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Abstract 
Stars are light years away, and their brightness depends on multiple variables. 
Starting in the 20th century, artificial satellites were launched that added to the 
bright bodies of the observable sky. From 26.816 satellite observations and 
9.037 stars visible to the naked eye, regression models were made between 
brightness and distances. The existence of a visual convergence plane that 
receives light photons arriving with a delay, c = 299.792.458 m·s−1 was as-
sumed. Under the principle of large-scale homogeneity and isotropy, the ob-
jective of the study was to develop models to estimate the population of stars 
in the universe. It is concluded that the correlation between the satellite bright-
ness model and the surface light quantity model presented a high adjustment, 
so that the value of the a priori probability of emitting sources of photons 
(stars) per surface derives from the probability gradient theorem (TGP). The 
value 4.62E-9 starlight m−2·s1, is a universal constant obtained from the delay 
(speed) of light. The velocity of wave-bodies is associated with their probability 
of occurrence. The probability of physical phenomena is regulated by ran-
domness which explains 50% and by causality which explains the remaining 
50%. Light has a probability that arises from its speed, from that probability it 
is estimated that the population of stars in the universe is 4.5E24. 
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1. Introduction 

The human eye can distinguish objects up to a certain size as long as they are 
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contrasted with the background where they are located. The principle of muscu-
lar accommodation of optics proposes a reflex reaction of the eyes (Raasveldt, 
1958) [1] and although the observation of man is three-dimensional, the visual 
perception of the sky with the naked eye adapts to a two-dimensional field 
(García et al., 1997 [2]; Storchi-Bergmann, 2012 [3]). Also, stellar brightness is 
an apparent or relative magnitude, so higher magnitude stars may appear less 
bright because they are farther from Earth than stars that appear brighter be-
cause they are closer. 

In ancient times, the Greek Hipparchus was the first to assign values to the 
brightness of the stars, he attributed magnitude one to the brightest stars and to 
the fainter ones, a magnitude of six. This system was later revised so that a dif-
ference of five magnitudes corresponds to a factor of one hundred in brightness. 
According to Vogt et al. (2019) [4], the Chinese sources that recorded the stars 
of the Far East, show a large number of faint stars (magnitude five or less) which 
were grouped in 283 constellations and added up to between 1.385 and 1.450. 

In the last century, Thackeray (1963) [5] reported that the total number of 
stars visible to the naked eye in the entire sky amounted to an approximate value 
of 6000, whose magnitude limit is ≈6.6. Thanks to the help of telescopes, the to-
tal number of observable stars reached the figure of more than one billion for a 
74-inch telescope, and every time the aperture of a telescope is doubled, the pos-
sibility of seeing eight times more stars is increased. Notwithstanding the above, 
the visualization of the night sky with the naked eye is “contaminated” by the 
brightness of constellations of artificial satellites Hainaut and Williams (2020) 
[6], which began to be launched in the second decade of the last century. 

At present, Mercier’s estimates (2019) [7] propose an age of 13.65E9 years and 
a radius ≈ 1.28E26 m for the universe. However, the expansive condition of the 
universe is not a matter for discussion and its estimated value assumes the “con-
stant” of Planck’s experiment at a speed of 67.4 ± 0.5 km·s−1·Mpc−1, (Netchitailo, 
2020) [8] although it has recently been calculated at a higher figure of 73.24 ± 1.7 
km·s−1·Mpc−1 (Riess, et al. 2018) [9], so the radius of the observable universe 
would be ≈4.4E26 m. The oldest known star is HD 140,283 (Methuselah star), is 
190 light years distant from the Earth and an age of 14,460 ± 0.8 million years, 
has been determined, a figure that does not conflict with the age of the Universe, 
13,770 ± 0.06 million years, based on the microwave background and Hubble 
constant (Netchitailo, 2020) [8]. 

Therefore, this research is based on three assumptions: the first, supported by 
the existence of a visual convergence plane of the night sky that receives photons 
of light emitted from distant stars to the Earth, which arrive with a theoretical 
delay of value c = 299,792,458 m·s−1 (Hippke, 2018) [10]. Due to this assump-
tion, human vision does not perceive photons at the emission source (stars hun-
dreds of light years distant), but at a near convergence distance after traveling 
through space. The second, based on the recognition that the observation of the 
night sky is interfered with by constellations of artificial satellites that orbit the 
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Earth, whose distances are linked to their brightness and the brightness of the 
stars visible to the naked eye. The third, proposes a homogeneous and isotropic 
flat universe verifiable from distances of the order of 600 million light years 
(Wuenscheen, 2003) [11]. Thus, the objective of this study is to triangulate the 
three assumptions and develop mathematical models to propose a valid estimate 
of the population of stars in the universe. 

2. Methods 
2.1. Data Collection 

From the Yale Bright Star Catalog (1991) [12], the number of stars visible to the 
naked eye by apparent magnitude was obtained and from (AAVSO, 2013) [13] 
the value of the limiting magnitude of naked eye visibility of the stars was ve-
rified, for environmental conditions of rural observation. On the other hand, 
the list of the constellations of the artificial satellites of Hainaut and Williams 
(2020) [6] was accessed, classified by distance from Earth and the respective 
brightness. 

2.2. Data Processing 

To build the visual convergence plane, two models were made. The first based 
on the distances of the satellites and their brightness, correlated to the brightness 
of the stars (satellite-stellar brightness model). The second is based on the num-
ber of light-emitting stars on the surface of a convergence plane (quantity of 
light model), which according to Traversa (2020) [14] has a two-dimensional 
value of 4.62E-9 light stars m−2·s1, which due to the Light travel is interpreted as 
the probability (p) of finding light sources and not star density. Descriptive sta-
tistics techniques of central tendency and dispersion were applied. In parallel, 
inferential statistics tools (confidence intervals) were used. The regression be-
tween the brightness and the height of the satellites was found, which reported 
the regression coefficients for the equation of best fit between both variables. 
The apparent distance of the visual convergence plane of the stars was obtained 
by substitution in the adjustment equation. The average apparent brightness dis-
tance was considered for the radius (r) of a circular projection of two-dimen- 
sional surface display (S). The radius distance (r) of the first model was com-
pared with the radius distance (r) of the second model. Finally, both models 
were integrated into a single equation, to find the value (p) and thus be able to 
determine its magnitude and its behavior as a variable or constant. 

3. Results and Discussion 
3.1. Visual Convergence Planes 

The descriptive statistics of the brightness of the 9.097 stars, reported that the 
category with the highest probability is comprised in the interval [6.25 - 6.40]; 
class in which the majority number of stars is found (Figure 1). 
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Figure 1. Frequency of stars as a function of brightness. 

 
Taking as reference the sample mean of brightness (5.66) and its standard 

deviation of 0.89; Inferential statistics constructed a confidence interval for the 
population mean of brightness (μ), comprised between the values [5.64 - 5.68], 
for a confidence of 95% (Equation (1)). 

( ) ( )1,1 2 1,1 2 1n nP x t s n x t s nα αµ α− − − −
 = − ≤ ≤ + = −         (1) 

where: x  = sample average, 

1,1 2nt α− −  = Student’s t-value (n; 95%), 
s = sample standard deviation, 
n = sample size. 
According to Brekke (2012) [15] with the naked eye, between 5000 and 8000 

stars can be observed and according to Collison and Poe (2013) [16], a maxi-
mum of 7500 stars can be visible in optimal conditions of darkness and contrast, 
which would reach up to 9500 according to Müller et al. (2012) [17]. For the 
Yale Bright Star list, the probability density distribution of the brightness of the 
9.097 stars shifts to the right where the median is (5.91) and where the values 
converge at the limit of vision of the human eye adjusted to the Pogson’s loga-
rithmic scale (Fujiwara Yamaoka, 2004) [18]. 

For the total of 26.816 artificial satellite observations, the approximate mean 
height was 890 km (892) and the mean brightness was slightly higher than the 
naked-eye observation limit (6.68 ≈ 6.7). The satellites coincide with the escape 
zone of H+ and He from the terrestrial exosphere (800 - 900 km) and the loca-
tion of some telescopes (Noto, 1998) [19] (Table 1). 

The 95% confidence interval for the population mean of the brightness of the 
satellite constellations (μ) was between [6.66 - 6.70], also at the limit of human 
vision; the interval for the average distance from Earth is [888 - 898] km. The 
best fit regression equation between brightness and distance was of the exponen-
tial type (Equation (2)) and Figure 2: 

xy ab=                               (2) 

where: x = brightness of the celestial body, 
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y = estimated height (km), 
a = 39.2, 
b = 1.57. 

 

 
Figure 2. Exponential regression, brightness and distance of artificial satellites or-
biting the Earth. 

 
Table 1. Estimated height by brightness of artificial satellites orbiting the Earth. 

Satellites fi X (brightness) 
Y distance 

(km) 
^Y estimated 

(km) 
(fi)*distance 

Space X Starlink 340 7518 4.8 340 344 2,556,120 

Space X Starlink 550 1600 5.9 550 566 880,000 

Space X Starlink 1150 2800 7.5 1150 1167 3,220,000 

One Web 648 7.5 1200 1167 777,600 

Amazon Kuiper 590 784 6 590 592 462,560 

Amazon Kuiper 610 1296 6.1 610 619 790,560 

Amazon Kuiper 630 1156 6.1 630 619 728,280 

Sat Revolution 1024 4.9 350 360 358,400 

China CASC 320 7.4 1100 1115 352,000 

China Lucky Star 156 7.2 1000 1019 156,000 

China Commmsat 800 6 600 592 480,000 

China Xinwei 32 6 600 592 19,200 

India Astro Tech 600 7.9 1400 1398 840,000 

Boing 2956 7.2 1030 1019 3,044,680 

LeoSat 108 7.9 1423 1398 153,684 

Sammsung 4700 8.7 2000 2008 9,400,000 

Yalini 135 6 600 592 81,000 

Telesat LEO 117 7.2 1000 1019 117,000 

Iridium 66 7 780 777 51,480 

Average 1411 6.7 892 893 912 

Standard deviation 1917 1.0 424 423 82 

C V % 135.9 15.6 47,5 47,4 9,0 

[Taken and modified from (Hainaut and Williams, 2020) [6]]. 
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The deviation (S) of the regression is 15.41 and according to Mallama (2020) 
[20], the brightness deviation is explained by the uncertainty of the reported 
magnitudes, the variety of observer measurement techniques, the stars used as 
reference measurement, the approach to the nearest whole number, the orienta-
tion of the satellite and the geographic location of the observer. However, the 
regression adjustment coefficient (r) was 0.99. 

If the average brightness (X) of the 9.097 stars is included in Equation (2), the 
apparent distance of the convergence plane is 609 km, its coefficient of variation 
(%) is 22.6 and the limits of the confidence interval (95%) for the population 
mean (μ) are [608 - 610] km. To obtain the most distant limit of the visual con-
vergence plane, the detectable brightness in a rural area (6.2) proposed by 
AAVSO (2013) [13] should be taken; Under these environmental conditions, the 
regression equation reported a maximum possible distance of 648 km. 

According to Traversa (2020) [14], in a universe with a tendency to uniformi-
ty and isotropy, it is possible to apply the probability gradient theorem to the 
delay in the arrival of light photons (delay theorem). Thus, the probability of 
finding light from a star (light emitting light source) is 2.31 × 10−9 in one meter 
and in one second; for two dimensions it is (2) × (2.31 × 10−9), whose p-value = 
4.62 × 10−9 m−2·s1 (Equation (3)). 

12 1
2

cp
 

= − 
  

                          (3) 

where: p = probability of light from a light source m−2·s1, 
c = 3.00E+08 m·s−1 (light delay). 
The surface visualized by the human eye receives photons of light from ap-

proximately 9097 emission sources (stars) from outer space. If probability is con-
sidered as a relative frequency (frequents), it is possible to propose as the num-
ber of favorable cases the light of stars observed with the naked eye per second 
and as the number of total cases to the area of the circle of convergence of the 
observable plane (Equation (4)). 

p n N=                            (4) 

where n: number of favorable cases; N: number of total cases.  
When observing the night sky, the surface of the visual convergence plane in 

its circular projection is the sample space of the total cases, so by substituting N 
for the area of the circle, we obtain Equation (5): 

( )
( )

1

2 1

9.097 stars s

4.62E 9 ligth stars m s
nA
p −

⋅
=

⋅
=

−
                (5) 

Then, by substituting A = πr2 in Equation (5), we arrive at Equation (6) (quan-
tity of light model): 

nr
p

=
π

                           (6) 

By solving for r (surface radius of the observable convergence circle), the av-
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erage value obtained is 610 km, a figure very close to the average of the previous 
model (609 km) that shows the relevance of both propositions (Table 2). 

In this way, the satellite stellar brightness model and the amount of light can 
be integrated into a single model of the visual convergence plane, since the dis-
tance to the convergence plane and the radius of the convergence circle are ap-
proximate (Figure 3). 

The radius of the surface of the observable convergence plane is in an area 
sensitive to solar radiation (Bauer and Lemmer, 2004) [21] and, according to 
Bueche (1977) [22], in it the high-energy photons from the Sun break the mole-
cules into ions (ionosphere). Under a homogeneous and isotropic universe 
(UHI) model (Räsänen, 2009) [23], the density of points of light (stars) per unit 
area could be an estimator of the probability of light traveling (a figure that 
should be higher than the previous). For the sample size of the 7000 central ob-
servations of starlight’s in the magnitude range [4.60 - 6.15], the linear regres-
sion of the estimated radius (m) between the satellite brightness model and the 
quantity of light presented R2 = 0.99; (Figure 4). 

From Equation (4), we can solve for (p) as: n/πr2. It is possible to find the val-
ue of p (probability of light m−2·s1) as a function of n (number of stars accumu-
lated per brightness) on the square of the radius of convergence of the circular 
visual plane multiplied by π. 

Then, using Equation (7), we can now triangulate and substitute r for the dis-
tance (height in m) from Equation (2) as: 

( )
1

2
i

i y
ii

x

y
p

ab

=

==
π

∑                           (7) 

where: p = probability of light source m−2·s1, 
yi = number of stars accumulated to a brightness i, 
xi = brightness of a star i, 
a = 39.2, 
b = 1.57. 
The probability distribution of surface light (p) as a function of stellar bright-

ness presents a stable horizontal trend for the circular projection, with an aver-
age value equal to 4.62E-9 (starlight m−2·s1) and a reduced coefficient of varia-
tion. This is confirmatory evidence that p = 4.62E-9 (starlight m−2·s1) is a uni-
versal constant, since it is a sample derived from 5000 astronomical observations 
(Figure 5). 

 
Table 2. Parameters of the satellite-stars brightness and amount of light models. 

Parameter 
Satellite-Stars Brightness 

radius (m) 
Light Quantity 

radius (m) 

Average (m) 609 610 

Median (m) 614 616 

Standard deviation (m) 68.2 82.3 

Coefficient of variation (%) 22.6 32.9 
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Figure 3. Flat Convergence Model [E = 
earth; R = radius of convergence plane; 
d = distance to the convergence plane 
(Cp); Cp = convergence plane; Sl = 
Starlight]. 

 

 
Figure 4. Linear regression, estimated radius (m) between the quantity of 
light model and the satellite brightness model. 

 

 
Figure 5. Distribution of the probability of light on the surface (m2) as a 
function of stellar brightness. 
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3.2. Star Estimation for the Universe Model 

The emergence and extinction of stars is framed in a Binomial probability dis-
tribution model of presence-absence, with parameters n (sample size) and p 
(probability of success in each trial). As it is a limiting case, the random variable 
of the number of successes (stars) can be considered within the Poisson model in 
an interval of value λ/n. The mathematical expectation E(x) = λ and since E(x) = 
n * p, n can be considered as the space-time of the universe taken at the origin 
(Big Bang). Only solar-like objects are able to shine for billions of years and to be 
observable until the present universe: thanks to the parameters characterizing 
our universe (Hujeirat, 2018) [24]. If, according to Mercier (2019) [7], the un-
iverse was born from a disturbance that occurred 13.65E9 years ago millions of 
years (which is equivalent to 4.3E17 seconds) and moves at a speed c; the current 
size of the shock wave is 13.65*2π. Under the flat universe model (Shaikh and 
Bhoyar, 2015) [25] and with a radius of the universe ≈ 1.28E26 m (Mercier, 
2019) [7]; the number of stars in the universe can be obtained as 8: 

( )

2

2
Ru

E x p
Tu

λ

 
 π = = ∗                        (8) 

where: λ = mathematical expectation of the number of stars in the universe, 
Ru = radius of the universe (m), 
Tu = universe time (s), 
p = 4.62E-9 (starlight m−2·s1), 
2π = expansive factor of the universe wave. 
By substituting for the values of Equation (8), we obtain: 

( )

21.28E26
2 4.62E 9 4.5E24 stars

4.3E17
E x λ

 
 π = = ∗ − ≈  

For this estimated radius of the observable universe, an approximate value of 
4.5E24 stars is obtained, the figure is higher than the estimate of Lazo (2015) 
[26] (6E22 stars) and similar to the value recently reported by Staff (2019) [27] 
(1E24 stars) who recognizes that they could be underestimated in quantity. Ac-
cording to (Hujeirat, 2018) [24], in the absence of heavy elements, massive stars 
must have collapsed into huge stellar black holes, which reside at the centers of 
observable galaxies. In that sense, equation eight can also be applied to galaxies 
of known diameter and age. For the Milky Way, the following results are ob-
tained: 

( )

25E20
2 4.62E 9 6.9E13 stars

4.26E17
E x λ

 
 π = = ∗ − ≈  

4. Conclusion 

The correlation between the satellite brightness model and the surface light quan-
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tity model showed a high fit. The probability of photon emission [sources = stars], 
per area is a constant of 4.62E-9 m−2·s1. The value is derived from the Gradient 
Probability Theorem (TGP). Due to the theorem, in the universe the probability 
of physical events is not 100% random or 100% causal. Randomness explains a 
maximum of 50% and causality explains the remaining 50%. Although in theory 
it is allowed to go to infinity without an event occurring. The TGP shows that a 
large sample of size (n-1) (not infinite) is enough for an event inevitably occur-
ring with a cumulative probability of value 0.5. The TGP reconciles mathematics 
with physics by including speed (delay) in probability of an event. Since light has 
its speed, a probability is also assigned. The estimate of the total population of 
stars in the universe is ≈4.5E24. 
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