 48.0 221.7 2.91E-28 

NGC3917 135.9 58.05 3.74 54.32 93.6 8.7 34.3 135.2 4.36E-28 

NGC3949 163.0 120.14 6.13 114.02 94.9 9.9 43.9 194.5 3.24E-28 

NGC3953 220.8 404.53 13.93 390.60 96.6 12.3 66.2 357.0 1.96E-28 

NGC3972 132.7 52.78 3.50 49.27 93.4 8.6 33.2 128.9 4.54E-28 

NGC3992 241.0 574.14 17.64 556.52 96.9 13.1 74.5 425.3 1.70E-28 

NGC4010 125.8 42.63 3.03 39.60 92.9 8.2 30.9 115.9 4.95E-28 

NGC4013 172.9 152.10 7.19 144.91 95.3 10.3 47.6 218.9 2.94E-28 

NGC4051 157.0 103.41 5.54 97.88 94.6 9.7 41.8 180.5 3.44E-28 

NGC4085 131.5 50.89 3.42 47.48 93.3 8.5 32.8 126.6 4.61E-28 

NGC4088 171.7 147.92 7.06 140.87 95.2 10.3 47.1 215.9 2.97E-28 

NGC4100 158.2 106.60 5.65 100.96 94.7 9.7 42.2 183.3 3.40E-28 

NGC4138 147.3 80.12 4.66 75.47 94.2 9.2 38.3 158.9 3.82E-28 

NGC4157 184.7 198.07 8.60 189.48 95.7 10.8 52.0 249.8 2.64E-28 

NGC4183 110.6 25.47 2.13 23.34 91.6 7.5 25.9 89.6 6.11E-28 

NGC4214 80.1 7.01 0.87 6.13 87.5 5.9 16.6 47.0 1.03E-27 

NGC4217 181.3 183.88 8.18 175.71 95.6 10.7 50.8 240.7 2.72E-28 

NGC4559 121.2 36.72 2.74 33.99 92.6 8.0 29.4 107.6 5.26E-28 

NGC5005 262.2 804.41 22.13 782.29 97.2 13.8 83.5 503.4 1.48E-28 

NGC5033 194.2 242.07 9.85 232.23 95.9 11.2 55.7 276.1 2.43E-28 

NGC5055 179.0 174.73 7.90 166.83 95.5 10.6 49.9 234.6 2.78E-28 

NGC5371 209.5 327.86 12.09 315.78 96.3 11.8 61.7 321.4 2.14E-28 

NGC5585 90.3 11.32 1.22 10.10 89.2 6.4 19.6 59.7 8.49E-28 

NGC5907 215.0 363.67 12.96 350.71 96.4 12.1 63.9 338.5 2.05E-28 

NGC5985 293.6 1264.66 30.00 1234.67 97.6 15.0 97.2 631.2 1.23E-28 

NGC6015 154.1 95.98 5.26 90.71 94.5 9.5 40.7 173.9 3.55E-28 

NGC6195 251.7 683.10 19.83 663.28 97.1 13.5 79.0 463.9 1.58E-28 

NGC6503 116.3 31.14 2.44 28.69 92.2 7.8 27.7 99.0 5.63E-28 
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NGC6674 241.3 577.00 17.70 559.32 96.9 13.1 74.7 426.3 1.70E-28 

NGC6946 158.9 108.50 5.72 102.78 94.7 9.7 42.4 184.9 3.38E-28 

NGC7331 239.0 555.32 17.24 538.08 96.9 13.0 73.7 418.2 1.72E-28 

NGC7814 218.9 390.78 13.61 377.18 96.5 12.2 65.5 350.9 1.99E-28 

PGC51017 18.6 0.02 0.01 0.01 44.5 1.4 1.9 2.5 9.31E-27 

UGC00128 129.3 47.57 3.26 44.31 93.1 8.4 32.1 122.4 4.73E-28 

UGC00731 73.3 4.91 0.68 4.23 86.1 5.5 14.7 39.3 1.19E-27 

UGC01230 103.7 19.68 1.78 17.90 90.9 7.1 23.7 78.7 6.78E-28 

UGC01281 55.2 1.58 0.31 1.27 80.6 4.3 9.8 22.3 1.86E-27 

UGC02259 86.2 9.40 1.07 8.33 88.6 6.2 18.4 54.4 9.15E-28 

UGC02487 332.0 2067.77 41.74 2026.04 98.0 16.3 114.7 807.1 1.00E-28 

UGC02885 289.5 1195.48 28.89 1166.61 97.6 14.8 95.4 613.7 1.26E-28 

UGC02916 182.7 189.63 8.35 181.28 95.6 10.8 51.3 244.4 2.68E-28 

UGC02953 264.9 838.06 22.75 815.33 97.3 13.9 84.7 513.8 1.45E-28 

UGC03205 219.6 395.80 13.73 382.08 96.5 12.2 65.8 353.1 1.98E-28 

UGC03546 196.9 255.82 10.22 245.60 96.0 11.3 56.7 283.9 2.37E-28 

UGC03580 126.2 43.17 3.05 40.12 92.9 8.3 31.0 116.6 4.93E-28 

UGC04278 91.4 11.88 1.26 10.62 89.4 6.5 19.9 61.2 8.33E-28 

UGC04305 34.5 0.24 0.08 0.16 67.7 2.8 5.0 8.7 3.83E-27 

UGC04325 90.9 11.62 1.24 10.38 89.3 6.5 19.8 60.5 8.40E-28 

UGC04499 72.8 4.78 0.67 4.11 86.0 5.4 14.5 38.8 1.20E-27 

UGC05005 98.9 16.28 1.57 14.72 90.4 6.9 22.2 71.6 7.33E-28 

UGC05253 213.7 355.02 12.75 342.27 96.4 12.0 63.4 334.4 2.07E-28 

UGC05716 73.1 4.86 0.68 4.18 86.1 5.4 14.6 39.1 1.19E-27 

UGC05721 79.7 6.87 0.86 6.01 87.5 5.8 16.5 46.5 1.04E-27 

UGC05986 113.0 27.75 2.26 25.50 91.9 7.6 26.7 93.5 5.90E-28 

UGC06399 85.0 8.88 1.03 7.86 88.4 6.1 18.0 52.9 9.36E-28 

UGC06446 82.2 7.77 0.94 6.83 87.9 6.0 17.2 49.5 9.88E-28 

UGC06614 199.8 271.23 10.64 260.60 96.1 11.5 57.9 292.3 2.32E-28 

UGC06628 41.8 0.52 0.14 0.38 73.6 3.4 6.6 12.8 2.87E-27 

UGC06667 83.8 8.39 0.99 7.41 88.2 6.1 17.7 51.4 9.58E-28 

UGC06786 219.4 394.36 13.69 380.68 96.5 12.2 65.7 352.5 1.99E-28 

UGC06787 248.1 644.85 19.07 625.79 97.0 13.3 77.5 450.7 1.62E-28 

UGC06818 71.2 4.37 0.63 3.75 85.6 5.3 14.1 37.1 1.24E-27 

UGC06917 108.7 23.76 2.03 21.73 91.5 7.4 25.3 86.5 6.28E-28 

UGC06923 79.6 6.83 0.86 5.98 87.4 5.8 16.4 46.4 1.04E-27 

UGC06930 107.2 22.48 1.95 20.52 91.3 7.3 24.8 84.1 6.43E-28 

UGC06973 174.2 156.73 7.34 149.39 95.3 10.4 48.1 222.2 2.90E-28 

UGC06983 109.0 24.02 2.05 21.98 91.5 7.4 25.4 87.0 6.26E-28 
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UGC07125 65.2 3.08 0.49 2.59 84.0 5.0 12.4 31.1 1.43E-27 

UGC07151 73.5 4.97 0.69 4.28 86.2 5.5 14.7 39.6 1.18E-27 

UGC07261 74.7 5.30 0.72 4.58 86.4 5.5 15.1 40.9 1.15E-27 

UGC07399 103.0 19.16 1.75 17.41 90.9 7.1 23.5 77.7 6.86E-28 

UGC07524 79.5 6.80 0.86 5.94 87.4 5.8 16.4 46.3 1.04E-27 

UGC07603 61.6 2.45 0.42 2.03 82.9 4.7 11.5 27.8 1.57E-27 

UGC07690 57.4 1.85 0.34 1.51 81.5 4.5 10.4 24.1 1.75E-27 

UGC08286 82.4 7.85 0.95 6.90 88.0 6.0 17.3 49.7 9.84E-28 

UGC08490 78.6 6.50 0.83 5.67 87.2 5.8 16.2 45.2 1.06E-27 

UGC08550 56.9 1.78 0.33 1.45 81.3 4.4 10.3 23.7 1.78E-27 

UGC08699 182.4 188.39 8.31 180.08 95.6 10.7 51.2 243.6 2.69E-28 

UGC09037 152.3 91.57 5.10 86.48 94.4 9.5 40.1 169.8 3.62E-28 

UGC09133 226.8 450.32 14.97 435.35 96.7 12.5 68.7 376.6 1.88E-28 

UGC09992 33.6 0.22 0.07 0.15 66.9 2.7 4.8 8.3 3.99E-27 

UGC10310 71.4 4.42 0.63 3.79 85.7 5.3 14.1 37.3 1.24E-27 

UGC11455 269.4 896.48 23.80 872.68 97.3 14.1 86.6 531.4 1.41E-28 

UGC11914 288.1 1172.52 28.51 1144.02 97.6 14.8 94.8 607.7 1.27E-28 

UGC12506 234.0 510.28 16.29 494.00 96.8 12.8 71.6 400.9 1.78E-28 

UGC12632 71.7 4.50 0.64 3.86 85.7 5.4 14.2 37.6 1.23E-27 

UGCA444 37.0 0.32 0.10 0.22 69.9 3.0 5.5 10.0 3.46E-27 

25. Preparation of the Data Table 2 

For low massive galaxies whose mass is less than ( ) 383.523 10 kgXM ≅ × , we 
assume their visible mass as,  

( ) ( )00

3

where, 1, 2,3, ,137

Fine structure constant 7.297353 10

Gvis XM n M

n

α

α −

≅ × ×

=

= ≅ ×

              (58) 

Note: No change in estimation of other parameters. 
 
Column-1: Assumed Alpha multiple 

Column-2: Assumed visible mass of galaxy in 610 M


 

Column-3: Estimated dark mass of galaxy in 610 M


 

Column-4: Estimated total mass of galaxy in 610 M


 

Column-5: Estimated flat rotation speed of galaxy in km/sec 

Column-6: Estimated galactic dark mass percentage 

Column-7: Estimated galactic visible radius in kpc 

Column-8: Geometric mean radius of galactic visible radius and effective radius 

Column-9: Estimated galactic effective radius in kpc 

Column-10: Fitted galactic visible mass density in kg/m3 
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Table 2. Assumed galactic visible mass and estimated dark mass, total mass, working radii and visible mass density of low massive 
galaxies. 

Alpha  
multiple (n) 

Assumed  
Visible mass 

610 M


 

Estimated 
dark mass 

610 M


 

Estimated  
total mass 

610 M


 

Estimated flat 
rotation speed 

km/sec 

Dark 
matter % 

Estimated  
visible radius  

kpc 

Estimated  
geometric  
radius kpc 

Estimated 
effective  

radius kpc 

Fitted visible 
mass density 

kg/m3 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

1 1.29 0.11 1.40 5.36 7.87 0.19 0.20 0.21 4.19E-26 

2 2.59 0.31 2.90 6.42 10.78 0.27 0.29 0.30 3.44E-26 

3 3.88 0.57 4.45 7.15 12.89 0.33 0.35 0.37 3.05E-26 

4 5.17 0.88 6.05 7.72 14.59 0.37 0.40 0.44 2.8E-26 

5 6.46 1.23 7.70 8.20 16.04 0.41 0.45 0.49 2.61E-26 

6 7.76 1.62 9.38 8.62 17.30 0.45 0.49 0.54 2.47E-26 

7 9.05 2.04 11.09 8.99 18.43 0.48 0.53 0.59 2.35E-26 

8 10.34 2.50 12.84 9.32 19.46 0.51 0.57 0.64 2.25E-26 

9 11.63 2.98 14.61 9.63 20.40 0.54 0.61 0.68 2.17E-26 

10 12.93 3.49 16.42 9.91 21.27 0.57 0.64 0.72 2.09E-26 

11 14.22 4.03 18.25 10.18 22.08 0.59 0.67 0.76 2.03E-26 

12 15.51 4.59 20.10 10.42 22.83 0.61 0.70 0.80 1.97E-26 

13 16.80 5.18 21.98 10.66 23.55 0.64 0.73 0.83 1.92E-26 

14 18.10 5.78 23.88 10.88 24.22 0.66 0.76 0.87 1.87E-26 

15 19.39 6.41 25.80 11.10 24.86 0.68 0.78 0.90 1.83E-26 

16 20.68 7.07 27.75 11.30 25.47 0.70 0.81 0.93 1.79E-26 

17 21.97 7.74 29.71 11.49 26.05 0.72 0.83 0.97 1.75E-26 

18 23.27 8.43 31.70 11.68 26.60 0.73 0.86 1.00 1.71E-26 

19 24.56 9.14 33.70 11.86 27.13 0.75 0.88 1.03 1.68E-26 

20 25.85 9.88 35.73 12.04 27.64 0.77 0.90 1.06 1.65E-26 

21 27.14 10.63 37.77 12.21 28.13 0.78 0.92 1.09 1.62E-26 

22 28.44 11.39 39.83 12.37 28.61 0.80 0.95 1.12 1.6E-26 

23 29.73 12.18 41.91 12.53 29.06 0.82 0.97 1.15 1.57E-26 

24 31.02 12.98 44.00 12.68 29.50 0.83 0.99 1.18 1.55E-26 

25 32.31 13.80 46.12 12.83 29.93 0.84 1.01 1.21 1.53E-26 

26 33.61 14.64 48.24 12.98 30.34 0.86 1.03 1.23 1.5E-26 

27 34.90 15.49 50.39 13.12 30.74 0.87 1.05 1.26 1.48E-26 

28 36.19 16.36 52.55 13.26 31.13 0.89 1.07 1.29 1.46E-26 

29 37.48 17.24 54.73 13.39 31.51 0.90 1.09 1.31 1.44E-26 

30 38.78 18.14 56.92 13.52 31.88 0.91 1.11 1.34 1.43E-26 

31 40.07 19.06 59.13 13.65 32.23 0.92 1.12 1.36 1.41E-26 

32 41.36 19.99 61.35 13.78 32.58 0.94 1.14 1.39 1.39E-26 

33 42.65 20.93 63.59 13.90 32.92 0.95 1.16 1.42 1.38E-26 
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34 43.95 21.89 65.84 14.02 33.25 0.96 1.18 1.44 1.36E-26 

35 45.24 22.86 68.10 14.14 33.57 0.97 1.19 1.46 1.35E-26 

36 46.53 23.85 70.38 14.26 33.89 0.98 1.21 1.49 1.33E-26 

37 47.82 24.85 72.67 14.38 34.19 1.00 1.23 1.51 1.32E-26 

38 49.12 25.86 74.98 14.49 34.49 1.01 1.24 1.54 1.31E-26 

39 50.41 26.89 77.30 14.60 34.79 1.02 1.26 1.56 1.29E-26 

40 51.70 27.93 79.63 14.71 35.08 1.03 1.28 1.58 1.28E-26 

41 52.99 28.99 81.98 14.81 35.36 1.04 1.29 1.61 1.27E-26 

42 54.29 30.05 84.34 14.92 35.63 1.05 1.31 1.63 1.26E-26 

43 55.58 31.13 86.71 15.02 35.90 1.06 1.32 1.65 1.25E-26 

44 56.87 32.23 89.10 15.13 36.17 1.07 1.34 1.68 1.23E-26 

45 58.16 33.33 91.49 15.23 36.43 1.08 1.35 1.70 1.22E-26 

46 59.46 34.45 93.90 15.33 36.68 1.09 1.37 1.72 1.21E-26 

47 60.75 35.58 96.33 15.42 36.93 1.10 1.38 1.74 1.2E-26 

48 62.04 36.72 98.76 15.52 37.18 1.11 1.40 1.76 1.19E-26 

49 63.33 37.87 101.21 15.62 37.42 1.12 1.41 1.79 1.18E-26 

50 64.63 39.04 103.66 15.71 37.66 1.13 1.43 1.81 1.17E-26 

51 65.92 40.21 106.13 15.80 37.89 1.14 1.44 1.83 1.17E-26 

52 67.21 41.40 108.62 15.89 38.12 1.14 1.46 1.85 1.16E-26 

53 68.50 42.60 111.11 15.98 38.34 1.15 1.47 1.87 1.15E-26 

54 69.80 43.81 113.61 16.07 38.57 1.16 1.48 1.89 1.14E-26 

55 71.09 45.04 116.13 16.16 38.78 1.17 1.50 1.91 1.13E-26 

56 72.38 46.27 118.65 16.25 39.00 1.18 1.51 1.93 1.12E-26 

57 73.67 47.52 121.19 16.34 39.21 1.19 1.52 1.95 1.12E-26 

58 74.97 48.77 123.74 16.42 39.42 1.20 1.54 1.97 1.11E-26 

59 76.26 50.04 126.30 16.50 39.62 1.20 1.55 1.99 1.1E-26 

60 77.55 51.32 128.87 16.59 39.82 1.21 1.56 2.01 1.09E-26 

61 78.84 52.60 131.45 16.67 40.02 1.22 1.58 2.03 1.09E-26 

62 80.14 53.90 134.04 16.75 40.21 1.23 1.59 2.05 1.08E-26 

63 81.43 55.21 136.64 16.83 40.41 1.24 1.60 2.07 1.07E-26 

64 82.72 56.53 139.26 16.91 40.60 1.24 1.61 2.09 1.07E-26 

65 84.01 57.86 141.88 16.99 40.78 1.25 1.63 2.11 1.06E-26 

66 85.31 59.20 144.51 17.07 40.97 1.26 1.64 2.13 1.05E-26 

67 86.60 60.55 147.15 17.15 41.15 1.27 1.65 2.15 1.05E-26 

68 87.89 61.91 149.81 17.22 41.33 1.27 1.66 2.17 1.04E-26 

69 89.19 63.28 152.47 17.30 41.51 1.28 1.68 2.19 1.03E-26 

70 90.48 64.67 155.14 17.38 41.68 1.29 1.69 2.21 1.03E-26 

https://doi.org/10.4236/ijaa.2020.103014


U. V. S. Seshavatharam, S. Lakshminarayana 
 

 

DOI: 10.4236/ijaa.2020.103014 273 International Journal of Astronomy and Astrophysics 
 

Continued 

71 91.77 66.06 157.83 17.45 41.85 1.30 1.70 2.23 1.02E-26 

72 93.06 67.46 160.52 17.52 42.02 1.30 1.71 2.25 1.02E-26 

73 94.36 68.87 163.22 17.60 42.19 1.31 1.72 2.27 1.01E-26 

74 95.65 70.29 165.94 17.67 42.36 1.32 1.74 2.29 1.00E-26 

75 96.94 71.72 168.66 17.74 42.52 1.32 1.75 2.30 9.99E-27 

76 98.23 73.16 171.39 17.81 42.68 1.33 1.76 2.32 9.93E-27 

77 99.53 74.60 174.13 17.88 42.84 1.34 1.77 2.34 9.88E-27 

78 100.82 76.06 176.88 17.95 43.00 1.35 1.78 2.36 9.83E-27 

79 102.11 77.53 179.64 18.02 43.16 1.35 1.79 2.38 9.78E-27 

80 103.40 79.01 182.41 18.09 43.31 1.36 1.80 2.40 9.73E-27 

81 104.70 80.49 185.19 18.16 43.47 1.37 1.82 2.42 9.68E-27 

82 105.99 81.99 187.98 18.23 43.62 1.37 1.83 2.43 9.63E-27 

83 107.28 83.49 190.77 18.30 43.77 1.38 1.84 2.45 9.58E-27 

84 108.57 85.01 193.58 18.36 43.91 1.39 1.85 2.47 9.53E-27 

85 109.87 86.53 196.39 18.43 44.06 1.39 1.86 2.49 9.49E-27 

86 111.16 88.06 199.22 18.50 44.20 1.40 1.87 2.51 9.44E-27 

87 112.45 89.60 202.05 18.56 44.35 1.40 1.88 2.52 9.39E-27 

88 113.74 91.15 204.89 18.63 44.49 1.41 1.89 2.54 9.35E-27 

89 115.04 92.71 207.74 18.69 44.63 1.42 1.90 2.56 9.31E-27 

90 116.33 94.27 210.60 18.76 44.76 1.42 1.91 2.58 9.26E-27 

91 117.62 95.85 213.47 18.82 44.90 1.43 1.92 2.59 9.22E-27 

92 118.91 97.43 216.35 18.88 45.04 1.43 1.94 2.61 9.18E-27 

93 120.21 99.03 219.23 18.94 45.17 1.44 1.95 2.63 9.14E-27 

94 121.50 100.63 222.13 19.01 45.30 1.45 1.96 2.65 9.1E-27 

95 122.79 102.24 225.03 19.07 45.43 1.45 1.97 2.66 9.06E-27 

96 124.08 103.86 227.94 19.13 45.56 1.46 1.98 2.68 9.02E-27 

97 125.38 105.48 230.86 19.19 45.69 1.46 1.99 2.70 8.98E-27 

98 126.67 107.12 233.79 19.25 45.82 1.47 2.00 2.71 8.94E-27 

99 127.96 108.76 236.72 19.31 45.94 1.48 2.01 2.73 8.9E-27 

100 129.25 110.41 239.67 19.37 46.07 1.48 2.02 2.75 8.86E-27 

101 130.55 112.08 242.62 19.43 46.19 1.49 2.03 2.76 8.82E-27 

102 131.84 113.74 245.58 19.49 46.32 1.49 2.04 2.78 8.79E-27 

103 133.13 115.42 248.55 19.55 46.44 1.50 2.05 2.80 8.75E-27 

104 134.42 117.11 251.53 19.61 46.56 1.50 2.06 2.81 8.72E-27 

105 135.72 118.80 254.52 19.66 46.68 1.51 2.07 2.83 8.68E-27 

106 137.01 120.50 257.51 19.72 46.79 1.52 2.08 2.85 8.65E-27 

107 138.30 122.21 260.51 19.78 46.91 1.52 2.09 2.86 8.61E-27 
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Continued 

108 139.59 123.93 263.52 19.84 47.03 1.53 2.10 2.88 8.58E-27 

109 140.89 125.65 266.54 19.89 47.14 1.53 2.11 2.90 8.54E-27 

110 142.18 127.38 269.56 19.95 47.26 1.54 2.12 2.91 8.51E-27 

111 143.47 129.13 272.60 20.01 47.37 1.54 2.13 2.93 8.48E-27 

112 144.76 130.87 275.64 20.06 47.48 1.55 2.14 2.95 8.44E-27 

113 146.06 132.63 278.69 20.12 47.59 1.55 2.14 2.96 8.41E-27 

114 147.35 134.40 281.74 20.17 47.70 1.56 2.15 2.98 8.38E-27 

115 148.64 136.17 284.81 20.23 47.81 1.56 2.16 3.00 8.35E-27 

116 149.93 137.95 287.88 20.28 47.92 1.57 2.17 3.01 8.32E-27 

117 151.23 139.74 290.96 20.33 48.03 1.57 2.18 3.03 8.29E-27 

118 152.52 141.53 294.05 20.39 48.13 1.58 2.19 3.04 8.26E-27 

119 153.81 143.33 297.15 20.44 48.24 1.58 2.20 3.06 8.23E-27 

120 155.11 145.14 300.25 20.49 48.34 1.59 2.21 3.08 8.2E-27 

121 156.40 146.96 303.36 20.55 48.44 1.59 2.22 3.09 8.17E-27 

122 157.69 148.79 306.48 20.60 48.55 1.60 2.23 3.11 8.14E-27 

123 158.98 150.62 309.60 20.65 48.65 1.60 2.24 3.12 8.11E-27 

124 160.28 152.46 312.74 20.70 48.75 1.61 2.25 3.14 8.08E-27 

125 161.57 154.31 315.88 20.76 48.85 1.61 2.26 3.15 8.05E-27 

126 162.86 156.16 319.02 20.81 48.95 1.62 2.27 3.17 8.03E-27 

127 164.15 158.03 322.18 20.86 49.05 1.62 2.27 3.19 8E-27 

128 165.45 159.90 325.34 20.91 49.15 1.63 2.28 3.20 7.97E-27 

129 166.74 161.78 328.51 20.96 49.24 1.63 2.29 3.22 7.94E-27 

130 168.03 163.66 331.69 21.01 49.34 1.64 2.30 3.23 7.92E-27 

131 169.32 165.55 334.87 21.06 49.44 1.64 2.31 3.25 7.89E-27 

132 170.62 167.45 338.07 21.11 49.53 1.65 2.32 3.26 7.87E-27 

133 171.91 169.36 341.27 21.16 49.63 1.65 2.33 3.28 7.84E-27 

134 173.20 171.27 344.47 21.21 49.72 1.66 2.34 3.29 7.81E-27 

135 174.49 173.19 347.68 21.26 49.81 1.66 2.34 3.31 7.79E-27 

136 175.79 175.12 350.91 21.31 49.91 1.67 2.35 3.32 7.76E-27 

137 177.08 177.05 354.13 21.36 50.00 1.67 2.36 3.34 7.74E-27 

26. Discussion on the Nature of Dark Matter 

We would like to appeal that, when 95% of total cosmic mass is believed to be in 
the form of dark nature having interactions only with gravitation, it may not be 
logical to attribute its nature to any known or unknown elementary particle 
supposed to be originating from interactions involved with visible mass spec-
trum having negligible gravity at atomic, nuclear and electroweak scales.  

As current cosmic temperature is at 2.7 K, recently it has been suggested that, 
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galactic cold hydrogen can be considered as dark matter [77] [78]. Since hydro-
gen is the basic building block of visible matter, this proposal can be given a 
chance. If so, 95% of the cosmic mass must be explained with a suitable me-
chanism with respect to current sub zero temperatures, past high temperatures 
and dark matter needed for the formation and evolution of galaxies. For example, 
based on our approach, estimated dark mass of current Milky Way is 24.5 times 
of its visible mass. It needs a reasonable mechanism for generating the required 
dark matter distribution.  

If dark matter is really having a different nature and if one is willing to study 
and understand the mechanism of transformation of dark mass to Hydrogen 
atoms, it may give some clue. Applying our idea to Sun and Proton, their current 
dark masses are 1.5 × 1026 kg and 3.6 × 10−60 kg respectively. With these magni-
tudes, it is possible to say that, at atomic level, at present, dark matter influence is 
negligible. Even for Sun like massive stars, dark matter is having a very little role. 
This can be confirmed with current gravitational observations. We are working in 
this direction.  

Somehow, by any theory or by any other means, if one is willing to fix the 
proposed dark mass reference, ( ) 383.523 10 kgXM ≅ ×  as a constant through-
out the cosmic evolution [79], it may help in coupling it with elementary build-
ing blocks of particle physics. With reference to the estimated dark mass of 
proton, we noticed one very interesting relation for fitting the strong coupling 
constant, sα  [80]. It can be expressed in the following way.  

27

60
1 1.67262 10 kg 1ln ln

3.6 10 kg 0.1153
p

s pdark

m
mα

−

−

    ×
≅ ≅ ≅      ×    

      (59) 

This value is closely matching with our recent estimation connected with 
three large atomic gravitational constants [81].  

27. To Check the Scope and Validity of Our Model 

Unless it explains the current observations and predict fresh ideas, no new mod-
el of cosmology can be encouraged for further investigation. In this context, we 
appeal the readers to go through the following points. 

1) We clearly demonstrate the role of Planck scale in fitting the current cos-
mic Hubble parameter and this procedure is independent of galactic red shifts. It 
can certainly pave a way for developing a realistic model of “quantum cosmology” 
[21]. 

2) Based on the requirement of spin in quantum gravity, we tried to explain 
various applications of cosmic rotation in estimating cosmic radius, mass, tem-
perature, Hubble parameter, galactic flat rotation speed, galactic radius and ga-
lactic angular velocity.  

3) By considering whole cosmic mass as dark matter, we proposed a simple 
method for estimating galactic dark mass. 

4) Big bang, Inflation, Nucleosynthesis, baryonic acoustic oscillations and 
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current acceleration are the key pillars of standard cosmology [82]. In this con-
text, we would like to appeal that,  

a) As known physics is helpless in quantifying “Big bang” physical conditions, 
we propose a mechanism of “growing Planck ball”. This logic seems to be simple 
and easy to implement.  

b) As there is no proper theoretical reasoning for the origin of “inflation” [38], 
it’s well believed end results like “flatness”, “homogeneity” and “isotropy” can 
also be understood with continuous and prolonged light speed expansion. This 
logic is natural, non-controversial, simple to follow and simple to implement. 

c) As an end result of inflation, standard cosmology is giving a top priority for 
exponential cosmic expansion in size, but no way considering its corresponding 
exponential increase in cosmic time. When it is strongly believed that, space-time 
is inseparable quantities, it seems illogical to believe in the standard model of 
narrow time line of ( )01 H  associated with post inflation.  

d) According to standard model of cosmology, primordial nucleosynthesis 
seems to be happened in between first (3 to 20) minutes of big bang. Expected 
approximate cosmic temperature range for this characteristic time period is (109 
to 107) K. Based on relations (1) to (20), Time-Temperature relation can be ex-
pressed as,  

1
2 104

2

9 2.247 10
20t

cT
Gat t

  ×
≅ 

 π
≅                 (60) 

where, t = Time expressed in seconds. 

tT  = Cosmic temperature correspond to time t.  
Based on this relation, estimated decreasing temperature range correspond to 

first (3 to 20) minutes is (1.675 × 109 to 64.9 × 107) K. In our model, by knowing 
the mass density or temperature required for generation of primordial nucleons 
and atoms, it seems possible to understand the complete nucleosynthesis in a 
natural manner with an increase in cosmic time line.  

e) Current characteristic galactic separation distance of 500 Mly pertaining to 
Baryonic Acoustic Oscillations [83] [84] can be approximated with the following 
simple relation.  

( ) ( ) ( ) ( ) ( )0 0 0 0
00

0

2
2

Grot Grot Grot GrotA B A B
sep

V V V V
l R

c ω

  + +   ≈ ≈      
          (61) 

where,  

0
0

cR
ω

≅  = Current cosmic radius. 

( )0Grot AV  = Flat rotation speed of galaxy A. 

( )0Grot BV  = Flat rotation speed of galaxy B. 

( )0sepl  = Current separation distance of galaxy A and galaxy B. 

For two Milky Way like galaxies, separation distance is around 1440 Mly and 
it is 2.8 times higher than BAO scale. It needs further study. In a scaling ap-
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proach, 

( ) ( ) ( )0 0
0 2

Grot GrotA B
sep

V V
l

  +  ∝
 
 

             (62) 

( ) 00sepl R∝                         (63) 

f) In section (16), we have proposed a reasonable explanation for understand-
ing internal cosmic acceleration having light speed expansion at boundary.  

g) In section (15), we have proposed a reasonable explanation for under-
standing cosmic anisotropy spreading towards cosmic boundary.  

5) Considering Planck scale and current cosmic temperatures, it seems possi-
ble to understand the issues connected with currently believed cosmological 
constant problem in terms of the ratio of Planck scale thermal energy density 
and current thermal energy density.  

6) By estimating the average mass of a galaxy with reference to average flat 
rotation speed (of so many galaxies) and by considering the current cosmic mass 
and volume, number of galaxies and their average distance can be estimated eas-
ily. Its approximate relation can be expressed as follows. 

( ) ( )
1

13 3
300 3

0

4
1.3 10

3ave x
x

R
l M

M M
 

≈ ≈ × 
 

π
               (64) 

where, avel  = Average galactic distance,  

xM  = Average galactic mass,  

0M  = Current cosmic mass,  

0R  = Current cosmic radius,  
( )0 xM M  = Approximate number of galaxies.  
7) Based on relations (11) and (50), at any stage of cosmic evolution, ratio of 

cosmic thermal energy and energy of graviton is close to 0.6831. 
8) With further study, it seems possible to understand the factors helping 

photon or graviton to move at “light speed” can be understood. Proceeding fur-
ther, factors helping the universe to move at “light speed” can also be unders-
tood and thereby, issues connected with “dark energy” can be resolved. 

9) By considering whole cosmic mass as dark matter, it seems possible to un-
derstand the issues connected with “nature” of dark matter.  

28. Conclusions 

Considering the points and relations proposed in sections (2) to (27), our model 
can be recommended for further research. We would like to emphasize the point 
that, “space” and “matter” are inseparable cosmic entities and like matter, space 
cannot travel faster than speed of light.  

Flatness problem can be understood well with Machian radius of the current 
universe. Considering light speed expansion, inflation and dark energy concepts 
can be relinquished. Based on relations (4) and (8), Hubble parameter can be es-
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timated independent of galactic distances and their red shifts.  
Even though, cosmic horizon is assumed to be expanding at light speed, based 

on relations (47) and (52), it seems possible to have internal acceleration below 
the cosmic horizon and seems to be a consequence of Hubble’s law for increas-
ing time periods. Even though, estimated cosmic radius is 146.3 times of the 
Hubble radius, estimated angular velocity is 146.3 times less than the Hubble 
parameter and is directly helping in estimating galactic masses and working radii 
with relations (21) to (41).  

Further study and advanced telescopes may help in thoroughly exploring the 
cosmic and galactic structures in a broad view based on the concepts of Quan-
tum Cosmology. In this context, relation (8) can be given some consideration.  
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