
 

 

 
Abstract—We propose a non-expanding model of the universe 

based on the non-changing fine-structure constant and the Einstein’s 
space-time relativity theory by assuming that the vacuum space 
permittivity is a decaying function over the time span of the universe. 
This model consistently explains the Redshift, the “expanding” and the 
age of the universe as in the “Big Bang” model. It also offers an 
interpretation on the unexpected “accelerated expanding” universe and 
the origin of the mystery “Dark matters” which the “big Bang” model 
has failed to explain. This model predicts that the universe began with 
an “extremely cold” rather than “extremely hot” stage to explain the 
cosmic microwave background radiation and the age of the universe 
without introducing the problematic singularity and inflationary issues 
introduced in the “Big Bang” model. It predicts mathematically that 
galaxies could end into blackholes. Because blackholes should have 
the same space conditions as those of the vacuum space in the 
beginning of the universe in this model, this work paves the way to 
support the cyclic universes model without violating the first law of 
thermodynamics. 

 
Keywords—Cosmic microwave background, dark energy, dark 

matters, expanding universe, evolution of the universe, blackholes. 

I. INTRODUCTION 

URRENT well accepted universe theory is the “Big Bang” 
model, supported or driven by the Redshift or “recession” 

observation. The “Big Bang” theory describes the universe 
started with an infinitely hot and dense single point, followed 
by a “Big Bang” to inflate and stretch from an unimaginably 
high speed. The understanding about the “Big Bang” comes 
from mathematical modelling and through a phenomenon 
known as the cosmic microwave background radiation. Besides 
the Big Bang theory, there are other much less popular or 
successful theories such as eternal inflation or an oscillating 
universe [1]-[4]. 

Fritz Zwicky proposed the “Dark matter” or invisible matter 
in 1934 to account for evidence of the "missing mass" in the 
orbital velocities of galaxies in clusters [5], [6]. Subsequently, 
other observations have indicated the presence of the mystery 
“Dark matter” [7], [8]. The “Dark matter” is not interacting with 
electromagnetic radiation or utterly transparent or nonbaryonic. 
The required “Dark matter” should consist over 85% of all 
matter in the universe and its existence indicates without 
introducing the “Dark matter” the behavior of stars, planets, 
galaxies, and the universe would be inexplicable.  

The Einstein’s relativity theory was based on that the speed 
of light is a constant to build his revolutionary relativity theory 
of space and time [10]. Attempts were continuously conducted 
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in searching evidence whether the speed of light is or is not a 
fundamental constant of nature, for example, measuring the 
fine-structure constant, though incredibly the fine-structure 
constant does not appear to have been much different from a 
long time ago [11]-[14]. 

II. MODELLING 

The speed of light in vacuum is a physics constant today 
defined as exactly equal to 299,792,458 meters per second, the 
second is defined by taking the unperturbed ground-state 
hyperfine transition frequency of the cesium-133 atom to be 
9192631770, which is equal to s−1 , and the unit of meter is the 
light travelled length in 1/299792458 second in vacuum [9].  

Considering light emissions from electrons-ions interactions 
in atoms, the photon energies are proportional to the square of 
the Coulomb constant, ke

2, which suggests the frequency of 
light is also proportional to ke

2 by assuming the Planck constant 
is independent of the Coulomb constant. Further we take the 
fact that the fine-structure constant is independent of the age of 
the universe, therefore one can obtain that the speed of light in 
vacuum space is proportional to the ke. 

We chose a refence point of the universe (the current stage 
of our time and space, in this paper). In other stage of the 
universe (past or future), we express the “Coulomb constant” as 
kp = kekr, here we call kr as a relative vacuum space property 
function. If the kp is not a constant at other stages of the 
universe, then kr is not equal to 1. The speed of light for other 
stages of the universe can be expressed as cp = ckr where c is 
the speed of light in vacuum space determined currently at the 
current stage of the universe. The distance unit meter is thus 
inversely proportional to kr (i.e. xp = xokr

-1, where xo is the 
current value of the meter unit), and the time unit in second is 
sp = sokr

-2, where so is the current second unit. If kr is not equal 
to 1 the values of sp in second and the meter xp will be different 
from those in today. The unitless quantity spcp)/xp is an 
invariance parameter independent of kr and does not violate the 
causality and the Einstein’ relative space-time theory. A 
distance lp measured using the meter definition xp = xokr

-1 will 
be proportional to kr. As cp = ckr, the time tp required for a light 
to pass through the distance lp, therefore, is also an invariance 
parameter independent of kr. Thus, the invariance parameter 
spcp)/xp can be extended to a form of tpcp/lp for radiation 
traveling, regardless the value of the relative vacuum property 
function kr.  

We consider a model of the universe: in the beginning of the 
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universe, the value of the relative vacuum property parameter 
kr of the vacuum space is very small and then the kr increases 
over the life span of the universe, i.e. the vacuum space is 
decaying over the life span of the universe. Note that in our 
model the photon emission frequency fp = fekr

2 and its 
wavelength p = ekr

-1, where fe and e are our current frequency 
and wavelength values respectively. 

We start at a naturally decaying reciprocal vacuum property 
function (proportional to the vacuum space permittivity) k-1(t) = 
Ae-bt (A and b are positive and limited constants), or a relative 
vacuum property function kr(t) = e-b(T-t), normalized by our 
current kr at the defined age T of the universe. In this study we 
call the accumulated time t for a light passing through the space 
as “the universe time” thus the T is the age of the universe in 
the universe time. We assume in this model that all current 
fundamental physics laws are firmly hold including Einstein’s 
space-time theory and quantum physics. 

III. RESULTS 

We consider a first light emitted at universe time close to zero 
and finally reached us by travelling an accumulated or proper 
distance D(0) at universe age time T in a “static” universe 
scenario, we have: 

 

𝐷ሺ0ሻ ൌ ׬  𝑐𝑒ି௕ሺ்ି௧ሻ்
଴

𝑑𝑡 ൌ  ௖

௕
ሺ1 െ 𝑒ି௕்ሻ.     (1) 

 
When 𝑒ି௕் ൎ 1, D(0) ൎ cT; and when 𝑒ି௕்approaches zero 

the proper distance D(0) approaches the constant c/b. For a 
general case of a light emitted at time t, the proper distance D(t) 
can be expressed as: 

 

𝐷ሺ𝑡ሻ ൌ ׬  𝑐𝑒ି௕ሺ்ି௧ሻ்
௧

𝑑𝑡 ൌ  ௖

௕
൫1 െ 𝑒ି௕ሺ்ି௧ሻ൯.    (2) 

 
Equation (2) shows that the “expansion” rate of the distance 

ௗ஽ሺ௧ሻ

ௗሺ்ି௧ሻ
ൌ 𝑐𝑒ି௕்ା௕௧ is an increasing function with the universe 

time t and of course with our current time defined in the current 
universe age because both time functions are monotonically 
increasing. The second derivative of D(t) is also a non-zero 
positive and increasing function. Thus, this model gives a 
straightforward explanation on the “recession” and on the 
observed Redshift result [15] that the universe was 
acceleratingly “expanding”, which is originated from the 
decaying vacuum space property according to this model.  

For nearby stars, the Hubble constant H in the Hubble’s law: 
 = HD = cz, was recently determined as 72.0 or 69.8 km/s/Mpc 
in well cited two separate determinations and its reciprocal 
value was used to define the age the universe [16], [17], where 
 is recessional velocity, D is the proper distance, and z is the 
Redshift equal to a normalized wavelength shift. Using the 
vacuum property model, wavelength (t) = ekr

-1(t), wavelength 
shift (t) = ekr

-1(t) - e, or ekr
-2(t)kr(t), for the nearby proper 

distance, we have: 
 

𝐻𝐷 ൌ 𝑐𝐻ሺ𝑇 െ 𝑡ሻ ൌ 𝑐𝑧 ൌ 𝑐
௱஛

஛೐
 ൎ 𝑐𝑏ሺ𝑇 െ 𝑡ሻ.    (3) 

 

Equation (3) shows that the constant b in the relative vacuum 
property function is equal to the Hubble constant in the near 
universe age approximation. When T – t is not small, using 
(t) = ekr

-1(t) - e and (3), the relationship between H and b 
is: 

 

𝐻 ௖

௕
ሺ1 െ 𝑘௥ሺ𝑡ሻሻ ൌ  𝑐 ଵି௞ೝሺ௧ሻ

௞ೝሺ௧ሻ
, 𝑜𝑟 𝐻ሺ𝑡ሻ ൌ 𝑏𝑘௥

ିଵሺ𝑡ሻ.  (4) 

 
Equation (4) shows that the H(t) is inversely proportional to 

the relative vacuum space property function. Taking b = H(T) 
and (1- kr(t))/ kr(t) = z(t), we can express the “Hubble constant” 
as a time dependent function H(t) on z(t) for a radiation signal 
emitted at time t close to zero as: 

 

𝐻ሺ𝑡ሻ ൌ  𝐻ሺ𝑇ሻ𝑒ுሺ்ሻሺ்ି௧ሻ ൌ 𝐻ሺ𝑇ሻ൫1 ൅ 𝑧ሺ𝑡ሻ൯.    (5) 
 
Using the largest observed value of z(t) and assuming the 

value is for a light emission close to t = 0, we can express the 
age of the universe in the universe time scale as: 

 

𝑇 ൒  ୪୬ ሺଵା௭ሺ଴ሻሻ

ுሺ்ሻ
.         (6) 

 
Applying the large z Redshift value 4.658 observed recently 

[18] and H-1(T) = 13.8 billion years to (6), we obtained the T 
about 23.92 billion universe years; and using the highest z 
Redshift 10.957 reported earlier [19], we obtained the T about 
34 billion universe years, which can be simply scaled to our 
current time using the scaling equation: 

 

𝑇௖ሺ𝑡ሻ ൌ ׬  𝑒ି௕ሺ்ି௧ሻ்
௧

𝑑𝑡 ൌ ଵ

௕
 ሺ1 െ 𝑒ି௕ሺ்ି௧ሻሻ.    (7) 

 
This scaling equation is capped at the value of Tc = b-1, 

showing the consistency with the “Big Bang” model. Using (7) 
we obtained the Tc time for the z Redshift of 4.658 and 10.957 
light was from 11.4 and 12.7 billion current years respectively. 
By taking t = 0 and when bT >> 1, Tc(0) approaches the current 
defined or accepted universe age = b-1 =13.8 billion current 
years. 

We argue that when the vacuum space property is time 
dependent then the vacuum space must contain energy and 
mass. We apply Einstein’s mass-energy equation E = mc2 to 
this model, the mass-energy equation is modified as E = 
mc2kr

2(t). When the kr(t) is small at the beginning of the 
universe, i.e., at t = 0, E = mc2kr

2(0) = mc2𝑒-2bT, here c2𝑒-2bT is a 
noon-zero invariance constant independent of T, indicating an 
“extremely cold” rather than “extremely hot” early universe. As 
the universe becomes older and older, the energy level of an 
ordinary mass relative to the energy level of vacuum space 
becomes larger and larger.  

We propose that the energy level of the vacuum space 
reduces while the energy of mass matters increases by assuming 
that an enclosed universe obeys the energy. Using the current 
observable proper distance 13.8 billion light current years and 
“Dark matter” = 5.4 times of ordinary matter [20] and kr =1, we 
estimate that the energy density level of the vacuum space has 
dropped by 9x10-9J/m3 since the beginning of the universe.  
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Accept the fact that the vacuum space does not travel in the 
speed of light, it must have a rest mass property otherwise it 
violates the Einstein’s time-space relativity theory. This implies 
that we must assume that the vacuum space has a non-
condensable super-fluid property and does not interact directly 
with ordinary matters or radiations other than gravitational 
forces or is a form of matter which has not been included in the 
Standard Model. When an ordinary matter is in a uniform and 
isotropic vacuum space, the integrated net gravitational force 
from the isotropic uniform vacuum space environment will be 
cancelled as if the ordinary matter were floating in a super fluid 
space with a nil net interaction.  

We argue that the vacuum space property cannot be 
homogeneous locally. If the vacuum space has a property of rest 
mass to interact gravitationally with localized stars/blackholes 
and galaxies, it will lead to an inhomogeneous vacuum space 
around stars/blackholes or within or around galaxies to appear 
as a mystery “Dark matter” around or within galaxies. We use 
a relative mass density ring function mrto simulate the mass 
effect of the vacuum space reference to the mass level of the 
remote vacuum space for a case of a galaxy that its stars orbit 
the galaxy with a constant orbiting period Tp, where the relative 
mass density ring function is an integrated effect of an 
approximated ring (or a cylindrical shell) of vacuum space 
centered at the center of the galaxy with radius r. For a star at 
distance R from the center of the galaxy, any point at distance r 
< R from the center of the galaxy, the contribution of the 
relative mass density ring function mrof the vacuum space 
to the star at R is mrmRif r > R, the contribution of the 
mass ring function of the vacuum space is zero. We use a linear 
function truncated at distance equal to the maximum possible 
radius of the galaxy: mrmr, where moand are 
constants satisfying the equation mRmax = 0, and the Rmax 

is the maximum orbiting radius of stars at the edge of the 
galaxy. Using the “Dark matter” model for a given galaxy with 
a constant rotational period and assuming the thickness ℎሺ𝑟ሻ of 
the galaxy satisfies a truncated parabola function: ℎሺ𝑟ሻ ൌ
 𝛽ሺ𝑅௠

ଶ െ 𝑟ଶ ሻ ൒ 0, where is a constant and Rm is the radius of 
the galaxy, we have: 

 
ଶగீ ׬ ఉሺோ೘

మ ି ௥మ ሻ൫ఘ೘ሺ௥ሻିఘ೘ሺோሻ൯௥ௗ௥
ೃ

బ

ோమ ൎ ଵ

ଷ
𝜎𝛽𝜋𝐺𝑅௠

ଶ 𝑅 ൌ ସగమோ

೛்
మ  . (8) 

 
It satisfies the requirement of a constant period Tp, which is 

equal to (12𝜋/𝜎𝐺ℎሺ0ሻሻ1/2. Note that if one takes a uniform 
thickness (𝛽𝑅௠

ଶ ሻ of a galaxy instead of the truncated parabola 
function, (8) will be exactly equal. Using the Milky Way galaxy 
as an example, Tp = 225 x 106 years and h(0) = 1000 light years, 
we obtained 𝜎 = 1.2 x 10-39. The mass effect of the vacuum 
property should not affect significantly the motions of local 
stars or planets even at the center of galaxies. We assume that 
the solar system is in the Milky Way galaxy center without 
interactions from others ordinary matters, the ratio of the 
interaction force on the Earth from the mass of the vacuum 
space to the interaction force from the Sun is about 10-15, indeed 
negligible. The 𝜎 value cannot be more than a certain value for 

a galaxy, otherwise the entire galaxy could fall into a blackhole. 
Using the Schwarzschild radius [21], the requirement to prevent 
the blackhole formation of the Milky Way galaxy is: 

 

𝑟௦  ൐  ଶீெ೘

௖మ ൌ ଶగீ௛ሺ଴ሻோ೘
య ఙ

ଷ௖మ .       (9) 

 
where Mm is the supposed total mass of the “Dark matter” in 
the Milky Way galaxy, and rs is the Schwarzschild radius. We 
found that the 𝜎 value cannot be more than 2.7x10-34, which is 
5 order of magnitude higher than the current value. At future 
time t > T, we can have the condition to prevent a blackhole to 
form as: 

 

𝑐ଶ ൐ ଶ

ଷ
𝜋𝐺ℎሺ0ሻ𝑅௠

ଶ 𝜎ሺ𝑡ሻ𝑘௥ሺ𝑡ሻ.      (10) 

 
Equation (10) indicates that as long as the 𝜎ሺ𝑡ሻ is an 

increasing parameter over time, eventually the galaxy will fall 
into a blackhole as the kr(t) increases continuously in this 
model.  

The cosmic microwave background radiation [22] can be 
interpreted consistently as from the early “super cold” universe 
without introducing the gravitational singularity and the 
inflationary period in the “Big Bang” model. We use the 
hydrogen atom formation as the first radiation signals in the 
beginning of the universe. At the beginning of the extremely 
cold universe, the decaying vacuum property brought electrons 
and protons to appear without or with minimum thermal energy. 
The combination of electrons and protons to form hydrogen 
atoms would emit photons with 13.6𝑒-2bTeV energy. The 
emitted photons would be absorbed by hydrogens or protons or 
electrons in the space. When the thermal equilibrium was 
reached and hydrogen atoms formation was largely completed 
the average thermal energy of each hydrogen atom = 3kTb/2 = 
13.6𝑒-2bTeV (where k is the Bolzman constant and the Tb = the 
microwave background radiation temperature 2.73K), we can 
obtain the T = 72.8 billion universe years. Using the scaling 
equation (7) we have Tc = 13.73 billion current years, which 
occurred 0.07 billion current years from the start of the 
universe. 

As the universe becomes older and older and the speed of 
light in free vacuum space becomes larger and larger, the effect 
of the resulted “Dark matter” will more and more dominantly 
control the motions of a galaxy. This model suggests that 
eventually the overall mass of each galaxy will become large 
enough to crash the galaxy into a single blackhole. It is 
interesting to ask if all galaxy-blackholes be attracted together 
to form a grand super blackhole in the universe. Taking rs(T) = 
10 times of the Milky Way galaxy radius Rm to cover a distance 
to reach nearby galaxies/blackholes, we can have that  should 
be about 2.7x10-33, 6 order of magnitude higher than the current 
value. When it happens, the mass of “Dark matter” will increase 
with 𝑟௦

ଷ, an accelerated expanding of the Schwarzschild radius 
will occur, leading to a “contraction” universe, i.e. the 
formation of a single super blackhole in the observable universe 
is mathematically possible.  

This model requires a mass reverse mechanism of blackholes 
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to bring the relative vacuum space function close to zero or the 
energy level of the vacuum space close to that of ordinary 
matter (if any exists), so that the decay of the vacuum space can 
start again for the next universe, otherwise our universe would 
be unique. The invariance parameter c2𝑒-2bT tells us that the 
energy level of a mass cannot be zero, i.e., the kr(t) function 
inside the Schwarzschild radius cannot be zero, or the speed of 
light cannot be zero and must be greater or equal to c𝑒-bT. 
Taking the case of the speed of light inside the Schwarzschild 
radius equal to c𝑒-bT and the value kr inside the blackhole equal 
to 𝑒-bT, we can fortunately see that it is the same conditions of 
the beginning of the universe in this model, which offers a 
strong indication that the reverse mechanism is occurring 
within blackholes whenever the blackholes expand. Therefore, 
this model indicates that our universe was originated from a 
super blackhole.  

IV. DISCUSSION 

A few conclusions resulted directly from the proposed non-
expanding universe model are supported by the observed well-
known results, including the “Redshift” of the galaxies, the 
“recession” speed of the galaxies, the observable universe age 
(13.8 billion current years). This model is the first time to 
explain mathematically the puzzling observation of the 
“accelerated expanding” universe, and first to model 
completely the origin of the mystery “Dark matters” well 
agreed with the constant orbiting speeds of stars in galaxies. 
The “extremely cold” temperature of the early universe resulted 
from this model is well supported by the cosmic microwave 
background radiation at 2.73K. The lens effect of the galaxies 
and in particular the blackholes support the conclusion that the 
vacuum space properties in their vicinity of the objects are 
different from those in the free vacuum space. Our model shows 
that the yearly change rate of the vacuum space property 
function or the Coulomb constant (about 9x109) is inversely 
proportional to the universe age, much smaller than the 
uncertainty of the Coulomb constant. Particularly, the Coulomb 
constant is commonly measured using the speed of light, which 
is correlated with the vacuum space property function. In 
particular, the product of the speed of light and the vacuum 
space property function is an invariance parameter, therefore, 
the results of the Coulomb constant measurement also support 
our model. In a word, this model is supported by all cosmic 
observations of the universe. A few feasible experiments are 
suggested to give further confirmation or otherwise on the 
validity of this model, for example: 
1. The rotation speed of a galaxy was becoming faster and 

faster over the life span of the universe, or the remote 
galaxies appear to rotate slower, and the sizes of remote 
galaxies/clusters were larger and became smaller and 
smaller over the life span of the universe. 

2. The quantity of the “Dark matter” in galaxies was growing, 
thus their lens effects of galaxies were enhanced over the 
life span of the universe. 

3. By assuming the kr is a continuous function outside the 
Schwarzschild radius of a blackhole, the kr value near the 

Schwarzschild radius must be extremely small. 

V.  SUMMARY 

A non-expanding universe model is proposed by introducing 
a decaying vacuum space property function. This model can 
explain the Redshift and the “recession” of the universe, the 
beginning and the age of the universe without introducing the 
singularity and inflationary issues that introduced in the “Big 
Bang” model. Furthermore, it can explain the surprising and 
puzzling “accelerated expanding” of the universe and the 
“unexpected” constant orbiting period of stars in galaxies i.e., 
the origin of the mystery “Dark matter”, which the “Big Bang” 
model has failed to explain. The cosmic microwave background 
radiation observation supports this model as evidence of an 
“extremely cold” early universe, rather than an unimaginable 
“extremely hot and small point” process in “Big Band” model. 
It shows mathematically that galaxies could be eventually 
crashed into a large blackhole. We argue that the initial vacuum 
space conditions of the universe should be the same to that 
within the Schwarzschild radius of blackholes therefore a 
process should occur within blackholes to bring their vacuum 
space back to their initial values whenever the blackballs 
expand, opening a possibility of cycling universes without 
violating the first law of thermodynamics.  
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