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Abstract 
In view of the growing difficulties of ΛCDM-cosmologies to compete with 
recent highly accurate cosmological observations, I propose the alternative 
model: the Unicentric Model of the Observable UNiverse (UNIMOUN). The 
model relies on employing a new time-dependent  -metric for the GR field 
equations, which enables reversible phase transitions between normal com-
pressible fluids and incompressible quantum superfluids, necessary for stud-
ying the cosmic evolution of the observable universe. The main properties of 
UNIMOUN read: 1) The observable universe was born in a flat spacetime 
environment, which is a tiny fraction of our infinitely large and flat parent 
universe, 2) Our big bang (BB) happened to occur in our neighbourhood, 
thereby endowing the universe the observed homogeneity and isotropy, 3) 
The energy density in the universe is upper-bounded by the universal critical 
density uni

crρ , beyond which matter becomes purely incompressible, render-
ing formation of physical singulareties, and in particular black holes, imposs-
ible, 4) Big bangs are neither singular events nor invoked by external forces, 
but rather, they are common self-sustaining events in our parent universe, 5) 
The progenitors of BBs are created through the merger of cosmically dead 
and inactive neutron stars and/or through “supermassive black holes” that are 
currently observed at the centres of most massive galaxies, 6) The progenitors 
are made up of purely incompressible entropy-free superconducting gluon- 
quark superfluids with uni

crρ ρ=  (SuSu-matter), which endows these giant ob-
jects measurable sizes, 7) Spacetimes embedding SuSu-matter are conformally 
flat. It is shown that UNIMOUN is capable of dealing with or providing an-
swers to several fundamental open questions in astrophysics and cosmology 
without invoking inflation, dark matter or dark energy. 
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1. Introduction 

For thousands of years, the geocentric model was accepted as the unrivalled 
model which visibly describes the cosmos: celestial bodies and objects, including 
the moon, planets, the Sun, stars and etc., move across the sky, whereas the 
Earth residing in the centre of the cosmos. Theoretically, the model was first 
discussed by the famous Greek philosophers Plato and Aristotle and completed 
about 450 years later by the Greek astronomer Ptolemy [1] [2]. Accordingly, the 
Earth is a perfect sphere, stationary and located at the centre of the cosmos, 
whilst all other celestial objects orbit it. The first orbit was devoted to the moon 
and followed respectively by Mercury, Venus, the Sun, Mars, Jupiter and Saturn. 

The model continued to be valid until Nicolaus Copernicus in 1543 published 
his new radical heliocentric model of the universe. Here the Sun, rather than the 
Earth, lies in the centre of the universe, whilst all other celestial objects, includ-
ing the Earth, moon and planets, are orbiting the Sun. Moreover, together with 
Galileo Galilei, it was argued that the Earth even rotates around its axis once a 
day. Hence the centuries-long divine role of the Earth in the cosmos was sud-
denly cancelled and doomed the Earth to a normal celestial object [3] [4]. 

Several years later, Thomas Digges proposed replacing the heliocentric model 
with an alternative one, in which the universe is completely flat, static and infi-
nite in space and time. The model was ignored due to missing support from as-
tronomers.  

Despite the modification of Johannes Kepler and Isaac Newton, the heliocen-
tric model did not survive the early years of the nineteenth century, when ob-
servations revealed that the solar system, together with the embedding milky 
way galaxy, are just tiny fractions of a much larger universe. Based thereon, an 
alternative model was suggested by Einstein in 1917, in which the universe is 
spatially finite but temporally infinite [5]. Here Einstein included the cosmolog-
ical constant in his field equations to relax the expansion of the spacetime at the 
background. However, several years later, Edwin Hubble discovered that the 
universe is expanding rather than static. When combining this finding with the 
observed homogeneity and isotropy of the universe, it was concluded that the 
milky way, as well as other galaxies, are uniformly distributed on the surface of 
an inflating ballon-like structure that lacks a central symmetric point, hence 
why the FLRW-metric was considered to be the correct metric for describing 
the expanding universe (see [6] [7] and the references therein). The current 
ΛCDM-cosmologies use this metric to study the universe’s accelerating expan-
sion. However, this simple model was found to still be inconsistent with various 
observed properties of the universe, and therefore new exotic components were 
invoked to solely match observations, though their physical origins continued to 
be a mystery [8] [9]. 

ΛCDM-cosmology is currently widely accepted as the standard model of 
cosmology, in which inflation, dark matter (DM) and dark energy are its main 
building blocks. DM was invoked to enable the formation of galaxies, large-scale 
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structures and reasonable distributions of galaxies in the observable universe, 
whereas dark energy, generally identified as the cosmological constant Λ in the 
field equations, is the driver for accelerating the expansion of the universe [10] 
[11]. The role of inflation is to enable an abrupt expansion of the universe, 
through which observations of the early universe, the absence of magnetic mo-
nopoles, homogeneity and geometrical flatness of our observable universe may 
nicely be explained [12] [13] [14]. 

On the other hand, despite advanced BH theoretical research and the recent 
tremendous efforts by the EHT observations, which placed the existence of BHs 
beyond doubt, it is, however still unclear why the universe chose to adopt expo-
nential inflation in the early universe rather than collapsing into a supermassive 
black hole [15] [16] [17] which is the preferable evolutionary track, when taking 
into account the short length and time-scales characterizing the system. More- 
over, the ΛDCM-cosmologies failed to resolve other fundamental problems in 
astrophysics and cosmology, e.g. the coincidence and fine-tuning problems, the 
voids crisis, the nature of dark matter and dark energy and how to resolve the 
current persistent Hubble tension [8] [18]. 

The related fundamental question to be answered is: Do the laws of nature 
permit the existence of a maximum energy density in the universe? If they do, 
BHs become superfluous and their existence should be ruled out. 

Worth noting here is that the BH-paradigm was rejected at least two times by 
Einstein: in 1915 and 1939 when he mentioned that “Schwarzschild singularities 
do not exist in physical reality.”  

Indeed, UNIMOUN is a self-consistent model of the universe and a promising 
alternative to ΛDCM-cosmologies; no exotic components are needed, and in 
most cases, it complies nicely with observations whilst suggesting simple and rea-
sonable answers to still open questions is astrophysics and cosmology. 

In the present paper, we present an alternative model to the evolution of the 
observable universe, abbreviated UNIMOUN. In the following sections, we dis-
cuss the physical basis of the model and its mathematical foundation and briefly 
propose answers to selected open questions in astrophysics and cosmology. Fi-
nally, I end up with Section 5, where I summarise the model’s main aspects and 
highlight the relevant consequences.  

2. Pulsars: The Fabric of Incompressible Gluon-Quark  
Superfluids 

The state of matter inside massive neutron stars (NSs) cannot be probed under 
terrestrial conditions, though multi-messenger observations may be used to limit 
the range of possibilities. In particular, the observed glitch phenomena in pulsars, 
together with the recently discovered under and over-shootings found to asso-
ciate the glitch events in the Vela pulsar, confirm the predicated exchange of 
mass and angular momentum in the geometrically thin boundary layer between 
the rigid-body rotating quantum core and the differentially rotating dissipative 
matter in the overlying shells [19] [20] [21] [22]. Recalling that the density of 
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degenerate matter inside the cores of massive pulsars is larger than the nuclear 
density 0ρ , then the cooling down of pulsars on cosmic times should transfer 
their contents into entropy-free superfluids. Further confirmation comes from 
the recently detected merger of the NS-binary in GW170817, in which the rem-
nant is apparently not a BH but rather a NS with a hypermassive superfluid core 
[23]. Similar to massive stars, the luminous lifetimes of NSs correlate inversely 
with their masses, which, among others, may explain the missing first generation 
of NSs formed from the collapse of population III stars (see [24], and the refer-
ences therein). 

In the following, I address additional properties of NSs that are relevant to 
UNIMOUN:  

• Had NSs radiated away their entire secondary energies1, then their contents 
would settle down to the truly lowest possible quantum energy state. It is hy-
pothesized here that this supranuclear dense matter with zero-entropy would 
consist of paired gluon-quarks that collectively behave as a single quantum enti-
ty. In the absence of secondary energies, internal communications between the 
constituents are mediated with the speed of light, which make the matter well- 
equipped to resist all types of external perturbations, including self-collapse. 

• The glitches of the well-observed Crab and Vela pulsars are abrupt events 
through which considerable amounts of rotational anergies are ejected from 
their cores into the ambient media, where they viscously diffuse through the 
whole shell, thereby triggering their observed spin-up (Figure 1). Indeed, it was 
shown that pulsar cores evolve in accord with the Onsager-Feynman equation 
[19]:  

( )d d ,
d     2 d

S h N
t m t
Ω

=                        (1) 

where , ,S NΩ  are the cross-section, angular frequency, and the number of 
vortices inside the core, respectively. 

During the glitch event, the cross-section of the core, S, must increase, and 
due to incompressibility, its mass and dimension increase linearly as well. Con-
sequently, in the limit of t →∞ , the angular frequency 0Ω→ , and therefore 
S S∞→ , which is equal to the total cross-section of the object. This implies that 
the dead NS is effectively metamorphosed into an invisible object that consists 
solely of its rest mass, as shown in Figure 1. These objects are termed dark 
energy objects (DEO).  

• Observations indicate that newly born pulsars undergo glitching more fre-
quently than older ones [25] [26]. The Crab and Vela follow these tendencies. 
This indicates that pulsars are born with embryonic SuSu-cores, but their effects 
become measurable once their relative inertias became dynamically significant 
(see Figure 4 in [22]).  

• The spacetime embedding incompressible entropy-free SuSu-matter should 
be flat.  

 

 

1e.g. 0thermal kinetic magneticE E E= = = =� . 
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Figure 1. The time-evolution of the relative change of the angular frequency, nm nm∆Ω Ω  
of normal matter inside the boundary layer between the rigid-body rotating SuSu-core 
and the normal matter in the ambient shell is shown during two successive glitch events 
(top-left). In the top-right panel the duration between two successive glitch events, ctδ , 

and the corresponding increase of the relative cross-section of the DEO-core, S S∆ , 
versus cosmic time are shown. In the lower panel, the cosmic evolution (yr) of the size of 
a SuSu-core (black circle) of an arbitrary pulsar relative to the surrounding shell of nor-
mal matter and the corresponding total number of glitch-events are shown. Here, the 
Crab and Vela pulsars are predicated to have undergone million and ten million glitching 
events during their lives, respectively. They are expected to fully metamorphose into 
DEOs after having undergone several billion glitching events, which correspond to roughly 
one hundred million years.  

 
In a previous study, it was argued that the amount of enclosed total mass of 

normal matter in a system should be readable from the curvature of the embed-
ding spacetime, in accord with ADM-mass calculated from the positive energy 
theorem [17].  

Assume we are given a cosmically dead NS, and the enclosed matter is on the 
verge of making a phase transition from maximally compressible into an in-
compressible state. In this case, there is no volume change as the separation be-
tween three quark flavours inside a baryon at uni

maxρ  and 0T =  is 0.85 fm (see 
Figure 4 in [17]) is identical to the average separation between any pair of quarks. 
Here it was conjectured that the energy stored in the curvature of the embedding 
spacetime during the phase transition goes into a macroscopic confining of the 
ocean of the incompressible SuSu-matter. The process here is reversible: once 
the SuSu-core undergoes hadronization, the macroscopic confining energy goes 
back into curving the embedding spacetime.  

• Purely incompressible SuSu-matter is insensitive to further compression by 
external forces, and therefore all types of gradients of physical quantities vanish. 
Hence the regularity condition usually imposed at the centre of astrophysical 
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objects is met everywhere inside SuSu-cores, therefore rendering the geometrical 
centre physically unimportant and endowing the constituents with the same 
physical conditions irrespective of their locations. 

For an observer inside the sphere (save the boundary), the matter distribution 
is perfectly homogenous and isotropic. This implies that the probability for the 
hadronization front to start its runaway precisely at the centre would be inverse-
ly proportional to the number of particles inside the sphere, which is vanishingly 
small. 

On the other hand, a runaway front that starts off-centre would be amplified 
during the cosmic expansion and therefore would violate the homogeneity and 
isotropy of the observable universe.  

Moreover, a runaway front that starts inside the core would lead to local 
energy enhancement and therefore to over-dense sectors relative to the back-
ground energy density uni

maxρ , which would violate the incompressibility condi-
tion, and therefore is forbidden by construction. The property of homogeneity 
and isotropy holds if hadronization is triggered by surface effects on a perfectly 
spherical symmetric object, which, under the here-discussed conditions, should 
be connected to an abrupt decay of the macroscopic force confining the ocean of 
SuSu-superfluid.  

• A 2410 M


 progenitor with 0ρ ρ>  would not survive the collapse into a 
BH if the embedding spacetime were not flat. 

3. UNIMOUN: Mathematical Foundation 

The basic argument of UNIMOUN is that the observable universe is a perturbed 
local sub-domain of the infinitely large and flat parent universe, which is popu-
lated by all types of astrophysical objects, including stellar-mass DEOs and su-
permassive DEOs (SMDEOs). The giant perturbation was derived the hadroni-
zation of a 2410 M



 progenitor, which is deemed big bang. However, apart 
from mass and dimension, the structure of the progenitor is physically identical 
to DEOs. These are assumed to have conglomerated into clusters that subse-
quently merged to form SMDEOs. Due to their universal low energy states, their 
mergers should proceed smoothly. Alternatively, the massive black objects that 
are observed to reside at the centre of most massive galaxies, usually called su-
permassive BBs, may also function as powerful machines for converting normal 
matter into incompressible SuSu-matter. Accreting of matter, formation of po-
werful jets and merger with other objects are possible mechanisms for enhancing 
the mass and dimensions of SMDEOs. 

Based thereon, the field equations to be solved read:  

1 ,
2

R g Tµν µν µνκ− = −                      (2) 

where R is the Ricci tensor, gµν  is the metric coefficients and 48 G cκ = π  
[27]. { },µ ν  run from 0 to 3. Following [28], the following new time-dependent 
 -metric was introduced:  
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2 2 2 2 2
00 11 22 33d d d d d d ds g x x g t g r g gµ ν

µν θ ϕ= = + + +        (3) 

where  
( ) ( ) ( ) ( )2 , 2 , 2 22 2 2 2

00 11 22 33e , e e , e sin .r t r t t tg c g g r g rλ θ= = − = − = −        (4) 

Here   and λ  are functions of the comoving radius ( ), er r t r=  , and 
( )t  is a function of time only. All physical and geometrical events are meas-

ured with respect to the preferred observer 0  located at 0r = . 
Depending on the underlying physical problem, the  -metric may reduce to 

the classical metrics of Minkowski, Schwarzschild and Friedmann [28]. 
Using the Christoffel symbol:  

{ }, , ,
1 ,
2

g g g gλ λκ
µν κν µ κµ ν µν κΓ = + −                   (5) 

to calculate the Ricci tensor, see [28] [29]:  

, , ,R α α α β α β
µν µα ν µν α µβ αν µν αβ= Γ −Γ + Γ Γ −Γ Γ                 (6) 

we then obtain the following Ricci components:  

( )( ) ( )

( ) ( ) ( )

{ } ( ) ( ) ( )

( )

2 22 2
00

222
11

2 22 2
22

22 2 2 2
33

2 2 2 2  e

2 e 2

2 e 1  e 1

sin 2 e sin 1

R r r

R r

R r r r

R r r

λ

λ

λ

λ λ λ λ

λ λ λ λ λ λ

λ λ

θ λ θ

−

−

− −

−

′′ ′ ′ ′ ′= + − + + − + − + − −

′′ ′ ′ ′ ′= − − + − + + − −

′ ′= − + + − + + − −

  ′= − + − + + + − 

�� � � � �� � �

�� � � � � �

�� � � � � �

�� � � � � �





  

 

       

    

    

    ( ) ( )2e 1r λλ − ′ − 


 (7) 

where , ′�
   denote the time and spatial derivatives of the variables, respec-

tively. 
Performing detailed algebraic manipulations, re-arrangements and carrying 

partial integration of certain terms, we end up with the following two equations 
[28]:  

( ) ( ) ( )

( ) ( )

2 2
2 2 2 2

2

2 2
00 11

1 e1  e e e e
2 e

1
2

b
R R RF
R R R r t r r

p g g V

λ
λ

κ

−
− − − −

−

       ∂ ∂ ∂
 − + − + + +     ∂ ∂ ∂       

 = − + Γ − 

�� � �
�   





(8) 

( ) ( )

( ) ( ) ( )

2
2 2

22
2 2

1 1 e 3 2 2 e
2

1 de ,
d

b

b

R RY F
r t R R

p V r
rr R

λκ κ

− −

− −

    ∂   − − + +     ∂       

= − + + −

� �
� 





  

        (9) 

where 2
00 11, , , 1 ,p V g g V RΓ = +  are the energy density, pressure, transport 

velocity, Lorentz factor and scaling factor, respectively. The subscript b denotes 
the comoving values, and F�  is the flux of normal matter injected into the sys-
tem through hadronization. Here Y R R= � , ( )1b b b= −   , and  

( ) ( ),
, n

bb

m r t
r t

r
α

 
=  

 
 , where ( ),nm r t  is the enclosed mass of normal matter 

and bbα  is the so-called compactness parameter.  
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In addition, the conservation of energy and momentum of matter is taken into 
account by requiring that the stress-energy tensor must be divergence-free, i.e. 

0T µν
µ∇ = . This yields the following set of GR hydrodynamical equations: 

( ) ( )1 1 1 0g g V
t R rg g
∂ ∂

− + − =
∂ ∂− −

              (10) 

( ) ( )

( )2
, ,

1 1 1

1 ,
2

r r

t

tt r rr r

g g V
t R rg g

P g V g
R r R

∂ ∂
− + −

∂ ∂− −

∂
= − + +

∂

 


            (11) 

where ( )2 3 sin eg r R λθ +− =  ,  , and V are the determinant of the metric, 
the relativistic energy-density, and the transport velocity, respectively. The four- 
momenta is defined as huσ σ=  , where h stands for enthalpy and uσ  for 
the four-velocity; { }, , ,t rσ θ ϕ= . Here, the Lorentz factor reads:  

2

1 .t

tt rr

u
g V g

=
+

                       (12) 

The continuity equation may be re-written in the following compact form: 

( ) ( )2
2

1 1 0,b br V
t R rr
∂ ∂

+ =
∂ ∂
                    (13) 

where eb b
λ+=    and 3

b R=  .  
To close the system, an equation of state (EOS) should be included, e.g.  

( ) ( )tP P P u= =  . 
In the present model, the evolutions of matter and spacetime’s topology are 

followed with respect to a fixed observer at the centre. In this case .R const=  
and therefore 0R Y= =� .  

Equations (8) and (9) are then integrated with time to follow the time-evolution 
of the topology of spacetime, which is in turn dictated by the spatial distribution 
of mass-energy obtained by time-integrating the hydrodynamical Equations (10) 
and (11). 

The initial configuration is a progenitor of 2410 M


, which set to levitate at 
the background of the infinitely large and flat spacetime of the parent universe. 
The progenitor is made of purely incompressible SuSu-matter, whose matter- 
density is set to be equal to universal critical density 03crρ ρ ρ= = × . At 0t = , 
the membrane confining SuSu-matter is removed and a hadronization front starts 
propagating from the surface inward, converting thereby SuSu-matter into nor-
mal compressible and dissipative matter. The created pressure of normal matter 
generates extraordinary strong pressure-gradients that jettisons the newly created 
normal matter into the ambient space with ultra-relativistic speeds, as shown in 
Figure 2. Here the gradual increase of both the modified Lorentz factor tu  and 
the kinetic energy kinE  with radius is due to the inward-increasing gravitational 
redshift of the fireball. The shock front follows the traces of the expansion front 
separating the enclosed curved spacetime from the unperturbed ambient flat 
one. 
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Figure 2. Different snapshots of the radial distributions of the modified Lorentz factor tu  and the kinetic 
energy kinE  during hardonization and thereafter are displayed. The radii and time here are in pr  and 

dynamical time scale units. The time-sequence of the snapshots is marked with different colours, starting 
with blue and ending with black. In the right panel the deviation of the topology of the dynamical spacetime 
from the flat spacetime, g∆ , during hadronization and at much later times is shown.  

4. Viability of UNIMOUN as a Cosmological Model 

In this section, we intend to discuss selected problems in observational astrono-
my and the possible answers that can be provided by the current models. 

- The SMBH in M87: Is the existence of BHs a proven hypothesis? 
Distant BHs still may not exist, even if currently, both theory and resolution- 

limited observations allude to their existence. Directly observing event horizons 
of BH is forbidden by construction, and their vicinities are far beyond the reso-
lution sensitivities of today’s telescopes, including the event horizon telescopes 
(EHT). The object residing inside the central dark region of the famous figures 
published by the EHT must not be a BH, but a highly compact supermassive dark 
object that is hiding an entropy-free incompressible SuSu-matter at its centre with 
a radius corer , and surrounded by a shell of weakly compressible and dissipative 
normal matter. As the spacetime inside the SuSu-core is flat, but curved in the 
surrounding space, the configuration is immune to collapse into a true BH. To cla-
rify the idea: consider the supergiant galaxy M87. The mass of the supermassive 
black hole (SMBH) is predicated to be [ ] 96.0 0.4 10obs

BHM M= ± ×


, yielding 
151.92 10 cmobsr ≈ ×  for the event horizon. On the other hand, UNIMOUN sug-

gests that these values correspond solely to the content of normal matter. Hence 
the true radius of the black object in M87 and the corresponding compactness 
parameter 87Mα , read:  

87
1 ,

1

obs
true core M

core
obs

r r r
r
r

α= + ⇒ =
+





                 (14) 

which is upper-bounded by unity for any non-vanishing SuSu-core. 
This implies that measuring the trajectories of orbiting stars around the cen-

tral object does not necessarily infer the true radius of the event horizon truer . 
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Here multi-messenger observations may be used to detect the behaviour of M87 
during mergers with other astrophysical objects, carrying precise measurements 
of the dynamics of the proton-dominated jet in the vicinity of the predicted 
event horizon [30], as well as the dynamics of the plasma in the boundary layer 
between the optically this accretion disk, and the central object may enable ob-
servers to infer the difference obs true

H r r∆ = −  . 
Currently, the observational data of M87 are unable to accurately determine 

the dynamics of plasmas inside [ 4r r r< ≤  ].  
This leave us with a gross uncertainty, as setting a SMDEO with a mass 

96.5 10 M×


 and constant density 03 .constρ ρ= × =  at the centre of the dark 
region in M87 would merely increase obsr  by a factor of 10−6, which far below 
the measurement sensitivities of today’s telescopes, including the VLBI and 
EHT.  

- The life cycle of BBs in the parent universe 
The progenitors of BBs are reproducible giant objects in the parent universe. 

There are several clues that indirectly support this conjecture:  
1) Almost all massive NSs that should have formed from the collapse of the 

first generation of stars are observationally missing. According to standard cos-
mologies, the first generation of stars should have formed within the first several 
hundred million years after the BB. These stars must have been relatively very 
massive and metal-free and therefore their lifetimes must have been significantly 
shorter than those in the local universe. If Pop III stars did really form, then a 
significant number should have collapsed to form massive pulsars and NSs, that 
by now, should be metamorphosed into invisible DEOs. These in turn, may con-
glomerate into tight clusters and/or merge with other objects from the observa-
ble universe or from the parent universe to form the progenitors for the next 
generations of BBs.  

2) The multi-messenger observations of the merger event in GW170817 didn’t 
exclude the possibility that the remnant may be a massive NS [31] [32]. Here, 
due to the low energy states of both incompressible SuSu-cores, the merger of 
these cores is expected to proceed smoothly toward forming a massive incom-
pressible SuSu-core. For a sufficiently long cosmic time, the remnant would un-
dergo repeated mergers to end up as a SMDEO which and serve as a progenitor 
for the next BB.  

3) The supermassive black objects observed to reside the centres of most mas-
sive galaxies are ultracompact and massive objects that harbour SMDEOs that 
evolving toward forming the progenitors of the next generation of BBs.  

- What is the origin of the SMBHs in high redshift galaxies? 
Irrespective of the counter arguments against BHs, observations indicate that 

most high redshift galaxies host supermassive BHs at their cenres with masses 
beyond 810 M



. The currently suggested growth mechanisms, such as merger 
and accretion, are not sufficiently effective to enable their formation and rapid 
growth during the first 400 Myr after the big bang. 

According to UNIMOUN, these host galaxies are relics of old and inactive 
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ones that were levitating in the infinitely large and flat parent universe that hap-
pened to be surrounding the progenitor prior big bang. Matter and the asso-
ciated enormous momentum from the fireball tuned these galaxies into active 
modes and set them into outward-oriented accelerating motions.  

- What is the origin of the dark matter and dark energy in our cosmos? 
Supermassive BHs in UNIMOUN correspond to evolving supermassive DEOs. 

Similar to massive pulsars and NSs, whose cores are set to grow in mass and size 
as they evolve on cosmic times, the central regions of SMBHs should be occu-
pied by cores that are made incompressible SuSu-matter surrounded by com-
pressible and dissipative matter. As the latter cools down on cosmic times, then 
the matter in the geometrically thin boundary layer between these two fluids is 
set to convert into SuSu-matter and to subsequently integrate into the core, the-
reby increasing its mass and size in a discrete quantum manner. Consequently, 
the spacetime embedding the matter in the boundary layer (BL) is ought to 
change topology from a curved into a flat one, thereby weakening the central 
gravitational attraction of the orbiting objects. In UNIMOUN, the changes of 
spacetime’s topologies resulting from the discrete growth of SMDEOs should be 
observed through the radial motion of the objects orbiting the central supermas-
sive object. Here the prompt reduction of the gravitational mass of the central 
object should lead to an excess of kinetic energy that would force these orbiting 
objects to migrate outwardly, thereby giving rise to a total velocity that grows 
with distance from the central object, i.e. ~V rα , where 1 2α ≥ .  

Moreover, as UNIMOUN predicts the infinitely large and flat parent universe 
to be populated by all type of astrophysical objects, the possibility that invisible 
old, cold, inactive matter and/or objects maybe involved or effecting the forma-
tion of galaxies should not be excluded. 

UNIMOUN doesn’t require dark energy to accelerate the universe. Recalling 
that the observable universe is a perturbed sub-domain of our infinitely large 
and flat parent universe, which would diffuse out and return to the initial state, 
then invoking dark energy is neither a conformal process with the parent un-
iverse nor needed. According to UNIMOUN, the mechanisms underlying the 
acceleration of high redshift galaxies are a consequence of matter and momen-
tum transfer from the powerfully expanding fireball into the old and inactive 
galaxies that surrounded the progenitor prior to its explosion. The bombard-
ment of these galaxies with matter associated with tremendous momentum from 
the fireball may easily set quiet galaxies into outward accelerating motions (see 
Figure 3 as well as [33] [34] for further details).  

- Why is the observable universe incredibly flat? 
During the hadronization phase of the progenitor, incompressible SuSu-matter 

was converted into normal compressible and dissipative matter, which in turn 
dictated how the embedding spacetime should curve. At the end of this epoch, 
which lasted for roughly 46 minutes, the created total mass of normal matter at-
tained its maximum value, at which the embedding spacetime was maximally 
curved (see Δg/Figure 2). 
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Figure 3. The time development of the receding velocity, fβ  

of galaxies for different incident fluxes 11 12 1210 ,5 10 ,10inF − − −= ×�  
denoted respectively by blue, green and red lines. The depicted 
yellow region denotes the domain of galaxy accelerations, where 
the galaxies are assumed to have a fixed mass of 10GM = . Also, 
the cosmic evolution of the Hubble parameter, d dH V D=  is 
displayed in black-colored line. Here H decreases slowly with 
the cosmic time from relatively high values in the early universe 
to low ones on later times.  

 
As predicted by the minimum energy theorem, the equivalence of energy and 

curvature implies that the amount of energy stored in the spacetime should be 
readable from the curvature of the embedding spacetime. However, when the 
fireball expands, the embedding spacetime should flatten, and therefore the cor-
responding compactness parameter must decrease with cosmic time. In this case, 
the evolution of the deviation of the spacetime’s topology from the flat spacetime 
may be measured as follows:  
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              (15) 

where ( ),nm r t  is the enclosed total mass of normal matter and bbα  is the 
compactness parameter, which, under normal astrophysical conditions, must be 
smaller than or equal to unity.  

Hence, as the progenitor is made up of incompressible SuSu-matter, then the 
spacetime at the background was flat. During the hadronization of the progeni-
tor, the spacetime was continuously enhancing its curvature. Once the hadroni-
zation process is completed, the fireball starts expanding and the embedding 
spacetime should flatten to become today almost indistinguishable from flat 
spacetime (Figure 4).  
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Figure 4. A schematic description of the progenitor’s spacetime (upper panel): prior to 
hadronization 0t < , the progenitor is made up of incompressible SuSu-matter embed-
ded in flat spacetime. During the hadronization phase: i.e. 0 dynt τ≤ ≤ , the creation of 

normal matter enhances the curvature of the embedding spacetime and reaches its max-
imum possible value at dynt τ= , at which the progenitor is entirely hadronized, and the 

total mass of normal matter has attained its maximum value. At later times, dynt τ> , the 

total mass of normal matter remains constant, whereas the expanding spacetime becomes 
increasingly flatter. In the lower panel, the spacetime embedding the fireball continues to 
expand and diffuse into the flat parent universe, whose innermost shells are populated 
with quiet and inactive galaxies, though they may turn active once the expansion front 
marches through them.  

 
- Hubble parameter and the local universe 
The motions of galaxies in the local universe display relatively low redshift 

compared to their remote counterparts. This behaviour is a logical consequence 
of the measurable duration of the progenitor’s hadronization process, which 
may be explained as follows: During the hadronization phase, which lasted for 
roughly 46 minutes, the embedding spacetime, which was initially flat, started to 
enhance its curvature almost in a continuous manner and to finally become 
maximally curved when the hadronization phase was completed. This implies 
that the early and lately created normal normal matter fluids evolve under dif-
ferent gravitational redshift conditions. The created normal matter near the 
geometrical centre is relatively deeply trapped in the potential-well and therefore, 
a significant kinetic energy is lost while climbing up the well, which slows its 
motion and delays its escape into the ambient space. This enables the normal 
matter in the central region to cool down and possibly to form the observed ga-
laxies of our local universe (see Figure 3 in [34]). 

- Entropy of DEOs versus black holes 
According to BH-thermodynamics, the entropy of a star collapsing into a BH 

should increase roughly by a factor of 1019 [35]. To avoid loss of quantum in-
formation that may result from the collapse of massive stars into BHs, the event 
horizon my serve as a 2D complex construct, where the information are stored 
in accordance with the holographic principle [36]. In our scenario, however, 
BHs are replaced by DEOs that are made up of incompressible SuSu-superfluid 
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occupying just one single quantum state, and therefore they have zero entropy. 
These cores are surrounded by normal compressible and dissipative matter, 
whose compactness parameter is close to but still smaller than unity. Similar to 
glitching pulsars, when the normal matter liberates its secondary energies en-
tirely and cools down on cosmic time, the mass and dimensions of the cores 
should grow discretely in accord with Onsager-Feynman’s analysis of super-
fluidity. In this respect, the jet in M87 serves as a mechanism, not only to trans-
fer angular momentum out of the system but also to expel the other types of 
energy as well as entropy from the central SMDEO into the intergalactic me-
dium (see [30], and the references therein).  

Both the glitch phenomena of pulsars and their metamorphosis into entro-
py-free objects suggest that there might be a hidden connection between entropy 
and gravity: isolated entropy-free DEOs appear to be incapable of communicat-
ing with the outside world and therefore cease to affect the topology of the em-
bedding spacetimes. While the present approach differs from the emerging grav-
ity scenario [37], investigating the gravity-entropy connection might turn out to 
be a rewarding effort. 

Assuming these communications to be mediated by a certain elementary par-
ticle, say via entropytons, then these particles appear to be trapped inside the 
object once the state of matter making up the object undergoes a phase transi-
tion into incompressible entropy-free SuSu-superfluid.  

5. Summary 

UNIMOUN is a mathematically founded and physically viable model for the 
observable universe: it has the capability of competing with modern astronomi-
cal observations as well as with experimental data. It is based on thorough theo-
retical and numerical calculations for modeling glitching pulsars, namely of the 
Crab and Vela, as well as on the merger of the binary NSs in GW170817, but also 
on the recently observed perfect fluidity of gluon-quark plasma at the LHC and 
RHIC (see [38], and the references therein). The main outcome of these investi-
gations is that massive pulsars and NSs are capable of creating the exotic and 
extraordinarily stable state of matter inside their cores: incompressible gluon- 
quark superfluid. This, however, suggests the following two possibilities:  

• The laws of nature may have placed an upper limit on the maximum energy 
density in the universe, which, among others, forbid the formation of physical 
singularities, and in particular black holes.  

• The cosmic time required for pulsars to evolve, starting from their births, 
then going through NS and DEO-phases to finally conglomerate into tight clus-
ters, that subsequently merge to form hypermassive progenitors, is predicated to 
be much longer than the current age of the universe. This open the possibility 
that objects originating from the parent universe could, in principle, be involved 
in the merger process. In this case the ultimate deaths of massive neutron stars 
and the formation of big bang’s progenitors may be strongly interconnected more 
than current research could suggest. 
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When these theoretical possibilities are put together, it becomes inevitable to 
conclude that our observable universe must be a tiny fraction of an infinitely 
large, homogeneous and isotropic flat parent universe. And as the parent un-
iverse is populated by all types of astrophysical objects, e.g. planets, stars, galax-
ies and galaxy clusters, etc. then the origin of the SMBH-candidates hosted by 
high redshift galaxies become straightforward: The black objects so far classified 
as SMBH should have been there already before the big bang, but they started 
growing, once the hosting galaxies have been hit by the fireball-matter and the 
expansion front of the spacetime.  

Based thereon, our big bang is just one of countless big bangs that occur in a 
sequence or in parallel manner at the same time or in different locations of the 
parent universe. These BBs may be classified as local and power-limited per-
turbations that are doomed to decay and diffuse out in the ambient parent un-
iverse (Figure 5).  

 

 

Figure 5. A schematic description of two possible life cycles of BBs in the parent un-
iverse, as seen by the supra-observer ∞G . Cycle “1”: The trapped cold matter from 
the BB collapse to form massive stars, which subsequently collapse to form pulsars. 
These pulsars are born with embryonic incompressible SuSu-cores, whose masses 
grow with cosmic time to finally turn into DEOs. These objects may conglomerate 
into tight clusters to subsequently merge and BB-progenitors. In cycle “2”: during 
mergers of NSs-NSs, BHs-BHs and NSs-BHs the SuSu-cores merge smoothly to form 
SMDEOs surrounded by shells of normal matter that is sufficiently compact to enable 
conversion of the normal matter in the BL into incompressible SuSu-matter. This, in 
turn, adopts the same quantum numbers of the core’s matter and subsequently joins 
the core, thereby increasing its mass and size. This is currently the operating process 
in the supermassive BH-candidates that are observed to reside in the centres of mas-
sive galaxies. In our infinitely large and flat parent universe, BBs may occur sequen-
tially and/or in parallel at the same or different locations.  
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The evolution of these perturbations is similar to water droplets falling into 
large water containers: the strongest spatial and temporal variations occur im-
mediately after the droplet splash but start decaying once the generated waves 
set in their expansion, they diffuse out and disappear finally.  

Finally, there is an additional fundamental outcome of UNIMOUN: 
As the parent universe is populated with all types of astrophysical objects, 

then the possibility that part of these objects may have been involved in the for-
mation of the progenitor of our big bang should not be excluded. On the other 
hand, this raises the possibility that the governing laws of nature and the under-
lying physical constants and therefore the type of matter are unalterable through-
out the infinite parent universe. In this case, the probability of finding habitable 
planets in the parent universe is certain. 
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Abstract 
In previous papers, we proposed an empirical equation for the fine-structure 
constant. Using this equation, we proposed a refined version of our own for-
mer empirical equations about the electromagnetic force and gravity in terms 
of the temperature of the cosmic microwave background. The calculated val-
ues of the temperature of the cosmic microwave background (Tc) and the 
gravitational constant (G) were 2.726312 K and 6.673778 × 10−11 m3∙kg−1∙s−2, 
respectively. Then, for the values of the factors 9/2 and π in our equations, we 
used 4.488519503 and 3.132011447, respectively. However, we could not pro-
vide a theoretical explanation for the necessity of these empirical equations. 
In this paper, using the redefinition method for the UNIT, we show the ne-
cessity for our empirical equations. 
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1. Introduction 

The symbol list is shown in Section 2. Previously, we discovered Equations (1)-(3) 
[1] [2] [3] in terms of the temperature of the cosmic microwave background 
(CMB), which are mathematically connected [3]. 
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2 2

0

J m V m
4 C

e
c

m c e kT
e ε

π
  ⋅ × = × × = ⋅   

  π
              (3) 

We attempted to reduce the errors in the previous papers by changing the 
values of 4.5, π and the temperature of the cosmic microwave background (Tc) 
[4] [5]. Next, we discovered an empirical equation for the fine-structure constant 
[6]. 

137.0359991 136.0 1113077
3 13.

1
5×

= + +               (4) 

136.011307713.5 1836. 26515 4 p

e

m
m

× = =               (5) 

We thought that Equations (4) and (5) should be related to the transference 
number [7] [8]. Then, we proposed an equivalent circuit and the following val-
ues as the deviation for the values of 9/2 and π [8]. 

24
3

3.13201

p
e

e

c
m

c

m
m

e

 
+ 

 =Ω                    (6) 

2

4.48852
4
3

p
p

e

m

m
m

q c

m c
 

+ 
 

=                     (7) 

Then, 4
3

p

e

m
m

 
+ 

 
 have the unit of 

m
C

 
 
 

. We can freely define the UNITs for  

1 C, 1 Wb and 1 kg. Therefore, we must show the necessity for Equations (6) and 
(7) that these values are related to 4.5 and π. Using the redefinition method for 
the UNIT, we can show the necessity for our empirical equations in this report. 

The remainder of the paper is organized as follows. In Section 2, we show the 
symbol list. In Section 3, we discuss the purpose of this report. In Section 4, we 
explain the redefinition method for the UNIT. In Section 5, using the redefini-
tion method, we can refine Equations (1)-(3). Furthermore, we propose a fourth 
empirical equation that relates the gravitational constant and the temperature of 
the cosmic microwave background. In Section 6, our conclusions are described. 

2. Symbol List (These Values Were Obtained from  
Wikipedia) 

G: gravitational constant: 6.6743 × 10−11 (m3∙kg−1∙s−2) 
(we used the compensated value 6.673778 × 10−11 in this report). 

Tc: temperature of the cosmic microwave background: 2.72548 (K) 
(we used the compensated value 2.726312 K in this report). 

k: Boltzmann constant: 1.380649 × 10−23 (J∙K−1). 
c: speed of light: 299792458 (m/s). 
h: Planck constant: 6.62607015 × 10−34 (J∙s). 
ε0: electric constant: 8.8541878128 × 10−12 (N∙m2∙C−2). 
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μ0: magnetic constant: 1.25663706212 × 10−6 (N∙A−2). 
e: electric charge of one electron: −1.602176634 × 10−19 (C). 
qm: magnetic charge of one magnetic monopole: 4.13566770 × 10−15 (Wb) 

(this value is only a theoretical value, qm = h/e). 
mp: rest mass of a proton: 1.6726219059 × 10−27 (kg) 

(we used the compensated value 1.672621923 × 10−27 kg in this report). 
me: rest mass of an electron: 9.1093837 × 10−31 (kg). 
Rk: von Klitzing constant: 25812.80745 (Ω). 
Z0: wave impedance in free space: 376.730313668 (Ω). 
α: fine-structure constant: 1/137.035999081. 

3. Purpose 

In this section, we show the purpose of this report. For convenience, Equations 
(5) and (6) are rewritten as follows. The units have been corrected.  

( )

2
2m

4
3

3. J J m V m
s A m C

132011447 V m

p
e

e

m
m c

ec
m  ⋅

=

 
+ 

 ⋅ × = = ⋅ ⋅ 
     (8) 

2
2

s V m V s s 1
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14.488
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519503
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3
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p
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m
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m

q c

c

⋅ 
 ⋅ ⋅ ⋅   + 

 

 = × = × = = 
 

(9) 

Then, 4
3

p

e

m
m

 
+ 

 
 have the unit of 

2m
s

 
 
 

. Next, the deviation from 4.5 and 

π can be explained as follows. 

3.132011447 0.999500154 1
4.4885

4
19503

.5
× =

π
�                (10) 

Then, we can freely define the UNITs for 1 C, 1 Wb and 1 kg. It does not seem 
necessary that these values are related to 4.5 and π. Unfortunately, we could not 
establish the background theory. Using the redefinition method for the UNIT, 
we can show the necessity why these values should be related to 4.5 and π. 

4. Methods 
4.1. Redefinitions for the Electric Charge of One Electron and the  

Magnetic Charge of One Magnetic Monopole 

We redefine the electric charge of one electron as follows. 

( )new
4.48852

4.
1.59809

5
19 Ce e E= −× =               (11) 

We redefine the magnetic charge of one magnetic monopole as follows. 

( )_ new 3.1320
4.14832 1

1
5 Wbmm qq Eπ

= −× =            (12) 

Then, we can redefine the Planck constant and von Klitzing constant as fol-
lows. 
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new _ ewne nw
4.48852

4.5 3.1320
6.62938 4

1
3mh e q h E=

π
= × = × −×       (13) 

( )_ new

_ ne
w

w
_ ne

4.5
4.48852

2595
3.

8.0
13201

mq
Rk

e
Rk π

=×= ×= Ω        (14) 

Then, we can redefine the wave impedance in free space, electric constant and 
magnetic constant. 

( )new
0 _ new new 02
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2 4.52
4.48852 3.132

378.849
01

h
Z Rk Z

e
= × = × = =

π
× × Ωα α (15) 

( )0 _ new
0 _ new 0

24.5
4.48852

1
3.132

.26371 06 N A
01

Z
c
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⋅µ µ   (16) 

( )0 _ new 0
0 _ new

14.48852 3.13201
4.

8.80466 12 F m1
5Z c

E −= = × −
×

× = ⋅
π

ε ε  (17) 

Next, we must ensure that there are no contradictions. 

( )_ new
0 _ new 0 _ new 0 0

11 1 299792458 m sc c −⋅= = = =
ε µ ε µ

      (18) 
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0 _ new 0
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0 _ ne
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4.48852 3.13201
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4.4

37
88

8.84
52 3.13201
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Z

Z

= = ×

= × ×

π

π

×

Ω=

µ µ
ε ε           (19) 

The value in the speed of light should not be changed because the UNITs for 1 
m and 1 s are unchanged. In Equation (19), the value of the impedance in free 
space is the same as the value in Equation (15). 

4.2. The Macroscopic Explanation of Our Redefinition Method 

By our redefinition method for the units of the particles, 1 C and 1 Wb as MKSA 
units are not fixed. We redefine the electric charge of one electron. Then, the 
number of electrons in 1 C is changed. 

1 6.24151 18
1.60218 19

1 C 1 E
E

N
e

=
−

= +=               (20) 

2
new

1 C 1 C 4.5
4.48852 4.48852

4

6.24151 18

.5

N
e e

E= ×
×

+= =           (21) 

Then, the number of magnetic monopoles in 1 Wb is changed. 

3 2.41799 14
4.13567

1 1
15

Wb

m

E
E

N
q

= = = +
−

             (22) 

4
_ new

1 Wb 1 Wb 3.13201

3.1320

2.41799 14

1
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m

N
q q

E= = = ×
×

+
π π

        (23) 

The number of electrons in 1 C is related to the Faraday constant and the 
Avogadro’s number. Therefore, we redefined the Faraday constant and the Avo-
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gadro’s number, which will be explained in the later section. 

new1 C 4.5
1 C 4.48852

=                        (24) 

new1 Wb 3.13201
1 Wb

=
π

                      (25) 

However, the relationship between Equations (26) and (27) should hold. 

ne ewnew w n1 1 C 1 WJ s b= ×⋅                    (26) 

new

ne
n w

w
e

1 Wb
1 C

1 =Ω                        (27) 

We used A∙m_new and Cnew in the later sections. Then, these units are from the 
microscopic redefinition. From the macroscopic redefinition, A∙m_new and Cnew 
should be different values. 

4.3. Redefinitions of the Mass of One Electron and One Proton 

The Compton wavelength (λ) is as follows. 

h
mc

λ =                            (28) 

This value should (λ) be unchanged since the UNIT for 1 m is unchanged. 
However, in Equation (13), the Planck constant is changed. Therefore, the UNIT 
for the mass of one electron and one proton should be redefined. 
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= −×=         (30) 

Next, we must ensure that the following equation is satisfied. 
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4.4. Redefinitions of Equations (8) and (9) 

Equations (8) and (9) can be redefined as follows. 
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Using Equations (32) and (33), Equations (34) and (35) can be obtained. 
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5. Results 
5.1. Explanation for the Necessity of Using the Values of 4.5 and π 

When we define the Avogadro’s number (NA) and the Faraday constant (F) as 
follows, 

1 g 5.97565 23 6.02214076 23A
p

N E E
m

= = + ≈ +             (A) 

9.57405 04 9.6485 04AF e N E E= × = + ≈ +               (B) 

The redefined Avogadro’s number(NA) and the refined Faraday constant (F) 
are as follows, 

_ new
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1 g 1 g 4.5 3.13201
4.48852A

p p

N
m m

= = × ×
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             (C) 

new new _ new
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A
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F e N
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= ×= ×
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                (D) 

Next, we can define 1 J freely. Using arbitrary number (a), N5 and N6 can be 
calculated as follows. 
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The ratio should be π V∙m and constant. Next, 
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The ratio should be 4.5 and π are constant. Consequently, we can explain the 
necessity for the values of 4.5 and π in Equations (8) and (9).  

5.2. Explanation for the Necessity of Using the Values of 4.5 and π  
in Equations (1)-(3) 

5.2.1. Our Main Three Equations 
Equations (1)-(3) are our main three equations. Then, the unit (V∙m and 1/A∙m) 
should be replaced. Alternatively, the redefinition of V∙m and 1/A∙m is needed in 
the equations. 
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5.2.2. Our Fourth Equation 
Our fourth equation can be derived as follows. From Equation (43), 
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From Equation (44), 
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From Equations (45) and (46), 
2

2

2

4.48852
3.13201

3.13201

2 1A m
2 kg

p e

c
e

Gm m
eekT

m c

α
 

= × × × ⋅ × ×   
× 



π


×

   (47) 

Therefore, 
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Here, 

( ) ( )4.48852 3.13201 m e

p

q m
e m

× = ×Ω Ω                 (49) 

In Equation (48), the unit of Ω is already considered. Therefore, 

( )22
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p c

p
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Equation (50) is our fourth equation. 

5.2.3. Redefinition for Equation (42) 
We define G free from 1 kg (GN) as follows. 

1 kgNG G= ×                          (51) 

The UNIT for GN is m3∙s−2. By our redefinition method, the UNITs for 1 m 
and 1 s are unchanged. However, when GN is a function of C or Wb, GN should 
be changed. 

_N new NG G≠                          (52) 

From Equations (42) and (51), 
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Therefore, 
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Next, using GN_new and kTc_new, we proposed the following equation, which is 
the same formula as Equation (1). Then, the unit of 4.5 is 1/A∙m in Equation (9). 
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5.2.4. Redefinition of Equation (43) 
Using GN, Equation (43) is rewritten as follows. 
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             (58) 
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Therefore, 
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Using GN_new and A∙mnew, we propose the following equation, which is the 
same formula as Equation (2). 
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Therefore, 
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5.2.5. Redefinition of Equation (44) 
Equation (44) is rewritten as follows. 
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Next, using kTc_new, we propose the following Equation, which is the same 
formula as Equation (3). 
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Therefore, 
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4.5

52
3.13201

c

c

kT
kT

×
π

=                     (65) 

5.2.6. Redefinition of Equation (50) 
Using GN, Equation (50) is rewritten as follows. 

( ) ( )22
4 A mm

N p c
p

q
G m kT

m c α
= × × × ⋅

π                  (66) 

Therefore, 

( ) ( )
2

_ ne
3 2

w
3 4

_ new

4.4885 A2
4.5 3.13201

mm c
N

p

q kT
G

m cα
   × × ×   
   

π
= × × ⋅

π      (67) 

Next, using GN_new, kTc_new and A∙mnew, we propose the following equation. 

( )
( )

2
_ new_ new

_ new 3 4 new
_ new

A mcm
N

p

kTq
G

m cα
= × ⋅××

π              (68) 
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Therefore, 

( )2
_ _ new n

3
ewA m

A m
4.5 3.13201

4.48852
N new c

N c

G kT
G kTπ

⋅ 
= × 

   × ×   
   ⋅ 

      (69) 

5.2.7. Redefinition of kTc and Vm 
Equations (57), (61), (65) and (69) are rewritten as follows. 

( )2
_ new _ new new3 A m.13201

4
4.5

A.48852 m
N c

N

G kT
G kTπ

⋅ = × ×  ⋅ 
×          (70) 

( )_ new new

4.48852
A m4.5

A m
N

N

G
G

⋅
= ×

⋅
                  (71) 

_ new 4.488
4.5

52
3.13201

c

c

kT
kT

×
π

=                    (72) 

( )2
_ new _ new new

34.5 3.13201
4.48852

A m
A m

N c

N c

G kT
G kTπ

⋅ 
= × 

   × ×   
   ⋅ 

      (73) 

In Equation (72), kTc is redefined and determined. Next, 

( ) ( )new new newA m C m s C
A m C m

4.
s

4
C 4.

88
5
52⋅ ×

= = =
⋅ ×

             (74) 

From Equations (71) and (74), 

_ new 1N

N

G
G

=                          (75) 

Then, Equations (70) and (73) can be explained. In Equation (72), redefinition 
of kTc,is from redefinition of the mass of the particle as follows: 

_ ne _ eww n

4.5
4.48852

3.13201
e

e

ckT m
mkT

=
π

= ×                 (76) 

However, the unit Am remains in the three equations. We proposed the fol-
lowing unit. We will explain the unit (GN/Am) in a future report, which maybe 
different from the standard approach for G and thermodynamics [9]. 

/ _ new new new

/
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A mA m 4.5

1 k 4.48g
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5
A m

8 2
A
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N Am

NN Am

G
GG

GG G

  ×   ⋅⋅   = = =
×

⋅ ⋅

         (77) 

5.2.8. Making Sure for the Calculation 
Equation (56) is rewritten as follows: 

2
/ _ new _ new _ new

2
new

4.5 9.4279464 4
2

618 0N Am p cG m kT
c

E
h c

× −= =         (78) 

Equation (60) is rewritten as follows: 
2

/ _ new _ new _ new
_ new2

_ new

0 new

4.5 8.1176747490 37
2

4

N Am p eG m m
h c

ee
E

ε

= × × =
× π

 
 

−


π

    (79) 
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Equation (64) is rewritten as follows: 
2 2

_ new new
_ new

new 0 _ new

1.1831120 2
4

2 2e
c

m c e
kT E

e ε
× = π =× −

π
         (80) 

Equation (68) is rewritten as follows: 

( )2
_ new_ new

/ _ new 3 4
_ new

6.6908477020 11cm
N Am

p

kTq
G

m c
E

α
π

× = −= ×        (81) 

Consequently, our four equations can be redefined successfully.  

5.2.9. The Other Equations 
From Equation (8), 

( )

2
2m

4
3

3. J J m V m
s A m C

132011447 V m

p
e

e

m
m

m
c

ec

 
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⋅ ⋅ ⋅
 
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   (82) 

From Equation (44), 

( )
2

0

3.132011 47 V m
4

4e
c

m c ec
kT

cε
⋅ ×

×
=

π
              (83) 

In Equation (83), there are no dimension mismatch problems. From Equa-
tions (81) and (82), 
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Therefore, 
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Therefore, 
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Consequently, Equation (85) can be successfully redefined. Therefore, 

2
new

1 1
6.320645 7 24 0 4

3
p

c

e

kT
mEhc
m

α  = =
−  

+ 
 

 

×  π
          (87) 

Furthermore, Equation (87) can also be redefined. 

6. Conclusions 

In this report, using the redefinition method for the UNIT, we showed the ne-
cessity for our empirical equations. The redefinition method was explained in 
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detail. Then, we proposed four empirical equations. 
2
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9.4279464618 40N Am p cG m kT
c

E
h c
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where GN/Am = G × 1 kg/A∙m 
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Furthermore, we derived four important equations. 
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About numerical connections considering the units, our redefinition is perfect, 
in which there are not any dimension mismatch problems. About the unit (GN/Am), 
we will explain in the future report. 
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Abstract 
The superconductivity in (NbTa)1−X(HfZrTi)X high-entropy alloy is ana-
lyzed using the theory of strong-coupled superconductor. It is concluded that 
(NbTa)1−X(HfZrTi)X is a strong coupled superconductor. The variation in the 
superconducting transition temperature from 7.9 K to 4.6 K as x increases 
from 0.2 to 0.84 arises because of the decrease in electronic band width due to 
localization and broadening of the band. It is suggested that the decrease in 
electronic band width is due to crystalline randomness which gives rise to the 
mobility edge. 
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1. Introduction 

The high-entropy alloys (HEA) have attracted considerable attention in recent 
years [1] [2]. These alloys consist of several principal elements that are stabilized 
due to high configurational entropy. The atoms in HEA are randomly distributed 
on ordered lattice as has been inferred from the sharp X-ray diffraction peaks. 
Distortion of the lattice of the order of 1 percent has also been concluded from 
theoretical calculations [3]. These alloys show better mechanical properties and 
superparamagnetism. Recently, superconductivity has been observed in transition 
metal based HEA (Nb0.33Ta0.34)1−X(Hf0.08Zr0.14Ti0.11)X, which has bcc lattice struc-
ture [4] [5] [6] [7]. (Hereafter, we replace (Nb0.33Ta0.34)1−X(Hf0.08Zr0.14Ti0.11)X by 
(NbTa)1−X(HfZrTi)X, for simplicity.) The superconducting transition tempera-
ture (TC) has been found to vary from 7.9 K to 4.6 K as the atomic fraction x in-
creases from 0.2 to 0.84. The elements Nb, Ta, Hf, Zr and Ti have TC s; 9.5 K, 4.5 
K, 0.1 K, 0.5 K and 0.4 K, respectively, which ranges from 0.1 K to 9.5 K [8]. One 

How to cite this paper: Ota, S.B. (2023) 
On the Superconductivity in High-Entropy 
Alloy (NbTa)1−X(HfZrTi)X. Journal of Mod-
ern Physics, 14, 445-449. 
https://doi.org/10.4236/jmp.2023.144025  
 
Received: December 24, 2022 
Accepted: March 18, 2023 
Published: March 21, 2023 
 
Copyright © 2023 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jmp
https://doi.org/10.4236/jmp.2023.144025
https://www.scirp.org/
https://doi.org/10.4236/jmp.2023.144025
http://creativecommons.org/licenses/by/4.0/


S. B. Ota 
 

 

DOI: 10.4236/jmp.2023.144025 446 Journal of Modern Physics 
 

important observation is the “cocktail-effect” which refers to the enhancement 
of TC beyond the simple mixture of those of constituent elements [7]. The oc-
currence of superconductivity is often considered empirically using the variation 
of TC as a function of number of outer electrons/atom (e/a) [5] (aka Matthias 
rule). The variation of TC with e/a in this HEA falls between that of crystalline 
and amorphous transition metals and alloys. A maximum of TC occurs for e/a = 
4.7 which is within the range of values of e/a (4.3 to 5.0) for the crystalline sys-
tem. In this paper, the superconductivity in (NbTa)1−X(HfZrTi)X HEA is ex-
plained using the theory of strong-coupled superconductors [9]. 

2. Superconductivity in (NbTa)1−X(HfZrTi)X HEA 

The effect of disorder on superconductivity has been studied before, for exam-
ple, the universal degradation of TC in A15 compounds ([10] and the references 
in [10]). Here, the effect of disorder in (NbTa)1−X(HfZrTi)X HEA is explained in 
terms of localization of electronic states [11]. The randomness of transition met-
al atoms in the lattice positions of (NbTa)1−X(HfZrTi)X is expected to affect the 
electronic band structure. In this regard, localization of electronic states can oc-
cur when the electronic band width (U) is comparable to the distribution width 
(W) of the site energy. The site energy can be taken to be the first ionization 
energy of the constituent atoms. The first ionization energies of Nb, Ta, Hf, Zr 
and Ti are 6.77 eV, 7.88 eV, 7 eV, 6.95 eV and 6.83 eV, respectively, which 
ranges from 6.77 eV to 7.88 eV [8] and therefore, W in this alloy is of the order 
of eV. Since the typical width of d-band is of the order of eV [12], one expects 
localization of electronic states, as U~W. Next, one can examine what can be 
concluded from the Ioffe-Regel criterion, which states that electronic states can 
be localized for kl < 1 and are extended, otherwise [13]. Here, k and l are wave 
vector and mean-free path, respectively, of the electron in the solid. The mean- 
free path in this HEA is of the order of 10−7 cm [6] and from the Ioffe-Regel cri-
terion one obtains k < 107 cm−1, which is fairly low compared to the typical value 
of kF in metals (~108 cm−1) [8]. Localization can give rise to mobility edges of 
electronic band. In addition, disorder can also broaden the width of the d-band 
density of states. 

Approximate solutions of the Gor’kov-Eliashberg form of the theory of strong- 
coupled superconductors has been of interest for a long time [9]. First, the TC of 
(NbTa)1−X(HfZrTi)X HEA, is examined with some redundancy in the weak coupl-
ing limit [14]. Table 1 gives various parameters relevant for the superconductiv-
ity in this HEA. The Debye temperature (ΘD) in Table 1 for x = 0.3 is from [5]. 
For other compositions of this HEA in Table 1, ΘD is calculated from the well 
known proportionality: 1D MΘ ∝ , where M is the molecular weight. TC s of 
the HEA in Table 1 are obtained from Figure 3 of [5]. In the weak-coupling lim-
it TC is given as follows [14]: 

( )
11.14 exp

N 0 VC DT
 −

= ⋅Θ ⋅   
 

                    (1) 
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Table 1. Measured and calculated values of TC, M, ΘD and N(0)V for  
(Nb0.33Ta0.34)1−X(Hf0.08Zr0.14Ti0.11)X HEA. 

HEA alloy x TC (K) M ΘD (K) N(0)V 

(TaNb)0.80(ZrHfTi)0.20 0.20 7.6 129.7 220.5 0.286 

(TaNb)0.75(ZrHfTi)0.25 0.25 7.9 127.7 222.2 0.288 

(TaNb)0.70(ZrHfTi)0.30 0.30 7.9 125.7 223.9 0.288 

(TaNb)0.67(ZrHfTi)0.33 0.33 7.8 124.5 225.0 0.286 

(TaNb)0.65(ZrHfTi)0.35 0.35 7.5 123.7 225.7 0.283 

(TaNb)0.60(ZrHfTi)0.40 0.40 7.2 121.7 227.6 0.279 

(TaNb)0.55(ZrHfTi)0.45 0.45 6.7 119.7 229.4 0.273 

(TaNb)0.50(ZrHfTi)0.50 0.50 6.4 117.8 231.3 0.269 

(TaNb)0.40(ZrHfTi)0.60 0.60 6.2 113.8 235.3 0.265 

(TaNb)0.30(ZrHfTi)0.70 0.70 5.3 109.8 239.6 0.254 

(TaNb)0.20(ZrHfTi)0.80 0.80 4.6 105.9 244.0 0.244 

(TaNb)0.16(ZrHfTi)0.84 0.84 4.6 104.3 245.8 0.243 

 
where, N(0)V is a dimensionless electron-phonon coupling constant. It is noted 
that in the weak-coupling limit the frequency dependence of the interaction is 
ignored. The calculated values of N(0)V using Equation (1) are given in Table 1, 
which are nearly 0.3. N(0)V is found to increase with x until x = 0.3 and then 
decreases with further increase in x. The decrease of N(0)V with increase of x 
can be attributed primarily due to the reduction of N(0). 

The theory of strong-coupled superconductors includes frequency depen-
dences of phonon-induced interaction and instantaneous Coulomb repulsion. In 
order to understand the influence of Coulomb interaction on the phonon in-
duced interaction, the strong-coupling case is considered. In the strong-coupling 
case, TC is obtained as a function of electron-phonon and electron-electron 
coupling constants, which is given by (aka McMillan equation) [15]: 

( )
( )*

1.04 1
exp

1.45 1 0.62
D

CT
λ

λ µ λ

 − +
= ⋅   − + 

Θ
                (2) 

where λ is the electron-phonon coupling constant and μ* is the Coulomb pseu-
dopotential. The Coulomb pseudopotential is given by [14]: 

*

0

1 ln BE
µµ

µ
ω

=
+

                        (3) 

where EB and ω0 are cutoffs of instantaneous Coulomb repulsion and phonon 
induced interactions, respectively. Since ΘD is known (Table 1) and there are 
two unknown parameters in the exponential of Equation (2), λ is taken from the 
weak-coupling limit. Using Equation (2) and Equation (3) and taking ω0 as that 
corresponding to the Debye temperature, the e/a dependence of EB is obtained, 
which is shown in Figure 1. 
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Figure-1. EB as a function of (e/a) in superconducting  
(Nb0.33Ta0.34)1−X(Hf0.08Zr0.14Ti0.11)X HEA. e/a decreases from 4.8 to 4.16 
as x increases from 0.2 to 0.84. 

3. Discussion and Conclusions 

It is seen that EB is of the order of μeV, which is considerably smaller than ω0. 
The small value of EB can be attributed to the formation of mobility edge. The 
peak in Figure 1 can be due to initial broadening of the electronic band and with 
the increase of x beyond 0.3, EB reduces due to localization of electronic states. 
The nearly temperature independent high resistivity (~50 μΩ·cm) which is nearly 
0.2 times the resistivity saturation value (~ 250 μΩ·cm) [16] also supports this 
conclusion. This occurs since the energy range for scattering is limited by EB ra-
ther than kT. Enhancement of TC is also expected in the approximate solution to 
the theory when EB �  ω0, which accounts for the cocktail effect in this HEA 
[7]. Superconductivity has been studied in (NbTaTiZr)-based HEA with the ad-
dition of Hf, Fe, Ge, Si and V [6]. The ionization energies of Hf, Fe, Ge, Si and V 
are comparable to that of Nb, Ta, Ti and Zr. The ionization energy of La is 5.61 
eV, which is considerably smaller than Nb (6.77 eV). It is therefore, suggested 
that metal to insulator transition can occur in (NbTa)1−X(HfZrTi)X HEA by the 
replacement of Hf with La, which increases the distribution width W. 

In conclusion, the experimental results on superconductivity in  
(NbTa)1−X(HfZrTi)X have been analyzed using the Gor’kov-Eliashberg form of 
the theory for strong-coupled superconductors. The variation in the supercon-
ducting transition temperature from 7.9 K to 4.6 K as x increases from 0.2 to 
0.84 is explained in terms of decrease in electronic band width due to localiza-
tion and broadening of the band. The formation of the mobility edge is found to 
reduce the effective band width in these alloys. The cocktail effect in this HEA is 
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explained in terms of the enhancement of TC, when EB �  ω0.  
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Abstract 
The subject of the present paper is to prove that the recently introduced con-
jecture of boundedness puts a ban over the view of stability as asymptotic 
property. This result comes in sharp contrast with the prescription of the tra-
ditional thermodynamics and statistical physics which consider the existence 
of equilibrium as asymptotic property of all systems. The difference com-
mences from the use of infinitesimal calculus as the basic implement for mod-
elling by the latter while the primary premise of the conjecture of bounded-
ness is sustaining the energy/matter/information permanently bounded and 
finite. The latter property overrules the infinitesimal calculus as the major 
implement of modelling because, among all, it is proven that the traditional 
one suffers unsoluble difficulties. 
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1. Introduction 

The major goal of the present paper is to prove that long term stability of any 
complex system never is their asymptotic property: that is, it cannot last forever. 
This assertion is in fundamental contradiction with the central conjecture of the 
traditional thermodynamics and statistical physics, namely the conjecture that 
stable equilibrium has it’s asymptote so that the corresponding system arrives at 
it in finite time interval and stays there forever regardless to the initial condi-
tions and irrespectively to the boundary ones, and regardless to the structure, 
functional properties and environment where the system is put in. However, an 
unforeseen so far flaw of the traditional conjecture is that, if so, the total amount 
of energy and matter involved in maintaining the stable asymptote gradually and 
permanently increases in the course of evolution eventually and inevitably reach-
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ing infinite values. The latter consideration holds for any asymptote since the 
cumulative effect of its maintaining always reaches infinite and ever-increasing 
values in the time course, despite the fact that it could involve only finite amount 
of energy/matter/information at each and every step of evolution. A few para-
graphs below it are demonstrated that the convergence of corresponding indefi-
nite integrals does not help solving that problem. 

Consequently, the above considerations immediately imply that, if it would be 
possible to maintain each and every system in stable state arbitrary long time, 
the Nature would turn to be a giant perpetuum mobile such that each and every 
its constituent also would be a perpetuum mobile. 

It is worth noting that the above conundrum provokes a cascade of questions 
some of which are: if all systems, both natural and tailor-made inevitably turn 
unstable in due time, are there any early warning signs for their collapse and if 
so, for which systems are they available? Does a universal mechanism for “dying 
out” of any system, even the best organized and the most stable one, exist? Is it 
possible to define the “life-time” of each and every system? Further, is there un-
iversally available operational protocol such that to provide answers to the above 
mentioned questions?  

Let us start with the obvious fact that infinite systems are excluded from the 
present consideration because, being infinite either in size, and/or in energy/ 
matter necessary for functioning as such, it takes infinite amount of energy/ 
matter to sustain a system not only asymptotically but at each and every instant. 
Thus, the obvious consequence is that only systems of finite size and such that 
their construction and functioning involve and exchange only bounded amount 
of energy/matter at each and every step of their evolution are the appropriate 
candidates for being subject of present consideration. This premise renders the 
primary importance of taking into account explicitly the size of each and every 
constituent viewed as boundary conditions, and its permanent interaction with 
the environment viewed as highly non-trivial interplay with the corresponding 
initial conditions. It is worth noting that this highly non-trivial interplay sug-
gests that there exists a specific spatio-temporal domain where the correspond-
ing unit evolves in a stable way. The intuitive clue hints that whenever the size of 
any spatio-temporal domain is bounded, it takes bounded time of a system to 
cross the boundaries of that domain regardless to the direction and nature of its 
motion (ballistic or diffusive).  

In more familiar terms, the role of boundary is that, though restraining the 
motion to stay within a domain by means of reflection back from it, the reflected 
flow of matter/energy interacts with the bulk and thus eventually the boundary 
turns overcome and certain amount of matter/energy “leaks” beyond. In turn, 
the latter changes the functional properties of the system within the domain 
which in turn provokes another “break” in the boundary restraint. Thus, even-
tually a system approaches moment of functional instability and eventually col-
lapses. 

The tacitly presupposed assumption in the above consideration is that the 
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boundaries are supposed not absolutely rigid and forever intact. The crucially 
important consequence of the withdrawal from intactness of the boundary in the 
above example is that stability turns out not to be asymptotic property. To prove 
the latter is the subject of the present paper. 

In a nutshell, it will be proven that stability holds only until a system evolves 
so that to stay within specific margins, called by the author thresholds of stability 
and never reaches either of them. Indeed, in order to sustain its stability intact, a 
system should make a smooth “U-turn” back on reaching either threshold. At 
this point, however, the traditional modelling of the evolution needs major revi-
sion because, as proven next, it suffers an up to now unforeseen inherent con-
tradiction. Indeed, the traditional science asserts that the notion of smoothness 
is adequately modelled by means of infinitesimal calculus. Consequently, the 
latter defines the notion of smoothness as a lack of restraint over the number of 
significant digits necessary for characterization of an information unit and/or 
the distance between nearest points. Yet, the price of that conjecture comes as 
follows: each smooth exertion of a “U-turn” takes infinite number of steps, ac-
cordingly infinite energy/matter and time for its substantiation. The unforeseen 
so far point is that convergence of the corresponding integral(s) suffer(s) inhe-
rent contradiction, namely: the lack of restraint over the number of significant 
digits means that the smaller the infinitesimal number is the more energy/matter 
is involved/exchange for its substantiation regardless to whether it is a point 
and/or distance. Thus, though the integral over the information units converges, 
at the same time, the integral over the energy/matter involved in providing that 
convergence diverges. Thus, convergence is mathematical property which, how-
ever, is inappropriate for modelling real processes. 

In order to overcome the problem, the author has put forward a new ap-
proach grounded on the conjecture [1] that the evolution of stable systems in-
volve/exchange only finite and bounded amount of energy/matter at each and 
every state/step at its execution. In turn, this brings about a restraint over the 
values of each information unit characterizing a point and/or step; that is, their 
values are bounded and finite, e.g. number of significant digits is always finite 
and bounded both from below and from above. It is worth noting that that re-
straint is a fundamental property which must not be associated with imperfec-
tions of resolution and/or insufficiency of our current knowledge about a given 
process.  

It is worth noting that, to the author’s knowledge, neither of the traditional or 
latest approaches put restraints over the values of information means. Thus, all 
sorts of modeling share the same property of the infinitesimal calculus, that is, 
the lack of restraint over the information means. In turn, the lack of restraint 
makes possible the execution of a smooth “U-turn”, even though a model is de-
scribed by, for example, a discrete mapping. To compare, both infinitesimal cal-
culus and all current approaches render execution of a smooth “U-turn” availa-
ble but optional (i.e. it depends on the concrete modelling) while the conjecture 
of boundedness puts a ban over execution of each and every smooth “U-turn” 
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for a fundamental physical reason. 
Now the major difference with the traditional approaches becomes apparent. 

To compare, the latter prescribes existence of stable equilibrium as asymptotic 
property because a system is open to make a smooth “U-turn” on reaching either 
threshold (to remind: a smooth “U-turn” implies tangential approach to a thre-
shold). On the contrary, the conjecture of boundedness [1] renders the approach 
to any threshold to be always non-tangential and thus the execution of a “U-turn” 
inevitably to go some beyond either threshold. However, going beyond either 
threshold, inevitably makes the corresponding system to experience certain dam-
ages, either in its structure and/or its functioning. This opens the door to further 
malfunctioning and on exerting other “U-turn(s)” eventually to collapse.  

In a nutshell, the exertion of a “U-turn” turns out to be the demarcation line 
for our understanding of the future evolution of any system. To remind, the 
smoothness of a “U-turn” sets the generic property of stability to be its holding 
forever. On the contrary, the setting of boundedness renders the generic prop-
erty of the execution of each and every ”U-turn” to be always non-tangential 
which in turn makes stability rather transient property, that is, it lasts only until 
the first “U-turn” is completed. 

It is worth noting on the analogy between the above consideration and the 
mentioned in the beginning example about the role of boundary conditions viewed 
as either absolutely intact (traditional approach) or viewed as having specific 
margins (thresholds of stability) such that their overcoming is available. 

Outlining, the major suggestion of the approach put forward by the author 
and called by her boundedness [1], is that the long-term stability holds intact 
only until reaching either of its thresholds for the first time. Now the following 
questions stand: are “U-turn(s)” inevitable and are there early warning signs for 
their execution? The corresponding considerations and the answers to these 
questions are presented in the next section.  

Then, in Section 3, the consideration about how the functional organization of 
a complex system should be organized so that to “prolong” its “life-time”. 

A very important and, to certain extent unexpected, outcome is the opportu-
nity to extract confident information even about the evolution of systems, the 
information about whose behavior is uncertain and/or incomplete. The corres-
ponding considerations are presented in Section 4.  

2. Boundedness Conjecture and Universal Protocol for  
Collapse  

The major conjecture of the present paper is that the evolution could develop in 
a stable way only when a system evolves so that to stay within specific thresholds 
of stability never reaching either of them. Next the elucidation why the author’s 
approach sets the role of reaching either threshold so crucial for the collapse of 
any system, even the best ones in construction and functioning, comes. The core 
of that approach turns out to be the following conjecture: it asserts that all natu-
ral phenomena involve/exchange only bounded and finite amount of energy/ 
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matter in each state and/or step. The major consequence is that this assertion 
puts a general restraint over the values of the information units used for model-
ling the corresponding phenomena. Put in other words the major conjecture 
reads: the phenomena subject to the conjecture of boundedness evolve so that 
the corresponding rates and amplitudes are constrained within specific for each 
and every process, system and environment margins, called by the author thre-
sholds of stability. At this point the major novelty comes: due to that restraint, 
on reaching either threshold, neither system can make a smooth “U-turn” be-
cause it approaches the corresponding threshold always in non-tangential way. 
Thus, the execution of any “U-turn” always goes some beyond either threshold. 
However, doing that, the corresponding system certainly experiences specific 
damages either in its structure and/or its functioning. This opens the door to 
further malfunctioning which on exerting other “U-turn(s)” eventually brings 
collapse.  

Let us now consider how to confirm mathematically the above described set-
ting. 

The major breakthrough of the author’s idea is to consider the above men-
tioned setting as general operational protocol not as law. To elucidate the latter 
difference, let us remind that the notion of a law implies establishing of a stable 
relation among specific variables characterizing a given process which re-occur 
the same on repetition. On the contrary, the notion of operational protocol im-
plies existence of a stable pattern which stays intact in an ever-changing envi-
ronment. Yet, the ever-changing environment is where all natural systems “live” 
and interact. To compare, controlled environment is available for only few mod-
el systems such as ideal gases and/or other tailor-made systems such as comput-
ers and other electronic devices whose energetic needs are supplied artificially. 
Yet, systems like Internet, power and water grids etc. are put in semi-autono- 
mously changing environment just because different users plug to them semi- 
randomly. That is why the matter about stability of the behavior of a system in 
an ever-changing environment is of primary importance.  

Next it is demonstrated that the successful modelling is rigorously derived 
from the proved by the author and called by her the decomposition theorem. 
The latter proves that each system, put in an ever-changing environment and 
subject to boundedness of rates and amplitudes, exhibits the same type decom-
position of the power spectrum of each time series characterizing its behavior. 
More precisely, it is proven that the power spectrum of each and every time se-
ries comprises 3 parts, namely: a specific to a system discrete pattern, universal 
continuous band of shape 1/fa(f) and components which commence from the thre-
sholds. Since the derivation of that decomposition is grounded on the bounded-
ness of rates and amplitudes alone and does not require any knowledge about 
the nature and origin of a system, neither about its dimension, size and or other 
specifications, it can serve as the major implement of a universal operational 
protocol for modelling the behavior of such systems. 

Crucial for our considerations is the major outcome of the decomposition 
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theorem which proves that stable and predictable behavior is available only 
when the specific discrete band and the universal continuous band of shape 1/fa(f) 
are additively superimposed. That additivity ensures that the specific for the sys-
tem information encapsulated in the discrete band stays intact and thus could 
serve as the major specific characteristic of the corresponding system which does 
not change in an ever-changing environment. This happens because the additiv-
ity of those bands prevents development of emergent phenomena and thus sus-
tains robustness and stability of the discrete pattern.  

However, the things become different with regard to the components in a 
power spectrum which come from thresholds: emergence of new phenomena is 
unavoidable and started going on at the execution of the first “U-turn”. The in-
evitability of those phenomena is grounded on the facts that: 1) simultaneous 
additivity of all three bands is impossible since, if otherwise, the components 
which come from thresholds would belong either to the discrete or to the conti-
nuous band. To elucidate this consideration better let us remind that the lines in 
a power spectrum are permutation sensitive: any permutation yields a new pat-
tern. 2) the ubiquity of the non-tangential approach to a threshold, (a “U-turn” 
in the setting of boundedness) is the one which launches the emergence and de-
velopment of new phenomena, each of which is associated with specific “leak” 
beyond the corresponding threshold. Remember the “leaking” beyond the phys-
ical boundaries at the example given in the Introduction; 3) each line in a power 
spectrum is characterized by bounded means of information and thus each new 
phenomenon emerges in a specific bounded time interval set by the concrete 
path to approach the threshold.  

Outlining, the break in additivity commences from the emergence of any new 
phenomenon and is characterized by the emergence of a new line(s) in the cor-
responding power spectrum. The importance of the latter emergence is that it 
turns out impossible to maintain any longer the discrete pattern stable and intact 
because the new phenomenon starts its development immediately after it’s com-
mence due to the interaction with the entire system. The emergence and devel-
opment of a new phenomenon could be traced by monitoring the development 
of the new line(s) and the changes it makes to the power spectrum. Since the ex-
clusive property of the execution of a “U-turn” is the persistent non-tangential 
approach to either threshold, it is certain that it produces specific damages either 
to the structure and/or functioning. So, the execution of “U-turns” serves as a 
general protocol for launching destructive phenomena which eventually yields 
collapse. Further, the collapse is inevitable and happens in a finite time interval 
since any “U-turn” inevitably happens in a specific, yet finite and bounded spa-
tio-temporal time interval.  

Summarizing, each and every system, whose behavior is subject to the boun-
dedness of rates and amplitudes, is subject to unavoidable collapse which occurs 
even for best organized and functioning ones. However, establishing of the “life- 
time” of each system is mathematically decidable with certainty only for the time 
periods before the first new line emerges. This is so because the break in additiv-
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ity between a discrete pattern and a continuous band renders the individual prop-
erties extremely sensitive to the specific and highly non-trivial interplay between 
already developed and newly emergent phenomena for each item, system, indi-
vidual etc., the. The high sensitivity makes the evolution after the first “U-turn” 
subject to individual circumstances which, to a much extent, appear as unique 
ones. 

Now, a question comes: whether it is ever possible to “prolong” stability by 
other means? This question is suggested by our daily experience about the role 
of medicine: for example, most of people take dietary supplements in order to 
keep their health in a good shape as long as possible. But, the author’s interest is 
focused on the following subject: does a universal protocol governing the inte-
raction of different units, systems etc. exist and could it help to “extend” stabili-
ty? That issue is the subject of the next section.  

3. Protocol of Compatibility and Early Warning Signs for a  
Change  

Let us start with establishing how to model interactions in the setting of boun-
dedness. Up to now, the traditional modelling is grounded on the idea about li-
near superposition among interactions. It conjectures that the total interaction 
consists of linearly superposed interactions among clusters of two, three, etc. 
numbers of units. However, the corresponding approach suffers of so far un-
avoidable infrared and/or ultraviolet catastrophes, a fact which is in conflict with 
the energy saving law. 

Further, the idea about linear superposition is also in conflict with the idea of 
boundedness since linear superposition does not put bounds on the partial and/ 
or total energy/matter involved and/or exchanged in any point. 

In order to resolve the above conflict, the author has conjectured withdrawal 
from the principle of linear superposition and instead she replaces it with the 
primary role of saving boundedness of the involved and/or exchanged mat-
ter/energy. The later implies that the interactions are non-linear and non-homo- 
geneous throughout a system and both in space and in time. Since different 
functional units, modules etc. in a complex system have different thresholds of 
stability, the interplay between the corresponding units makes some new phe-
nomena emerging from a local “U-turn” to affect other unit(s) without the latter 
to reach their own thresholds. Thus, an alternative to inevitability of destructivi-
ty of a “U-turn” arises and this is adaptation. A few paragraphs below it is con-
sider whether an emergent line implies adaptation or destruction.  

 At this point the question stands: how different units should be organized so 
that to provide stability of the discrete pattern as long as possible? The answer is 
given by the put forward by the author conjecture about a bi-directional hie-
rarchy of interactions [1]. Its major idea asserts that the response of a system 
could be strengthened and its “life-time” prolonged when the response is diver-
sified so that its functioning to be a subject to the called by the author protocol 
of compatibility [2]. Diversification is substantiated by means of letting only 
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specific units to response to a given stimuli; for example, our vision responses to 
visible light, but not to temperature etc. The exclusive property of the bi-direc- 
tional hierarchy is that the diversification of the response goes via the organiza-
tion of the functional units in functional hierarchical layers so that the boun-
dedness is self-maintained on each and every level. The latter is substantiated by 
means of the following: the outcome of each level serves as environment for the 
others. The bi-directionality comes from the fact that the “environment” for 
each given level comes both from lower and from the higher levels and thus 
generally it goes simultaneously both bottom up and top down.  

Now the general operational protocol, called by the author “protocol of com-
patibility”, comes into consideration. Its major value is that it provides general 
rules for establishing bi-directional hierarchy.  

The general protocol of compatibility comprises two interconnected rules 
which come as follows: the first one asserts that in order to postpone emergence 
of a new phenomenon as long as possible, the lower and higher level discrete 
patterns must appear as closer as possible to be in overtone positions to a given 
discrete pattern.  

An obvious consequence of that rule is that, because the functioning of all 
units is interconnected, the emergence of a new phenomenon of any single unit 
affects all others. This is characterized by emergence of specific new lines in the 
power spectra of each unit. Yet, now different functional units and hierarchical 
levels are subject to highly a non-trivial interplay among mutual interactions, 
remember the major conjecture about non-linearity and non-homogeneity of 
interactions so that to save energy/matter bounded, which makes some of those 
interactions to turn from originally destructive to adaptive ones.  

However, as proven in [3], it is mathematically undecidable whether the newly 
emergent line(s) means adaptation and thus eventually prolonging stabilization, 
or it triggers malfunctioning of the entire system which eventually brings almost 
immediate collapse. At this point, the role of other knowledge comes of decisive 
importance: Thus, with the primary knowledge that the collapse of a system 
and/or unit is generally unavoidable, could and when other appropriate know-
ledge helps the stabilization of the entire system and in this way to “prolong” its 
“life-time”? Obviously, the answer to this question is subject to each concrete 
case. For example, the EEG and EKG time series of an ill person exhibit specific 
deviations from an established standard but it is the medical knowledge which 
prescribes the appropriate for a given case medicines.  

The second part of the protocol of compatibility is provided by the following 
rule: the processes at each hierarchical level should be organized so that all of 
them to share the same “strip” of energy/matter involved/exchanged. Thus the 
functioning of specific units (self)-organizes in a stable system (hierarchical lev-
el). The major value of the second part of the protocol of compatibility is that it 
puts under control any increase of a quantal error regardless to its origin and 
location by means of not allowing it’s growth over the thresholds as long as 
possible. Consequently, the “interactions” among hierarchical levels stay under 
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control as long as possible.  
Put in a nutshell, along with the straightening of the response by means of its 

diversification, the two rules of the protocol of compatibility provide that other 
levels emergent phenomena appear as small disturbances to a given level ones 
for a longer time. However, it is crucially important to stress that, though being 
prolonged and the response strengthened, the total life-time of a system turns 
again to be finite and bounded.  

An exclusive property of the protocol of compatibility, viewed as a protocol of 
stable (self)-organization, and the boundedness, viewed as universal protocol for 
stable functioning, is their self-consistency. It is worth noting the major exclu-
sive property of that self-consistency: that is the property that the decomposition 
theorem holds for each and every so organized system and /or hierarchical level. 
The major consequence of that holding comes as follows: since the author con-
siders only systems of bounded finite size, the hierarchy of functional levels has 
its lowest and its highest one, a fact which makes the collapse unavoidable. 

Further, the emergence of a new line(s) in a power spectrum appears as a ge-
neric type of early warning sign(s) for a change. However, it is mathematically 
undecidable whether the emergence of a new line in any power spectrum is an 
early warning sign for adaptation or for fast collapse even for systems subject to 
the protocol of compatibility. 

The “life-time” of any system could be prolonged and the response enhanced 
by means of highly specific for each system and environment interplay between 
the general means of “the protocol of compatibility” and other appropriate for 
each and every given system knowledge. 

And last but not least, the “protocol of compatibility” serves as a criterion for 
demarcation between stable systems and “bunches” of units. Indeed, only sys-
tems subject to that protocol stay stable and predictable in a definite period of 
time that is, until reaching a threshold for the first time. On the contrary, for a 
“bunch of units”, that is systems which are not subject to that protocol, it does 
not exists a definite period of time when any of them evolves in a stable and pre-
dictable way. 

4. How to Get Certain Information from Uncertain Data  

Let us start with establishing what certain information is.  
The novelty of the author’s approach lies in the suggestion that stable func-

tioning of a system is modelled by means of “locking” the values for mat-
ter/energy/information involved and/or exchanged in every instant and through-
out the system within specific margins called by the author thresholds of stabili-
ty. This restraint commences from the basic assumption of the theory of boun-
dedness, that is: the hypothesis about primary role of keeping boundedness of 
energy/matter involved/exchanged in each step. As it is demonstrated in the 
previous sections one of the far going consequences is the one which asserts that 
stability is rather transient phenomenon than asymptotic one. 

An immediate consequence of that reminding is that the evolution of each 
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process and each system put in an ever-changing environment is modelled by 
means of monitoring its behavior for a given period of time. The exclusive 
property of the boundedness conjecture is that the values of the members of the 
corresponding time series belong to the same specific bounded both from above 
and from below “strip” of discrete values. Thus, when a system is put in an ev-
er-changing environment, the time series in study comprises some, probably 
most of all available values from the corresponding “strip”. It is important to 
stress that the obtained sequence is not random because each its member is de-
fined by the current environment and the previous member(s). Yet, an exclusive 
property of those sequences is that all members in each one appear of equal sig-
nificance in their contribution. So, a question comes: which member is the true 
and the certain one? An intuitive answer is that this could be only that informa-
tion, which stays intact in an ever-changing environment. 

An immediate interpretation of the above consideration comes as follows: 
Does the decomposition theorem holds for the case when factors such poor res-
olution, human reluctance to say true to some questionnaires etc. persists? The 
answer is positive and comes as follows: the proof of the decomposition theorem 
does not involve any knowledge about the nature and the concrete values of the 
members in the time series under study. The only necessary knowledge is that 
about their permanent boundedness. Thus, it holds also for time series whose 
members comprise uncertain/incomplete and even false information let alone 
they stay bounded within the original thresholds.  

Thus, as long as the decomposition theorem holds, there is knowledge ob-
tainable with certainty and that is the information encapsulated in the corres-
ponding discrete pattern. More precisely, each discrete pattern carries the in-
formation about stable spatio-temporal landscape of causal relations [3] which 
characterize a given system.  

It is worth noting once again that the information encapsulated in a discrete 
pattern is certain, although the members of the corresponding time series could 
comprise uncertain/incomplete (even false) information. The only necessary con-
dition for obtaining certain information is that the uncertainty of information in 
each and every member of a time series not to exceed the original thresholds. 

Thus, an immediate consequence of the above generalization of the decompo-
sition theorem is: again the appearance of a new line in the power spectra sug-
gests that some threshold is reached. And again it is mathematically undecidable 
whether the new line(s) is early warning sign for adaptation or for collapse. And 
again, the role of other knowledge turns out to be of primary importance. 

5. Conclusions 

The major outcome of the considerations presented in the present paper com-
mences from the withdrawal from the infinitesimal calculus as the basic imple-
ment for modelling the dynamics and the evolution of complex systems. The in-
finitesimal calculus suffers inherent contradiction which comes as follows: the 
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smaller the infinitesimally numbers are, the larger the amount of energy/matter 
involved in their substantiation is. On the contrary, the conjecture of bounded-
ness puts specific restraint over the amount of energy/matter involved in subs-
tantiation of any state and/or step in evolution of each and every system. Hence, 
the information characterizing the functioning of a stable system turns out to be 
restrained into a specific “strip” of values.  

The new conjecture comes at price: it is that stability turns rather transient 
phenomenon since the stability is well-defined only until the first “U-turn” is 
executed. The decisive role of reaching thresholds is that the withdrawal of infi-
nitesimal calculus renders any approach to either of the thresholds non-tangential; 
hence, the exertion of a “U-turn” goes some beyond the corresponding threshold 
thus causing specific damages to a system. Then, the stability of a system has a 
well-defined life-time which is the time before the first “U-turn” happens. To 
compare, the infinitesimal calculus makes “U-turns” smooth which in turn pro-
vides the stability to last arbitrary long time. 

Yet, it is worth noting on an exclusive advantage of the conjecture of boun-
dedness which comes as follows: a design which puts under restraint the availa-
ble values characterizing the corresponding processes into operational “strips” 
each of which stands for a given hierarchical level, renders the maximum possi-
ble stability towards any accidental growth of any quantal error wherever and 
whenever it occurs. To compare, any lack of restraint over the current values 
makes the corresponding “software” vulnerable to accidental growth of a quantal 
error which inevitably is accompanied with the corresponding “hardware” mal-
functioning such as overheating, sintering etc.  

Summarizing, the major conclusion drawn from the present paper is that the 
stability never could be asymptotic property that is, it cannot last forever. Yet, 
with the primary knowledge about the inevitability of collapse in mind, along 
with other knowledge specific to a given system, the lifetime of a system could be 
prolonged and/or strengthened. Further, the knowledge about the principle of 
compatibility and the mathematically non-decidability of early warning signs 
viewed as parts of a universal protocol for functional organization, along with 
appropriate specific knowledge, could serve as guiding lines for our understanding 
of natural systems and for a successful tailoring of artificial ones. 
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Abstract 
Since the publication of Einstein’s theory of general relativity, a variety of in-
terpretations have been suggested. In 1937, Paul Dirac presented his Large 
Number Hypothesis (LNH) based on the large difference between gravita-
tional and electromagnetic forces. As a consequence, the energy is propor-
tional to the radius squared and the gravitational constant is inversely pro-
portional to the radius of the universe. The energy increases during expan-
sion, Dirac used the term “additive creation”. The objective is to prove the va-
lidity of Dirac’s claims. A new theory, CBU (Continuously Breeding Un-
iverse), has been developed. The universe is considered a black hole originat-
ing from the single fluctuation of a positron-electron pair. The expansion is 
driven by the formation of new pairs. The negative gravitational potential 
energy balances the increase in matter energy. Due to G ~ 1/r, the Planck 
length p�  and Planck time tP depend on the curvature of space. The Schrö- 
dinger solution of an initial positron-electron fluctuation contains a parame-
ter equal to the Planck length. The CBU theory postulates that the primordial 
universe undergoes a transition from a black hole to a photon-filled universe. 
After the transition, one half of the energy is bound to numerous “small” 
black holes, the seeds for galaxies, while the other half propagates as CMB 
(Cosmic Microwave Background) radiation. The CMB photons are due to e+ - 
e− annihilations. Characteristically, the CMB photons are pairwise entangled, 
the radiation loses wave energy but compensates by increasing the photon 
numbers. According to a new model for black holes, a continuous inflow of 
matter prevents the black holes from becoming singularities. An energy gap 
between the event horizon and the inner photon sphere is the source of real 
matter from a QED vacuum foam. There is evidence that all stellar matter 
originates from a proton-antiproton outflow from the galaxy central black 
hole. 
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1. Introduction 

Astronomy opens windows to the universe. To understand the physics behind 
the clockwork of the world, we must use our imagination (Einstein’s Gedanken 
experiment). Step by step, the theory emerges from observations and scientific 
methodology. 

Astronomy has deep roots in history, early observations have been important 
for the timing of historical events and for the understanding of astrophysical 
phenomena. However, astronomy as a scientific discipline started with Galileo 
Galilei at the beginning of the 17th century. The invention of the telescope made 
it possible to observe the motions of the planets and their moons, giving support 
to the Copernican heliocentric model.  

The accumulation of observational data and the development of tools of in-
creasing sophistication, most recently the Hubble Telescope and the James 
Webb Space Telescope, have greatly improved our view of the cosmos and its 
past. 

The Big Bang theory, the basis of the present standard model (ΛCDM), was 
first proposed by the Belgian priest Georges Lemaitre, who used the term “the 
Primeval Atom” for the Big Bang event [1]. As a religious person, Lemaitre in-
terpreted this as an act of creation, a view that has been accepted by the Vatican 
and the Catholic Church. Lemaitre also described the expansion of the universe.  

The discovery of the cosmic microwave background radiation (CMB) in 1964 
has been a key piece of evidence for the Big Bang. Photons following a black 
body intensity distribution come from all directions of the universe. The spatial-
ly even distribution at a time very close to the initial event has been interpreted 
as very strong argument. 

There are several problems related to the standard theory, however. It is as-
sumed that all the energy was packed into the singularity from which the bang 
started. What was the origin of this energy? To get on track for the coming ex-
pansion, the universe had to make a rapid transition from the singularity scale to 
a scale leading to the current size. One had to introduce inflation, ingeniously 
developed by Alan Guth [2].  

The introduction of dark energy and dark matter, concepts required to ex-
plain the expansion and the motions of the celestial bodies, is an extraordinary 
intervention in science, especially in physics. These concepts are invented just to 
defend a specific theory, the roots of which are blurred. So far all attempts to 
find a candidate for dark matter have failed. Dark energy is a trickier question, 
in this study we will present a solution based on quantum mechanics, which will 
give a plausible explanation to the dark energy concept. 
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In the standard model, there is no theoretical derivation or equation for the 
Hubble constant de facto a time dependent parameter (Edwin Hubble made his 
observations of the expanding universe in 1923, but only published in 1929 [3]). 
For practical reasons astronomers use a statistical formula, where the compo-
nents of matter (dark matter included), dark energy and radiation are fitted in. 
Here we derive an equation that yields a result 0.5% from observations. 

In 1916, Albert Einstein published the Theory of General Relativity (GR) [4]. 
The theory has formed the backbone of our understanding of gravity. Time and 
time again, the theory has been proven correct. Einstein’s field equation com-
bines the geometry of the universe with energy and momentum. Gravity is ex-
plained as a result of the curvature of space. Energy bound to matter or electro-
magnetic radiation follows a geodesic line as it travels through space. In the 
empty space around a point-like mass, the ultimate geodesic line coincides with 
the arc of the radius of curvature. In reality, near celestial bodies, the curvature is 
distorted. 

There were many things that Einstein did not know when he formulated his 
equations. For instance, the expansion of the universe was still hidden in the veil 
of the unknown. Not to mention an accelerated expansion. The theory at the 
time was an unchanging steady state universe. To Einstein Newton’s gravitation-
al constant G was a physical fact needed to describe the special case of Newto-
nian gravitation.  

But there was a problem that bothered him, the field equation was unstable, it 
required an extra term to fulfill the steady state condition. Less than a year after 
the publication of the GR theory Einstein introduced the idea of a cosmological 
constant, [5]. Later he would call this as his biggest blunder. This remark re-
ceived great publicity; it was hard to believe that a genius should admit a mistake. 
However, the article was not that bad. Much later the cosmological constant was 
reintroduced to explain the expansion. In the cosmological constant article 
Einstein defines the curvature radius RE, also called the Einstein radius, which 
appears to be close to the present estimate of the radius of the observable un-
iverse. The radius is 264 4.6 10 mER c Gρ= = ×π , which should be compared 
to RΛ = 4.4 × 1026 m (the standard model). Here, the density of real matter was 
taken to 5 × 10−28 kg/m3, a representative value. 

Einstein also estimated the total mass by multiplying the density by the vo-
lume 2 32 EV R= π , which is a 4d surface projected into 3d. It is also the volume of 
a horn torus, Figure 1(a). By using this choice, Einstein sought a 3d shape that 
would illustrate how light circulates throughout the universe and returns to the 
point of origin. 

In this study, we will stick to Einstein’s field equation and interpret the geo-
metry as the interior of a 4d black hole (BH). It is impossible to imagine a 4d 
configuration without an outer surface and without a centre. Instead, we use a 
3d projection as shown in Figure 1(b). This assumption leads to solutions that 
eliminate some problems with the standard model. The universe BH has a very  
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Figure 1. Geometric 3d interpretations of a 4d black hole universe. 

 
low energy density. A steady addition of matter, electrons and positrons, say, 
prevents a contraction and the formation of a singularity. The influx is a quan-
tum mechanical process made possible by a “momentum-space window” in ac-
cordance with the Heisenberg uncertainty principle. The energy of the new mat-
ter is balanced by the growth of space and an increase in the gravitational nega-
tive potential energy. This important principle was proposed by Alan Guth in an 
Appendix to [2]. 

By introducing an acceleration parameter B, we can define the pressures re-
sponsible for the expansion, all of which can be formulated as functions of B: 
Eulerian pressure (introduced by Einstein), a momentum change pressure caused 
by the influx of new matter, and the pressure responsible for the acceleration. 
The last-mentioned component is linked to an intrinsic acceleration of space 
expansion giving rise to a Coriolis effect, which in turn eliminates the need for 
dark matter. 

The most speculative suggestions are omitted. These are inflation, dark matter, 
singularities, wormholes and the multiverse. We do not deny their existence but 
do not find them necessary for this study. Though, the theory requires two bold 
postulates:  

1) The CMB radiation is the result of a transition, where the primordial black 
hole universe releases 50% of its energy as photons from electron-positron anni-
hilations and agglomerates the rest of the energy as matter into a vast array of 
black holes, the seeds for future galaxies.  

2) All stellar matter is the product of proton and antiproton excitations from 
the event horizon of the galaxy’s central black hole. 

The study is based on a theory developed by the author in a series of publica-
tions during 2018-2022, [6]-[11]. The theory is called CBU, which stands for the 
Continuously Breeding Universe. The goal is to prove that the CBU theory obeys 
known laws of physics, the predictions agree with observations and the applied 
physics proves that the postulates are credible and not coincidences. 
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2. The Black Hole Universe 

The principle that a celestial body possesses such gravity that even light cannot 
escape was first proposed by the French mathematician Pierre-Simon Laplace 
and the English physicist John Michell in the late 18th century. A modern ap-
proach was implemented by the German mathematician Karl Schwarzschild in 
1916, right after the publication of the GR theory. He was the first person to 
present a solution to the Einstein Field Equation by creating his own metric and 
deriving the Schwarzschild radius, i.e. the radius of the event horizon of a black 
hole. 

Major theoretical work has been going on since the 60s. Stephen Hawking and 
Roger Penrose became well known for their work on black hole entropy, Hawk-
ing radiation and the singularity problem. Some attempts to describe the un-
iverse as a black hole have been made, most on purely theoretical grounds, 
without being able to produce testable predictions. The first serious suggestion 
to a black hole universe was published by R. K. Pathria in 1972, [12]. The ques-
tion then—as well as today—was “is the universe closed or open?” By postulat-
ing a closed universe Pathria saw a possibility to find explanations to observa-
tions of distant phenomena. He proclaims: “Here I demonstrate that the un-
iverse may not only be a closed structure but may also be a black hole, confined 
to a localized region of space which cannot expand without limit.”  

In 2013, Bernard McBryan published a comprehensive analysis of alternative 
geometrical solutions for black holes, [13]. He used various metrics as proposed 
by theorists in previous years. In conclusion he states that one could live in a 
low-density black hole without really knowing it. But in his study the gravita-
tional parameter G is kept constant. We are going to show that this is not con-
sistent with a black hole universe. 

The current study differs from previous attempts in a radical way, the black 
hole is a main actor in the celestial interplay between time, space and energy. 
The quantum mechanical activity across the characteristic boundaries, the event 
horizon, rs = 2GM/c2 (Schwarzschild radius), and the real black hole radius (the 
inner photon radius) rB = GM/c2, makes the black hole’s vicinity a cauldron of 
tumultuous creation. M is the total internal energy in mass units. 

The Heisenberg uncertainty principle allows virtual particles from a vacuum 
ground state to become real not by creating new energy but by balancing the ad-
dition of matter with an increasing portion of negative potential energy due to 
gravitation.  

This is the explanation for gravity. The growth of matter requires an expan-
sion of space to increase the negative energy. Thus, the radius of curvature r be-
comes a measure of gravity. A parameter G, inversely proportional to r, is a 
convenient way to estimate the gravitational force at a specific time and for a 
specific size of the universe. 

We must make a distinction between the universe black hole and the black 
holes in the centres of the galaxies. Often the former is described as a cocoon, 
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the surface of a sphere expanding like the universe, without a centre, however, 
we are on the inside. The universe includes everything: space, time, matter and 
radiation. Einstein’s theory of General Relativity is about the 4d geometry of a 
black hole and the interpretation that the curved space is an indication of the 
gravitational effect. The Einstein Field Equation joins geometry with the content 
of energy and momentum. 

The black holes in the centres of galaxies should be treated as spherical cos-
mological objects, the properties of which have so far remained mysterious. By 
interpreting the observations made and accepting the postulate of matter influx, 
we can create a more accurate picture of the black holes and their physical beha-
viour. A common characteristic of both the universe BH and the galaxy BH is 
that they are not singularities. They are dynamic objects that grow by letting 
streams of elementary particles enter the interior space. The universe BH ex-
pands, while the galaxy BH increases its density. 

3. Basic Equations and Geometry 

The official view of a black hole is incomplete. On the one hand, it has a mass, a 
temperature and an entropy, on the other hand, it is just a dive of the fabric of 
space into an infinitely deep well, the singularity. We claim that this description 
is inconsistent and incorrect. The black hole contains energy in the form of mat-
ter and radiation. The outer surface of the black hole has a distinct radius, half 
the Schwarzschild radius. We have called this limit the inner photon sphere, it is 
motivated by the fact that the ultimate photon energy required to escape the BH 
is hf = GMhf/(rB·c2), h is the Planck constant and f is the radiation frequency, 
from which we have the BH radius 

2 .B
GMr
c

=                           (1) 

Here G is the gravitational parameter and M the mass of the black hole. In-
stead of hf we could put any mass energy mc2 and obtain the same radius. We 
can also interpret rB as the distance from a mass centre M required to create a 
particle m. 

Postulating that the universe is a black hole means that Equation (1) also is 
valid for the universe. The limit for our range is also the radius of the universe: 

2 .
2
s u

u
r GM

r
c

= =                        (2) 

Here Mu is the total energy of the universe in mass units. Equation (2) is fa-
miliar from several significant proposals, most important those by Brans and 
Dicke [14] and Dirac [15]. For practical reasons we introduce  

2 .
2 2
u ur GM

r
c

= =                        (3) 

Later we will show that r equals the radius of the observable universe and the 
Einsteinian curvature radius. 
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Figure 1(b) visualizes the 3d projection of the 4d universe black hole. The in-
terpretation is relevant as we will see throughout this analysis. The volume and 
surface of the 3d projection are 

332 ,
3u

rV π
=                          (4) 

216 .uA r= π                          (5) 

From Equation (3) we have 
42 ,

u

G c
r W
=                           (6) 

where Wu = Muc2 is the total energy, matter and radiation, of the universe.  
The first electron-positron pair appears at the initial event, at which point the 

following condition is satisfied 
2 22 ,

2
i

i e e

G c c
r m m
= =                        (7) 

Here Gi is the initial gravitational parameter, ri is the radius and me the elec-
tron rest mass. The radius is calculated by forming the energy balance equation, 
Figure 2. The distance between the particles is obtained by multiplying with π: 
πri. 

The energy equation is 

( )
2 2

2

0

2 ,
4

e
e i

i i

m em c G
r rε

= +
π π π

                  (8) 

where e is the electron charge and ε0 is the vacuum permittivity. From Equation 
(8) we obtain the initial radius 

( )
2

2
0

.
4 2 1i

e

er
m cε

=
π π−

                    (9) 

 

 

Figure 2. A description of the Genesis event and schematically the expanding universe as 
the 2d surface of the cone figure. The radius of the observable universe equals πrF, where 
rF is the radius of the frontier circumference (the same presentation as used by NASA, cf. 
Figure 6). 
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The value is ri = 0.53337905 × 10−15 m. It will be shown later that the radius ri 
is a fundamental cosmological quantity. 

In [9] it was demonstrated that the following relation is valid 
2 4

.i
i i

e

r c
G r Gr constant

W
= = =                   (10) 

As the present value of the Newton gravitational parameter is known, G0 = 
6.6743015 × 10−11 N·m2/kg2, we obtain the radius of the observable universe 

2 4
26

0
0

1 4.20550 10 m.i

e

r c
r

G W
= ⋅ = ×                 (11) 

The value differs from the official figure of 4.4 × 1026 m by −4.6%, a small dis-
crepancy considering the uncertainties in the estimation chain. When G0 from 
Equation (11) is substituted into Equation (6), we have 

2
71 540

0 2 1.018 10 J ~ 1.133 10 kg.u e
i

r
W W

r
 

= = × × 
 

          (12) 

The value in kg divided by 8 (the observable universe), Muobs = 1.42 × 1053 kg, 
matches almost exactly the estimate given by Wikipedia/Observable Universe: 
Muobs = 1.46 × 1053 kg. 

Equation (12) proves that the real energy content is proportional to r2. The 
author has defined the following definition 

24 .uW br= π                          (13) 

Here b is a universal energy “pressure” constant, J/m2, which is obtained from 
the initial event conditions 

17 2
2

2
0.458017 10 J .m

4
e

i

W
b

r
= = ×

π
                 (14) 

There are some equations that are of vital importance for the study. The gra-
vitational parameter is 

( )
4

.
2

cG r
br

=
π

                          (15) 

The density of matter (m) and radiation (x) is obtained from 

2 2

3 .
8

u
mx

u

W b
V c rc

ρ = =                        (16) 

In his original text on GR Albert Einstein introduces the Eulerian hydrody-
namic pressure PE, capital P is used for pressure to distinguish it from momen-
tum p. From basic thermodynamical principles we have dWu = −PEdVu. We dif-
ferentiate the energy relation of Equation (13) and obtain dWu = 8πbr·dr = 
−PEdVu, then by substituting dVu/dr = 32πr2 we have 

.
4E
bP
r

= −                          (17) 

The ingredients needed for a deeper exploration of the dynamic behaviour of 
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the universe are now at hand. 

4. The Expanding Universe 
4.1. Acceleration 

The first observations of an accelerated expansion of the universe were made in 
the late 1990ies by two independent groups, cf. [16]. The result is significant, 
because it implies that either there is an unknown form of energy (dark energy) 
involved or the influx of new matter causes the rate change. Actually, both ap-
proaches may be compatible, a virtual quantum ground state energy provides the 
source of a particle influx. The theoretical dark energy is an integrated rating of 
the instantaneous ground state values. It is important to determine an approxi-
mation of the acceleration, even if there does not exist a purely mathematical 
solution. 

The Einstein Field Equation in its original form is 

8 ,G GTµν µν= π                        (18) 

where Gμν is the Einstein tensor and Tμν is the energy-momentum tensor. The 
Friedmann solution in Robertson-Walker metrics is, cf. [17], 

( )

2 2

2
0

8 .
3

cur

a G kc
a ar

ρπ  = − 
 

�
                   (19) 

Here a is the scale factor, such that r = ar0, and rcur is the curvature radius. The 
curvature factor k is −1, 0, +1 for negative, zero and positive curvature respec-
tively. 

We derivate Equation (19) with respect to time 

( )2 282 2 .
3

aa Ga G aa G aρ ρ ρπ
= + + �� ����               (20) 

We have 

4 2 .
3

a G a G a
a a G a

ρ ρ ρ
 π

= + + 
 

�
�
� �

��                 (21) 

Equation (21) differs from the accustomed equation by accounting for the 
time derivative of G. 

The time derivative of the density ρ�  contains the pressure P responsible for 
the expansion. The 1. Law of Thermodynamics states that dW + PdV = 0. We 
have 

d d 0.
d d
W VP
t t
+ =                      (22) 

The rate of volume change is 

( )3d 32 d 3 .
d 3 d
V ar V
t t a

π
= =

�
                  (23) 

On the other hand the change of work is 
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2 2 2d d 3 .
d d
W V aV c c Vc
t t a

ρ ρ ρ ρ = + = + 
 

�
� �                (24) 

Now, by combining Equations (23) and (24) with Equation (22) we have 

23 .a P
a c

ρ ρ = − + 
 

�
�

                       (25) 

We may now write the complete equation of acceleration 

2

4 1 3 .
3

a G G a P
a G a c

ρ
  π

= − − +  
  

���
�

                  (26) 

It is easy to show that 1G a
G a

= −
�

�
. When G, ρmx and PE from Equations (15),  

(16) and (17) are substituted into Equation (26), the result is 0. This can be in-
terpreted as the equation being correct, as well as the variable definitions, and 
that the need for the cosmological constant is necessary. However, we have 
solved the problem in a more plausible way, the difference between the density 
and the pressure (divided by c2) terms must be diminutive. Therefore we intro-
duce a factor B + 1 before the pressure term. B is small, roughly 1/π2, a more 
precise definition will be presented in Section 4.4. The new acceleration equation 
is 

2

2 .
2

a c B
a r
=
��

                          (27) 

We use the following relation as an Ansatz: 
2 2

0
0

.
2 2
Bc Bcg r a
r a r

= = =��                      (28) 

Here g has been used as the symbol for acceleration because a is reserved for 
the scale factor. 

We conclude that r2 in the denominator of Equation (27) should be multiplied 
with π2 (cf. Figure 2) to indicate that a��  is an intrinsic 3d acceleration acting at 
each point of the space and giving rise to a Coriolis effect. 

4.2. The Hubble Parameter 

By integrating Equation (27) we obtain the rate of the universe expansion, i.e. 
the Hubble parameter. First 

2

2
0

dd ,c aa a B
ar

=� �                        (29) 

and further 

0 0

ln ln .
i i

c a c ra B B
r a r r

= =�                  (30) 

This is the Hubble parameter, ai = ri/r0. As a first approximation we use B = 
1/π2 and obtain 

18 10
0 0

0

kmln 2.229 10 s ~ 68.8 .
s Mpci

rch H
r r

− −= = × =
π ⋅

       (31) 
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H0 is close to the present best value of 67.7 km/sMpc. 

4.3. The Age of the Universe 

The passage of time since the initial event is thought to be anchored to the cur-
vature radius due to the relation p pt�  = c, where p�  and tP are the Planck 
length and the Planck time respectively, that is, length and time are synchro-
nized even if the pull of gravity changes. Accordingly, we can treat universe size 
and time as synchronized variables, without considering the decreasing G. 

The propagation of time is obtained by integration. We substitute u = ln(a/ai) 
into Equation (30) 

0

e d d .
u

i
u ca B t

ru
=∫ ∫                       (32) 

The integral on the left-hand side has an error function solution 

( )e d .
u

i i
ua a i erfi u

u
= − π ⋅∫                    (33) 

The real part solution of the right-hand side is obtained by using the Dawson 
integral function ( )( )ln iD a a+ , to be found in Wolfram-Alpha. 

The time as a function of the radius is obtained from 

( ) 2 .rt r D
c B+=                         (34) 

In our first approximation ( )( )0ln 0.05111iD r r+ = , B = 1/π2 we get the age 
of the universe: t0 = 4.51 × 1017 s ~ 14.3 Gyr, a slightly higher value than the offi-
cial 13.8 Gyr. 

4.4. A Specified Estimate of the Hubble Parameter and Universe  
Age 

Our attempt is to determine B as a function of time. It can be proved that  

( )( ) 1lim 2LD L+ =  for L →∞ . We define a parameter 

2

1 ,
4B LD

ν
+

=                          (35) 

where L = ln(r/ri) + 1/4. The addition of 1/4 stems from the need of considering 
the momentum change caused by the continuous influx of new matter. The mo-
mentum force is 

d d d
d d d

18 ln 8 ,
4

u u u u
M u u u u

i

V M V Mp r rF M V M V
t t t r t r t

rbrB brBL
r

∂ ∂ ∂ ∂
= = + = +

∂ ∂ ∂ ∂
 

= π + = π 
 

        (36) 

where p = MuVu is the momentum and Vu the velocity of expansion.  
It can be shown that 

2

.BB ν =  π 
                           (37) 

https://doi.org/10.4236/jmp.2023.144027


J.-T. Eriksson 
 

 

DOI: 10.4236/jmp.2023.144027 472 Journal of Modern Physics 
 

As r goes towards ∞, νB approaches 1 and B → 1/π2. The universe is becoming 
flat and the frontier speed, see next section, is asymptotically approaching the 
speed of light. 

Substituting L = 96.656 and D+ = 0.0511248 into Equation (35) results in νB = 
0.98957, which in turn substituted into Equation (37) results in B = 0.099219. 

The new Hubble parameter estimate is h0 = 2.2075 × 10−18 1/s ~ H0 = 68.12 
km/(s·Mpc).  

The corrected universe age is t0 = 4.56 × 1017 s = 14.46 Gyr. 

4.5. Proper Distance and Light Cone Diagram 

The cosmic age to proper distance (light cone) diagram is a central tool in judg-
ing the actual observable universe relative to the theoretical one. Because the ex-
pansion frontier is progressing at almost the speed of light, even near parts of 
our neighbourhood are disappearing. 

We presume that the radius of the frontier of the expanding universe is rF = 
r/π. From Equation (31) the velocity of the frontier expansion is 

ln ,F
i

c rV B c
r

ν
 

= = π  
                   (38) 

where the relative velocity is ν = VF/c ≤ 1. 
The calculation of the proper distance requires the geometric representation 

in Figure 3. Our task is to determine the radius x as a function of the cosmic age 
tx. The perimeter of a circle of x represents the proper distance dp at t = tx. 

We define a time factor 

2 ,x
Dk
B
+π

=                        (39) 

such that tx = kxrF/c, t0 = k0*rF0/c and D+ = Dawson integral function. 
From Figure 3 we deduce 

( )22 2 2 2 2
0 0 02 ,x F F F Fc t t r r r r x− = + − −               (40) 

where from x is solved. Let κ = x/rF0 be the normalized radius of x. From Equa-
tion (40) we then have 

( ) ( )
22

2 2 2 2
0 0

1 1 1 .
2 2x x x x

aa k k k k aκ
 

= − − + − + 
 

          (41) 

The proper distance is obtained from 

02 .pd rκ=                         (42) 

The relation between the cosmic age and the proper distance is shown in Fig-
ure 4. The computed curve (green) according to Equation (42) is compared to 
results originally published by T. H. Davis and C. H. Lineweaver, [18], however 
updated with Planck 2013 satellite data, as published by N. Crichton in 2015, 
[19]. The shapes of the curves are almost identical, though the calculated curve 
shows a 5% higher maximum value. 
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Figure 3. Geometry for the determination 
of the proper distance. 

 

 

Figure 4. The light cone diagram showing 
the cosmic age as a function of the proper 
distance.  

 

In Figure 5, the projection of the universe is shown as the surface of a cone 
with logarithmic scaling. The radius of the observable universe is the half-peri- 
meter of the end circle. The real observable universe is just a small part of the 
surface, the fast expansion prevents light from the neighbouring areas to reach 
the observer. In Figure 6, the time scale is linear, the radial scale logarithmic. 
The projection reaches from the time of the CMB to the present. Usually, the 
universe is described with similar images. 

4.6. Coriolis Effect on Celestial Dynamics 

It was argued in Section 4.1 that the acceleration is an intrinsic 3d phenomenon 
that operates at any point in the universe. In rotating systems of fluids, particle 
clouds or star clusters, acceleration causes a Coriolis effect with a large impact 
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on the dynamical patterns. This is best demonstrated by satellite images of 
low-pressure rotation on weather maps, or of hurricanes or typhoons, Figure 7. 
 

 

Figure 5. The 2d universe on the time-cone surface. 
The observable segment represents the curve of Fig-
ure 4. Due to the fast expansion light from outside the 
segment cannot reach an observer on the Earth. 

 

 

Figure 6. Comparison of the 2d projections of the standard and the CBU model along a 
linear time axis. The data of the CBU aCMB is calculated in Chapter 7. The NASA image to 
the upper right is aesthetically attractive but misleading, the star sky should be a projec-
tion on the 2d surface of the cone-shaped figure. 

 

 

Figure 7. A comparison showing the similarity between the rotation im-
ages of a galaxy and a typhoon. It is a known fact that the spiral pattern of 
the latter is caused by the Coriolis effect. 
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Here we present a short analysis of the mathematical background of the Cori-
olis effect. In Figure 8 an observer is located at point O. The observer is studying 
the velocity relative to coordinate system A of an object at point P. The position 
vectors are defined as follows 

3
1 ,A i ix= ∑X e                        (43) 

and 

,O OA A= +X X X                       (44) 

where ei is the unit vector. 
The observer measures the velocity 

33 3

1 11

d d d d d
,

d d d d d
O i OA i i

OA A i i i
x

x x
t t t t t

= + + = + +∑ ∑∑
X e X e

V V e       (45) 

where VOA is the velocity difference between the systems, VA is the velocity of P 
in A. The last term is the rate of expansion. The observer measures an accelera-
tion gobs of P according to 

2 23 3

2 2
11

d d d dd .
d d dd d

O i i iA
obs OA i

x
x

t t tt t
= = + + +∑∑

X e eVg g         (46) 

The time derivative dVA/dt represents the “true” (in the reference frame of A) 
acceleration of the body at P. By derivation of the middle term in Equation (45) 
we obtain 

23 3

2
1 1

d d dd .
d d dd

i i iA
tru i

x x
t t tt

= = +∑ ∑
eVg e                 (47) 

The first term in the latter part represents the Newtonian acceleration gN. The 
second term is the result of expansion. 

Most galaxy systems are disk-like, therefore we assume the system A being a 
2-dimensional cylindrical coordinate system with x3 coordinates set to 0. The 
equations of the transformation between the Cartesian and the cylindrical sys-
tem are 

1 cos ,lx r θ=                         (48) 

2 sin ,lx r θ=                         (49) 

and 
 

 

Figure 8. An observer in system O measures the 
velocity of an object at P in system A, [6]. 
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cos sin ,x r θθ θ= −e e e                      (50) 

sin cos ,y r θθ θ= +e e e                      (51) 

Here lr  is the radial coordinate of the system A. 
Next we substitute variables and unit vectors into Equations (46) and (47), 

and obtain 
2

2

2

2

d dd d
d d dd

d dd d d ,
d d d dd

OA lr r
obs OA tru l r

l
l l

re er
t t tt

r e
r r

t t t tt
θ

θ
θ θ θ

 
= = + + + 

 
 

− + + 
 

V
g g g e

e
          (52) 

and 
2 2

2 2

d d d dd d d d d .
d d d d d d dd d

l l lA r
tru r l l

r r r ee r r
t t t t t t tt t

θ
θ

θ θ θ   
= = + + + +   

  

Vg e e    (53) 

As the tangential centripetal velocities are of special interest, we concentrate 
on the radial acceleration components gobs and gtru. We denote: 

2 2d dlN rg t= , Newtonian gravitational acceleration in radial direction, 

( )2 2d dex l rpg er t= , intrinsic expansion acceleration, 
d d

ll r lNVtr rg= = , 
d d exp l e pr x lV r re t g==  = increase of local space. 
We then define 

d d .
d d

rl expl r
kic N exp

l

V Vr eg g g
t t r

= ⋅ = =                 (54) 

The equations of the local radial accelerations are 

,tru N kic N N expg g g g g g= + = +                  (55) 

.obs tru kic expg g g g= + +                      (56) 

The velocity of an object orbiting in A obeys the law of centripetal force 

,orbit lV r g=                          (57) 

where g is either gobs or gtru. 
Figure 9 shows true and observed accelerations from different published sources. 

The observation curves are compared with calculated functions based on Equa-
tions (55) and (56). 

Results published by McGaugh et al., [20] [21], indicate that for decreasing gN 
the acceleration declines asymptotically towards ĝ = 0.92 × 10−11 m/s2. The 
number is close to the intrinsic acceleration gexp = g0 = 1.0533 × 10−11 m/s2 from 
Equation (28). 

The MOND theory was developed by M. Milgrom early in the 1980ies, [22]. 
The MOND curve in Figure 9 follows almost exactly the theoretical Coriolis so-
lution: gMOND ≈ gN + 2gkic, without the additional gexp term of Equation (56). 

The comparison convincingly confirms that the Coriolis approach provides a 
credible explanation to the dynamic behavior of the galaxies. 
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Figure 9. Observed and true acceleration versus the Newtonian acceleration. The full 
lines are calculated according to the CBU theory. Dashed curves show 1) the observed 
statistical results of McGaugh et al., [20] [21], and 2) the reconstruction of the Eadie et al. 
Bayesian mass estimates of the Milky Way, [23]. The dotted curve is a calculated version 
of the MOND acceleration. Colored curves are based on the figure published by Paolo 
Salucci, [24].    

 
In [6] the rotational velocities of the Milky Way were calculated according to 

the equations presented here. A spherical bulge and a thin disk, total masses mMW 
= 2.3 × 1041 kg and mbulge = 0.29 × 1041 kg, were used as a model of the galaxy. The 
acceleration as a function of the radius rMW was obtained from gravitational po-
tential computations. Figure 10 shows that the calculated Vobs ( l obsr g= ) curve 
follows almost perfectly an average path of Lamost measurements, [25]. 

5. Quantum Creation 

This chapter shows how a solution to the Schrödinger equation at the initial 
event leads to the introduction of time-dependent Planck units, the influx of new 
matter and the expansion of space. The energy of the new matter is balanced by 
the distance extension and thus the increase in the negative gravitational poten-
tial energy. 

5.1. The Schrödinger Equation 

The time-dependent Schrödinger equation is 

( )
2

2
2

8
0,e

i i
m

E U
h

ψ ψ
π

∇ + − =                  (58) 

where ψ is the quantum-mechanical wave function, Ei is the ground state energy, 
24i iU brπ=  is the potential energy. The spherically symmetric form of Equation 

(58) is 
2 32

2
2 2 2

8 322 0,e e
i

m m b
E r

r rr h h
ψ ψ ψ ψ

π π∂ ∂
+ + − =

∂∂
           (59) 
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Figure 10. The rotational velocity distribution of the Milky Way. The curves 
are calculated according to the CBU theory, the points are from Lamost [25]. 
The figure from [6]. 

 
where r is the curvature radius and b the energy constant of Equation (14). 

Let 
4 2
1

3 ,
4 32 e

a h
m b

=
π

                        (60) 

2

2

8
.e

i
m

C E
h
π

=                          (61) 

The Schrödinger equation takes the form 
2

2
2 4

1

2 4 0.C r
r rr a

ψ ψ ψ ψ∂ ∂
+ + − =

∂∂
                  (62) 

This Sturm-Liouville type differential equation has the solution 

( ) ( ) ( )
2

1

2
2

1 2 1; ;
1 1

1 1 1e 1 ; ; ,
4 2

r
a

n a b x

r rr c H c F Ca
r a a

ψ
 

− 
 

       = + −    
       

    (63) 

where Hn is the Hermite polynomial function and ( ); ;a b xF  is the Kummer con-
fluent hypergeometric function. c1 and c2 are constants of integration. 

The constant a1 is in a key position 

1
1 .

2 2 e

ha
bm

=
π π

                      (64) 

By substituting b from Equation (14) we have 

1 ,
2

i

ee

r
m cbm

=
π

                       (65) 

and by substituting Gi from Equation (7) we have 

1 3 .
2

i
Pi

hG
a

c
= =

π
�                       (66) 

By definition Pi�  is the Planck length of the virgin universe. In the CBU 
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theory the Planck length is dependent on the radius r and time. The numerical 
value is 141.43516 10 mPi

−×=� . 
It can be shown that 

2
2 1,

2 4
Pi

i fsr α
  π −

= 
 

�
                       (67) 

where αfs is the fine structure constant, 1/137.036. The result is not a coincidence, 
but a purely physical relation based on known physical constants. The equation 
emphasizes the significance of the Planck scale and the curvature radius ri of the 
virgin universe. It might be seen as a proof of the connection between gravity 
and quantum mechanics. 

Equation (67) reflects the intuitive thought expressed by Richard Feynman in 
the 1950ies: “137 holds the answers to the Universe”, [26].  

Here is the confirmation. 
Substituting G from Equation (15) into Equation (66) we obtain a general ex-

pression for the Planck length 

( ) 1 .
2P Pr

hcr
br

= =
π

� �                       (68) 

A simple check using r0 = 4.20550 × 1026 m shows that the Planck length ac-
cording to Equation (68) results in 1.61625 × 10−35 m, which exactly equals the 
current official value. 

In analogy with the hydrogen atom the ground state energy EGSi is postulated 
to be of the form 

2

2 .
48GSi

ie Pi

h hcE
rm

= =
π�

                       (69) 

The general expression of the instantaneous ground state energy takes the 
form 

( )
2

2 .
8 4 2

Pi Pi
GS GSr

e Pi Pr Pr i i

hchE r E hcbr
m r r

π
= = = = π

� �
� � �

          (70) 

The Planck energy WP has an important bearing on the influx of new matter. 
By definition 

5

.
2

Pi
Pi e

i i

hcW W
G r

= =
π

�
                     (71) 

At the initial event a positron and an electron are exited, from Equation (71) 
we deduce that the particles originate from 

2 .
2

Pi
e

Pi i

W
W

r
=
�

                      (72) 

The significance of 2 13.453499Pi ir =�  in the CBU theory is obvious here, if 
WPi is considered the virtual dark energy of the virgin universe, then the real 
energy is obtained by dividing it with the ratio 2 iPi r� . 

The general expression for WP(r) = WPr is 
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.PrW hcbr=                         (73) 

For r = r0, WPr is 1.9560815 × 109 J, which is in full compliance with the offi-
cial value. 

A comparison of Equation (73) with Equation (70) shows the relation between 
the Planck and ground state energy 

2 .
2

Pi
GSr Pr

i

E W
r

= π
�

                       (74) 

5.2. Generalized Uncertainty 

The temporal change of the gravity strength and the momentum has an impact 
on the uncertainty window, i.e. ∆p∆x, which constitutes the classical Heisenberg 
formulation, cf. Ronald D. Adler [27]. We divide ∆x into a Heisenberg compo-
nent ∆xH = h/(4π∆pH) and a gravity component 

.
4g

g

hx
p

∆ =
π∆

                        (75) 

The momentum uncertainty is 

d .
d Pr
pp
r

∆ = �                          (76) 

We have 

d 8 11 ,
d 4
p br BL
r c L

π  = + 
 

                    (77) 

where the term containing 1/4L is due to the fact that L is a ln(r) function. 
Presuming that the location uncertainty is 2Prx∆ = � , we have 

21 d ,
2 d 4H Pr r

p hp x f
r

∆ ∆ ≤ =
π

�                    (78) 

where ∆p = fr·∆pH and 

14 1 .
4rf BL

L
 = + 
 

                     (79) 

Adler has derived an expression for the gravity component 
22 2 .

4
Pr Pr

g
p phx
h p h

∆ π ∆ ∆ = π =  π∆  

� �                 (80) 

After some algebraic manipulation we arrive at the final uncertainty equation 

( ) ( )2 ,
4 4H g r r r
h hp x p x x f f F∆ ∆ = ∆ ∆ + ∆ ≤ + =
π π

            (81) 

where Fr = fr(1 + fr) is the overall uncertainty factor and ∆p = Fr·∆pg. When fr is 
substituted into Fr, we obtain a proximity value to the real uncertainty factor: 

( )4 2rU P iiF BL r= ⋅ � , which applies to the universe BH. A similar analysis 
leads to ( )2PrB iiF BL r= ⋅ �  for the galaxy BH.  

We verify the validity of FrU by substituting Equation (79) into Fr = fr(1 + fr), 
we have 
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( ) ( )1 1 4 1 4 1 1 4 13.4539.
4

rUF
L BL L

BL
 = + + + =            (82) 

The result shows the resemblance with 2 13.4535Pi ir =� . It also proves that 
the reasoning of R.D. Adler is correct. We should consider the mathematical 
model as an approximation of the quantum process behind the injection of real 
matter particles. 

A detailed analysis of the physics of galaxy BHs will be presented in Chapter 8. 

5.3. Matter Influx 
5.3.1. Universe Inside 
The leading paradigm of the CBU theory says that we live inside a low-density 
black hole and that the expansion is explained by a continuous “creation” of 
matter. As our main postulate we assume that the matter influx originates from 
virtual dark energy. The dark energy is a state of the quantum or QED vacuum, 
which due to the uncertainty principle allows particles to enter the real-world 
space (inside the universe BH) and simultaneously increase the space. The influx 
rate is obtained from the virtual dark energy, WvDE, time change 

d
,

d
vDE Pr Pr

rU rU
P Pr

W W cW
t t

F F= =
�

                  (83) 

where P Prt c= �  is the Planck time. When the functions of WPr, Pr�  and FrU 
are substituted into Equation (83) we have 

d
8 .

d 2
vDE Pi

i

W
brc BL

t r
= π ⋅

�
                    (84) 

On the other hand, we have an increase of real matter (and radiation) accord-
ing to 

d d d 8 ,
d d d

u uW W r brc BL
t r t

= ⋅ = π                   (85) 

meaning that 

,
2

vDE Pi

u i b

W
W r

ΛΩ
= =

Ω
�

                       (86) 

where ΩΛ is the normalized dark energy density and Ωb is the normalized baryon 
density, in practice the normalized real energy density. For a typical ΩΛ= 0.68 we 
have Ωb = 0.050 (officially 0.049). 

Equation (86) is an important result, because it provides a constant ratio value 
between the virtual dark energy density and the real energy density. The ratio is 
confirmed by observations. The equation also proves that the assumptions lead-
ing to the definition of the generalized uncertainty factor FrU are most likely. 

There is also another route to establish Equation (86). The pressure responsi-
ble for the expansion can be linked to the energy density of the virtual dark 
energy as follows 

( ) ( )2 2 2 2

21 2 1 2 .
34

EM E M
mx vDE

P P P b BL BL
c c c c r

ρ ρ− = − − = + = + =    (87) 

https://doi.org/10.4236/jmp.2023.144027


J.-T. Eriksson 
 

 

DOI: 10.4236/jmp.2023.144027 482 Journal of Modern Physics 
 

Here the Eulerian pressure PE is obtained from Equation (17) and the mo-
mentum pressure is derived using the momentum force from Equation (36) 

.
2

M
M

u

F bP BL
A r

= = −                       (88) 

From Equation (86) we have 

( )2 1 2 .
2 3

vDE vDE Pi

u mx i

W
BL

W r
ρ
ρ

= = = +
�

                 (89) 

When the physical expression of 2 iPi r�  of Equation (67) is substituted into 
Equation (89), we obtain an exact equation for the current value of BL 

0 0
1 3 2 1 1 9.590125.
2 2 4 fs

B L
α

 π −
 = − =
 
 

                (90) 

5.3.2. The Quantum Vacuum Energy 
The ground state energy of the initial event as obtained from Equation (70) is 

2
2 22 ,

2 2
Pi Pi

GSi Pi e
i i

E W W
r r

 
= π = π  


⋅



� �
                 (91) 

where We is the rest energy of the electron. 

It appears that ( )
2

2 2 2 1 4 1786
2

P
fs

i

ir
α⋅ =

 
π π π 

 
⋅ − =

�
 is very close to the ratio  

Wp/We = 1836.15. This is probably not a coincidence. The electron and the pro-
ton are the most stable particles of the universe, it seems quite logical that the 
universe started with the emergence of a proton-antiproton pair at the outer 
Schwarzschild boundary and a positron-electron pair on the inner photon sphere. 
We postulate that there is a B factor νBi such that 

2

2

2 1 1 2 1 .
4 4

p

e fs i fsBi

W
W Bα αν

   π π − π−
= =      

   
                 (92) 

For νBi = 0.9863493 we have Bi = 0.0985739. The result of Equation (92) is 
1836.15. As we see, B varies within very small limits, B = 0.098574 - 0.099219 
between “creation” and the present. 

Next, our goal is to determine the level of the current ground state energy EGS0. 
From Equation (70) we have that constantGSE r= ⋅ . The number of electron- 
positron pairs is 

2

.
e e

i

rN
r+ −

 
=  
 

                        (93) 

The same equation is valid for the Dirac’s Large Number Hypothesis (LNH). 
Similarly, we can calculate the number of protons and antiprotons exited on the 
Schwarzschild boundary 

22 .GSr Bi P
i

rE W
r

ν=                       (94) 
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In the current state of the universe EGS0 equals 2.597 × 1011 J, a very small 
number. It is not clear where these protons and antiprotons are located, but an 
interpretation of the ground state from the electron-positron side leads to the 
same equation. In summary, the proton-antiproton pair forms the virtual quan-
tum vacuum energy for the interior of the black hole. 

The exact value of νBi is obtained from the equation 

( )2 2 1
0.9863493.

4Bi i
p fs

hcbr
W

ν
ν

π π−
= ⋅ =                (95) 

6. General Relativity 
6.1. The Einstein Field Equation 

The most compact version of the Field Equation is 

8 ,G GTµν µν= π                          (96) 

where Gμν is the Einstein tensor and Tμν is the energy-momentum tensor. Equa-
tion (96) has an analytical solution, provided Tμν is isotropic and homogeneous. 

One objective of the study is to find a logical solution to the Field Equation 
without the cosmological constant Λ. We will show that incoming new matter 
and a variable G affect the energy density and the expansion pressure in a way 
making Λ unnecessary. 

The Einstein tensor is divided into the Ricci curvature tensor Rμν and the Ricci 
scalar R according to 

1 .
2

G R Rgµν µν µν= −                        (97) 

The components of the Rμν tensor are obtained by using the Christoffel sym-
bols, the procedure is found in any textbook on General Relativity, cf. Carroll 
[17]. The Ricci tensor is 

2 2
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 − 
 
  + +  

  
=    + +   
 
  + +    

��

�� �

�� �

�� �

 (98) 

where rcur is the curvature radius and k the curvature parameter according to the 
Friedmann-Robertson-Walker metrics, k cf. Equation (19). 

The Ricci scalar is 
2 2

2 26 .
cur

a a cR k
a a a r

  = − + +  
   

�� �
                   (99) 

The metric tensor gμν is 
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1 0 0 0
0 1 0 0

.
0 0 1 0
0 0 0 1

gµν

 
 − =
 −
 

− 

                  (100) 

6.2. The Energy-Momentum Tensor 

Based on Equations (96) and (99) the unit of the energy-momentum tensor Tμν 
components are that of a mass density, kg/m3. The tensor is defined as follows 
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 
 
 
 
 

                (101) 

Our task is to find the equivalent density ρeq and the pressure Pexp that ac-
counts for both expansion and acceleration. From Equation (87) we have 

( )1 2 .
4EM
bP BL
r

= − +                     (102) 

The density ρeq affects the velocity of expansion, i.e. the Hubble parameter. It 
consists of two components 

,eq mx EMρ ρ ρ= +                       (103) 

where ρEM is caused by the momentum change, ρmx is the matter + radiation 
density. 

According to the 1st Law of Thermodynamics we have 
d d 0,

d d
exp

EM

W VP
t t

+ =                     (104) 

where Wexp = ρEMc2V, the time derivative of which is 

2 2d d .
d d

exp
EM EM

W Vc V c
t t

ρ ρ= +�                  (105) 

Here d d 3 aV t V
a

=
�

. We approximate that 

.EM EM
a
a

ρ ρ≅ −
�

�                       (106) 

From Equations (104) and (105) we now have 

2

3 .
2

EM
EM

P
c

ρ = −                       (107) 

Substituting PEM from Equation (102) we have 

( )1 2 ,EM mx BLρ ρ= +                    (108) 

and then Equation (103) becomes 

( )2 1 .eq mx EM mx BLρ ρ ρ ρ= + = +               (109) 
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In order to get the total pressure Pexp responsible for both expansion and acce-
leration we need to include the gravitational parameter G into the 1st Law of 
Thermodynamics 

( )d d 0,
d d

exp
exp

GW VGP
t t

+ =                  (110) 

where Wexp = ρeqc2V. After some manipulations, cf. Section 4.1, we have 

23 3 .exp
eq eq eq

PG a a
G a ac
ρ ρ ρ+ + = −
� � �

�                (111) 

From Equation (15) we conclude that G a
G a
= −
� � . Further, we have that  

( )2 1eq mx B BL a
a

ρ ρ= − −
�

� . Finally, the pressure is obtained from 

( )2

2
1 .

3
exp mxP

B BL
c

ρ
= − + +                  (112) 

Now the Einstein Field Equation can be completed in a form which eliminates 
the need for a cosmological constant Λ 

1 8 .
2

R Rg GTµν µν µν− = π                   (113) 

6.3. Field Equation Characteristics 

All components of the energy-momentum tensor contain 2ρmx. By substituting G 
from Equation (15) and ρmx from Equation (16) into Equation (113) we arrive at 
the following expression for the tensor 
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 

 (114) 

where Tμν replaces 8πGTμν. 
Due to substitution G has vanished, the energy-momentum tensor is inde-

pendent of the gravitational parameter. Making use of the definition of the Hub-
ble parameter in Equation (30) we can write the tensor as follows 
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 (115) 
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The term 1 + B indicates the extra pressure required for acceleration. 
The Field Equation written in its most compact form is now 

1 .
2

G R Rg Tµν µν µν µν= − =                   (116) 

The Friedmann-Robertson-Walker temporal equation, which also may be called 
the Hubble expansion equation, is 

00 00 00
1 .
2

R Rg T− =                    (117a) 

We have 
2 2 2
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        (117b) 

Further, 
2 2 2

2
2 2 2 2

0

.H
cur

a c ck h
a a r a r

  + ≡ + 
 

�
               (117c) 

By definition H
a h
a
=
�

. k = 1 means that the universe is closed. arcur = ar0  

proves that the average curvature radius equals the radius r of the observable 
universe, a circumstance emphasized by Einstein in the cosmological constant 
paper [5]. 

The acceleration equation is obtained from 

1 ,
2ij ij ijR Rg T− =                      (118) 

where i and j = 1, 2, 3. After some algebraic manipulations and the substitution 
of Equation (117c) into the equation, we end up with 

2

2
02

ca B
ar

=��                       (119a) 

or 
2

0
0

.
2
cg r a B
ar

= =��                     (119b) 

For a = 1, B = 0.099219 we have g0 = 1.0533 × 10−11 m/s2. 
The equation corresponds to our Ansatz in Equation (28). The acceleration g 

is an inherent characteristic of the expanding universe. Over a comoving dis-
tance d in the vicinity of an observer, the scale factor a in Equation (119b) equals 
1 − d/r0 ≈ 1 – extremely small influence.  

The inherent acceleration g provides a Coriolis effect, which explains the rota-
tional behaviour of the galaxies and the celestial movements at large, and thereby 
eliminates the need for dark matter, cf. Eriksson [6]. 

6.4. Energy Conservation 

It is important to prove that the Tμν tensor fulfils the temporal energy conserva-
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tion condition. The general expression using Christoffel symbols Γ is, cf. Carroll 
[17], 

0
0 0 0 0 0 0 2Γ Γ 3 0.exp

eq eq

PaT T T T
a c

µ µ µ λ µ
µ µ µ µ λ ρ ρ

 
∇ = ∂ + − = −∂ − + = 

 

�    (120a) 

The time derivative is 

( )
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�             (120b) 

We have 

( )2

1 2 2 3 3 1 0.aBL B BL B BL
aa

 + − − − + + + = 
 

�             (120c) 

The conservation condition is met. The result shows that the components ρeq 
and Pexp/c2 are correctly derived. 

7. Cosmic Microwave Background Radiation 
7.1. Influence of Gravitation on the Redshift 

The gravitational parameter G is extremely large in the initial phase, Gi ≈ 5 × 
1031 m3/kg/s2. The parameter decreases successively with the expansion. The 
photons in the cosmic microwave background (CMB) propagating faster than 
the expansion start from a deep gravitational well. We write the energy equation 
of the electromagnetic radiation as a gravitational gradient equation 

2 0,hfhdf g dr
c

+ =                        (121) 

where f is the frequency, g the gravitational acceleration along r. We obtain g 
from 

2

2

2 .GM cg
rr

= =                        (122) 

Here we make use of M = 4πbr2/c2 and G = c4/2πbr, cf. Equations (13) and 
(15). Having that f = c/λ, df = −cdλ/λ2 and r = r0a, where a is the scale factor, we 
write 

d d2 .a
a

λ
λ

=∫ ∫                         (123) 

Integration implies that λ is proportional to a2. We deduce that  
2

0 1 .s
g

s

a z
a

λ λ
λ
− − = = 

 
                    (124) 

Here zg is the gravitational redshift, λs and λ0 are the wavelengths at the source 
and at the observer respectively. 

As known, the cosmological redshift is 

1 1.crz
a

= −                         (125) 
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The combined redshift is z = zg + zcr. We have 
2

0
2

0

11 .s

s

f a az
f a

λ
λ

− +
= = + =                  (126) 

Let ac stand for the scale factor at the CMB event. For vary small values of the 
scale factor the frequency of CMB photons decrease approximately according to 

2
0 .c cf a f≈                          (127) 

John Huchra at the Harvard-Smithsonian Center for Astrophysics has estab-
lished the addition rule for combining multiple types of redshifts, [28]. 

An interesting feature of Equation (126) is that the difference between zcr and 
z changes very slowly for scale factors close to 1. The discrepancies of the current 
distance estimates in the vicinity of the Milky Way are still within error limits. 

Data on proper distances (dpΛ, dpCBU), lookback times (tΛz, tΛ(zcr) and tCBU) are 
collected in Table 1. Λ refers to the standard ΛCDM model, cf. [29] and [30], 
and CBU to calculated numbers of the current theory. 

In Figure 11 the data of Table 1 show the correlation between the ΛCDM and 
CBU models. There is a good agreement between the lookback time graphs tCBU 
and tΛz. tCBU is based on Equation (34), while tΛz originates from the graph in [29]. 
z was determined from Equation (126) using the appropriate scale factor. dpCMB 
was calculated according to a unique algorithm presented in Section 4.5, [6]. 
Even for the proper distances the similarity between the curves is good consi-
dering the different approaches. 

The difference between the look-back times tΛ(zcr) and tCBU, Figure 12, is in-
teresting, because it indicates a deviation in the estimates of distant cosmic 
events. For instance, the most distant observed galaxy Glass-z13 has a redshift of 
13, which would mean that a fully developed galaxy had evolved in about 0,35 
Gyr after the Big Bang. This is an intriguing paradox; it is most uncertain that 
billions of stars would have developed in such a short time. According to CBU 
the lookback time would be 11 Gyr and, considering the age of the universe be-
ing 14.4 Gyr, the time for the galaxy to evolve would be a more plausible time of 
3.4 Gyr. 

 
Table 1. Lookback time (Gyr) and proper distance (Gly). 

Scale factor a 0.1 0.2 0.4 0.6 0.8 0.9 

P.u. time, τΛ 0.05 0.121 0.318 0.556 0.790 0.894 

ΛCDM redsh. zcr 6.7 3.71 1.44 0.62 0.24 0.11 

Comb.redsh. z 90 20 3.75 1.11 0.313 0.123 

Lookback, tΛz 13.11 12.6 9.45 6.0 2.90 1.45 

Lookback, tΛ(zcr) 13.8 13.5 11.9 8.1 3.43 1.56 

Lookback, tCBU 12.9 11.5 8.61 5.74 2.87 1.43 

Proper dist. dpΛ 3.58 4.91 5.82 4.75 2.75 1.42 

Proper dist. dpCBU 4.45 5.59 5.74 4.45 2.58 1.31 
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Figure 11. The lookback time and the proper distance as a function of 
the combined gravitational and cosmological redshift. 

 

 

Figure 12. The lookback time as a function of the redshift according 
to (a) the standard model, tΛ(zcr) and (b) to the CBU theory. The dev-
iation is at it’s largest, 3.2 Gyr, around z = 4. 

7.2. The CMB Scale Factor 

We obtain the energy density wBB of the black body radiation from the classical 
Stefani-Boltzmann equation 

5 4
4 4

3 3

8 .
15

B
BB B

kw T T
c h

α
π

= =                     (128) 

Here αB = 4σSB/c = 7.565723 × 10−16 J/K4·m3 is the radiation density constant, 
σSB is the Stefani-Boltzmann constant, and kB the Boltzmann constant. 

The number density of the photons is obtained from, cf. Wikipedia: Photon 
Gas, 

( )
3

16 3 ,B
ph

k Tn
hc

ζ  = π  
 

                    (129) 
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where ζ(3) = 1.202056 is the Riemann zeta-function. By dividing Equation (128) 
with Equation (129) we obtain an expression for the photon energy 

( )

3

.
16 3

B
ph

B

T hcW
k

α
ζ

 
=  π  

                     (130) 

If we assume that the photon energy at the CMB event equals one of the two 
photons caused by the annihilation, we have Wphc = We. The current photon 
energy is then 

( )

3
2 0

0 .
16 3
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ph c e

B

T hcW a W
k

α
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 
= =  π  

                 (131) 

Accordingly, for T0 = 2.72548 K we have 

( )

3
50 1 3.523 10 .

16 3
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T cha a
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− 
= = = × π  

         (132) 

Due to the square root the number is much larger than usually suggested (10−7 
- 10−9). 

The current photon energy is Wph0 = 1.0164 × 10−22 J and the corresponding 
frequency f0 = Wph0/h = 153.4 GHz, slightly below the optimum frequency of the 
Planck black body spectrum of fImax = 160.23 GHz. 

7.3. Origin of the CMB 
7.3.1. Hypotheses 
The primordial universe is the inside of a black hole, where the number of elec-
tron-positron pairs increases successively. Some of the electrons and positrons 
annihilate forming photons. At some point the energy of the photons is equal to 
the matter energy. We assume that a transition occurs, the photons fill the inner 
free space of the BH and the matter is concentrated in a multitude of “small” 
black holes. The photons are entangled in a state of superposition. They do not 
follow the same rules as photons from an ordinary light source, e.g. a star. We 
call the transition the CMB event. Figure 13 shows the universe prior to the 
transition. After the CMB event, the galaxy black holes initiate an outflow of 
protons and antiprotons into free space, Figure 14. 

There are divergent opinions about the destiny of the energy lost by light 
propagating in the expanding universe. Light waves in a gravitational field are 
part of the system, gaining or loosing potential energy. The CMB photons, how-
ever, are different. 

It is a well-known fact that the number density of CMB photons, nph0 ≈ 4 × 108 
ph/m3, is in poor conformity with a value predicted by e+ - e− annihilations, the 
number requires a boost. The state of superposition offers a novel approach. The 
energy lost during the propagation of the light wave is compensated by an addi-
tion of the number of photons, which means that photons in a superposition are 
not a multitude of individual particles. 
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Figure 13. A schematic image of the primordial universe 
before the CMB transition event. 

 

 

Figure 14. A schematic image of the universe after the 
CMB transition event. 

 
This might sound as a strange hypothesis, but, as we will see, the numerical 

evidence is convincing. The standard model is incapable of explaining the cur-
rent photon density. If all real energy was stored in photons at the time of the 
CMB, the number of photons would be 1.22 × 1084 and the density 490 ph/m3, i.e. 
far from the previous number. 

The expansion advances in all 3d directions, the number of photons increases 
according to 

0 3 .phc
ph

c

N
N

a
′ =                        (133) 

When photons enter the observable universe with a scale factor of afl (first 
light), they so to speak, pass a single slit, a moment continuously changing with 
the expansion, only to be observed at the planet Earth in the Milky Way galaxy 
after about 14.0 Gyr. During the passage the relativistic Doppler effect, see Box 
below, increases the wavelength and thus lowers the photon energy. Since they 
are in superposition the compensation means an increase proportional to 1/afl. 
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Currently the total number of CNB photons is 

0 3 .phc
ph

fl c

N
N

a a
=                       (134) 

7.3.2. The Energy Density of the CMB 
At the CMB transition, as hypothesized in Section 7.3.1, the energy splits into 
two components, the radiation from the CMB and the matter in the black holes. 
The following equation describes the transition: 

4 2 2

2
,c xc c mc c mc

uc s
G W G M G M

r r
c c c

= + ≥ =              (135) 

where Gc is the gravitational parameter, Wxc is the radiation energy and Mmc is 
the mass of all matter at ac. 

 
Box: Relativistic Doppler effect 

The relativistic expansion velocity is a fraction νexp of the speed of light, we have 

.exp B Lν =                             (B1) 

The increasing velocity causes a prolongation of the wavelength, the Doppler effect. The 
relativistic velocity difference is obtained from, cf. HyperPhysics/Relativistic Doppler, 

0
Δ

0

.
1

exp exfl

exp exfl

ν ν
ν

ν ν
+

=
+

                         (B2) 

The scale factor afl is obtained from 

Δ

Δ

1 .
1fla ν

ν
−

=
+

                           (B3) 

The value obtained by iteration is afl = 0.0173, the same as in Figure 4. 

 
At the transition we have 

( )
2 2 .

2
u cxc

mc

W rW
M

c c
= =                     (136) 

The CMB energy is 

( ) 2 2 611 2 6.32 10 J.
2xc u c c oW W r ba r= = π = ×             (137) 

The number of photons is 

747.72 10 .xc
phc

e

W
N

W
= = ×                  (138)  

The scale factor for the “first light” moment of the observable universe was 
determined in [6]: afl = 0.0173, a value resembling tfl = 0.261 Gyr, which is in 
good conformity with estimates of today. 

The total number of photons is, Equation (134), 

90
0 3 1.024 10 .phc

ph
fl c

N
N

a a
= = ×  
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The number density is 

0 6 3
0

0

410 10 m ,ph
ph

N
n

V
−= = ×                  (139) 

where V0 = 2.493 × 1081 m3. nph0 is in good agreement with present data. 
The energy density of the CMB is 

14 3
0 0 0 4.173 10 J m .x ph phw n W −= = ×                (140) 

The result is practically identical with the current Black Body density  
4 14 3

0 0 4.175 10 J mBB Bw Tα −= = × , where ( )16 37.565723 10 J m KBα
−= × ⋅  is the 

Boltzmann radiation density and T0 = 2.7548 K. 

8. Galaxies 
8.1 The Galaxy Black Hole 

The black holes in the centre of the galaxies are seeds stemming from the CMB 
transition. During the transition, half of the energy forms the CMB radiation, 
while the other half is spread out in 1012 - 1013 galaxy black holes. Right after the 
CMB event the total energy of the BHs is 2 610.5 4 6.32 10 JBctot cW rbr = ×π= × . 
There are several indications that the radius rB of an individual BH changes very 
slowly, which is also shown by the outcome of this study. 

We use the inner photon radius RB as the appropriate radius instead of the 
Schwarzschild radius rs = 2·RB. We have 

2 ,B
B

M GR
c

=                        (141) 

where MB is the mass of the BH and G is the gravitation parameter of the un-
iverse at a given time. With G inversely proportional to the scale factor a and RB 
constant MB becomes inversely proportional to a, (MB0 = MBc/a). Currently the 
energy content of all black holes is: 

66
0 1.793 10 JB tot Bctot cW W a= = ×  or 49

0 2.00 10 kgB totM = ×  (1019 suns) 

The estimates of the number of galaxies are so far very rough, a common 
number is 2 × 1011 for the observable universe or 1.6 × 1012 for the whole world, 
cf. Mario Livio, The Universe. Space. Tech., June 2022. The average BH mass 
would then be 1.25 × 1037 kg or 6 × 106 solar masses. These numbers are quite 
usual according to observations. The black hole of the Milky Way, Sagittarius* is 
estimated to have a mass of 8.3 × 1036 kg. 

When G from Equation (15) is substituted into Equation (141) we have 

2

2 .B
B

bR rM
c
π

=                       (142) 

The mass of an individual BH increases at the same rate as the universe itself, 
i.e. inversely proportional to a. Like in the universe case there is an influx of 
electron-positron pairs. 

The time derivative is 
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d 2 .
d

B BM bR BL
t c

π
=                     (143) 

The equation is needed later, when we want to determine the star formation 
change with time as a function of the galaxy’s stellar mass, cf. Figure 18. 

The black hole has an inside gravitational parameter (on the surface), by ap-
plying Equation (6) we have 

4

.
2B

B

cG
bR

=
π

                      (144) 

The parameter contains only constants and is accordingly a constant itself. 

8.2. Instead of a Singularity 

In the current study, the universe is considered to be a black hole without a sin-
gularity. The reason lies in the pressures that cause the expansion and their op-
posite action against gravitational contraction. The curvature of space governs 
electron-positron influx and thereby regulates the pace of expansion. In the ga-
laxy BHs we can equally define a balance equation between expansion and con-
traction. Compared to the universe BH there is a much more moderate influx of 
electron-positron pairs (see next section) that causes an increase in the density 
without increasing the size. 

The pressure driving the density increase is obtained from 

d d d 0.
d d d
W V PP V
t t t
+ + =                   (145) 

The volume is constant along with RB, so we are left with the equation 

d d .
d d
W PV
t t
= −                      (146) 

The expansion pressure is 

2

3 ,
2

B
Bexp

B B

W brP
V R

= − = −                    (147) 

where VB is the volume of the black hole. 
The acceleration directed outwards is 

2

2 2

4
.

3
B exp

Bexp
B

G P rcg
c R

π
= = −                   (148) 

Alternatively, the same result is obtained by considering that g φ= −∇ , where 

B B BG M Rφ = − . For the symmetric spherical case we have 
2 2

2 .Bexp
B B B

rc rcg
R R R

 ∂
= = − ∂  

                 (149) 

The contracting acceleration due to gravitation is obtained from the familiar 
equation 

2

2 2 .B B
Bcontr

B B

G M rcg
R R

= =                    (150) 
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We end up with the balance equation 

0.Bexp Bcontrg g+ =                      (151) 

8.3. Influx of Baryonic Matter from the Black Hole 

The black hole has two boundary spheres, the inner one or the photon sphere, rB 
= 0.5·rs and the outer one or the black hole event horizon at rs. In between there 
is an energy gap. From these boundaries there is an influx of electron-positron 
pairs into the inside of the BH and proton-antiproton pairs into the space out-
side the BH, Figure 15. In the galaxy BH case the number of injected pairs, Npair, 
is equal on the inside as on the outside, because 1B BR R = . 

According to our earlier stated postulate all stellar matter of a galaxy origi-
nates from the central BH event horizon. As a result we obtain a clear-cut rela-
tion between the stellar mass, MS, and the BH mass, MB. The relation is 

2
22

1786.4.
2

Bi p pair pS
Bi

B e pair e

m N mM
M m N m

ν
ν= = =             (152) 

This is a significant result. Some bold presumptions lead to a result that has a 
strong anchorage in current observations. The average example of Section 8.1, 
MB = 1.25 × 1037 kg, suggests a galaxy stellar content of 2.23 × 1040 kg, which is a 
typical value. 

During the last decade several papers have been published, wherein the mass 
ratio is discussed and different theories about the cause has been presented, cf. 
[31] [32] and [33]. The standard theory suggests that stellar matter feeds the 
black holes, not vice versa as the present theory (CBU) suggests.  

An indication that the CBU result is the most plausible one, is shown in Fig-
ure 16. The line ( )2 1

B p eBi SM m m Mν
−

 = ⋅   is shown in a chart created by 
Sandra Faber, [34]. There is a perfect fit with the “Small dense” galaxies. The line 
shows there is a linear correlation, which for the present theory means that MB 
grows linearly and the assumption of RB being constant is correct. 

In Figure 17, a similar pattern as in Figure 16 is shown for galaxes of type 
“Active Galactic Nucleus”, [31] indicating that the ratio ( )2

S B Bi p eM M m mν=  
results in a perfect fit. In Figure 18 the change in stellar mass dMS/dt is shown as 
a function of the mass. Here the observations are related to galaxies in a star 
forming phase, cf. [35]. The CBU theoretical time derivative hits into the middle 
of the statistical pattern. 

9. Total Energy 

In the original CBU model it was assumed, that the total energy was proportion-
al to the curvature radius r squared. However, the new understanding requires 
the addition of a term considering the energy generated by the galaxy BHs. No-
tice, that this is not free energy, the negative counterpart is the gravitational po-
tential energy provided by the increasing density of the black hole. The potential 
acts over the gap between Rs (event horizon, equal to the Schwarzschild radius) 
and RB. 
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Figure 15. A schematic image of the influx of electron-positron 
pairs into the BH interior and proton-antiproton pairs into the BH 
surrounding. 

 

 

Figure 16. A wide-ranging publicly distributed chart show-
ing the results of the relation MB = f(MG) for numerous ob-
served galaxies, [34]. (Here presumed that the galaxy mass 
MG equals the stellar mass MS.) 

 

 

Figure 17. The CBU theory MB-MS relation (green 
line) shows good correlation with the observa-
tions of the Reines&Volonteri team, [31]. 
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Figure 18. The time derivative of the stellar mass as a 
function of the mass (green line) according to the 
CBU theory shows good correlation with the observa-
tions of the Cano-Diaz team, [35]. (MS = M*). 

 
The energy due to the electron-positron influx is 

24 .
ue e

W br+ − = π                       (153) 

The total energy of the galaxies and the black holes is 

2 22 1 ,p
G Su Bu c Bi

e

m
W W W br a

m
ν
 

= + = π + 
 

           (154) 

where WSu and WBu are the overall energies of the stellar matter + dust + radia-
tion and the black holes respectively. 

The original estimate of the total energy (matter and radiation) was Wu0 = 
1.018 × 1071 J. The corrected value is Wu0tot = 1.050 × 1071 J. The increase due to 
the galaxies is 3.15%. 

The critical density is 
2

270
3

0

3 kg8.72 10 ,
8 mcr

h
G

ρ −= = ×
π

                (155) 

where h0 = 2.208 × 10−18 1/s and G0 = 6.67430 × 10−11 m3/kg/s2. In the CBU mod-
el the critical density does not have a real meaning, because basically the un-
iverse grows eternally from the inside, there is no critical limit deciding whether 
the expansion will stop or continue for ever.  

10. Theory Comparison, Arguments in Favour of the CBU  
Theory 

A theory in natural sciences can only be tested by observations and measure-
ments. In Table 2 some of the most important characteristics of the CBU and 
ΛCDM theories are compared with each other. The numbers are in good agree-
ment, especially considering the different approaches. The main discrepancies 
relate to the interpretation of the energy content. In the standard model dark 
energy and dark matter are considered real, while in the CBU dark energy is a 
virtual ingredient, the vacuum energy from which the universe, in accordance  
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Table 2. CBU versus ΛCDM. 

Characteristic CBU ΛCDM, [17] Diffr. % 

Radius of the obs. universe, 1026 m 4.206 4.396 +4.5 

Age of the universe, 109 y 14.45 13.797 −4.7 

Hubble parameter, 103 m/s/Mpc 68.1 67.7 −0.6 

Matter + rad. density parameter, Ωmx 0.05374 0.0498 −5.9 

Dark energy density parameter, Ω  0.723 0.686 −5.4 

Total real energy, 1071 J (matter + radiation) 1.050 1. 079 +2.7 

CBU: Free space, 1071 J 1.018   

CBU: Black holes, 1071 J 0.000018   

CBU: Galaxies, 1071 J 0.0320   

 
with the uncertainty principle, picks up particles that accumulate as real energy. 
However, the virtual vacuum energy does not lead to an accumulation. Further, 
the CBU does not require dark matter to explain galaxy dynamics. 

The CBU theory has uncovered several characteristics of the universe that 
seem hard to accept as coincidences. Here are the most essential ones: 

1) The radius of the observable universe r0 = 4.206 × 1026 m derived from the 
assumption that the universe is a black hole, the standard model value is 4.396 × 
1026 m. 

2) The ratio of the electron rest energy (mec2) and the radius of the maiden 
universe (ri) defines an energy constant b, Equation (14), that times the square of 
the radius r of the observable universe results in a real energy value in complete 
conformity with current estimates: the r2 law, also predicted by the Dirac Large 
Number Hypothesis. 

3) The Schrödinger solution to the virgin universe leads to an exponential 
constant equal to the Planck length given the Newtonian gravitational constant 
G is a parameter dependent on the curvature radius r. 

4) The Planck length Pi�  divided by the curvature diameter of the virgin un-
iverse, 2ri, equals a number consisting of fundamental constants, cf. Equation 
(67): 

2 1 13.4535,
2 4

Pi

i fsr α
π−

= =
�

 

where αfs is the fine structure constant. The numeral equals the ratio between 
virtual dark energy and total real energy, ΩΛ/Ωmx (Ωmx equals the standard model 
Ωb + Ωr). 

5) The introduction of an acceleration factor B results into density and pres-
sure expressions that provide a consistent solution to the Einstein Field Equation 

.G Tµν µν=  

6) The hypothesis that the vacuum gap between the event horizon and the in-
ner photon sphere of a black hole causes the excitation of electron-positron pairs 
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on the inside and proton-antiproton pairs on the outside of the BH is best 
proved correct by the graphs of Figures 16-18. The magnitude and slope of the 
theoretical curves follow accurately the statistical average of observational data. 

11. Conclusions 

Theories about the universe are based on hypotheses and educated guesses. Ob-
servations and sceptical criticality are the only tools to approach the truth. At the 
core of the standard model there are five central hypotheses: the Big Bang itself, 
inflationary expansion, dark energy, dark matter and last scattering as the CMB 
explanation. 

In this study, we try to keep the hypotheses to a minimum and as close to 
known laws of physics as possible. However, there are assumptions that require 
scientific confirmation. Such are the black hole universe, the influx of matter 
from the black hole boundary spheres and the propagation of entangled photons 
in a superposition. 

Even if the CBU theory in principle follows a plausible track, it is not perfect, 
many details need deeper penetration. One such area is how protons and anti-
protons transforms into neutrons, electrons, neutrinos and further into atoms. 
The problem is similar to that of nucleosynthesis in the primordial universe of 
the standard model. 

It is our hope that the propositions presented here will lead to new insight in 
the world of quantum mechanics and the understanding of the connection be-
tween gravity and the quantum world. 
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Abstract 
With a few exceptions, physics theories are based in a conception of time and 
space; our two major theories, general relativity, and quantum field theory, 
differ in their conceptions. Key issues herein include mathematics, logic, in-
tuition, experiment, and ontology, with emphasis on simultaneity and di-
mensionality of the world. The treatment is through ontological comparison 
of two theories, space-time theory (special relativity) and energy-time theory 
(local absolute space and universal time). These two theories share many of 
the same equations but have different ontology. 
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1. Introduction 

Ontology is singular. It is the nature of reality. A theory of physics provides ma-
thematico-logical models of reality that assume an ontology. In fact, different 
theories assume different ontologies; the success of various of these different 
theories has caused many physicists to dismiss ontology as “unknowable”. I 
propose that comparative ontology is of value to physics and should be part of 
the measure of validity of any theory. This paper presents a comparative ontolo-
gy analysis of a space-time theory and an energy-time theory. 

It is generally agreed that [1] “…relativity reveals the nature of time to be 
shockingly different from what had been taken completely for granted.” Despite 
a century of relativity, this still gives rise to discussion and analysis. Recent pa-
pers [2] [3] [4] establish a current picture of the nature of time and space consi-
dering “the empirical success of special relativity”. Despite the mathematically 
simple nature of the Lorentz transformation basis of special relativity, Rovelli [5] 
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states that “special relativity is a subtle and conceptually difficult theory.” Pro-
portional to associated ontological confusion? Per Thyssen, two debates have been 
central to philosophy of special relativity: 

1) The debate on the conventionality of simultaneity. 
2) The debate on the dimensionality of the world. 
Both debates have lingered to this day without definite answers and “the link 

between both debates has remained largely underexplored.” I herein identify this 
link and explore the consequences.  

Thyssen states that one of the central questions in the philosophy of special 
relativity is “the reality question: is only the present real (presentism) or are the 
past and future equally real (eternalism)? …presentism is a realist thesis …the 
presentist thesis makes an ontological claim about the nature of time, not epis-
temological.” I review a few recent claims about presentism before addressing 
issues 1 and 2 above. Golosz [6] examines the relations between presentism and 
his thesis concerning the existence of “the flow of time”. I believe “the flow of 
energy” relates better to presentism. At every spatial location the present exists, 
but the change of location, easily measurable, provides a more ontological phe-
nomenon. How does one measure “the flow of time”? Clocks are energy-based 
and hence the measurement of time is indirect at best. If we continue to observe 
the flow of energy (matter), it continues to be “the present”, and nothing changes 
that fact. It is unclear ontologically what is meant by the “flow of time” as op-
posed to present time.  

More recently [7] Golosz refutes “Brute Past Presentism” according to which 
the past is supposed to be both a fundamental and present aspect of reality. This 
ontological claim addresses the idea that true past-tense claims should not de-
pend on any present aspect of reality. This ontology might be reformulated from 
“the flow of time” to the “flow of energy”-ontology:  

Energy, when it crosses a threshold and effects a change of structure, records 
information. In essence, the flow of energy halts and the information is present 
in the record, right now. Information meaningfully exists only in context. For 
example, “One if by Land; Two if by Sea” is generally meaningless unless one has 
the context symbolized by Paul Revere. For another example, the context of 
geological information is geological theories, used to interpret the information. 
The point being that the past “exists” in the present only through the presence of 
information assumed recorded in the past and preserved in the present (plus 
context). This is ontologically compatible with energy-time theory without in-
voking the “brute past” existence.  

The organization of this paper is as follows: In Section 2, we present a mathe-
matical formalism in which two ontological classes are defined: D3+1 and 4D 
spacetime. Section 3 gives a brief overview of time and space ontology. Section 4 
introduces the Lorentz transformation in the context of space-time and ener-
gy-time theories. In Section 5, both theories relate two inertial frames, primed 
and unprimed, containing two time entities, t' and t. Via Hestenes’ geometric 
algebra we contrast the meaning of t' in two theories and derive the time dilation 
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relation for inertial clocks. Section 6 explains inertial mass in space-time physics 
by considering space-time physics as “slices” of energy-time physics. Section 7 
uses two classes of theoretical models: empirical and conceptual, to identify our 
theories. Section 8 compares simultaneity definitions in space-time physics, and 
energy-time physics. Section 9 describes the logical error Einstein introduced in 
“relativity of simultaneity” and uncovers the source of this relativity in space- 
time physics—Thyssen’s “largely underexplored” link between “conventionality 
of simultaneity” and “dimensionality of the world”. Section 10 introduces the 
concept of ontology-dependent measurement and formulates an ontology-depen- 
dent example. Section 11 analyzes measurements in space-time specific ontology, 
formulating a framework that leads to the velocity addition law. Section 12 de-
rives the velocity addition law (violated in particle colliders) with emphasis on on-
tologically interpreting the experiment. Section 13 discusses concepts of mea-
surement involved in the development of the velocity addition law. Section 14 
provides ontological comparison of points developed herein. Section 15 dis-
cusses alternate descriptions of ontology, while Section 16 discusses ontological 
understanding. 

2. Does Math Determine Ontology? 

Thyssen analyzes Rietdijk-Putnam, Weingard-Petkov and other arguments to 
the effect that “Special relativity necessitates an eternalist, four-dimensional view 
of reality.” With key aspects still unresolved, he concludes that “special relativity 
leaves the debate on the dimensionality of the world underdetermined.” That is, 
it is uncertain whether time has a unique dimension and space has three dimen-
sions D3+1 or space-time is a 4D reality. 

One can develop physics for a D3+1 universe (presentism) or a 4D universe (eter-
nalism) in terms of Hestenes multi-vector ( )= + xX ct  based on one’s choice of 
basic assumptions: absolute space and time D3+1 or relative space-time 4D and cor- 
responding choice of how to apply the Lorentz transformation [8]. The ( )= + xX t  
formulation is Lorentz compatible, but Lorentz-free energy-time theory based 
on metaphysical assumptions of absolute space and time and inertial mass yields 
time dilation physics; contradicting the long-held belief that the empirical fact of 
time dilation is proof of the theory of special relativity. Per James [9]: 

“Two or more axioms grounded in different ontologies are very likely to 
prove nothing real about reality, despite having met the proof hurdle within 
mathematics. (…) mathematics and physics need to be grounded and 
sorted with ontological consistency, to be able to say anything remotely de-
finitive about reality. …you need to address the ontological landscape your 
mathematical or physical theory is necessarily, always within/of…” 

Hestenes’ employed his structure ( )= + xX ct  to yield momentum and ener-
gy relations based on Lorentz transformation to obtain 4D special relativity; 
the same momentum and energy relations are derived without Lorentz transfor-
mation, using a D3+1 interpretation of his structure as a vehicle to introduce ener-
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gy-time theory. Thus, the geometric algebra multi-vector structure ( )= + xX ct  
can represent 3 1+D  dimensional physics or 4D physics.  

Either we choose metaphysics that supports Lorentz transformation on time 
and space, or we choose metaphysics of absolute space and time that does not 
support Lorentz transformation on time and space, but on mass. One choice im-
plies paradoxes, logically unacceptable conclusions; the other choice is paradox- 
free. The ( )= + xX ct  formalism does not care, physical reality cares. 

Analysis of the empirical successes of relativity suggests that time dilation is 
probably the success most convincing to physicists; we stipulate that time dila-
tion is an established fact, and would remain such had Einstein never existed. 
The question becomes how to explain time dilation in the classical world of ab-
solute space and time. The physics of absolute space and time produces:  

0γ=m m , ( )2 22 1
1γ

−
= − v c  and ( )2 2 22

0

14= +H m c c p . Analysis of inertial 
clocks shows moving clocks slowing down by factor d d γ′ =t t  ( 0ω ω γ′ = ), 
exactly matching relativistic time dilation. This interpretation of the fact of time 
dilation ontologically differs from relativity. 

3. Brief Overview of Time and Space Ontology 

It is the ontology of time and space that we find non-intuitive about special rela-
tivity. Historically man intuitively observed that it is always “now”, indepen-
dently of location in space; the present moment was assumed unconnected from 
space in an ultimate sense. This changed with Einstein’s formulation of special 
relativity. The following brief metaphorical overview of special relativity ignores 
historical issues of Maxwell-Hertz, Michelson-Morley, and Lorentz transform-
ation [10], in favor of a simple but accurate picture of what Einstein postulated: 

Einstein, observing that a juggler can juggle balls as easily in a uniformly 
moving railcar as in the railway station, created cartoon worlds to model 
the situation. Obviously, the laws of physics hold in both worlds else one 
could not juggle in both. Similarly, spatial coordinates can be mapped onto 
either world; at rest or moving. However, Einstein provided each world 
with its own absolute time and space by assigning each world its own uni-
versal time dimension, a radical break with the physics of the time. He pro-
vided absolute space for each by effectively assigning each world its own 
“ether”, whereby light propagates with speed c in each world. In addition, 
space-time symmetry means there is no preferred reference frame. 

Relativists always formulate their problems in terms of two or more inertial 
reference frames, each with its own universal time dimension, related by the Lo-
rentz transformation—a geometric transformation in 4D space-time connecting 
two of Einstein’s 4D cartoon worlds.  

Each cartoon world in Figure 1(a) has its own space and time, and effectively 
its own ether, imposing the speed of light on local frames and a uniform relative 
velocity v  between them; each frame has 4D dimensionality. Figure 1(b) shows 
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an alternate ontology: D3+1. The big box represents all of space and a universal 
time dimension covering all of space right now. The two physical frames of in-
terest, one at rest, the other in motion, each have their own spatial map but share 
a common time. Speed of light is with respect to local absolute space (the big box 
common to both frames).  

4. Analysis of Lorentz in Space-Time and Energy-Time  
Theories 

Part of Einstein’s genius lay in intuiting that only if c = constant across all refer-
ence frames, can the Lorentz transformation even exist. Moving frames with ar-
bitrary velocity are meaningless unless a universal velocity exists to which they 
can be compared. While this satisfies 4D geometry, it complicates the physics, 
essentially providing local absolute space by representing ether through which 
light propagates in the local frame. If one begins with the photon relation  
= ±x ct  one can derive 2 2 2 2 2 0− − − =c t x y z . For another photon we have  

2 2 2 2 2 0′ ′ ′ ′− − − =c t x y z . If c is constant, then we can relate the two frames in 
relative motion 0≠v  via the Lorentz group 

( ) ( )( ), , , , , , ,′ ′ ′ ′ =x y z t L v c x y z t                    (1) 

and inverse transformation: ( ) ( )1 , ,− = −L v c L v c . This group symmetry is cha-
racteristic of geometry, and represented by “rotations” in the sense that rotation 
from x  to ′x  can be reversed by an inverse rotation from ′x  to x . In the 
same way 3D rotations mix coordinates x, y, and z, relativistic 4D rotations mix 
three-space and time: 

( )( ),γ′ = −x v c x vt  

( )( )2,γ′ = −t v c t vx c                       (2) 

 

 
(a) 

 
(b) 

Figure 1. (a) 4D space time ontology; (b) D3+1-ontology of 
space and time. 
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This mixing was immortalized by Minkowski: “only a kind of union of [time 
and space] will preserve an independent reality.” The non-intuitive mixing of 
time and space in 4D is most problematic in relativity, where primed coordi-
nates (x', t') apply in one frame: unprimed coordinates (x, t) in another. To ana-
lyze this several questions need be considered: 1) Is c = constant in all frames? 2) 
What is the meaning of t’? Relativity assumes c = constant in all frames. Classi-
cally, this was based on physical properties of the media through which the photon 
propagates, i.e., the ether. Nevertheless, a major contributor to relativity, Rindler 
[11], saw that in relativity: 

“Each inertial frame now has the properties with which the ether frame had 
been credited.” 

Despite that c = constant is necessary for Lorentz to work; it still doesn’t make 
sense. He says of Einstein’s postulate: “Light propagates the same in all inertial 
frames…It is not for us to ask how!” If it made sense, we could ask how; Rindler 
is admitting that it doesn’t make sense.  

Ontologically, relativity banishes the medium of ether and replaces it with the 
proclamation that it is the local space-time coordinate frame that accomplishes 
the required invariance. Alternatively, energy-time theory assumes the gravita-
tional field is present everywhere in space. Having energy, the field is material 
and is the medium through which electromagnetic waves and gravitomagnetic 
waves propagate. General relativistic problems with gravitational energy are treated 
elsewhere [12]. The recent discovery [13] that both waves propagate with the 
same speed is compatible with the assumption of an etheric medium. Propagation 
of light in this local medium is compatible with both Michelson-Morley experi-
ments and Michelson-Gale experiments [14]. A consequence of propagation in 
local medium is the violation of Einstein’s axiom of constant c in all frames and his 
claim that one cannot detect the speed of the local frame from within the frame. 

5. The Meaning of t' in Space-Time Theory and Energy-Time  
Theory 

The space-time ontology derived from Lorentz is based on 4D-geometry; the 
ability to transfer from one 4D frame ( ), , ,x y z t  to another frame ( ), , ,′ ′ ′ ′x y z t  
via Equations (1) and (2). In 4D-space-time geometry basic motion is fixed by 
uniform velocity v  between the frames. Einstein’s lack of acceleration removes 
force from the picture; the transformation from an event in one frame to its cor-
responding event in the other frame is independent of mass, so mass does not 
appear in the Lorentz transformation. To understand the meaning of this we 
must interpret the meaning of t'. 

In space-time theory t' is the time dimension in the primed frame, different 
from the t dimension in the unprimed frame; incompatible with physicists’ in-
tuition while the energy-time definition of t' is that of time measurement, not 
time dimension. To understand this, we focus on physical mass. 

Hestenes, [15] presenting a new math formalism, desired complete compati-
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bility with relativity: 

“The entire physical content of the relativity theory has been incorporated 
into our concept of space-time. It is fully expressed by the Lorentz trans-
formation between inertial systems and the invariant interval between events. 
No dynamical assumptions are involved.” 

The curious physicist wonders: if relativistic space-time physics is derivable 
with no dynamical assumptions, can dynamical physics be derived without space- 
time assumptions? Time-dilation, the key “proof” of relativity, is derived in the 
ontology of absolute space and time based on Hestenes’ multivector formulation: 
time dilation obtains; clocks do run slower when moving. We analyze this aspect 
of time dilation, assuming that mass is a function of velocity ( )=m m v . Mass will 
thus be lowest when 0=v  and this would imply a preferred frame in which mass 
is minimized. In D3+1-ontology this describes the rest frame S while 4D-ontology 
assigns velocity zero to every object at the origin of the S' inertial reference frame: 

0≡m m . In other words, when relativists transform ( ), , ,x y z t  and ( ), , , ′x y z t   

they reset the rest mass: 

0 0

0 0
0 0

′= =   
   ′= ⇒ =   
   ′= =   

� �
x x
x x

m m m m
. 

This establishes the time-space 4D-rotation, at the expense of kinetic energy. 
Mass is reset to rest mass while distance is shortened, and duration is lengthened 
according to Lorentz transformation, while according to energy-time 3D-rotation 
it is inertial mass that is transformed by the inertial factor γ , but time and 
space are Galilean in nature. 

( )( )
( )( )

0

Space-time theory

γ
γ

′ = 
 ′ = − 
 ′ = − 

m m
x v x vt
t v t vx

 
( ) 0

Energy-time theory
γ′ = 

 ′ = − 
 ′ = 

m v m
x x vt

t t

              (3) 

Lucas and Hodgson [16] make a major point about inertial mass: “If we insist 
on retaining Newtonian dynamics, and the Newtonian definitions of velocity 
and acceleration, then we can still obtain relativistically correct results if we pay 
the price of allowing the mass to depend on the velocity.” Checking our Hamil-
tonian, for inertial mass 0γ=m m , 2=E mc  and =p vm  we derive: 

( )2 4 2 2 2 2 4 2 2 2 4 2 2 2 2
0 0 0 0

2 2 2

2

4
0

1
γ

γ

= + ⇒ = + = +

⇒ =

E m c c p E m c c p m c c m v

E m c
 

2 2 2
2 2 2

2 4 2 2 2 2
0

11 1
1

γ γ γ γ= + ⇒ = + ⇒ =
−

E v v
m c c c v c

         (4) 

In D3+1-ontology the velocity υ  of an object is with respect to rest frame S, 
local absolute space, and any change of υ  is via accelerating force:  

( )0d d d dγ= =a p vm t m t  while in 4D-ontology the momentum relation  

0γ=p um  is applied where u  is the velocity of the object in a reference frame, 
not the velocity of the reference frame relative to another.  
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Figure 2. Diagrams with relevant parameters for rest and moving clocks. 

 
D3+1-ontology preserves the spirit of relativity, which is to preserve physics 

across frames, so we write the physics in S and S' frames: 

d
d

= −
p xk
t

, d
d
′

′ ′= −
′

p xk
t

                    (5) 

“Physics of clocks in absolute spacetime” derives the algebra necessary to equate 
these two equations in universal time: 

22
20

2

d d 0 0
d d

ω
ω

γ
′ ′   ′ ′ ′ ′⇒ + = ⇒ + = ′  

��p x x x x
t t

           (6) 

2
2 2
0 02

d d 0 0
d d

ω ω⇒ + = ⇒ + =��p x x x x
t t

              (7) 

In terms of universal time t, the equation of motion of the rest clock yields 
frequency 0ω , while the frequency of the moving clock is 0ω ω γ′ = , estab-
lishing time dilation for inertial clocks in relative motion in D3+1-ontology. This 
agrees with physical intuition: increased inertial mass leads to decreased accele-
ration hence lower velocity; the system slows down. In the rest frame of ener-
gy-time theory inertial mass has rest mass m0. If another frame, initially at rest in 
our frame, is accelerated to velocity υ , its associated inertial mass increases: 

( ) 0γ υ=m m . Intuition vanishes the moment special relativity is invoked; the 
space-time symmetry principle forbids preferred frames, so rest mass is not 
associated with any frame, but with every frame. An observer in the moving 
frame sees rest mass m0. The time dilation derived from the physics of clocks 
in relative motion in D3+1-ontology fails in 4D-ontology, since the no preferred 
frame axiom of 4D-ontology, given two inertial frames, makes it impossible to 
tell which is at rest or closer to rest, and therefore, to tell which mass is greater. 
Thus, relativistic momentum 0γ=p um  is based on u  relative to an observer, 
to distinguish it from relative velocity υ  between observers. The two clock 
mechanisms treated in D3+1-ontology (see Figure 2) are in different frames, dif-
fering by velocity υ .  
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6. Mass in Space-Time versus Energy-Time Theory 

Einstein essentially invented “slices” of physical reality in which the objects of 
interest move with uniform velocity with respect to each other. Einstein ex-
cluded from his theory the periods of physical acceleration necessary to provide 
the relative velocity to objects initially at rest in a local frame and mapped 4D- 
ontology into “slices” of D3+1-ontology as seen in Figure 3. The velocity curve 
shows constant relative velocity of relativity as shaded regions, while the accele-
ration portions of the curve exist only in D3+1-ontology. 

This automatically excludes all inter-frame kinetic energy, allowing him to, 
impossibly, “reset” the inertial mass of the moving objects to their rest mass by 
“switching” the observer from one frame to the other (conceptually easy, physi-
cally impossible). Formally, this is the result of space-time symmetry, his key 
postulate that there is no preferred frame, which enables geometric transforma-
tion from one frame to the other and back, but makes it is impossible to tell 
which inertial frame is stationary and which is moving. 

The physics of two clocks in absolute space recognizes the difference in kinetic 
energy, hence equivalent mass; the increased mass is responsible for the moving 
clocks “slowing down”. Time dilation in relativity is not derived from the phys-
ics of real inertial clocks operating in universal time but is conceptually tied to 
different time dimensions in different inertial reference frames. Recognition of 
the relativistic “reset” ( ) 0υ →m m  of mass as the basis of the inertial reference 
frame, may have caused Okun [17] to state “The terminology [relativistic mass] 
has no rational justification today”, while Rindler and others retained it as a 
useful concept. 

The actual nature of the relativistic mass does not change the logic of our ar-
gument. An excellent case can be made that the kinetic energy of motion is stored 
in the C-field circulation induced by 3

0 d= = ×∫p v Cm x∇ . The force, d d=F p t  
~ change in circulation that accelerates the mass between “slices” changes the 
momentum, and hence the kinetic energy ~ 2 2p m .  

7. Theoretical Models 

In this paper, we compare two theories, each with its ontology: a theory of abso-
lute time and space, derived from a structure of time and space devised by Hes-
tenes: 

“Everything we know about physical space-time is known through its re-
presentation by some model, so when we are thinking about space-time and 
its properties, we’re actually thinking about the model. (…) however, we 
attribute an independent existence to space-time which might not be accu-
rately represented by our model (…) so we must keep the distinction clear 
when considering the possibility that the model is wrong.” 

Since Hestenes’ basic structure can be developed in either ontology, we further 
classify theories according to Crecraft [18], who divides models into empirical 
and conceptual models:  

https://doi.org/10.4236/jmp.2023.144028


E. E. Klingman 
 

 

DOI: 10.4236/jmp.2023.144028 510 Journal of Modern Physics 
 

 

Figure 3. Map 4D-ontology onto “slices” of D3+1-ontology. 
 

“An empirical model starts with the procedure of measurement and obser-
vation…an empirical model has no rules of deduction…it uses guesswork, 
intuition and trial and error to deduce mathematical relationships among 
the system’s observable properties” and lies within the domain of science.  

“A conceptual model is an axiomatic system that starts with simple state-
ments and rules of logic that we accept as self-evidently true, and from these 
it deduces other statements of truth. The postulates are accepted as true, 
without proof.” Therefore, conceptual models exist within the domain of 
philosophy rather than science. 

The space-time theory of relativity is an axiomatic model based on Einstein’s 
relativity axioms, postulates, or principles, which are treated as truth and logic 
used to deduce other truths. The truths are logical, according to the axioms, but 
they are non-intuitive (nonsensical) in a physical ontology with acceleration 
forces, Thyssen declares the debates central to the philosophy of special relativi-
ty. 

The energy-time theory of universal time and local absolute space is an em-
pirical model, based on measurement and observation, limited to our real objec-
tive world. The theory treats time as the intuitive commonsense notion that it is 
NOW everywhere in the universe, all at once; one moment passes into the next 
moment; moments in time span the entire three-dimensional space, intuitively 
jiving with common experience. Measurements that indicate that clocks slow 
down when moving are compatible with kinetic energy in the empirical model 
with increasing inertial mass. Similar analysis applies to electromagnetic aspects 
of relativity. Analysis of measurement in the two theories is presented in the sec-
tion dealing with velocity addition. 

Where does the conceptual relativity model lead? In one example, Mermin 
posits two opposing trains of moving rocket ships whose various clocks have 
been “deliberately set out of synchronization”; but observers on the rockets are 
assured that clocks in other rockets are synchronized. He then contrives a situa-
tion in which “occupants of each of the two trains being firmly convinced that it 
is the clocks on the other train that are running slowly.” Mermin concludes that 
“once one introduces the asynchronized clocks on each train, all the other relati-
vistic effects follow automatically.” Whatever his purpose, Mermin concludes 
about time: 
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“…the concept of time is nothing more than a convenient…device for 
summarizing compactly all relationships holding between different clocks.” 

In a current relativity paper [19]: “Persons A and B define two distinct inertial 
frames of reference, corresponding to different spacetime conditions (with) dif-
ferent lengths of meter and durations of second…as predicted by Lorentz.” and 
“Time dilation symmetry arose as a logical deduction of Einstein’s 1905 post-
ulates: if two clocks occupying two distinct inertial frames of reference are in 
relative motion, each one is expected to run slower than the other.” However, 
the authors state that many experiments (including GPS) seem to confirm that 
time dilation is an asymmetric phenomenon. One might think that experimental 
contradiction of logical deduction from the axioms would discredit the axioms, 
but they conclude: “It is assumed that time and 3D space do not exist as separate 
features of the universe but form a 4D continuum known as spacetime.” 

So, spacetime theory deduces that each clock runs slower than the other one, 
while energy-time theory predicts that the accelerated clock will run slower than 
the rest frame clock. Hafele-Keating experiments resolve the issue experimental-
ly. One can choose a paradox-free empirical theory of absolute local space and 
universal time with real empirical results, or a paradox-laden conceptual theory 
of worlds connected by a 4D “universal transformation” between worlds. 

8. The Ontology of Simultaneity 

Rovelli notes that there is no device that will detect “now”, a concept missing 
from 4D-ontology. Thus, despite that in relativity the concept of simultaneity is 
replaced by relativity of simultaneity, there is no general means of determining 
distant simultaneity. Per Rovelli: “Relativity is not the discovery of a new ontol-
ogy of simultaneity; it is the discovery that there is no fact of the matter, whether 
two distinct punctual events happen at the same time or not.” Einstein chose to 
invent multiple time dimensions, making use of Lorentz transformation and 
making a metaphysical commitment, defining 4D space-time symmetry as on-
tology. If one commits to D3+1 with universal simultaneity (now) one commits to 
a metaphysics and defines an ontology—the metaphysical assumptions Thyssen 
claims are needed to answer the question of reality. Relativity replaces the con-
cept of simultaneity by relativity of simultaneity yet does not present us with 
ontological fact; it claims that distant simultaneity is not measurable, hence not a 
provable ontological fact. Neither can Einstein’s proposed ontology be measura-
bly proved; we are left with ontological non-facts.  

As “simultaneity” is key, we pay particular attention to how Einstein [20] de-
fined simultaneity: 

“we must require a definition of simultaneity such that the definition sup-
plies us with the method by means of which…(we) can decide by experi-
ment whether or not the lightning strokes occurred simultaneously. (…) an 
observer should be placed at the midpoint [between lightning flashes]. …If 
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the observer perceives the two flashes of lightning at the same time, then 
they are simultaneous.” 

“are two events (e.g., the two strokes of lightning A and B) which are simulta-
neous with reference to the railway embankment also simultaneous relatively to 
the train? …lightning strokes A and B are simultaneous with respect to the em-
bankment [if] the rays of light emitted at the places A and B, where the lightning 
occurs, meet each other at the midpoint of the length AB…” “Let M ′  be the 
midpoint of the distance AB on the traveling train. Just when the flashes occur 
[judged from the embankment] this point M ′  naturally coincides with the 
point M, but it moves [toward the right] with the velocity v of the train.” 

If an observer sitting in position M ′  in the train did not possess this velocity 
(then) light rays emitted by the flashes would reach him simultaneously (…) 
Now in reality (…) he is hastening toward the beam of light coming from B, 
whilst he is riding on ahead of the beam of light coming from A. Hence the ob-
server will see the beam of light emitted from B earlier than he will see that 
emitted from A. We thus arrive at the important result: 

“Events which are simultaneous with reference to the embankment are not 
simultaneous with respect to the train, and vice versa (relativity of simul-
taneity).” 

Einstein began by requiring a definition of simultaneity capable of deciding by 
experiment whether both lightning strikes occurred simultaneously; he solved 
this problem by placing the simultaneity detector (observer) at the midpoint 
between the two strokes, A and B. He says:  

“There is only one demand to be made of the definition of simultaneity, 
namely that in every real case it must supply us with an empirical decision. 
(…) That my definition [of simultaneity detector] satisfies this demand is 
indisputable.” 

It is disputable if one requires a meaningful empirical decision. The detector 
must be at the midpoint when event detection occurs, not when the event oc-
curred. Ideally, at both occurrences. 

9. The Built-In Error: Einstein’s “Simultaneity Detector” 

Einstein’s method is based on the simultaneity detector being exactly at the mid-
point between flashes. If this is satisfied, the instrument works perfectly, but, 
according to him, the instrument on the train is moving away from the midpoint. 
As soon as the instrument moves away from the midpoint, it ceases to function 
as a simultaneity detector! It is effectively “broken”, and any signal from the 
broken detector is meaningless. As the detector on the train is not midway be-
tween the two lightning strokes when it sees the light from B, it is not a properly 
working detector and its signal is meaningless. This logic is clear. Einstein de-
fines the perfect instrument and then deviates from the definition. It does not 
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thereby become merely an imperfect instrument; it becomes an invalid instru-
ment, and its measurements are meaningless as empirical decisions.  

Yet on this basis Einstein proposes to overturn the accepted nature of time 
as universal simultaneity and replace it with “the relativity of simultaneity”. 

Perhaps he understood that multiple time dimensions precluded meaningful 
simultaneity and therefore felt no need to check his logic. However, logical flow 
is everything in axiomatic theory, and faulty logic [failure to recognize a “broken 
detector” away from midpoint] appears to lead to the discovery of the “relativity 
of simultaneity”, the hidden false assumption of relativity built into the defini-
tion of “inertial reference frame” and the formulation of relativity in at least two 
frames, hence at least two universal time dimensions. As noted, “there is no fact 
of the matter, whether the two distant punctual events happen at the same time.” 
The truth of this statement has no bearing on the logical error of Einstein’s si-
multaneity detector. Einstein’s logical error in his simultaneity measurement 
experiment is independent of the dimensionality of the world; the detector is 
broken whatever the dimensionality. Although one must determine the mid-
point of the distant events before one can measure the “simultaneity” this is in 
general an impossible task. In the very special case of “lightning flashes on rail-
road”, one can substitute manmade flashes for lightning and trigger these from 
the midpoint; practical issues of signal distribution and timing that must be 
solved, but these do not correct Einstein’s logic error. The unbroken stationary 
detector is and remains in the station midpoint between the two strikes and judges 
the strikes to be simultaneous. In summary: only detectors at the midpoint be-
tween two luminal events can detect simultaneity.  

By defining his faulty “simultaneity detector” instrument and employing it in 
the station and on the railcar to detect simultaneous lightning flashes, Einstein 
“derives” the relativity of simultaneity using the broken instrument which moves 
away from the midpoint. In fact, relativity of simultaneity is not measured or de-
rived, it is assumed, via the definition of each inertial reference frame possessing 
its own universal time dimension, per Rindler: 

“An inertial frame is one in which spatial relations, as determined by rigid 
scales at rest in the frame, are Euclidian and in which there exists a univer-
sal time…[such that Newton’s laws of inertia hold.]” 

A century has passed with little notice of the error of Einstein’s logic. One as-
sumes that the ontological confusion of 4D combined with empirical successes 
such as time dilation convinced many that his logic must hold in cartoon worlds. 
It does not. Relativists have argued for “two sets of lightning strokes”, one in the 
rest frame and one in the moving frame, but Einstein clearly has both simultane-
ity detectors measuring the same flashes, occurring in the rest frame. Instead of a 
boxcar, think flatcar, open to the same sky as the rest frame observes. In relativi-
ty the moving observer believes he is at rest, so may think he remains at the 
midpoint, but Einstein explicitly states that he is moving toward one stroke and 
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away from the other. Relativity of simultaneity follows from multiple time di-
mensions, not from Einstein’s simultaneity detector example, where it is proc-
laimed. This does not imply that the idea of a simultaneity detector is invalid, 
only Einstein’s use of the detector in his derivation.  

In a system where the detector is always at the midpoint of the system, his 
logic is valid. For example, in Figure 4(a) each frame has mirrored walls with 
both light source and light detector midway between the mirrors; this system 
will detect the simultaneity of the flash (from the LED) by registering the simul-
taneous arrival of the reflected rays at the detector (DET). This is easy to show 
for a frame at rest, as both rays will travel the same distance, and return to the 
center at time =t L c . In fact, in energy-time theory, the simultaneity detector 
works in the moving frame, moving in the local ether of the rest frame. Despite 
that the light does not move at constant c, but at c ± v, where v is the velocity of 
the moving frame with respect to the frame at absolute rest, the variable speed 
light rays (whose speed is dependent on direction) will return to the detector  

at the same time, 
12

21τ
−

 
= − 

 

L v
c c

, where the time depends on velocity. A key  

principle of special relativity is that one cannot measure velocity v of the frame 
by any experiment performed within the frame, yet that is exactly what we have 
done: 

1
τ

= ± −
Lv c
c

.                        (8) 

Our simultaneity detector here thus also functions as a velocity meter capable 
of measuring v. 

 

 
(a) 

 
(b) 

Figure 4. (a) Simultaneity detector system; (b) The system in inertial frame moving with velocity v.  
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Dace, in [21] argues that Einstein mis-labeled the “relativity of synchrony” as 
“the relativity of simultaneity” and thereby implied that “this effect concerns an 
actual difference in times from one frame to another, rather than merely a fail-
ure of clock synchronization across frames.” From this he concludes that “spe-
cial relativity fails as a theory of time on the basis of the relativity of simultanei-
ty.” Interestingly, he concludes that as a theory of length contraction and time 
dilation based on frames in relative motion, special relativity is the definitive in-
terpretation of the Lorentz transformation and provides the correct explanation 
of relativistic phenomena. As analyzed in Sections 4 and 5, we show that “time 
dilation” in Energy-time theory is simply the slowing of accelerated clocks due 
to the equivalent mass increase associated with kinetic energy and is not proper-
ly a “relativistic phenomenon”. Nor is it evident that length contraction actually 
exists; it has never been measured. In Section 13 we briefly introduce Jefimen-
ko’s analysis of “retardation” and “relativity”, in which he concludes that relati-
vistic length contraction does not exist. 

10. Ontology-Dependent Measurement 

Metaphysical assumptions underlying measurements in 4D-ontology versus mea-
surements in D3+1-ontology are ripe for analysis. Relativity excludes acceleration 
between frames. It has of course been mathematically extended or “continued” 
into non-inertial domains for reasons of necessity (for instance, the Michelson- 
Gale experiment), but little or no ontological analysis has been performed in this 
regard. In either ontology, empirical measurement of inter-frame velocity υ  is 
accomplished using radar and returning pulses are interpreted. Apparent length 
contraction of the Doppler variety is found, but no Lorentz length contraction. 
Measuring inter-frame velocity is easy; performing physical measurements in-
side the moving frame from our rest frame position using meters and time clocks 
is impossible.  

Contrast the 4D-ontology measurement procedure (to be described) with the 
D3+1-ontology in which both frames are initially at rest in the station, where sta-
tionary observers can go inside the railcar measuring distances and durations 
and calibrating and syncing measurement devices. After the preparation period 
the railcar is accelerated to velocity v  and measurements made. Empirical mea-
surements performed in 3D-space in the stationary frame are real. They are also 
performed in the moving frame, which has already been measured during prep-
aration. 

The following problem illustrates the difference in measurements in 4D space- 
time theory versus D3+1 energy-time theory. A moving frame is assumed to have 
velocity 0.9υ = c  as measured in the stationary frame by the radar method; com- 
patible with both 4D-ontology and D3+1-ontology. The problem is complicated 
by adding another inertial frame, attached to an object moving inside the mov-
ing frame. To be compatible with Leonard Susskind [22] we label the object in-
side the railcar a “kiddie car” and assume that a third observer exists inside the 
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kiddie car. The stationary frame is labeled S, the railcar is S ′  and the kiddie car 
is S ′′ . 

11. Measurement in Three Frames in Different Ontologies 

In order to contrast energy-time ontology of absolute time and space with space- 
time ontology of special relativity, we formulate a problem in absolute ontology 
and compare it with relative ontology as follows: The railway station is located in 
an absolute spatial frame, S, and a local railcar, initially at rest in the station, is 
accelerated until it reaches velocity υ  with respect to S. The frame of the mov-
ing railcar is S ′ . Rest frame events are labeled by ( ), xt , but can be relabeled in 
frame S ′ , now uniformly moving with respect to our absolute rest frame. That 
is, an , ,x y z  map located at the origin of the entity (railway car) is in motion 
with respect to absolute space. From the definition of inertial mass 0γ=m m  
mass becomes infinite as →v c , therefore it is impossible to accelerate any mass 
to the speed of light despite that how close we can come is a function of the 
energy available for accelerating. Here we assume specifically that we can acce-
lerate the railway car to 0.9c, 90% of the speed of light. This is certainly legiti-
mate in a universe of absolute time and space. 

We then put the kiddie car inside the moving railcar and follow Leonard 
Susskind’s Stanford video series as seen in Figure 5. The kiddie car is initially at 
rest in the railcar, but, after acceleration of the railcar, it will have velocity v  in 
the absolute frame of the railway station. Now we wish to accelerate the kiddie 
car in the railcar frame.  

In our absolute frame (the station) the kiddie car is already moving at 0.9c 
when we begin acceleration relative to the railcar. We cannot increase the speed 
u of the kiddie car (relative to the railcar) to 0.1c, else the kiddie car will have 
been accelerated to light speed in absolute space 

( )0.9 , 0.1υ υ= = ⇒ + =c u c u c .                  (9) 

This is not the physics of relativity. In relativity, the act of placing the kiddie 
car inside a moving railcar switches us from D3+1-ontology to 4D-ontology. Suss-
kind says that we can accelerate the kiddie car to at least 0.9c relative to the rail-
car, which is itself moving at 0.9c in absolute space. That is, the observer in the 
relativistic railcar (with 0.9υ = c ) feels himself to be at rest and places no con-
straints on the velocity of objects (such as the kiddie car) in his frame. Material 
objects in his frame can move at any velocity, almost to the speed of light. To 
limit the velocity because of another “preferred” frame is to violate relativity.  

12. Velocity Addition Law 

Susskind, in his relativity lecture two, derives the velocity addition law for a 
“kiddie car” moving with velocity u inside a railcar moving with velocity v rela-
tive to the station. At ~15 minutes he asks what the velocity of the kiddie car, w, 
is with respect to the station, and, based on Lorentz, 
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Figure 5. Susskind’s formulation of velocity addition law. 
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Plug ′x  into ′′x  in terms of t:  

( ) ( ) ( )
2 2 2 2

1

1 1 1 1

− + − +−′′ = − ⇒
− − − −

u t vx uv x v u tx vtx
v u v u

 

If 0′′ =x  we obtain: ( ) ( )0 1
1
+ ′′ = ⇒ + = + ⇒ = ⇒ = + 

u vx uv x u v t x t x wt
uv

  

Thus, in relativity the stationary observer “sees” the kiddie car moving with 
velocity  

1
+

=
+

u vw
uv

. 

Speed w is how fast the kiddie car can move as “seen from the stationary 
frame”. In Figure 6, having just developed the law of velocity addition, Susskind 
shows that relativists believe that addition of velocities υ and u cannot reach 
speed c:  

2

1.8
1.811

 +
= ⇒ < + 

u vw c c
uv c

.                 (11) 

In Susskind’s view, we accelerate a railcar containing a kiddie car to 0.9c with 
respect to the station, and then to accelerate the kiddie car to 0.9c with respect to 
the moving railcar. About 27.5 minutes into the lecture, I ask about the meaning 
of “seen from the stationary frame”: 

Klingman: 

“The stationary observer sees that through the eyes of x'. What if the train 
had glass walls so that the stationary observer was looking at both?” 

Susskind: 

“If the train had…assume the train did have glass walls. I don’t see how 
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that…  
We’re not talking about appearances. We’re talking about what measure-
ments of phenomena by meter sticks and by “well-designed clocks” corre-
late with each other. What somebody sees is much more complicated. For 
the simple reason that when an event happens, light has to come from the 
event, and it can be much more complicated what you visually see. We’re 
not talking about which you visually see; we’re talking about correlating the 
locations and times of events in frames of reference which are defined by 
meter sticks at rest relative to observers and timepieces which are also at 
rest relative to them. 
It doesn’t matter what kind of walls the car has; the transformation laws are 
universal. 

Klingman: Consider the glass wall aspect of the problem. My intent is to allow 
us to see reality as it is, with the station, the railcar, and the kiddie car, all of which 
exist in objective reality. The glass wall implies it is all within our view at once. 
But in relativity each of the three key entities is replaced by a cartoon world, with 
no cartoon world preferred. We cannot perform measurements in the moving 
railcar or kiddie car; we can only transform event coordinates sequentially be-
tween frames: ′′ ′⇐ ⇐x x x  where ( )( )γ′ = −x v x vt , ( )( )γ′ = −t v t vx , etc. See 
Figure 7. 

 

 

Figure 6. Lorentz summing of velocities.  
 

 
(a)                                  (b) 

Figure 7. (a) D3+1-ontology representation; (b) 4D-ontology of special relativity. 
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My point to Susskind: “The stationary observer [x] sees the kiddie car [x"] 
through the eyes of x' [observing in the railcar]”, whereas I, the stationary ob-
server, want to look directly at the kiddie car with my own eyes (through glass); 
according to relativists, time runs differently in inertial frames in relative motion. 
To view, from the station, both inside the railcar and inside the kiddie car, “all at 
the same time” would violate “relativity of simultaneity”.  

Contrast the essence of special relativity with the classical idea of universal 
time: God sees everywhere at one instant of time; time as a one-dimensional pa-
rameter appears everywhere throughout classical mechanics, reinforced by direct 
experience of encompassing a wide region of space with a single glance. The 
moment we invoke special relativity classical real-world ontology is banished; 
the cartoon world ontology representing acceleration-free “slices” of the real world 
becomes dominant. Relativistically, in the frame of the station, we observe the 
railcar; we cannot observe the interior of the moving railcar. To observe the in-
terior of the rail car we must invoke the observer in the moving railcar. Relativity 
sees only one frame at a time via application of the Lorentz transformation; “dee-
per” frames are invisible to the observer; in every cartoon world the mass can 
move at any speed less than c. Hence 0.9υ = c  and 0.9=u c  make sense in 
relativistic ontology, in which one effects the critical trade-off of relativity: 

Universal time and universal space⇒ universal transformation on cartoon worlds. 

Per Susskind [23]: “Special relativity…is counter-intuitive…full of paradoxical 
phenomena.”  

“A paradox is a statement that, despite apparently sound reasoning from 
true premises, leads to an apparently self-contradictory or logically unac-
ceptable conclusion.” Wikipedia 

Relativists give up an absolute universe with universal time and space for a 
universal transformation on geometric 4D worlds. Not asking what reality looks 
like all at once (through glass walls) they show that one can transform from one 
cartoon world and back, as often as desired, and as deeply as one wishes, effec-
tively looking “through” a sequence of nested inertial frames. Moving reference 
frames are not accessible by us; at best we can measure x' radar-like but we, in our 
own rest frame S, cannot perform measurements in moving frame S ′ . When 
compounded by the introduction of another moving frame S ′′  we cannot per-
form any measurements from S in S ′′ ; in relativity we are not even allowed to 
see S ′′ . By transforming a real physical railcar to a cartoon world, one resets 
laws of physics in a way that only an extended period of training makes tolerable. 
Per Mermin: “some of the things…are hard to believe at first.” They are even-
tually accepted by relativists who have learned to think in cartoon worlds. Per 
Smolin: [24]  

“To learn relativity is to experience a transition from one way of mentally 
organizing the world to another.” 

In contrast, there is nothing paradoxical about the energy-time perspective, 
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based on universal time and space, it’s just that we are forbidden to look at it 
when we invoke relativity to solve a problem. For instance, Rindler notes that 
the special relativistic treatment of velocities is problematical: 

“Thus, if a light signal recedes from me and I transfer myself to ever faster 
moving frames in pursuit of it, I shall not alter the velocity of that light sig-
nal relative to me by one iota. This is totally irreconcilable with our classic 
concepts of space and time.” 

Thus, universal light speed enables the use of Lorentz rotations on cartoon 
worlds and Lorentz transformation prevents an object (or frame) from equaling 
or exceeding the speed of light. However, Cannoni [25] observes that the law of 
velocity addition is not absolute: 

“Explicitly or tacitly, in high-energy physics literature it is an accepted fact 
that the relative velocity of two particles can be larger than the velocity of 
light. …this is a macroscopic violation of the principles of relativity.” 

If reality violates relativity, then relativistic ontology is false. The “velocity ad-
dition law” has no problem with the Lorentz transformation math; the problem 
is ontological, i.e., physical reality. Yet, believing that these procedures represent 
real measurements, and employing mathematical logic, relativists deduce the 
truth of the velocity addition law from the axioms and end up believing that the 
railcar can be given 0.9υ = c  with respect to the station and that the kiddie car 
can exist in the railcar with velocity (relative to the railcar) 0.9=u c  and that kid-
die car is prevented from going ( ),υ =w u c  with respect to the rail station. This 
view is logically perfect, and physically absurd: ( 0.9υ = c , 0.9=u c ) instead of 
( 0.9υ = c , 0.1<u c ). In D3+1-ontology we can measure the velocity of S ′  and 
S ′′  from absolute frame S. In 4D-ontology we can measure the velocity of S ′  
from S but cannot measure the velocity of S ′′  from S, as there is no radar me-
chanism that matches the value obtained via the relativistic velocity addition law. 

13. Aspects of Relativistic Ontology 

Einstein’s axioms provide a well-defined conceptual model that is not empirical. 
Why do physicists seem to view it as if it were empirical? Susskind states that we 
are: “correlating locations and times of events in frames of reference which are 
defined by meter sticks at rest relative to observers and timepieces which are also 
at rest relative to them.” 

In relativity observers in cartoon worlds make measurements via identical 
meter sticks and clocks in their rest frame as we have in our rest frame; mea-
surements are correlated through Lorentz transformation effecting a 4D geome-
tric rotation on ( ), , ,x y z t  into ( ), , , ′x y z t  to transform our meter stick into 
the moving frame where it can conceptually make measurements. We cannot 
reach into a moving frame to measure anything, but our meter sticks measure 
distance differences 1 0−x x  (1 meter) and time differences 1 0−t t  (1 second) in 
our rest frame; these standard differences for measuring space and time in reali-
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ty can be Lorentz transformed as coordinates into a moving cartoon frame in 
which moving rods become shorter, moving clocks stretch time. Relativists ac-
cept abundant evidence of time dilation as proof of relativity and assume length 
contraction to also be true, generally unaware that clock slowing can occur in 
local absolute space. 

Jefimenko [26] concludes that “…as a physical phenomenon relativistic length 
contraction does not exist.” Initially, length contraction was assumed to represent 
an effect on a body moving through the ether. However, while rejecting the real-
ity of ether, Einstein accepted length contraction of moving bodies as an ob-
servable effect. But length contraction has never been measured, and, per Rind-
ler, probably never will be. The math of Lorentz transformation suggests that to 
compensate for time increasing in a moving system, it is necessary for space to 
decrease, i.e., length to contract. In Energy-time theory time does not increase; 
the measure of time, based on physical clocks slowing down, explains why “mov-
ing clocks run slower”. 

14. Ontological Comparison 

We have two theoretical models, an empirical model based on measurements in 
absolute space and time and a conceptual model based on axioms that assume 
the existence of multiple time dimensions; acceptance of either model generally 
implies that the other ontology is not to be taken seriously. If we believe that  

0.9υ = c  and 0.9=u c  makes sense, then their sum is prevented from exceed-
ing the speed of light in the conceptual model. If we believe that 0.9υ = c  im-
plies that 0.1≤u c  then we do not take seriously nested velocities of 0.9υ =j c . 
Nevertheless, the existence of two theories of space and time suggests F Scots 
Fitzgerald’s remark: 

“The test of a first-rate intelligence is the ability to hold two opposed ideas 
in mind, at the same time, and still retain the ability to function.” 

concerning the ability to hold two ontologies in mind at the same time and re-
tain the ability to function. By function we mean solve problems in either ontol-
ogy, with its corresponding theory. 

Relativity yields length contraction, energy-time theory does not. Relativity is 
space-time symmetric; energy-time theory specifies a preferred frame. The rela-
tivistic observer cannot detect his velocity from within his frame, whereas ener-
gy-time theory does allow measurement of absolute local velocity. Both theories 
agree on “time dilation”, but the physical explanations differ.  

Most significant: definitions of inertial mass, energy-momentum relations, and 
the Hamiltonian are the same, whether derived in the energy-time physics of 
absolute time and space or in Einstein’s worlds governed by space-time physics 
of special relativity! An organized comparison in Table 1 shows that, with some 
qualifications, features of reality exactly match the features of the Energy-time 
theory of physics, whereas only the Hamiltonian and the clock slowing of space- 
time theory agree with reality. 
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Table 1. Ontological features of theories of space and time. 

Feature of theory Space-time Energy-time Reality Remarks 

Relativistic mass: 0γ=m m  - + +  

Time dilation = f(direction) - + + Hafele-Keating experiments 

Hamiltonian: ( )
1

2 4 2 2 2
0= +E m c c p  + + + Derived in Hestenes’ calculus 

Time dilation (clock slowing) + + + All experiments 

Speed c = c' (in all frames) + - - Michelson-Gale experiments 

Length Contraction + - (-) Unmeasured, unlikely 

Time dilation (symmetric) + - - GPS experiments, etc. 

Velocity Addition Law + - - Cannoni 

No preferred frame + - - Michelson-Gale experiments 

Past-present-future + - (-) Unmeasured, unlikely 4D 

Twin paradox + - -  

Barn/pole paradox + - -  

Grandfather paradox + - -  

 
Assumptions made in Table 1 concerning features of reality: if reality is un-

known because unmeasured, the believed state of reality is in parentheses. All 
paradoxes are assumed to be unreal. 

15. Alternate Descriptions of Ontology 

The comparison between space-time physics (special relativity) and energy-time 
physics (absolute space and time) clearly contrasts major aspects of the theories 
but does not exhaust the possibilities. For example, consider Jefimenko’s work: 
rather than formulate a new theory, Jefimenko simply observes that, since elec-
tric and magnetic fields propagate with finite velocity, there is always a time de-
lay before electromagnetic conditions initiated at a point of space can produce 
an effect at any other point of space. The time delay is called electromagnetic re-
tardation. Evolved from Maxwell’s equations, this leads to electromagnetic rela-
tions that are customarily considered to constitute consequences of Einstein’s 
relativistic electrodynamics.  

In fact, all the fundamental equations of the theory of relativity are derived in 
a natural and direct way from the equations of electromagnetic retardation, with-
out any postulates, conjectures, or hypotheses. This essentially unites Maxwel-
lian electromagnetics, electromagnetic retardation, and the theory of relativity 
into a simple, clear, and harmonious theory of electromagnetic phenomena and 
of mechanical interaction between moving bodies and exposes certain errors in 
the interpretation and use of Einstein’s special relativity. Jefimenko’s retarded 
theory does not use the Lorentz contraction yet yields relativistically correct 
fields of the charge. He attributes this to the fact that, as a physical phenomenon, 
the relativistic (kinematic) Lorentz contraction does not exist. It is merely a ma-
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thematical transformation between two cartoon worlds as we have shown. 

16. Ontological Understanding 

There is much confusion about ontology in modern physics; in the case of spe-
cial relativity theory, this is understandable. Einstein essentially invented an on-
tology, best described as cartoon worlds, each with its own time dimension and 
each with an “ether equivalent” that guarantees the same speed of light in every 
cartoon world. Relative velocity between worlds can be any υ < c , but this is 
meaningless unless there exists a velocity common to all cartoon worlds. By dec-
laring c = constant for all worlds, Einstein made possible the factor ( ),γ γ υ= c  
that allows one to correlate clocks in cartoon worlds via Lorentz, but he did so in 
an ontologically confusing way.  

Note that Einstein did not state an axiom to the effect that multiple time 
dimensions exist; nor did he clearly state this as an assumption! His key as-
sumption is buried in the definition of inertial reference frame, and every 
problem in special relativity is formulated in terms of two such frames in 
relative motion, building in the false assumption of multiple time dimen-
sions in a way that usually goes unnoticed. Einstein assumed the relativity 
of simultaneity, ostensibly based on his “simultaneity detector” but actually 
based on his definition of inertial reference frames as possessing separate 
time dimensions.  

Many physicists seem not to think much about ontology; some explain non- 
intuitive paradoxes as: “our brains did not evolve to understand high-speed.” 
The difference between D3+1 or 4D is often viewed as mathematical, rather than 
as physical reality. McEachern [27] comments: 

“…Planck observed a century ago, the problem is, theoretical physicists are 
not particularly adept at identifying that some things even are assumptions; 
with the result that ‘self-evidently true’ facts lead to long periods of stagna-
tion, until these ‘facts’ are eventually shown to be just idealistic false as-
sumptions.” 

Energy-time theory predictions differ from space-time theory: based on mea-
surements, they tend to show the multiple time dimensions of cartoon worlds to 
be idealistic false assumptions. Energy-time theory derives clock slowing of time 
dilation as an energy aspect of reality, not as evidence of multiple time dimen-
sions. Why then do particle physicists insist upon Lorentz transformation? Lo-
rentz effectively ensures that inertial factor γ  governs relativistic mass rela-
tions. By building the transformation into the Lagrangian, relativistic mass is 
properly handled; associated length contraction effects do not come into play. 
D3+1-ontology physically accounts for relativistic energies without length con-
traction.  

Einstein said of space and time and ether: “There is no such thing as empty 
space, i.e., a space without a field. Space-time does not claim existence on its 
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own, but only as a structural quality of the field.” Laurent Field [28] recently ex-
pressed this: “Spacetime is just an abstraction… I believed all my life that space-
time exists, but I no longer do so.” Ohanian and Ruffini [29]: “The gravitational 
field may be regarded as the material medium sought by Newton…”. In other 
words, the gravitational field is the medium through which electromagnetic waves 
and gravitomagnetic waves travel at the speed of light. As Einstein noted, the 
gravitational field functions as the ether, a key assumption underlying energy- 
time theory. 

This analysis has focused on ontology, not math, and we have discussed two 
“ontologies”. Ontology is a synonym for reality and there is only one physical 
reality, hence: two mathematic-based structures can co-exist for quite a while, 
but only one ontology exists. 
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Abstract 
A new four-channel demultiplexer of single photons is proposed, in which 
four microresonators are utilized to link the four drop waveguides and the 
bus waveguide. By adjusting the system parameters, the crosstalk effect of the 
multiple channel frequencies is suppressed, and multiple peak frequencies 
with high drop efficiencies in these output ports are achieved. As the 2 × 2 
model is scalable, the proposed structure can provide potential applications in 
designing scalable optical devices. 
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1. Introduction 

Optical drop filters are the important components in optical communication 
systems, as they have been employed as demultiplexers, routers, switches, etc. 
During the last decade, numerous researches on optical filtering has been per-
formed in various systems, such as Bragg grating systems [1]-[6], photonic crys-
tal structures [7]-[15], plasmonic systems [16] [17], and waveguide coupled mi-
croresonator systems [18] [19] [20] [21] [22], and so on. Specifically, whisper-
ing-gallery mode resonators as filter elements have drawn much concern due to 
their microscale sizes and ultra-high quality factors [23]. Using such a filter with 
very-low loss, the expected frequency with very-high drop efficiency can be trans-
ferred and selected from the bus waveguide to the drop waveguide. 

As a scalable application of single channel filters, multi-channel filtering [24] 
[25] [26] [27] [28] has aroused wide attention, because the demultiplexer with 
multiple user ports can be used to implement multiplexing communication. How- 
ever, the quality of transmission signals will be damaged by the crosstalk effect of 
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these signals, and thus it is of considerable interest to design a multi-channel 
demultiplexer with high drop efficiency and low crosstalk for a communication 
network. 

Motivated by the above considerations, we propose a four-channel demultip-
lexer in which four drop waveguides are connected to a bus waveguide via in-
termediate coupled microresonators. By using the real-space approach, the scat-
tering amplitudes of single photons in these output ports of drop waveguides are 
derived. Numerical results show that the crosstalk of the multiple central fre-
quencies can be suppressed by increasing the inter-resonator detuning, and mul-
tiple peak frequencies with high drop efficiencies in these channels are realized 
by controlling the waveguide-resonator couplings. In contrast to the common 
schemes [7] [8] [9] requiring a reflector to reflow the forward photons and get 
more high drop efficiencies, the proposed structure needs no reflection feedbacks, 
due to the mode-direction matching between the photon and resonator modes. 
Moreover, the resonators are independent on their exact locations, which is help-
ful to save the placement spaces. The proposed compact demultiplexer as a mod-
ule is easy to be extended to scalable devices, and therefore it can be applied in 
wavelength division multiplexing systems. 

2. Theoretical Model 

As displayed shown in Figure 1, a four-channel demultiplexer of single photons 
is constructed by a bus waveguide and four drop waveguides, and these wave-
guides are linked by four single-mode whispering-gallery resonators. These re-
sonators are described by the creation operator †

ne  ( 1,2,3,4=n ), with the re-
sonance frequency ωn . The coupling strength between four resonators and the 
bus waveguide is denoted as anV . Similarly, bnV  describes the coupling strength 
between these resonators and these drop waveguides, respectively. When a single 
photon is incident from the left port of the bus waveguide, it is coupled to these 
resonators, and then dropped to these drop waveguides. 

The total Hamiltonian via the real space approach [29] for the filtering system 
can be given by ( 1=� )  

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

† †
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   (1) 

Here, ( )†
RC x  represents the generation of a right-moving photon at x in 

the bus waveguide, while ( )†  LnC x  represents the generation of a left-mov- 
ing photon at x in the drop waveguide-n. υg  denotes the group velocity of the  
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Figure 1. (Color online) Schematic view of a 2 × 2-shaped demultiplexer 

consisting of a bus waveguide (BW) and four drop waveguides (DWs), and 

four coupled single-mode whispering-gallery resonators. The input photon 

from the left side of the bus waveguide will be coupled to four microreso-

nators (Mn), and transferred to four ports of these drop waveguides. 
 

propagating photon. ( ) ( )δ δ −  x x d  means that the resonator-waveguide in-
teraction occurs at ( )0=x d . γ n  stands for the energy loss for these resona-
tors. 

The eigenstate of the Hamiltonian (1) is expressed as  
† † † † † †

1 1 2 2 3 3 4 4
1,2,3,4

d ,
a aR R L L L L L L L L n n

n
x C C C C C eψ φ φ φ φ φ φ ξ φ

=

 = + + + + +  ∑∫  (2) 

( )φR x  and ( )φLn x  describe the single-photon wave functions along the right 
direction in the bus waveguide and the left direction in the drop waveguides, re-
spectively. φ  describes the vacuum states of all waveguides and resonators. 
ξn  represents the excitation amplitudes of these resonator modes. 

The according wave functions can be described as  

( ) ( ) ( ) ( )
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          (3) 

where, nt  represents the transmission amplitudes for four ports in these drop 
waveguides, and mt  and at  represent the transmission amplitudes behind 

0=x  and =x d  in the bus waveguide, respectively. ( )θ x  denotes the Hea-
viside step function, with ( ) 10 2θ = . 

Suppose that a single photon is incoming from the left side of the bus wave-
guide with the energy ω=kE . By solving the eigen-equation ψ ψ= kH E , 
these transmission amplitudes can be obtained as follows:  
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Here, ω γ= ∆ + + Γ + Γn n n an bnQ i i i , ( )2 2υΓ =an an gV , and ( )2 2υΓ =bn bn gV . 
Generally, the transition frequencies of these resonators are different. Thus, we 
introduce these detunings as 1ω ω ω∆ = − c , which is the frequency detuning 
between the incident photon and the resonator-1, and 1 1ω ω ω∆ = −n n , which is 
the frequency detuning between the resonator-1 and resonator-n. Then,  

1ω ω γ= ∆ + ∆ + + Γ + Γn n n an bnQ i i i  is rewritten for the sake of simplification. 

3. Filtering Properties of Single Photons in the Coupled  
System  

To characterize the filtering properties of the proposed system, we will investigate 
the transmission in the coupled system, which is denoted as ( ) ( )

2

1,2,3,4 1,2,3,4=a aT t . 
As a contrast, we first consider the single-resonator case that only the drop wa-
veguide-1 is coupled to the bus waveguide. When a single photon is incident 
from the left side of the bus waveguide, it will pass through the bus waveguide, 
or transmits to the left port of the drop waveguide-1 under the mode-direction 
matching condition between the resonator and waveguide modes. 

Figure 2 displays the filtering spectra of single photons for different wave-
guide-resonator couplings when no dissipations are assumed. As shown from 
the green straight line, the total photon flow relation 1 1+ =aT T  for two ports 
remains unchanged for any input frequencies. Moreover, a single drop peak for 

1T  with maximal drop efficiency of 1 is represented at the resonance point  
0ω∆ = , for the equal waveguide-resonator couplings 1 1Γ = Γb a . This means 

that the resonator behaves as a perfect mirror, and the moving photon along the 
bus waveguide is completely reflected on resonance, as investigated in Ref. [18]. 
To further examine the dependence of the drop efficiency on the couplings, the 
ratio 1 1= Γ Γb aR  is used to show their relationship in Figure 2(d). It can be 
found that 1T  can get the maximum drop efficiency of unity only for 1=R , 
arising from the fact that two same coupled routes between the resonators and 
waveguides are formed for two equal couplings, and thus the whole transfer over 
the two routes can be achieved.  
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Figure 2. (Color online) The transmission aT  (pink dashed lines) and 

the drop efficiency 1T  (blue solid lines) for different coupling ratios: (a) 

1=P , (b) 0.2=P , and (c) 1.8=P . (d) The maximal drop efficiency 

1
mT  as a function of the coupling ratio R. Zero dissipation ( 1 0γ = ) is as-

sumed. For convenience, all the parameters are in units of 1Γa . 
 

When more waveguides are coupled to the bus waveguide through the coupled 
resonator, more transmission channels are generated. Consequently, the cross-
talk emerges owing to the quantum interference from different transmission 
signals, which reduces the drop efficiencies of the filtering waves. The optical 
spectra in two output ports for the detuning ω∆  are shown in Figure 3(a), 
where two drop peaks with the central frequencies of 1ω∆  and 2ω∆  are pre-
sented. When tuning the inter-resonator detuning 12ω∆  to broaden the reson-
ance frequency interval, the crosstalk induced by quantum interference of two 
channel signals is reduced, and therefore the drop efficiencies of two channels 
are improved. Similarly, Figure 3(b) shows four drop peaks with unities for the 
appropriate detunings 12 23 34 20ω ω ω∆ = ∆ = ∆ = , where the signal crosstalk 
from four channel signals can be suppressed by controlling the inter-resonator 
detunings. Figure 3(c) further displays the effect of the resonator-waveguide 
couplings on four drop peaks. For simplification, = Γ Γbn anR  is here taken as 
the coupling ratio and assumed to be same. As seen, four drop peaks in these 
channels emerge for four equal resonator-waveguide couplings, and a white 
straight line with 1=R  passes through these crimson regions, since these sym-
metrical coupling paths among these waveguides results in the full transfers of 
these signals, as mentioned previously. 

Note that these channel filterings are independent of the determined locations of 
these resonators, as indicated in Equation (4). In addition, compared with the pre-
vious schemes requiring the reflectors to reflow the forward photons to enhance the 
drop efficiencies [7] [8] [9], no reflection feedbacks are needed here due to the per-
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fect transfers under the mode-direction matching condition. Thus, the 2 × 2 demul-
tiplexer can scale up as a fixed module, for example, eight channel filtering  

( )1,2, ,8= �mT m  with the drop efficiencies of unities are exhibited in Figure 3(d), 
which has potential in wavelength division multiplexing communication. 

Notice that the dissipations are not considered in the above investigations. In 
fact, the practical system inevitably suffers loss like the photon leakage from the 
waveguides and resonators. In contrast to the filtering spectra without dissipa-
tions, all of four drop efficiencies decrease with the increase of dissipations, as 
plotted in Figure 4. For a high-quality resonator with very low losses, however, 
high drop efficiencies are still obtainable, such as the desired result around 0.95 
of nT  for 0.05γ = . Here, equal dissipations γ γ=n  are assumed. 

 

 

Figure 3. (Color online) (a) The drop transmission 1T  (blue solid lines) and 2T  

(black dashed line) for different inter-resonator detunings: 12 1.5ω∆ =  (thin lines) 

and 12 20ω∆ =  (thick lines). (b) 1T , 2T , 3T , and 4T  (from the right to left) ver-

sus ω∆ . (c) 1T , 2T , 3T , and 4T  (from the right to left) as a function of ω∆  and 

R. (d) Eight channel transmission mT  versus ω∆ . Other parameters are set as: 

1Γ = Γ =bn an , 0γ =n . 
 

 

Figure 4. (Color online) 1T , 2T , 3T , and 4T  (from the right to left) 

for different dissipations: 0,0.05,0.3γ =  (solid curves, dash dotted curves, 

dashed curves). Other parameters are the same as in Figure 3. 

https://doi.org/10.4236/jmp.2023.144029


X. M. Feng et al. 
 

 

DOI: 10.4236/jmp.2023.144029 532 Journal of Modern Physics 
 

4. Conclusion 

In summary, we have proposed a novel four-channel quantum demultiplexer of 
single photons in a coupled waveguide system. Our numeric results indicate that 
four drop peaks with high drop efficiencies within such a demultiplexer can be 
obtained in the scattering spectra, by tuning the inter-resonator frequency de-
tunings and the resonator-waveguide couplings. In addition, as a fixed module, 
the compact demultiplexer is easy to scale up, which can be exploited in optical 
quantum communication. 
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Abstract 
This paper explains the Olbers paradox and the origin of cosmic microwave 
background radiation (CMBR) from the viewpoint of the quantum redshift 
effect. The derived formula dispels the Olbers paradox, confirming that the 
CMBR originates from the superposition of light radiated by stars in the whole 
universe, not the relic of the Big Bang. The dark-night sky and CMBR are all 
caused by Hubble redshift—the physical mechanism is the quantum redshift 
of the photon rather than cosmic expansion. So this theory supports the infi-
nite and steady cosmology. 
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1. Introduction 

Long before the Big Bang theory, the mystery of the luminosity of the night sky 
appeared, that is, why the night sky is dark instead of bright. After a long debate 
among many astronomers, in 1826, H. Wilhelm M. Olbers summed it up as the 
luminosity paradox called the Olbers paradox later by the astronomical commu-
nity. Historically, there have been explanations for solving this paradox, such as 
Olbers’ belief that cosmic space dust obscures the light of distant stars. The flaw 
in this explanation is that dust absorption, so where does that light energy go? 
Moreover, dust not only absorption but also confuses the sky, making it no 
longer transparent. It still does not explain the paradox. In these explanations, 
the mainstream is the Big Bang theory. The Big Bang theory states that the un-
iverse is expanding and the lifespan of stars is finite.  
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In the 1920s, Edwin Hubble discovered the spectral redshift of extra-galactic 
galaxies, which provided observational evidence for solving the Olbers paradox. 
However, to establish the Big Bang theory, the Big Bang cosmologists explained 
the Hubble redshift as the Doppler effect produced by the light emitted by the 
stars when the extra-galactic galaxies are far away from the Earth and regarded 
Hubble redshift as evidence of the expansion of the universe.  

The non-Big Bang theory has proposed many explanations for Hubble red-
shift, among which more famous ones are the tired-light theory, Compton scat-
tering redshift theory, photon aging theory, elementary particle mass change 
theory, intrinsic redshift theory, gravitational redshift theory, new tired-light 
theory, and so on. These theories all have a similar problem using hypothesis to 
explain redshift. For example, the tired-light—Compton scattering—new tired- 
light does not solve the problem of the direction change of light during scatter-
ing. The photon aging theory violates the existing laws of physics—the lifespan 
of a photon is infinite. The elementary particle mass change—intrinsic redshift 
cannot find a theoretical and experimental basis for physics. Gravitational red-
shift theory can explain the redshift phenomenon that occurs when photons es-
cape the gravitational pull of massive objects, but it cannot explain cosmological 
redshift. Therefore, the previous non-Big Bang theory failed to explain the phys-
ical mechanism of the origin of redshift. 

Arno Penzias and R. W. Wilson discovered CMBR in 1965. This discovery 
should have been the evidence to solve the Olbers paradox and Hubble redshift. 
However, the Big Bang theorists took it as a relic of the Big Bang. 

The non-Big Bang theory has made a variety of explanations for CMBR, the 
more typical of which is the cosmic dust occlusion theory. The thermodynamic 
theory believes that the light emitted by stars in the entire universe is absorbed 
and scattered by the dust of the interstellar and intergalactic medium during 
propagation so that the radiation and the medium reach thermodynamic equili-
brium, and Planck blackbody radiation occurs in the medium, which is the 
CMBR. Opponents argue that if the stellar radiation and the medium reach ther-
modynamic equilibrium, the temperature of the medium will rise to the temper-
ature of the star’s surface. Thus, the thermodynamic interpretation leads to anoth-
er new paradox similar to Olbers’. The problem with this interpretation is that it 
treats CMBR as the black body radiation of the medium and does not use the 
redshift effect of photons to explain how the visible light of stars converts into 
microwaves. 

The previous non-Big Bang theory did not correctly explain the Olbers para-
dox, Hubble redshift, and CMBR, thus allowing the Big Bang theory to dominate 
the interpretation of these three phenomena. 

So, what is the relationship between the three physical phenomena—Olbers 
paradox, Hubble redshift, and CMBR? How exactly do Olbers paradox and 
CMBR come about? Can they be explained by applying the quantum redshift ef-
fect of photons? 
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2. Derivation of Olbers Paradox 

In 1826, German astronomer H.W.M. Olbers pointed out that a static infinite 
universe model with uniformly distributed stars would draw the following con-
clusion: the background radiant emittance of all parts of the universe is equal to 
the emittance of the star’s surface. But the night sky is dark. This contradiction 
between theory and observation is called Olbers paradox by later generations [1]. 

2.1. The First Type of Expression 

According to the cosmological principle, the universe is uniform and isotropic 
on a large scale in space. Assuming that if the universe is infinite, the luminous 
stars uniformly distribute in the universe, and the number of stars in the unit 
volume of the universe is certain. Suppose that the number density of luminous 
stars (actually, it is not uniform, but understand it as the mean density) is Ln , 
and the radiant power of all the luminous stars in the universe is the same (can 
understand it as the mean radiant power), and suppose that the value is 0P , 
then the irradiance on the plane at the arbitrarily selected point O of all stars in 
the universe with radius R is 

20
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I n r r
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θ θ θ ϕ
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Here r, θ , and ϕ  are shown in Figure 1. 
 

 
Figure 1. This diagram shows the integral calculation of 
the irradiance on the plane OXY from stars in the upper 
half of space. 
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If the radius of the universe is infinite, that is, R = ∞ , then the result of the 
above integral is infinite, that is 

0
1lim
4 Lr

I n P R
→∞

 = = ∞ 
 

                    (1-e) 

This result means that the irradiance anywhere in space is infinite. Therefore, 
under the condition that the universe is infinite, the calculated value of irra-
diance does not conform to reality. In the 16th century, Thomas Digges, a Brit-
ish astronomer, first proposed this paradox. 

As for this paradox, Diggs thought the above statement was inaccurate and 
gave a new explanation. He believed that the night sky is dark because nearby 
stars block the light of distant stars. J. Kepler and E. Halley also pondered this 
question, but neither gave a satisfactory answer. 

2.2. The Second Type of Expression 

According to the cosmological principle, assume that the universe is infinite and 
cosmic matter uniformly distributes. Suppose that the mean density of luminous 
stars is Ln ; The total number density of the stars (including luminous and non- 
luminous) is sn . Each luminous star has the same radiant power, 0P . (The 
above assumptions can interpret as statistical averages). With the radius R and 
the arbitrarily selected point O as the center of the sphere, the irradiance on the 
plane at point O is different from that described in Equation (1) because stars 
close to the observer block the light radiated by distant stars. 

A star is usually a sphere, so its luminous area is spherical. If the radius of a 
star’s sphere is 0r , the spherical area is LS . As the nearby stars block the light 
of the distant stars, the blocking area is the largest cross-sectional area of the 
sphere, 0S , so the two expressions are as follows 

2
0

2
0 0

4 (2-1)

(2-2)
LS r

S r

 = π


= π
 

Let the surface radiant emittance of the star,that is, the radiant power per unit 
area of a luminous star, be eR , and the radiant power of the star is given by 

2
0 04L e eP S R r R= = π                       (3) 

If distant stars emit 0N  photons, the number of photons, N, varies in the 
propagation abiding by the following equation: 

0

0 0

d 0 (4)
d

(5)

s

t

N cn S N
t

N N=

 + =

 =

 

The solution is given by 
0 0

0 0e es scn S t n S rN N N− −= =                    (6) 

where c is the speed of light, t is the time for light to travel on the way, and 
r ct=  is the distance the light travels. Equation (6) shows that the photon 
number N attenuates negatively exponentially with propagation time t or dis-
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tance r. 
The irradiance passing through the unit area at any point O in the universe is 

0 20
20 0 0

2
2 e sin cos d d d

4
sn S r

L
R P

I n r r
r

θ θ θ ϕ
π

π −=
π∫ ∫ ∫           (7-a) 

00
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e d
4

sn S rRLn P
r−= ∫                                (7-b) 

( )00

0

1 e
4

sn S RL

s

n P
n S

−= −                               (7-c) 

This formula shows that if the universe is infinite, R →∞ , then 0lim e 0sn S R

R

−

→∞
= . 

Applying Equations (2-1) (2-2) and (3), the above formula becomes 

0

04
L L

e
s s

n P nI R
n S n

= =                       (8) 

where L sn n  is the ratio of the number density of luminous stars to the total 
number density of stars. Because there are always stars that don’t emit light or 
are dim, that is 1L sn n ≤ . Suppose that L sn n= , then 1L sn n = , the Equation 
(8) becomes 

eI R=                            (9) 

Equation (9) means: For whatever direction we look in the sky, our line of 
sight eventually intercepts a star, and the whole sky should therefore be ablaze 
with light as bright as the Sun [2]. But the sky at night is dark. This disagreement 
between theoretical inference and observation is now called the Olbers paradox. 

Although known that stars do not uniformly distribute in space, from the 
Mach principle, if galaxies or galaxy clusters replace stars, this conclusion can 
remain unchanged. 

The two expressions of the Olbers paradox imply that: 1) If the universe is in-
finite, without considering the light blocking of the stars, the irradiance any-
where in the universe is infinite; 2) If the universe is infinite, with considering 
the light blocking of the stars, the irradiance anywhere in the universe does not 
exceed the radiant emittance of the surface of the stars. 

In both cases, the light energy absorbed by the stars’ surface balances with the 
light energy radiated. Either way of expression is unrealistic since the night sky is 
dark. The problem is to find out what is wrong with these logical calculations. 

3. The Resolution to Olbers Paradox 
3.1. Debates about the Olbers Paradox in History 

In history, there has been a long-term debate on the Olbers paradox. Many ex-
planations emerged. Now, summarizing them can get four controversial conclu-
sions [2] [3]: 

1) Stars don’t shine long enough: Stars don’t shine long enough, so the light 
from distant stars is still on the way to the Earth, and the observers on the Earth 
can only receive the light from stars in a finite range. (It implies that the night 
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sky will brighten as time goes on.) 
2) The universe is expanding: Because the universe is expanding and the stars 

are moving away from the Earth, the Doppler effect causes the photon to red-
shift, which reduces the frequency of light and makes part of the light observable 
by the human eye invisible. 

3) The light energy density of stars is too scarce: The total energy density of 
light radiated by stars in the observable range (due to the product 0Ln P ) is too 
little to reach the irradiance perceived by human eyes. 

4) There is a medium in space: Space is not an absolute vacuum, but a me-
dium exists which can absorb and block light. 

In the above four conclusions, in the author’s opinion, point 1) involves the 
theory of the finite universe, and point 2) involves the theory of the expanding 
universe. The two points have low reliability. Point 3) is flawed but does not in-
volve whether the universe is finite. Point 4) indicates that there is a medium in 
space, and there is no doubt that the medium can absorb and block light. 

All the existing explanations of the Olbers paradox can only explain one phe-
nomenon, and there are loopholes, mainly because they are not coherent theories. 

3.2. A New Explanation of the Olbers Paradox 

This paper accepts the two points: 3) and 4) in 3.1. The following explains the 
Olbers paradox mathematically. 

On the one hand, due to the block of stars, the number of photons attenuates 
negatively exponentially with distance. Equation (6) expresses this relation. On 
the other hand, as pointed out in the paper “The Quantum Redshift Effect of 
Photon” [4], due to the existence of a medium in intergalactic space, the main 
component of the medium is atomic hydrogen. When photons propagate in the 
medium, the quantum redshift effect occurs, and the frequency of each photon 
attenuates negatively exponentially with the propagation time t or distance r. 
The following formula can express this relation: 

0
0

0 0e e
H

rH t cν ν ν
−−= =                      (10) 

The wavelength increases exponentially with the propagation time t or dis-
tance r. The following formula can express this relation: 

0
0

0 0e e
H

rH t cλ λ λ= =                      (11) 

So, a beam of light with energy E0 emitted from the stars, its energy E atte-
nuates in a negatively exponential law with the propagation distance r. When it 
reaches the observer, it becomes 

0
0

0e
s

H
n S r

cE E
 − + 
 =                       (12) 

If the universe is infinite, the energy limit above is given by 
0

0

0 l 0eim
s

H
n S r

c
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E E
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Thus, as the propagation distance increases, the number of photons decreases 
and finally tends to zero, as stars continuously block photons. At the same time, 
the frequency of photons gradually decreases and eventually equals zero. Both 
work at the same time. When the propagation distance of a beam of light tends 
to infinity, its light energy tends to zero. It means that space gradually converts 
to a black body from a transparent body. Therefore, the infinite universe is a 
three-dimensional blackbody, which differs from the familiar surface blackbody. 

It is speculated from Equation (12) that the irradiance at any point in the 
space of the universe changes from Equation (1) to 

0
0 20

20 0

2

0
2 e sin cos d d d

4
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n S r

c
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 
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    + 
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                    (14-b) 

The derivation of Equations (14-a) and (14-b) implies that if the distance tra-

veled by light in space is small enough, that is， 0
01 s

HR n S
c

 + 
 

� , there is 

0
0 0

0e 1
s

H
n S R

c
s

H
n S R

c

 − + 
   ≈ − + 
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. Thus 

0
1
4 LI n P R≈                          (15) 

It is the same as (1-d). It suggests that light travels through space at a distance 
short enough to see space as a transparent body and that the blocking effect of 
stars and media does not work. In other words, if the universe is finite, the space 
can regard as a three-dimensional transparency body.  

Equation (14-b) means that no matter whether the universe is finite or infinite, 
the irradiance of any point in space cannot be infinite. Assuming that the un-

iverse is infinite, then R →∞  in Equation (14-b), thus 
0

0
lim e 0

s
H

n S R
c

R

 − + 
 

→∞ = , 
and Equation (14-b) becomes 

( )
0 0

max
0 0 0

0
44

L L

s
s

n P cn P
I I

H cn S Hn S
c

= = =
+ + 

 

             (16) 

It means that if the universe is infinite, the irradiance of any point in space is 
finite. In other words, the irradiance of starlight on the ground is not infinitive. 

Equation (16) means that if there is no factor 0H c , or if there is no redshift 
effect, only the light-blocking of the stars exists, then Equation (16) returns to 
Equation (8). Equation (8) shows that if there is no medium in space, the irra-
diance of any point is close to the radiant emittance of the star’s surface. 

Comparing Equation (16) with (1-d) can see that ( )0 0 0H cnc S+  in Equa-
tion (16) plays the role of “cosmic radius” R in Equation (1-d). 

Ignoring 0scn S  in Equation (16), the factor 0c H  acts as the radius of the 
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universe. It is the so-called Hubble Radius, which is finite. 
According to the paper the Quantum Redshift Effect of Photon [4], the Hub-

ble constant should take as 

0
3
8 T eH c nσ
α
π

=                                (17-a) 

182.27 10 s 70 km s Mpc−= × = ⋅               (17-b) 

where α  is the fine structure constant, 2 38T erσ = π  is the Thomson scatter-
ing cross-sectional area of the electron, and 30.7 men ≈  is the electron density 
bound in the atom in the intergalactic medium. 

According to reference [5] and Table 1, if the mean light-blocking radius 
of the star is 8

0 4.0 10 mr = × , take the approximation s Ln n≈ , then the light- 
blocking area of a star is given by 

2 17 2
0 0 5.03 10 mS r= π = ×                    (18) 

Hence 
8 58 3 17 2

0 0 3 10 m s 2.17 10 m 5.03 10 ms Lcn S cn S −= × × × × ×≈       (19-a) 
323.27 10 s−= ×                                (19-b) 

Comparing the two factors in Equation (17) and Equation (19) in the deno-
minator of Equation (16) can obtain a relationship 

( ) ( )32 18 14
0 0 3.27 10 2.27 10 1.44 10scn S H − − −= × × = ×         (20) 

Because 0 0scn S H�  in the denominator in Equation (16), 0scn S  is negligi-
ble. So Equation (16) becomes 

0
max

04
Lcn P

I I
H

= =                       (21) 

This formula shows that the irradiance at any point in the universe is finite, 
and the value is inversely proportional to the Hubble constant. 

Equations (8) and (9) show that stars in the universe emit enough light to 
make any point as bright as the surface of the Sun. However, according to Equa-
tion (21), the irradiance at any point in the universe is little. Moreover, from Equ-
ation (20) can know that 14

0 0 1.44 10scn S H −= ×  so that eI R� , that is, the 
irradiance of the night sky is 14 orders of magnitude lower than the radiant 
emittance of the star’s surface. By comparing Equations (21) and (8) can know 
in the two factors of the star’s light-blocking effect and the redshift effect, the 
former is negligible while the latter plays a dominant role. The redshift is the 
main reason why the night sky is so dark. 

Even if the universe is infinite, due to the redshift effect of photons propagat-
ing in the medium of the universe, the irradiance of light radiated by all stars in 
the whole universe is very dim at any point, so the Olbers paradox does not exist. 
The infinite universe becomes a three-dimensional black body. 
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Table 1. Cosmic stellar parameters. 

The radiant power of a star 26
0 6.35 10 WP = ×  

The number density of stars 58 32.17 10 mLn −= ×  

The light-blocking radius of a star 8
0 4 10 mr = ×  

The radiant emittance of the star’s surface 8 23.16 10 W meR = ×  

The temperature of the star’s surface 0 8640 KT =  

4. The Origin of CMBR 
4.1. Discovery and Explanation of CMBR 

In 1964, engineers A.A. Penzias and R.W. Wilson of Bell Laboratory stumbled 
upon the presence of microwave radiation with a wavelength of 7.35 cm in space 
during an experiment to test the noise performance of the antenna and that the 
radiation is isotropic. This radiation has neither diurnal nor seasonal changes. 
This additional radiation is the CMBR, which corresponds to the black body 
radiation of about 3 K in space. They published this result in 1965 [6]. CMBR is 
one of the significant discoveries in astrophysics in the 1960s. 

In history, astronomers have long predicted the temperature of interstellar 
space and intergalactic space [7]. As early as 1926, astronomer A.S. Eddington 
predicted 3.2 K; In 1933, E. Regener predicted 2.8 K; In 1937, W. Ernst predicted 
2.8 K; In 1941, Stephen G. Brush estimated 2.3 K; in 1954, E. Finlay Freundlich 
predicted a temperature of 1.9 K 6.0 KT≤ ≤ . These numerical predictions of 
temperature did not base on the Big Bang. The temperatures predicted by these 
non-Big Bang theorists are close to the currently recognized value of 2.725 K. 

In 1948, George Gamow put forward the Big Bang theory. The theory points 
out that the Big Bang sent out intense light at the moment, but at the beginning 
of the Big Bang, the whole universe was hot and dense, just like the core of a star, 
and the universe was opaque to electromagnetic waves. The temperature dropped 
to 3100 K about 380,000 years after the Big Bang. The electrons and atomic nuc-
lei began to combine to form atoms. Then atoms repeatedly scattered the pho-
tons. This period, known as final scattering, was long before the formation of 
galaxies (the formation of galaxies was about 1 billion years after the explosion). 
Because galaxies have not yet formed, the universe is a homogeneous and highly 
bright cluster. During this period, the intense light radiation made the whole 
universe bright. The light radiation during the “final scattering” period has been 
redshifted due to the expanding of the universe, and these ancient light waves 
have now been redshifted to the microwave wavelength range. They are no 
longer visible light and cannot illuminate the night sky. The redshift effect not 
only converts light waves during “final scattering” into microwave background 
radiation but also shifts all spectral lines propagating from distant galaxies to 
Earth toward the lower-frequency, enhancing the effect of night dark. 

Since the standard model of the universe created in the Big Bang theory has 
become mainstream, the theorists naturally connect the discovery by A.A. Pen-
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zias and R. W. Wilson to Gamow’s hypothesis. The 3K microwave background 
radiation became evidence of the Big Bang. 

Several Big Bang theorists have predicted the temperature of space [7]. In 
1949, Ralph A. Alpher and Robert C. Herman predicted 5 KT ≥ . In 1953, G. 
Gamow predicted 7 K; In 1961, G. Gamow predicted 50 K. The predicted data of 
Big Bang theorists vary widely, proving that Big Bang predictions are far less ac-
curate than those of non-Big Bang theories. 

As for the CMBR, though Big Bang theorists can’t predict its exact value, they 
certainly need it as evidence for the Big Bang. 

4.2. A Unified Explanation of Three Phenomena 

Leaving aside the Big Bang theory explanation of CMBR, this section unifies the 
Hubble redshift (the law of attenuation of photon frequencies) and the CMBR 
phenomenon in the infinite and steady-state universe. 

Equation (21) represents the superposition of the light radiated by stars on the 
plane of any point after redshift. The selected point, whether it is the vacuum or 
the location of the medium, is unnecessary to be the surface of the black body. 

That is to say, the radiation at any point is not the sudden transformation of 
the light emitted by the star through the surface of the black body, but because 
the light of stars is originally blackbody radiation, which has conformed to the 
Planck blackbody radiation formula. On the way of propagation, the frequency 
of each photon attenuates and shifts to the band of microwave frequency. There-
fore, CMBR must be black body radiation. 

Universe space is almost close to a vacuum, and there is no temperature. To 
describe the temperature of molecular motion can find the wavelength corres-
ponding to the peak intensity of blackbody radiation. Applying this wavelength 
can calculate the temperature of molecular motion in space according to the 
Stefan-Boltzmann formula. Thus, the radiation emitted at any point in space 
equals the radiation received by this point. Both conform to the blackbody radi-
ation spectrum and obey the Planck blackbody radiation formula, which diffe-
rential form is given by  

3 5

8d d
e 1

hc
kT

h
cλ

λ

ρ λ λ
λ′

′ ′

π′ ′=
′

−

                  (22) 

Since the irradiance is the superposition of photons of various wavelengths, as 
the wavelength of each photon increases according to Equation (11), the wave-
length corresponding to the peak also increases. According to Wien’s law of dis-
placement 

m mT Tλ λ′ ′ =                          (23) 

redshift lowers the temperature of the radiant emittance in space. Here an in-
crease in mλ′  means a decrease in T ′ . The radiation temperature T ′  here plays 
the role of space temperature in the universe, corresponding to the wavelength 
of the peak of radiant emittance, mλ′ . 
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Here T ′  may be misinterpreted as the thermal radiation temperature of the 
thermal motion of molecules when the medium of space reaches thermal equili-
brium with radiation. In fact that it represents the superposition of the radiation 
of all celestial bodies in the universe at the investigation point. It is not molecu-
lar thermal radiation in space, so the temperature T ′  does not represent the 
intensity of the thermal movement of molecules. Therefore, no matter how long 
the exposure time is, the temperature at the investigation point will not rise. 

The radiant emittance on a plane at any point in space is given by  
3

20 0

2d d
4

e 1
e h

kT

c hR
cν ν

νρ ν ν
∞

′ ′

∞ ′π′ ′ ′= =
−

∫ ∫                 (24) 

where h is Planck constant , 231.380649 K10 Jk −= ×  is the Boltzmann constant. 
The result of the integral above is the Stefan-Boltzmann law of blackbody 

radiation 
4

eR Tσ′ ′=                          (25) 

where σ  is the Stefan-Boltzmann constant, whose value is given by 
5 4

8 2 4
2 3

2 5.67 10 W m K
15

k
c h

σ −π
= ⋅= ×                (26) 

The point arbitrarily selected in space is not a luminous body or a blackbody 
surface, so this point does not produce radiation. Its radiation is from a super-
position of that emitted by luminous celestial bodies throughout the universe. 

As shown in Figure 2, a plane at the location of an arbitrarily selected point O 
in space, and the radiant emittance of this point towards the upper half-space 
angle 2π range is equal to the irradiance from the lower half-space angle 2π 
range.  

 

 

Figure 2. At an arbitrarily selected point O in cosmic space, the 
radiant emittance toward the upper half-space of the plane at 
point O is equal to the irradiance of all luminous objects from 
the lower half-space of this plane. 
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Vice versa, the emittance towards the lower half-space angle 2π equals the ir-
radiance from the upper half-space angle 2π. (As shown in Figure 2, reverse the 
direction of the arrow. Illustration omitted.) 

It implies that eR′  in Equation (25) equals I in Equation (21), i.e., eR I′ = . 
Combining (21) and (25) can obtain 

40

04
L

e
cn P

R I T
H

σ′ ′= = =                     (27) 

Solving it can obtain 
1
4

0

04
Lcn P

T
Hσ

 
′ =  

 
                       (28) 

Applying Equation (28) can find the temperature T ′  corresponding to the 
CMBR under the known conditions Ln , 0P , and 0H .It implies that as long as 
the parameters Ln , 0P , and 0H  are stable, the temperature T ′  at any point 
in space will not change with time. 

The radiant power 0P  of a star can express as the product of the radiance 

eR  per unit area of the star’s surface and the area LS  of the star’s surface, as 
shown in Equation (3). 

Since the surface radiation of a star is blackbody radiation, the radiant emit-
tance eR  can express as Stephan-Boltzmann’s law  

0
d

4e
cR νρ ν

∞
= ∫                        (29-a) 

3

30

8 d
4

e 1
h
kT

c h
c ν

ν ν
∞ π

=
−

∫                (29-b) 

4Tσ=                            (29-c) 

Substituting (3) and (29) into (27) obtain 
2

4 40

0

Lcn r
T T

H
σ σ

π′ =                       (30) 

Solving it can obtain 
1

2 4
0

0

Lcn r
T T

H
 π′ =  
 

                       (31) 

Using the Hubble constant Equation (17-a) and Thomson’s electron cross- 
sectional area 2 38T erσ = π , Equation (31) can express as  

1
2 4

0
2

L

e e

rnT T
n r

α 
′ = ⋅ ⋅ 

π 
                     (32) 

This formula establishes the relationship between the radiation temperature at 
any point in the universe and the mean surface temperature of stars.  

4.3. Verification by Numerical Calculations 

The distribution of luminous stars in the universe is non-uniform. So, Ln  varies 
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everywhere; Stars vary in radius 0r , and surface temperature T. According to 
the rough statistical estimation of the Chinese scholar G. Pan [5] can obtain 
three parameters in Equations (28) (31) for stars in the universe: 1) The mean 
radiant power of stars in the universe, 0P ; 2) The mean number density of stars 
in the universe, Ln ; 3) The mean light-blocking radius of stars in the universe, 

0r . Using this set of data and according to Equations (3) and (29) can calculate 4) 
The mean radiant emittance of the surface of stars in the universe， eR ; 5) The 
mean temperature of the surface of a luminous star in the space, 0T . In this way 
can obtain Table 1.  

Using the Hubble constant Equation (17-a) and replacing Ln , 0r , and T in 
Equation (28) with Ln , 0r , and 0T  can obtain 

1
2 4

0
0

0

Lcn r
T T

H
 π′ =  
 

                                        (33-a) 

( )
1

2 48 58 3 8

18

3 10 m s 2.17 10 m 4 10 m
8640 K

2.27 10 s

−

−

 π× × × × × × = ×
 ×
  

    (33-b) 

2.994 K=                                             (33-c) 

This result is 0.269 K or 9.87% higher than the accepted CMBR temperature 
of 2.725 K. 

The Sun is a medium star among the stars. The total radiant power of the Sun 
is sP , the radius of the Sun is sr , the mean radiant emittance of the surface of 
the Sun is sR , and the surface temperature of the Sun is sT  [8]. In this way can 
obtain Table 2. 

The number density of stars in the universe is still Ln , and the Hubble con-
stant is Equation (17-a). Substituting them into Equation (31) can obtain 

1
2 4

0

L s
s s

cn r
T T

H
 π

=  
 

′                                         (34-a) 

( )
1

2 48 58 3 8

18

3 10 m s 2.17 10 m 6.96 10 m
5800 K

2.27 10 s

−

−

 π× × × × × × = ×
 ×
  

  (34-b) 

2.651 K=                                              (34-c) 

This result is 0.074 K or 2.71% lower than the accepted CMBR temperature of 
2.725 K. 

 
Table 2. Solar parameters. 

The radiant power of the sun 263.83 10 WsP = ×  

The radius of the sun 86.96 10 msr = ×  

The radiant emittance of the sun’s surface 7 26.29 10 W msR = ×  

The temperature of the sun’s surface 5800 KsT =  
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Although obtained different calculated values using various data, these values 
deviate very little from acceptable measurements. How can the cosmic back-
ground temperature, which spans such orders of magnitude and is composed of 
so many physical quantities, coincidentally makes up such a precise physical 
quantity? 

The deviation can attribute to four factors: the density Ln  of luminous stars 
in the universe, the mean radius 0r  of stars, the mean temperature T of stars, 
and the Hubble constant 0H . Any deviation between any one factor and the 
actual value will cause the calculation result to deviate from the actual one, not 
to mention that T ′  is affected by a combination of 4 factors. 

Since the stars’ radiation conforms to the blackbody radiation spectrum, the 
quantity expressed by Equation (21) is the superposition of light of various fre-
quencies radiated by all celestial bodies on the plane of any point after redshift. 
Thus, Equation (21) expresses the intensity of blackbody radiation without the 
blackbody surface. 

Equation (28) contains the mean radiant power 0P  of stars and the Hubble 
constant. It proves that CMBR is the light radiated by luminous stars that un-
dergoes redshift. In other words, CMBR is not a relic of the Big Bang. Thus, both 
the night sky darkness and CMBR originate from the quantum redshift of pho-
tons. 

The above calculations show that the radiation of luminous stars, through 
quantum redshift, is converted into CMBR. 

5. Discussion 
5.1. The Explanations Required for the Big Bang Theory 

The Big Bang theory explains the Olbers paradox as the age of the stars, the fi-
nite space-time of the universe, the expansion of space, and the sparseness of the 
luminescent energy density of stars. It regards the CMBR as the relic of the Big 
Bang and Hubble redshift as the Doppler effect of photons caused by the galaxies’ 
recession. 

Proponents of the Big Bang theory believe that if the medium absorbs the 
energy of the light can cause the temperature of the medium to continue to rise 
so that it can emit visible light and the entire sky is bright. It is one reason for 
Big Bang theorists to oppose the idea that the medium causes darkness in the 
night sky. 

The Big Bang Theory explains Hubble redshift, Olbers paradox, and CMBR as 
the following: 

1) Attribute Hubble redshift to the Doppler effect caused by the expanding 
universe. 

2) Attribute the Olbers paradox to the finite age of stars in the universe, the 
energy radiated by all-stars too scarce, and the expanding universe. 

3) Attribute CMBR to the relic of the Big Bang. 
In a word, attribute all three phenomena to the finite universe and the expan-
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sion of the universe. 

5.2. Explanations Based on the Quantum Redshift Effect  

Through theoretical derivation and numerical calculations can affirm that the 
energy radiated by stars throughout space is converted into CMBR, making the 
sky dark, and the Olbers paradox is solved together with the CMBR. 

The quantum redshift effect theory explains Hubble redshift, Olbers paradox, 
and CMBR as the following: 

1) Attribute Hubble redshift to the quantum redshift effect of photons caused 
by the cosmic medium. 

2) Attribute the Olbers paradox to the fact that the energy radiated by stars is 
too scarce, and the photons collide with atoms of the medium, which causes 
photons to undergo quantum redshift, reducing the brightness of the sky and 
frequency of photons. 

3) Attribute the CMBR to the quantum redshift of photons of light radiated by 
the stars colliding with atoms of the medium, making the light become blackbo-
dy radiation of the temperature of 3 K. 

In a word, unify all three phenomena by the quantum redshift effect of pho-
tons. 

The energy of CMBR converts from luminous stars in the universe. The pho-
tons emitted by stars collide with the atoms of cosmic medium and undergo a 
quantum redshift. This effect makes the photon frequency lower and the light 
intensity weaker. The light becomes invisible and makes the night sky dark. Af-
ter the stellar radiation is redshifted, it is superimposed at any point in space to 
become CMBR. The CMBR originates from stellar blackbody radiation, so the 
CMBR presents a blackbody spectrum.  

5.3. Distinction in Observation 

As can be seen from Equations (21) and (31), both the sky irradiance and CMBR 
temperature depend on the Hubble constant. So, the key to explaining the Ol-
bers paradox and CMBR is the Hubble constant, which relates to the origin of 
photon redshift. 

There are different explanations of the origin of photon redshift in the Big 
Bang theory and non-Big Bang theory: 

In the 1920s, E. Hubble discovered a systematic redshift in the spectrum of 
extragalactic galaxies. Interpreting it as the Doppler effect by luminous stars 
moving away from Earth with galaxies, the photon frequency decreases accord-
ing to the following formula: 

0

1

1

V
c
V
c

ν ν
−

=
+

                        (35) 

where 0ν  is the initial frequency of the photon, and V is the receding velocity 
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of the luminous celestial body. 
Redshift z is defined by 

0 0

0

z
λ λ ν ν
λ ν
− −

= =                      (36) 

Hubble found that the redshift z is proportional to the distance r, so substi-
tuting Equation (35) to Equation (36) gives the approximate formula: 

0V H r=                           (37) 

where 0H  is the Hubble constant.  
Equation (37) is Hubble’s Law, which expresses the relationship between the 

receding speed and distance of the celestial bodies. Therefore, the Hubble red-
shift becomes the direct evidence of the Big Bang. 

In history, astronomers have never independently measured the receding 
speed of distant galaxies. Its calculation is dependent on the photon redshift. 
Therefore, Hubble’s law is very dubious. 

The physical meaning of the Hubble constant in the paper “The Quantum 
Redshift Effect of Photon” is well defined. 

In the process of photon propagation in space, energy loses due to collision 
with the atoms in the medium. On average, the lost portion every time it collides 
with a bound electron is given by 

( )
( )

32

22

3
4 8

T

pe

h
h

m c

ν σ
ε ν

α σ
π π

∆ = = ⋅                  (38) 

In Equation (38), α  is the fine structure constant, Tσ  is the classical electron 
cross-sectional area—Thomson electron cross-sectional area, and 2 2

pσ αλ= π  
is the photon cross-sectional area. 

Photons propagate in space, causing frequency reductions such as in Equation 
(10) or wavelength elongation as in Equation (11). The Hubble constant 0H  is 
the damping coefficient of photon motion. It is also the attenuation rate of pho-
ton frequency, which is proportional to the density of bound electrons in space, 
as in Equation (17-a). Therefore, the theory of the quantum redshift effect of the 
photon negates that of cosmic expansion. 

So, is there any distinction in the aspect of observation between the cosmic 
expansion and the quantum redshift effect? 

The redshift caused by the Doppler effect does not produce secondary waves, 
while the quantum redshift effect necessarily generates secondary waves. In the 
quantum redshift effect, each time a photon collides with a hydrogen atom, it 
loses energy, as in Equation (38). The atom can’t always absorb energy, but it has 
to store the gained energy and radiate it into space after the collision to maintain 
the stability of the atom. 

The radiated energy corresponding to Equation (38) is an electromagnetic 
wave lower than that of microwaves. Therefore, radio radiation necessarily oc-
curs after the quantum redshift effect. So, it is hard to observe secondary pho-

https://doi.org/10.4236/jmp.2023.144030


Z. L. Xu 
 

 

DOI: 10.4236/jmp.2023.144030 550 Journal of Modern Physics 
 

tons due to the low frequency and weak intensity of secondary waves after a sin-
gle collision. But if the hydrogen atom density is high and the radiance of the in-
cident light is powerful, photons will collide with atoms frequently. In this way, 
the secondary waves will be strong, and it will be possible to observe with in-
struments. It is how the radio phenomenon of certain quasars arises.  

As Max Born famously predicted in 1954, “The redshift is linked to radio as-
tronomy.” [7] 

In addition, the quantum redshift effect of photons accompanies phenomena 
such as 21 cm hydrogen lines, Lyα, and Lyβ forests. 

6. Conclusion 

The light radiated by stars in the universe is collided by the atoms in the medium 
to produce a quantum redshift effect, which is the physical mechanism of Hub-
ble redshift. It causes the frequency of photons to attenuate negatively exponen-
tially with the propagation distance. It unifies the explanation of two seemingly 
unrelated phenomena. On the one hand, the irradiance of the night sky becomes 
very low, showing darkness. On the other hand, the light emitted by the stars 
becomes CMBR. The quantum redshift effect generates radio background radia-
tion. This effect explains where the light energy radiated by stars in the universe 
goes and dispels the Olbers paradox. It explains the origin of CMBR at the same 
time. The Hubble redshift, Olbers paradox, and CMBR are all caused by the 
quantum redshift effect of photons and cannot use to be the basis for the Big 
Bang theory.  
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