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Abstract 

Theory and observations concerning the cosmic reionization epoch are brief-
ly discussed in the context of recent observations attributed to dark matter. A 
case is made that cold ground state interstellar atomic hydrogen of average 
density of about one atom per cubic centimeter (1.67 × 10−21 kg∙m−3 or 1.67 × 
10−24 g∙cm−3) appears to be the most likely candidate to explain these observa-
tions. 
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1. Introduction and Background 

In May of 2019, I shared my C.G.S.I.S.A.H. theory of dark matter with colleagues 
at the dark matter workshop sponsored by the World Science Festival. What 
follows is a brief note concerning the new constraints on dark matter and a dis-
cussion of my conjecture and its observational predictions. 

Convincing observational support for dark matter begins with the publication 
by Rubin and Ford [1] concerning unexpected galactic rotation curves. These 
observations, soon followed by others [2], provide strong support that an invisi-
ble (i.e., “dark”) form of gravitationally attractive matter within the interstellar 
vacuum is contributing to galaxies approximately 5 - 10 times the total mass of 
the visible galactic matter (i.e., stars, warm molecular gas clouds, and dust). By 
“invisible” it is meant that this matter is not emitting any detectable light. 

It has subsequently become apparent that one can further observe the effect of 
this dark matter by its gravitational lensing properties. By these observations, 
there appears to be a roughly spherical cloud (i.e., a “halo”) of dark matter gas or 
superfluid extending up to approximately 200 kpc from the observed galactic cen-
ters. Dark matter is also nearly collisionless due to a low scattering cross-section, 
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as deduced from Tucker’s observations of the bullet cluster [3] and other collid-
ing galaxy clusters. Furthermore, the Planck Collaboration report [4] of the 
cosmic microwave background (CMB) anisotropy indicates that dark matter was 
present at the time of the recombination/decoupling epoch. It is even postulated 
that dark matter has been the seeding structural scaffolding for the further for-
mation of galaxies, galaxy clusters and filaments in the subsequent evolution of 
the universe.  

In recent years, numerous theories and detection methods have been pro-
posed for dark matter with the above properties. While it is not within the scope 
of this paper to review the many publications on this subject, three important 
publications in 2018 and two important publications in 2019 deserve special 
mention herein. 

The first of these is Barkana’s review [5] of the reionization epoch (“cosmic 
dawn”) 21-cm observations. These observations constrain dark matter to a very 
slow-moving (i.e., cold) particle with a mass-energy of no greater than 2 - 3 
GeV. Furthermore, the graph on page 9 of the Barkana reference shows a very 
tight correlation between a dark matter particle of about 0.938 GeV and the 
minimum possible 21-cm brightness temperature T21 at redshift z = 17. Thus, 
atomic hydrogen appears to be the only baryon not yet ruled out by these new 
tight constraints. 

The second reference of importance in 2018 is Posti and Helmi’s analysis [6] 
of Gaia data extracted from a 20 kpc (65.2 thousand light-years) radius halo 
sphere centered at the Milky Way center. From their analysis one can deduce the 
ratio of dark matter to visible matter within this halo sphere to be approximately 
1.37 to 0.54, or 2.54 to one. This ratio will be further addressed in the Results 
section to follow.  

The third reference of importance in 2018 is physicist Stacy McGaugh’s pub-
lication entitled, “Strong Hydrogen Absorption at Cosmic Dawn: The Signature 
of a Baryonic Universe” [7]. One should carefully read the McGaugh reference 
for the reasoning that the cosmic dawn observations fit best for baryonic dark 
matter. Thus, nonbaryonic proposals for dark matter do not appear to be neces-
sary.  

The first reference of importance in 2019 is the Read publication [8] which 
provides support for “dark matter heating” within active galactic centers. This 
process may explain why active galactic centers tend to have a somewhat shal-
lower dark matter core. Thus, dark matter heating may be an important variable 
in understanding its perplexing spatial distribution, particularly with respect to 
the dark matter “cusp-core problem.” 

The second reference of importance in 2019 is the March online report [9] of 
the Gaia-Hubble Collaboration. Here, for the first time, one can have confidence 
that the “visible matter mass” of the Milky Way is approximately 250 billion 
Mʘ. Therefore, if one can assume that this visible matter mass is roughly con-
fined to within the 20 kpc Posti and Helmi radius halo sphere, their 2.54 ratio 
would imply approximately 635 billion Mʘ of dark matter within 20 kpc of the 
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Milky Way center. 
With all of the above observations concerning dark matter, one can now con-

struct the following table (Table 1) of these features with the relevant references 
listed in the right-hand column. 

Given these features characteristic of dark matter, it is useful to review what 
observations suggest about the evolution of the universe since the recombina-
tion/decoupling epoch. During the adiabatic cooling period of the cosmic “dark 
ages” the positive feedback of gravitational attraction is thought to have accen-
tuated the anisotropy we now observe in the cosmic microwave background 
(CMB) by creating centripetal movements of the atomic hydrogen within the 
denser regions of the CMB map. In contrast to these collapsing and swirling 
clouds of the nascent stars and galaxies, the intervening atomic hydrogen within 
the minimum density regions of the CMB map is thought to have been relatively 
motionless (i.e., colder). With the continuing cosmic expansion, this intervening 
atomic hydrogen, the primary matter in regions we now refer to as the interga-
lactic and interstellar vacuum, would have ultimately become so sparse as to be 
nearly collisionless and predominantly confined to the ground state (except 
where in close proximity to the nascent stars). At the beginning of the reioniza-
tion epoch (i.e., “cosmic dawn”) the Wouthuysen-Field effect of the Lyman-alpha 
radiation of the first stars should have reduced the spin temperature TS of 
ground state interstellar atomic hydrogen to well below the CMB radiation tem-
perature TR [10]. Such a temporary decoupling from the CMB radiation temper-
ature would have eventually resolved due to the increasing stellar black body 
radiation closing out the cosmic dawn epoch. 

Astrophysical observations of the 21-cm absorption line in the redshift z range 
corresponding (in standard cosmology) to approximately 110 - 250 million years 
after the Big Bang show evidence of a process very much like this, as seen in 
Figure 1 [11]. However, the conventional wisdom is that a mysterious nearly 
collisionless non-baryonic cold dark matter must have also been present in the 
interstellar vacuum, as a required intermediary in this process.  

 
Table 1. Dark matter features and relevant references. 

Dark Matter Features References 

Cold (i.e., low velocity) Barkana 

No Emissions (i.e., dark) Rubin & Ford 

Collisionless (i.e., low cross-section) Tucker 

Baryon Expected McGaugh 

Mass-Energy less than 3 GeV Barkana 

Dark Matter M20kpc 635 Billion Mʘ Gaia/Posti & Helmi 

Central DM Heating (“coring”) Read 

CMB Decoupling at Dawn Astrobaki/McGaugh 

Structural Scaffold Planck 

Existence at CMB Emission Planck 
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Figure 1. Radiation temperature (TR) and spin temperature (TS) vs time. 

 
Unfortunately, the reasoning that such an intermediary nonbaryonic matter 

was required for this process is also somewhat mysterious, because a temporary 
decoupling from the CMB radiation temperature is to be expected in a purely 
baryonic universe (see McGaugh [7]).  

Perhaps the ongoing search for exotic dark matter also reflects a misunders-
tanding about the current abundance of cold ground state interstellar atomic 
hydrogen in comparison to the constituents of the visible stars, warm molecular 
gas clouds and dust in our galaxy. It should be remembered that ground state 
interstellar atomic hydrogen coupled to the CMB radiation temperature (as was 
also undoubtedly present in great abundance during the “dark ages”) is essen-
tially invisible to modern detectors, except where its characteristic 21-cm ab-
sorption line is “backlit” by distant starlight. 

The Milky Way disc rotates with a period of approximately 250 million years 
[12]. Based upon the Baryonic Tully-Fisher relation [13] and the March 2019 
Gaia-Hubble Collaboration report, the sum total mass of the visible stars, warm 
molecular gas clouds and dust in the Milky Way is reliably estimated to be 250 
billion Mʘ. And yet, the calculated amount of ground state interstellar atomic 
hydrogen coupled to the CMB radiation temperature within a 20 kpc halo radius 
of the Milky Way center actually dwarfs this total visible matter mass estimate 
(see calculation below). This reflects the vastness of the interstellar vacuum in 
comparison to the visible matter.  

2. Results 

Line-of-sight measurements of the hyperfine 21-cm absorption line (within the 
light from distant stars of a known distance from the observer) allow one to es-
timate an average density of cold ground state interstellar atomic hydrogen of 
approximately one atom/cm3 (or 1.67 × 10−21 kg∙m−3) [14] [15] [16].  
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One can now use this knowledge in the context of Posti and Helmi’s recent 
Gaia survey analysis of the Milky Way (see reference [6]). They report the ratio 
of dark matter to visible matter within a 20 kpc spherical halo radius of the ga-
lactic center to be approximately 1.37 to 0.54. This simplifies to a ratio of ap-
proximately 2.54. If we assume the above current best estimate of the Milky Way 
visible matter mass (250 billion Mʘ is equal to 4.97 × 1041 kg) and divide that by 
the volume of a galactic halo sphere of 20 kpc radius (9.85 × 1062 m3), the average 
visible matter density within that galactic halo sphere is 5.05 × 10−22 kg∙m−3, ap-
proximately one-third of the above-mentioned average density of cold ground 
state interstellar atomic hydrogen! Multiplying 1.67 × 10−21 kg∙m−3 by a 0.83 cor-
rection factor (for the expected slightly lower ground state atomic hydrogen 
density in the halo sphere portion outside the galactic disk) times the 20 kpc ra-
dius galactic halo sphere volume gives an estimated mass of cold ground state 
interstellar atomic hydrogen of 1.37 × 1042 kg, in other words approximately 689 
billion Mʘ, within that sphere. The corresponding 2.76 ratio (from dividing 689 
billion Mʘ by 250 billion Mʘ) is well within the margin of error of Posti and 
Helmi’s observed ratio of dark matter to visible matter for the same 20 kpc ra-
dius galactic halo sphere.  

3. Discussion 

The calculations made in the Results section suggest the strong possibility that 
cold ground state interstellar atomic hydrogen averaging approximately one 
atom/cm3 is what we currently refer to as cold dark matter (CDM). The follow-
ing table (Table 2) compares the above-mentioned dark matter features with 
sparse interstellar atomic hydrogen coupled to the CMB temperature. 

The origin of the C.G.S.I.S.A.H. acronym becomes apparent by reading down 
the letters in the right-hand column, which are abbreviations for the top five 
rows of the table. The abbreviation W-F effect stands for the Wouthuysen-Field 
effect on ground state neutral atomic hydrogen due to Lyman-alpha radiation  
 
Table 2. Dark matter features vs. interstellar H features. 

Dark Matter Features Interstellar H at 1 atom/cm3 CDM 

Cold (i.e., low velocity) CMB Equilibrated C 

No Emissions (i.e., dark) Ground State GS 

Collisionless (i.e., low cross-section) Interstellar/Sparse IS 

Baryon Expected Atomic Hydrogen A 

Mass-Energy less than 3 GeV 0.938 GeV Neutral H H 

Dark Matter M20kpc 635 Billion Mʘ 689 Billion Mʘ  

Central DM Heating (“coring”) Loses Ground State  

CMB Decoupling at Dawn W-F Effect  

Structural Scaffold Most Abundant Atom  

Existence at CMB Emission Most Abundant Atom  
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beginning with the first starlight of cosmic dawn. There is a nice discussion of 
this temporary CMB decoupling phenomenon in the AstroBaki reference. Ac-
cording to this reference, “…the W-F effect remains the dominant effect until 
reionization is complete.” Once reionization was complete, the interstellar 
atomic hydrogen presumably became once again coupled to the CMB tempera-
ture, which is assumed to be the case at present. 

As for future observable consequences of my dark matter conjecture pre-
sented herein, one can point to the ongoing refinement of observational con-
straints on the mass-energy of the dark matter particle. The studies to date ap-
pear to eliminate any baryonic particle much greater than about 1 GeV (see 
Barkana [5]). However, they do not yet exclude neutral atomic hydrogen, with 
its mass-energy of 0.938 GeV. I predict that these constraints will further tighten 
around a dark matter particle with a mass-energy of 0.938 GeV. Furthermore, 
the sophisticated dark matter/baryon interaction simulations being conducted at 
the Kavli Institute for Particle Astrophysics and Cosmology have not yet simu-
lated the dark matter candidate in these interactions as cold ground state inters-
tellar atomic hydrogen of average density of about 1.67 × 10−21 kg∙m−3 (1.67 × 
10−24 g∙cm−3) (R. Wechsler, Director, per verbal communication with this author 
on March 30, 2019). It is my prediction that such simulations will correlate 
nicely with dark matter observations, even to the extent of simulating central 
galactic coring (i.e., relative dark matter depletion) due to “dark matter heating” 
within active galactic centers (see Read [8]). Thus, the previously unexplained 
galactic and peri-galactic dark matter spatial distribution may be best unders-
tood in terms of heating and other dynamic effects upon the distribution of cold 
ground state interstellar atomic hydrogen. 

4. Conclusion 

For the above theoretical and observational considerations, the distinct possibil-
ity that the dark matter candidate could ultimately prove to be the ubiquitous 
but incredibly sparse (and thus nearly collisionless) cold ground state interstellar 
atomic hydrogen must be seriously entertained. 
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Abstract 

To achieve high quality images from the sky by extending an existing interfe-
rometric array, in this work, the Geometrical Method (GM), Genetic Algo-
rithm (GA), and Division Algorithm (DA) are compared. These methods are 
each applied independently to an interferometer array starting from the same 
initial conditions. Using the GM method, the spiral configuration is suggested 
as an optimum arrangement that provides the desired u-v coverage with low 
side lobe levels (SLLs). Using the GA method, as the number of generations is 
increased, the unsampled cells are reduced, enhancing the imaging quality. As 
such, the algorithm improves the overlapped samples as it works with a 
greater number of generations. Moreover, the GA is able to suppress the SLL. 
Finally, the DA is applied to such an array. Results show that the DA is able 
to process the sampled data with less overlapping of the data in the snapshot 
observations, in comparison to the other discussed configurations in this pa-
per; effectively the DA reduces the overlapped samples, such that it is more 
efficient than the GA. The configuration of antennas that arrives by applying 
the DA method can achieve a certain image quality with less overlapping, as 
compared to the configuration arriving by applying the GA method. The cal-
culated SLLs for the DA configuration are used to demonstrate that the effi-
ciency of the DA is potentially better than that of the GA. Moreover, the GA 
and DA algorithms discussed in this study are applied to an array of 10 an-
tennas with coordinates that represent the antennas deployed in Malaysia. 
Results show that the DA can reduce the overlapping of the samples more ef-
ficiently than the GA for a 6-hour tracking observation and in terms of un-
sampled cells the DA has the same efficiency of the GA. 
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1. Introduction 

In order to measure with fine angular detail in the radio frequency range from 
the sky, two-element radio interferometers, or alternatively synthesis arrays can 
be used. The angular resolution of a single telescope does not provide sufficient 
information for astronomy applications; therefore, a synthesis array or radio in-
terferometer is used to fulfill the aim of the end user. On the other hand, the 
light waves from very distant stars or galaxies take a long time to travel through 
space to our telescopes; therefore, it limits the astronomers to visually observe 
light waves that occurred a very long time ago. 

The time lag to observe events has led astronomers to build more powerful 
telescopes to study the first stars and galaxies formed. One of the most powerful 
arrays is the Giant Meterwave Radio Telescope (GMRT). To get higher resolu-
tion than what the current GMRT array can provide, additional antennas were 
added to the array. To improve existing correlator antenna arrays like the Giant 
Metrewave Radio Telescope (GMRT), an expansion of the array is required to 
obtain higher resolution. A project called the Square Kilometre Array (SKA), 
which involves more than ten countries worldwide, will be the most powerful 
radio telescopes array. It allows observation of the sky and it can produce images 
from radio waves with very high resolution. However, the location of the tele-
scope limits the image quality and has a direct effect on the side lobe levels 
(SLLs) [1].  

In the design of an array for astronomy applications, the choice of each an-
tenna’s localization in the array is key. An ideal arrangement must ensure op-
timal configuration to capture a clear image of a radio source by either decreas-
ing the side lobe level (SLL) in the l-m domain or increasing the sampled data in 
the spatial frequency domain, which is referred to as u-v plane coverage [2]. 

In this work, we focus on the comparison of different methods: the Geome-
trical Method (GM), the Genetic Algorithm (GA), and the Division Algorithm 
(DA) [1] [2] [3] and [4]. These techniques and methods for assisted interfero-
metry and how they can be implemented in a correlator antenna array, particu-
larly applied to the SKA are described. The ability of the proposed receiver to 
suppress the severe SLL effect, to increase the u-v plane coverage, and to smoo-
then the linear ridges in the u-v plane coverage at a low number of snapshots or 
low duration of observation will be demonstrated through simulations, using 
Matlab. 

The first method (GM) uses the optimization of the array configuration prob-
lem with various changes of coordinates in a specific area with the GMRT’s arms 
as an illustrative example. The results show that spiral configurations give very 
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good improvement in both u-v plane coverage and reduction of side lobe levels.  
For the second technique, the proposed GA presented in [2] is used to optim-

ize a correlator array of antennas. The algorithm is able to distribute the u-v 
plane more efficiently than GMRT with 49.77% overlapped samples. The confi-
guration arrived at with this algorithm is able to sample the u-v plan more effi-
ciently than the current GMRT configuration. 

The third method is the new proposed algorithm named Division Algorithm 
(DA) that has been recently presented in [3] to solve optimization problems.  

The above methods are used to yield the optimum configuration for an ex-
tended interferometric array, and effectively to investigate the feasibility of ex-
tending the interferometric array using 10 antennas that would be deployed in 
Malaysia.  

This paper is organized as such; Section 2 introduces the material and me-
thods for expanding a Y-shape array and to represent the antenna array in Ma-
laysia. Section 3 presents the simulation results. Finally, Section 4 and 5 cover 
the discussion and conclusions, respectively. 

2. Material and Methods 

2.1. Expanded Y-Shape 

To extend the GMRT, it is proposed to add 15 antennas for cost-effectiveness 
and to realize the scientific goals. In order to add the antennas to the current ar-
ray, the position of each antenna using rectangular coordinates (x, y, z) is calcu-
lated using: 

sin cosX R θ ϕ= × ×  

sin sinY R θ ϕ= × ×                        (1) 

cosZ R θ= ×  

where R, θ, and φ are the latitude, longitude, and radial distance R (equal to 
about 6378.1 km, the value of earth’s radius), respectively. The extended confi-
guration is placed at 110 km along the arms of the GMRT. The declination of the 
radio frequency source of interest for all configurations is the same (and is equal 
to 45˚). Spiral configurations follow the theory of a logarithmic spiral [1].  

Results in [1] show that the spiral antenna array configuration provides low 
SLL and good u-v coverages and therefore achieves high image resolution. 
Therefore, the following equations are used to calculate the gridded cells in u-v 
domain:  

( )grid nosmptA
N

A
 = × 
 

                     (2) 

max min

grid

u u
u

N
−

∆ =                          (3) 

max min

grid

v v
v

N
−

∆ =                          (4) 
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where nosmp, tA , A , and gridN  are the number of samples in the snapshot or 
hour tracking observation, the total desired area, the covered area by the current 
configuration, and the number of gridded cells, respectively. 

And u∆ , v∆ , maxu , minu , maxv , minv  and gridN  are the dimension of the 
cell in the u  direction, the dimension of the cell in the v  direction, the max-
imum value of u  in the spatial frequency domain, the minimum value of u  in 
the spatial frequency domain, the maximum value of v  in the spatial frequency 
domain, the minimum value of v  in the spatial frequency domain and the 
number of gridded cells as defined in Equation (2), respectively [1]. 

Also, results in [2] show the good performance of the GA configuration in 
terms of SLL and sampling. The algorithm provides an optimum solution for 
both a snapshot observation and a 6-hour tracking observation with minimum 
values of overlapping. This happens due to the discrete grid locations of the 
plane as defined in: 

( )( )grid total firstnearest 1N n n A A= × − ×               (5) 

where n is the number of antennas, Atotal is the total area, Afirst is the first calcu-
lated area of tracking observation from the first random population, and nearest 
rounds Ngrid to the nearest integer. This selection helps distribute the samples in 
the u-v plane with less overlapping in both snapshot and hour tracking simulta-
neously [1]. 

The new algorithm (DA), explained in [3], shows good results in optimizing 
an interferometric array. Therefore, these three methods are used in this section 
to investigate an optimum configuration, in order to extend an interferometric 
array.  

To evaluate the position of each antenna using GA and DA methods, the fit-
ness function elaborated in [2] is used: 

( ) ( )
( )

( ) ( )( )tofsam sam

tofsammax
fitness sam A A kk k

ol
ol D

k
R A

−
= − − −          (6) 

where: fitness (k) is the fitness value of kth baseline in nth generation. olsam(k) in-
dicates the number of overlapped samples generated by kth baseline in nth gener-
ation. Max(ol) provides the maximum value of overlapping that is in nth genera-
tion. D(k) is the sample distance from the grid center. R is the gridded cell ra-
dius. Asam(k) is the calculated area generated by kth baseline’s samples in nth gen-
eration. Atofsam is the total area generated by nth generation [2]. 

Finally, the mean SLL for all the aforementioned methods are calculated using 
the following equation [1]: 

( )mean mean first second third SLL SLL SLL SLL= − + +        (7) 

2.2. Antenna Array in Malaysia 

Malaysia has started to fund major research astronomy projects recently with 
two telescopes. In this work, we apply the proposed theory of localization using 
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an array of antennas for astronomy applications to suppress the SLLs and/or in-
crease the number of samples in the u-v plane coverage for the future array con-
figuration in Malaysia. 

We expect that the proposed methods can optimize the number of data sam-
ples and minimize the side lobe levels in the angular domain to enhance the im-
age quality as much as possible. The methods discussed in this study are applied 
to 10 antennas which will be placed at the coordinates of the antennas in Malay-
sia. 

The materials and methods used in this section are taken from [2] [3]. Here, 
the GA and DA algorithms are used to investigate the optimum solutions for ten 
antennas in Malaysia. 

3. Results 

3.1. Expanded Y-Shape 

To expand the existing array, 15 antennas are added for the following configura-
tions: 1) extended Y-shaped; 2) spiral; 3) 25th generation using GA; 4) 150th gen-
eration using GA; and 5) DA. Figure 1 shows the different configurations. The 
u-v plane coverage achieved from these different configurations are shown in 
Figure 2 and Figure 3 for the snapshot and 6-hour tracking observations, re-
spectively. The results are summarized in Figures 1-3, and Table 1 & Table 2. 

In the first step, extension of the Y-shaped array is investigated. In this confi-
guration, 15 antennas are located along the three arms of the GMRT. Five an-
tennas are added in each arm and broadened around to 110 km. This array gets a 
Y-shape to investigate the effect of extending the arms in the original Y-shape. 
This new arrangement, its snapshot observation, and 6-hour image synthesis are 
shown in Figure 1(a), Figure 2(a), and Figure 3(a), respectively. 
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Figure. 1. Configuration for (a) extended GMRT, (b) spiral, (c) twenty-five generations, 
(d) one hundred fifty generations using Genetic Algorithm and (e) Division Algorithm. 
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Figure 2. Snapshot u-v plane coverage for (a) extended GMRT, (b) configuration of spir-
al, (c) GA using 25 generations, (d) GA using 150 generations and (e) Division Algo-
rithm. 
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Figure 3. Spatial frequency coverage for a 6-hour tracking observation u-v plane coverage 
for configuration of (a) extended GMRT, (b) spiral, (c) twenty-five generations, (d) one 
hundred fifty generations using Genetic Algorithm and (e) Division Algorithm. 
 
Table 1. Comparison of different configurations. 

Configuration 
Overlapped  
samples% 
(Snapshot) 

Overlapped  
samples% 

(Hour tracking) 

Unsampled cells% 
(Snapshot) 

Unsampled cells% 
(Hour tracking) 

Extended GMRT 89.19 88.89 78.67 75.19 

Spiral 86.77 85.51 72.56 67.59 

25th generation 85.91 86.58 76.34 70.74 

150th generation1 85.05 84.76 74.56 66.65 

DA array 79.45 83.87 72.00 63.76 

Notes: 6-hour is used in hour tracking synthesize. 
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Table 2. Comparison of GMRT’s SLL and different configurations’ SLL.  

Configuration 
First SLL (dB) 

(Hour tracking) 
mean SLL (dB) 
(Hour tracking) 

Peak SLL (dB) 
(Hour tracking) 

Extended GMRT −11.18 −11.97 −10.59 

Spiral −11.25 −12.46 −10.86 

25th generation −11.88 −13.85 −12.55 

150th generation1 −12.04 −13.88 −13.75 

DA array −19.30 −16.86 −14.80 

Notes: 6-hour is used in hour tracking synthesize. 

 
Table 1 shows the number of overlapped samples using snapshot as well as for 

a 6-hour tracking observation. This parameter is valued at 89.19% using the 
snapshot and 88.89% for a 6-hour tracking observation. The unsampled cells ra-
tio achieved with this configuration (expanded GMRT) are 78.67% using the 
snapshot observation and 75.19% for a 6-hour tracking observation. 

As shown in Figure 2(a), for the u-v plane coverage using the snapshot ob-
servation, the linear ridges are not smooth, and this configuration provides a 
poor sensitivity and consequently a poor signal to noise ratio [1]. Therefore, the 
linear ridges need to be smoothened. In order to perform this requirement, the 
arms are curved in the next arrangement as is shown in Figure 2(b). 

Arms in the spiral configuration cover the angular position of 60 to 96, 180 to 
216 and 300 to 336 degrees. The angular positions of five added antennas in each 
arm are 62 to 70, 182 to 190 and 302 to 310 degrees. The overlapped sample ratio 
is equal to 86.77% for the spiral using the snapshot observation. Similarly, it is 
equal to 85.51% for a 6-hour tracking observation. The unsampled cells ratio 
from the u-v coverage indicate the percentage of the cells without any sample. 
This ratio is equal to 72.56% using the snapshot (see Figure 2(b)) and 67.59% 
for a 6-hour tracking observation (see Figure 3(b) and Table 1). This means the 
spiral configuration is able to sample the Fourier space of the image better than 
the extended Y-shape. In comparison to the extended GMRT, the lower ratios of 
overlapped samples and unsampled cells resulting from the spiral suggest that 
this configuration provides more information about the source due to a greater 
number of samples in the u-v plane. Therefore, the configuration of the spiral 
provides a better u-v plane coverage in both types of observations in comparison 
to the extended GMRT’s as shown in Figure 2(b) and Figure 3(b). 

In the next step, the GA is applied to this extended interferometric array, to 
investigate the effect of the algorithm. 

From the results achieved using the previous configurations (see Figure 1(a) 
and Figure 1(b)), the data in the spatial frequency domain needs to be spread 
out to get less overlapping. Therefore, the GA is applied to work on sampled da-
ta using the snapshot to provide the desired resolution.  

For the GA, the optimum ratio values of mutation and crossover (25% muta-
tion ratio and 25% crossover ratio) are used in the proposed algorithm. The 
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number of antennas (chromosomes) is set to 45 and for each the diameter is 
equal to 45 m to assess the efficiency of the algorithm. To distribute the sampled 
data in u-v plane coverage more smoothly, the algorithm works on 150 genera-
tions to optimize the image resolution. 

The position of the antennas (chromosomes) in the array for the 25th, and the 
150th generations using the GA are shown in Figure 1(c) and Figure 1(d), re-
spectively. The snapshot in the u-v plane coverage for the 25th, and the 150th 
generations that are shown in Figure 2(c) and Figure 2(d). These illustrate how 
the sampled data distribution are from the results using the extended GMRT. As 
can be observed qualitatively, the data in the 150th generation improves the dis-
tribution of the data somewhat more evenly. The calculated ratios shown in Ta-
ble 1 summarize the ability of the GA (when using snapshot) in distributing the 
samples and obtaining more samples rather than the extended GMRT. 

The calculated ratios in Table 1 show that the GA can sample data with less 
overlapped data using the snapshot observation. Specifically, for the 150th 
generation the ratio is equal to (85.05%), in comparison to 89.19% for the ex-
tended GMRT. This indicates that as the algorithm works with more genera-
tions, it distributes sampled data in the u-v plane coverage more efficiently than 
extended Y-shaped. 

The calculated ratio of overlapped samples for a 6-hour tracking is shown in 
Table 1. From the results, this value is improved from 88.89% to 86.58%, and 
then to 84.76% using the extended GMRT, the 25th, and the 150th generation 
configurations, respectively. It means the algorithm improves the ratio of over-
lapped samples since it works with a greater number of generations. 

When the number of generations goes up, the number of unsampled cells is 
lower; specifically, this percentage is 78.67% using the extended GMRT configu-
ration and becomes 76.34%, and 74.56% values using the 25th, and 150th genera-
tions using the snapshot, respectively. This ratio is equal to 75.19% using the ex-
tended GMRT observation and is equal to 70.74% and 66.65% values using the 
25th, and the 150th generations for 6-hour tracking observations, respectively. 

In the last step, the DA is applied to this extended interferometric array, to 
investigate the effect of the algorithm. The algorithm provides an optimum solu-
tion for both the snapshot and for the hour-tracking observations with mini-
mum ratios of overlapping. 

The position of the antennas, u-v coverages at snapshot and 6-hour tracking 
observations in the array using DA are shown in Figure 1(e), Figure 2(e), and 
Figure 3(e), respectively. The calculated parameters shown in Table 1 express 
the ability of the DA in distributing the samples and obtaining more samples 
rather than the extended GMRT’s at the snapshot. 

The results calculated in Table 1 show that the DA can achieve the sampled 
data with less overlapped data at snapshot observation among all discussed con-
figurations in this study (79.45%). The calculated overlapped samples ratio for a 
6-hour tracking is shown in Table 1. From the results, this value is equal to 
83.87%. It means the algorithm improves the overlapped number of samples 
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more efficiently than GA. When the number of generations goes up, the unsam-
pled cells get reduced; specifically, this percentage is 72% at snapshot and 
63.76% for a 6-hour tracking observation. 

The calculated first SLL, mean of the first three SLL (mean SLL), and the worst 
SLL defined as the peak SLL are shown in Table 2. The calculated SLLs show 
that the spiral geometry has lower side lobes (SLL = −11.25 dB and mean SLL = 
−12.46 dB, and peak SLL = −10.86 dB) than the extended GMRT (SLL = −11.18 
dB and mean SLL = −11.97 dB, and peak SLL = −10.59 dB) and the linear ridges 
using the snapshot is also smoother than for the extended GMRT (see Figure 
2(b)). As such, the spiral configuration smoothens the linear ridges. 

The first and the mean values of the first three SLLs of 25th and 150th genera-
tion using GA are also calculated Table 2. The first SLL is −11.18 dB in extended 
GMRT and −11.88 dB, and −12.04 dB for the 25th, and the 150th generation con-
figurations, respectively. The calculated mean value of the first SLL shown in 
Table 2 depicts that the configurations have the mean SLL of −13.85 dB and 
−13.88 dB at the 25th, and the 150th generation, respectively (this ratio is valued 
at −11.97 dB using the extended GMRT). The algorithm is also able to decrease 
the level of the peak SLL as the number of generations goes up (this ratio is 
−12.55 dB and −13.75 dB using 25th and 150th generation configurations, respec-
tively). The calculated first SLL, mean SLL, and peak SLL values of DA configu-
ration are −19.3 dB, −16.86 dB, and −14.8 dB, respectively. These values show 
the better efficiency of the DA in comparison to the GA.  

The evolution of the average fitness in each generation for the u-v plane cov-
erage using the snapshot observation and SLL reduction are shown in Figure 4. 
As shown in Figure 4(a), the optimum solution occurred at the 47th generation 
for the first 50 generations, and the optimum value in the range of 82th to 150th 
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Figure 4. The evolution of average fitness in each generation in (a) the spatial frequency 
domain and (b) the l-m domain. 

 
generation remains constant. The fitness value for the first 50 generations in 
Figure 4(b) obtains the optimum solution at 23rd generation. Since the algo-
rithm seeks the solutions randomly, it provides different solutions each time. 
The aim of this study is to demonstrate optimum solutions for an extended in-
terferometric array. It is not written for any specific constraints for astronomy 
applications; however, it can work with different constraints. 

From the results obtained from the different configurations in this study, a 
spiral shape suggests good results in the angular domain as well as in the u-v 
domain and the GA and DA provide improved SLLs, and u-v plane coverages.   

3.2. Antenna Array in Malaysia 

The simulated source declination is 45 degrees. The duration for the fully syn-
thesized observation is a 6-hour tracking with 10 minutes time interval between 
each two samples. 

As a first step, the GA is applied to an interferometric array, to investigate the 
effect of the algorithm. 

The algorithm provides an optimum solution for both the snapshot and the 
hour-tracking observations with minimum values of overlapping (this happens 
due to the grounding of the plane as defined in (2) and (3)). 

The optimum ratio values of mutation and crossover (25% mutation ratio and 
25% crossover ratio) are used in the algorithm. The number of antennas (chro-
mosomes) is fixed to 10. To distribute the sampled data in u-v plane coverage 
more smoothly, the u-v plane is gridded with the dimension of Du × Dv as de-
fined in (3) and the algorithm works on 150 generations to optimize the resolu-
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tion of the image. 
The positions of the antennas (chromosomes) in the array of the 25th and 150th 

generations using the GA are shown in Figure 5(a) and Figure 5(b), respective-
ly. Using the snapshot, the u-v plane coverages for the 25th, and 150th generations 
in Figure 6(a) and Figure 6(b) and 6-hour tracking in Figure 7(a) and Figure 
7(b) show how the sampled data is distributed using 25th generation gradually to 
150th generation.  

The calculated parameters shown in Table 3 express the ability of the GA to 
distribute the samples and obtaining more samples as the number of generations 
goes up at the snapshot. The calculated results summarized in Table 3 show that 
the GA achieves the sampled data with less overlapped data at snapshot observa-
tion from the 25th generation (12%) to the 150th generation (2%). This indicates  
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Figure 5. Configuration for (a) twenty-five generations, (b) one hundred fifty generations 
using Genetic Algorithm and (c) Division Algorithm. 
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Figure 6. Snapshot u-v plane coverage for (a) twenty-five generations, (b) one hundred 
fifty generations using Genetic Algorithm and (c) Division Algorithm. 
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Figure 7. Spatial frequency coverage for a 6-hour tracking observation u-v plane coverage 
for (a) twenty five generations, (b) one hundred fifty generations using Genetic Algo-
rithm and (c) Division Algorithm. 
 
Table 3. Comparing of different parameters of DA to the GA. 

Configuration 
Overlapped  
samples% 
(Snapshot) 

Overlapped  
samples% 

(Hour tracking) 

Unsampled cells% 
(Snapshot) 

Unsampled cells% 
(Hour tracking) 

25th generation 13.34 25.23 94.89 93.23 

150th generation1 2.23 24.45 94.00 92.49 

DA array 0.00 22.28 91.56 92.16 

Notes: 6-hour is used in hour tracking synthesize. 

 
that as the algorithm works with more generations, it can distribute sampled da-
ta in the u-v plane coverage more efficiently. 

The calculated overlapped samples ratio for a 6-hour tracking is shown in Ta-
ble 3. From the results, this value is varied from 13.34% to 2.23% using the 25th 
and the 150th generation configurations, respectively. It means the algorithm 
improves the overlapped samples as it works with more numbers of generations. 

Since the number of generations goes up, the number of unsampled cells are 
decreased; specifically, the ratio is 94.89% using the 25th generation observation 
and becomes 94.00% using the 150th generations at the snapshot. This ratio is 
equal to 93.23% using the 25th generation observation and becomes 92.49% using 
the 150th generation for a 6-hour tracking observation. 

Finally, the DA is applied to the extended interferometric array, to investigate 
the effect of the algorithm. The algorithm provides an optimum solution for both 
the snapshot and the hour-tracking observations with minimum values of over-
lapping (this happens due to the gridding of the plane as defined in (2) and (3)). 

The position of the antennas, the u-v coverage for the snapshot observation 
and for a 6-hour tracking observation in the array using the DA are shown in 
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Figure 6(c), Figure 7(c), and Figure 8(c), respectively. The calculated ratios 
shown in Table 3 express the ability of the DA in distributing the samples and 
obtaining more samples rather than the GA for the snapshot. 

The calculated results that are summarized in Table 3 show that the DA can 
achieve the sampled data with the same efficiency as the GA for the snapshot 
observation. The calculated overlapped samples ratio for a 6-hour tracking is 
shown in Table 3. From the results, this ratio is valued at 22.28%. It means the 
algorithm improves the overlapped samples more efficiently than GA for a 
6-hour tracking observation. 

Since the number of generations goes up, the number of unsampled cells is 
reduced; specifically, this percentage is 91.56% at snapshot and 92.16% for a 
6-hour tracking observation, which show the same efficiency of the GA. 

The calculated first SLL, mean values of the first three SLLs (mean SLL), and 
the worst SLL defined as the peak SLL are shown in Table 4. The values of the  
 

 
Figure 8. The evolution of average fitness in each generation in (a) the spatial frequency 
domain and (b) the l-m domain. 
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Table 4. Comparison of different configurations. 

Configuration 
First SLL (dB) 

(Hour tracking) 
mean SLL (dB) 
(Hour tracking) 

Peak SLL (dB) 
(Hour tracking) 

25th generation −6.99 −6.75 −3.03 

150th generation1 −5.23 −8.45 −5.20 

DA array −10.00 −9.86 −5.88 

Notes: 6-hour is used in hour tracking synthesize. 

 
first SLL, mean SLL, and peak SLL are −6.99 dB, −6.75 dB, and −3.03 using the 
25th generation, −5.23 dB, −8.45 dB, and −5.2 dB using the 150th generation, and 
−10 dB, −9.86 dB, and −5.88 dB for the DA array, respectively. It shows that 
even though the GA decreases the SLL, the DA gains reasonable SLL and opti-
mum ratios in the spatial frequency domain, with the same population.  

The evolution of the average fitness in each generation for the u-v plane cov-
erage at the snapshot and SLL reduction is shown in Figure 8. As shown in Fig-
ure 8(a), for the first 50 generations, the optimum solution is reached at the 38th 
generation. In contrast, for a total of 150 generations, a better solution is ob-
tained at the 112th generation. Similarly, the fitness value for the first 50 genera-
tions in Figure 8(b) obtains the optimum solution at 43th generation. Since, the 
algorithm seeks for the solutions randomly; it provides different solutions for 
each generation.  

4. Discussion 

Astronomical observations benefit from arrays that can achieve high resolution 
with low SLLs, smooth linear ridges, and good u-v plane coverage. The aim of 
the study was to extend such an array to optimize the configuration. Therefore, 
the principal aim of the present simulation was to compare different extended 
configurations. Based on the results shown in Table 1, the spiral configuration 
or curved arm achieves good results in l-m domain and u-v domain. Also, it was 
found that the curvature smoothens the linear ridges for a low duration observa-
tion. Finally, the GA was able to provide good results for all the desired require-
ments.  

Malaysia has started to get involved in astronomy project recently with two 
telescopes. As such, the second part of this study has investigated an optimum 
solution for the future correlator array antennas in Malaysia. Based on the re-
sults, it has been shown that the DA is able to obtain a configuration that pro-
vides almost all desired requirements in both spatial frequency domain and an-
gular domain. 

5. Conclusions 

In conclusion, the aim of this study was to investigate different solutions to ex-
tend an interferometric array and the future array in Malaysia. For expanding 
the existing array, initially, the expansion along the three arms configuration was 
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studied and then the effect of expanding it to a spiral shape was evaluated. The 
results have shown that the spiral could provide better u-v plane coverage in a 
6-hour tracking synthesized observations (in an aperture synthesis observation 
of six hours duration) with the lowest levels of the SLL. Then, the GA was ap-
plied to the interferometric array. From the results (different results of u-v plane 
coverage) shown in this paper, the extended curved arms have better u-v cover-
age results than the extended Y-shaped. It also suppressed the SLLs. As such, the 
algorithm improves the number of overlapped samples, as the number of gener-
ations increases. Finally, the DA was applied to such an array. Calculated results 
in Table 1 show that the DA method can sample the data more efficiency for the 
snapshot observation compared to the other configurations discussed in this 
paper.  

Then, the GA and DA were applied to 10 antennas. Calculated results show 
that the DA can achieve the sampled data with the same efficiency as the GA for 
the snapshot observation. The calculated overlapped samples ratios for a 6-hour 
tracking are discussed. It is shown that the DA improves the overlapped samples 
ratio more efficiently than the GA for a 6-hour tracking observation. 
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Abstract 

We present results from ab-initio, self-consistent calculations of electronic 
and related properties for the ground state of cubic lithium selenide (Li2Se). 
We employed a local density approximation (LDA) potential and performed 
computations following the Bagayoko, Zhao, and Williams (BZW) method, 
as enhanced by Ekuma and Franklin (BZW-EF). This method verifiably leads 
to the ground state of materials without employing over-complete basis sets. We 
present the calculated electronic energies, total and partial densities of states, ef-
fective masses, and the bulk modulus. The present calculated band structures 
show clearly that cubic Li2Se has a direct fundamental energy band gap of 4.065 
eV at the Γ point for the room temperature experimental lattice constant of 
6.017 Å. This result is different from findings of previous density functional 
theory (DFT) calculations that uniformly reported an indirect band gap, from 
Γ to X, for Li2Se. We predicted a direct band gap of 4.363 eV, at the computa-
tionally determined equilibrium lattice constant of 5.882 Å, and a bulk mod-
ulus of 35.4 GPa. For the first time known to us, we report calculated electron 
and hole effective masses for Li2Se. The experimental confirmation of the 
large, direct gap we found will point to a potential importance of this material 
for ultraviolet technologies and applications. Due to a lack of experimental 
results, most of our calculated ones in this paper are predictions for Li2Se. 
 
Keywords 
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1. Introduction 

Alkali metal chalcogenides (X2Ch, X = Li, Na, K; Ch = O, S, Se, Te) have high 
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ionic conductivity and large fundamental energy band gaps, leading to their 
promising applications in power sources, fuel cells, solid state gas-detectors, ul-
traviolet space technology devices and photocatalysis [1] [2] [3] [4]. Compared 
to the extensive studies on the alkali metals oxides and sulfides, the alkali metal 
selenides have received much less attention. Recently, several research works 
have focused on lithium selenide (Li2Se) for its superionic (SI) properties. The 
fast Li1+-ion transport of the SI Li2Se solid makes it a prime candidate for sol-
id-state electrolytes in next generation lithium battery technologies [5]. Up until 
now, however, experimental studies of electronic and related properties of Li2Se 
are very few. As far as we know, most of the research work on Li2Se has been 
confined to studies of its structural properties. No experimental measurements 
regarding the electronic and related properties of Li2Se are available. Theoreti-
cally, only the following three research groups have performed first-principle 
calculations of electronic band structures of Li2Se. We summarized their findings 
in Table 1 below. Eithiraj et al. calculated the electronic structure of Li2Se, using 
a Tight-Binding and Linear Muffin-Tin Orbital (TB-LMTO) method [6] [7] and 
the local density approximation (LDA) potential of von Barth and Hedin [8] [9]. 
Their results show that Li2Se is an indirect band gap semiconductor, with a gap 
of 2.748 eV, from Γ to X. Alay-e-Abbas et al. calculated the band structures of 
Li2Se using the Full Potential Linearized Augmented Plane Wave (FP-LAPW) 
method, as implemented in the WIEN2K program package [10], and density 
functional theory (DFT) potentials [11] [12]. Specifically, these authors employed a 
local density approximation (LDA), the Perdew-Burke-Ernzerhof [13] generalized 
gradient approximation (PBE-GGA), the Wu and Cohen [14] GGA (WU-GGA), 
which entails fourth-order gradient expansion of exchange energy function, and 
the Engel and Vosko [15] GGA (EV-GGA) potentials. The band structures cal-
culated within the LDA, PBE-GGA, WC-GGA and EV-GGA potentials exhibit Γ 
to X indirect band gap values of 2.78 eV, 2.93 eV, 2.82 eV, and 4.08 eV, respectively.  
 
Table 1. Previously calculated band gaps of Li2Se. The computational approaches and the 
utilized DFT potentials are respectively in Columns I and II, while the two lowest, calcu-
lated gaps are in Columns III and IV.  

Calculation Methods Exchange-Correlation 
Energy Band Gap, Eg (eV) 

Direct (Γ-Γ) Indirect (Γ-X) 

FP-LAPW LDA 3.23 [11] 2.78 [11] 

FP-LAPW PBE-GGA 3.45 [11] 2.93 [11] 

FP-LAPW WC-GGA 3.18 [11] 2.82 [11] 

FP-LAPW EV-GGA 4.73 [11] 4.08 [11] 

FP-LAPW WC-GGA - 2.80 [15] 

FP-LAPW EV-GGA - 4.12 [15] 

FP-LAPW mBJ - 4.19 [15] 

TB-LMTO LDA 3.457 [8] 2.748 [8] 
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Ali et al. carried out first-principle DFT calculations of electronic properties of 
Li2Se, using the FP-LAPW method and the WC-GGA as well as the EV-GGA 
potentials [16]. In their work, they utilized the recently modified Becke and 
Johnson (mBJ) potential [17], which is a “hybrid” potential whose amount of 
“exact exchange” is controlled by a parameter c, to improve the calculated, elec-
tronic band structure. The first-principles WC-GGA, EV-GGA and mBJ calcula-
tions by Ali et al. show that Li2Se has a Γ to X indirect band gap of 2.80 eV, 4.12 
eV, and 4.19 eV, respectively [16].  

Our motivation for this work partly stems from current and potential applica-
tions of Li2Se for the next generation of battery technologies. Accurate, calcu-
lated electronic and related properties are important in informing and in guiding 
the development of new applications. While previous DFT calculations agreed 
on the indirect nature of the band gap, the resulting numerical values range from 
2.748 eV to 4.19 eV. Such a wide range points to the need for further theoretical 
studies of electronic and related properties of lithium selenide. The current lack 
of experimental studies of electronic and related properties of Li2Se is an added 
motivation for this work. With our distinctive computational method, we have 
correctly described and predicted electronic and related properties of more than 
30 semiconductors [18]. These past successes portend an accurate DFT descrip-
tion of this material, using our BZW-EF method. We describe below, in Section 
2, the general computational approach and our distinctive method. We subse-
quently present our findings in Section 3. We then provide discussions and a 
conclusion in Sections 4 and 5, respectively.  

2. Computational Method 

In ambient conditions, Li2Se crystallizes in a stable face center cubic (FCC) anti-
fluorite (anti-CaF2-type) structure [19] (Space group 5 3hO Fm m− , No. 225), 
with the Li atoms located at ± (0.25, 0.25, 0.25) and the Se atoms at (0, 0, 0) 
Wyckoff positions. In this work, we performed first-principle full-potential DFT 
calculations for the electronic properties of Li2Se, using the experimental lattice 
constant of 6.017 Å from Zintl et al. [19] and our predicted, equilibrium lattice 
constant. We utilized a linear combination of atomic orbitals (LACO) formalism 
and the BZW-EF method, which has been extensively described in several of our 
previous publications [18] [20] [21] [22] [23]. Our first-principle LCAO package 
is from the Ames laboratory of the US Department of Energy, in Ames, Iowa 
[24] [25]. We began the calculations with self-consistent computations for the 
atomic wave functions for Li1+ and Se2− atoms. The radial parts of the atomic 
wave functions were expanded in terms of Gaussian functions. The s, p orbitals 
for the cation Li+ were described with 16 even-tempered Gaussian functions with 
respective minimum and maximum exponents of 0.2400 and 0.90 × 105 for the 
atomic potential and 0.1200 and 0.90 × 105 for the atomic wave functions. The 
self-consistent calculations for Li+ led to the total charge of 2.0009, which is also 
the valence charge. For Se2− the s, p and d orbitals were described with 24 
even-tempered Gaussian functions with respective minimum and maximum 
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Gaussian exponents of 0.2300 and 0.220 × 106 for the atomic potential and 
0.1350 and 0.240 × 106 for the atomic functions, respectively. These Gaussian 
exponents led to the convergence of the atomic calculations. We utilized the 
Ceperley and Alder local density approximation (LDA) potential. In the itera-
tions for self-consistency, we used a mesh of 60 k-points with proper weights in 
the irreducible Brillouin zone. We reached convergence for a given self-consistent 
calculation after 90 iterations; the criterion for convergence was that then, the 
difference between the potentials from the last two consecutive iterations was 
10−4 or less. Further, for the production of the final, self-consistent electronic 
band structures, we used a total of 81 k points in the Brillouin zone, with the 
same computational errors as for the self-consistent potential calculations. Based 
on the above points, our computational approach is the same as those of other 
DFT calculations. We underscore below the critically important, distinctive fea-
ture of our computational method, with multiple, self-consistent calculations 
with basis sets of different sizes.  

Our ab initio self-consistent calculations for the solid, with the BZW-EF me-
thod, began with a small basis set containing the minimum basis set, which is the 
smallest one accounting for all the electrons in the system under study, i.e., 
Li2Se. Following this Calculation I, we augmented the basis set with one orbital 
representing an excited state and performed Calculation II. We graphically and 
numerically compared the occupied energies from Calculations I and II, with the 
Fermi levels set to zero. After augmenting the basis set of Calculation II with one 
orbital, we carried out Calculation III and compared the resulting occupied 
energies with those from Calculation II. In both of the preceding comparisons of 
occupied energies, at least some of the ones obtained with the larger basis set 
were lower than corresponding ones from the immediately preceding calculation 
(with a smaller basis set). We continued this process of augmenting the basis set 
and of performing self-consistent calculations until three consecutive ones led to 
the same occupied energies. The perfect superposition of these occupied energies 
is the criterion or proof that these calculations produced the absolute minima of 
the occupied energies, i.e., the ground state of the system.  

Let N be the number of the first of these three calculations to reach the ground 
state. We dubbed the basis set of this calculation as the optimal basis set, i.e., the 
smallest basis set that leads to the ground state upon the attainment of 
self-consistency. Calculations (N + 1), (N + 2) and other with larger, augmented 
basis sets produced (a) the same charge density, (b) the same Hamiltonian, and 
(c) the same occupied energies as respectively obtained with Calculation N. We 
distinguish the Hamiltonian from the Hamiltonian matrix that changes with the 
size of the basis set. Despite (a) through (c) above, some unoccupied energies 
from calculations (N + 1), (N + 2) and others with larger, augmented basis sets, 
were generally lower than corresponding ones obtained in Calculation N. Given 
that the Hamiltonian did not change from that of Calculation N, any eigenvalues 
that deviate from (i.e., are lower than) their corresponding values resulting from 
Calculation N are clearly unphysical. Another proof of this assertion stems from 
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the second corollary18 of the first DFT theorem: According to it, the spectrum of 
the ground state Hamiltonian is a unique functional of the ground state charge 
density. Hence, if an eigenvalue from Calculation (N + 1) or higher is different 
(lower than) its corresponding value obtained in Calculation N, then the new 
value no longer belongs to the spectrum of the Hamiltonian—as the charge den-
sity did not change. In summary, Calculation N is the only one providing the 
true DFT description of the material; the resulting eigenvalues possess the full 
physical content of the DFT, unlike eigenvalues resulting from self-consistent 
iterations with a single basis set. These iterations produce stationary solutions 
among an infinite number of such solutions. Our generalized minimization of 
the energy functional of the Hamiltonian, using successive, self-consistent cal-
culations, verifiably reaches the true ground state of the system—instead of an 
arbitrary, stationary solution unwittingly confused with the ground state.  

3. Results 

Table 2 shows the successive calculations inherent to the implementation of the 
BZW-EF method. Calculation III-V were the first ones to reach the ground state 
of the system, as explained above in the method section. As per the explanations 
in this method section, Calculation III is the one providing the DFT description 
of Li2Se. Table 2 also shows the specific orbitals for the two ionic species, the to-
tal number of valence functions (with the number of orbitals for Li+ counted 
twice for Li2Se), and the calculated band gaps at the Γ point, from Γ to X, and 
from Γ to K. The superscript of zero for an orbital signifies that it represents an 
unoccupied state, i.e., an excited state.  

Figure 1 shows the calculated, electronic band structures of Li2Se along high 
symmetry k points in the irreducible Brillouin zone, as obtained in Calculations 
III and IV of the BZW-EF method. 

 
Table 2. Successive, self-consistent calculations in the implementation of the BZW-EF 
method of the generalized minimization of the energy. The band gaps are in the last three 
columns, in eV. For the total number of valence functions, the number of orbitals on Li1+ 
is counted twice. The smallest band gap is direct, for Calculations I-V, it is indirect for 
Calculation VI. Calculation III provides the DFT description of Li2Se; it is the first of 
three consecutive ones leading to the same absolute minima of the occupied energies (i.e., 
the ground state, with a direct band gap of 4.065 eV at Γ).  

Cal. No. 
Orbitals  
for Li1+ 

Orbitals for valence  
state of Se2− 

No. of  
Valence  

Functions 

Gap 
(at Γ) in eV 

Gap (Γ-X) 
in eV 

Gap 
(Γ-K) in eV 

I 1s22s02p0 3s23p63d104s24p6 46 4.111 4.551 5.427 

II 1s22s02p0 3s23p63d104s24p64d0 56 4.096 4.536 5.412 

III 1s22s02p03p0 3s23p63d104s24p64d0 68 4.065 4.395 5.195 

IV 1s22s02p03p03s0 3s23p63d104s24p64d0 72 4.023 4.394 5.172 

V 1s22s02p03p03s0 3s23p63d104s24p64d05p0 78 3.940 4.221 4.967 

VI 1s22s02p03p03s0 3s23p63d104s24p64d05p05s0 80 3.923 3.900 4.883 
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Figure 1. Calculated band structure of Li2Se, as obtained in Calculations III and IV of the 
BZW-EF method. The occupied energies from the two calculations are perfectly supe-
rimposed. No calculations with basis sets resulting from augmenting that of Calculation 
III produce occupied energies lower than their corresponding values from Calculation III.  

 
From this figure and the content of Table 2 above, we conclude that Li2Se is a 

direct band gap semiconductor; this result is in stark disagreement with the pre-
viously reported DFT band gaps, in Table 1, that are uniformly given that all of 
these previous gaps are indirect. The top of the valence band and the bottom of 
the conduction bands are both at the Γ point. From the results of Calculation III, 
performed with the optimal basis sets, the calculated DFT band gaps of the ma-
terial are 4.065 eV (at Γ), 4.395 (Γ-X) and 5.195 eV (Γ-K), respectively.  

In Table 3, we list illustrative, calculated, electronic energies for Li2Se at high 
symmetry points (Γ, X, K, and L) in the Brillouin zone. These energies are ex-
pected to be useful in comparisons of our findings with future, experimental re-
sults. Such results include direct, optical transition energies and various X-ray 
and ultraviolet (UV) spectroscopic measurements.  

Figure 2 shows the total electronic density of states (DOS) derived from the 
bands produced in Calculation 3, with the optimal basis set. The inset presents 
the magnified DOS in the vicinity of the band gap. This inset suggests a relative-
ly sharp absorption edge starting around 4 eV. The total valence bandwidth is 
about 11.22 eV, from the DOS figure, and 11.21 eV, from the above table of ei-
genvalues. From the DOS figure, the width of the lowest laying valence band is 
0.456 eV, while that of the group of upper valence bands is about 2.93 eV. The 
peaks in the DOS for the conduction band are at 5.74 eV, 6.653 eV, 8.86 eV, and 
9.47 eV, according to Figure 2.  
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Table 3. At the room temperature lattice constant of 6.017 Å, the calculated eigenvalues 
(in eV), along high symmetry points, for rock salt Li2Se are shown below. They resulted 
from Calculation III, the first to reach the ground state of the system.  

Γ-point X-point K-point L-point 

14.367 15.494 14.907 13.690 

12.251 12.993 13.748 13.109 

12.251 12.993 10.588 11.760 

12.251 11.615 10.353 11.760 

5.836 10.509 9.875 9.221 

5.836 10.509 8.918 6.573 

5.836 6.889 8.264 6.548 

4.065 4.395 5.194 14.907 

0.000 −1.509 −1.207 −0.557 

−0.003 −1.509 −2.041 −0.557 

−0.003 −2.347 −2.142 −2.889 

−11.211 −10.724 −10.739 −10.857 

 

 
Figure 2. Calculated, total density of states (DOS) for Li2Se, as derived from the bands 
resulting from Calculation III, the first to reach the ground state. The vertical line at zero 
indicates the position of the Fermi level. The inset suggests a relatively sharp absorption 
edge in the vicinity of 4 eV.  
 

We present the electronic, partial DOS (pDOS) in Figure 3. These densities 
are also derived from the bands obtained with the optimal basis set. From the 
pDOS, we see that the valence band of Li2Se is almost exclusively composed of Se 
s and p states. In other words, these bands are described by the s and p atomic  
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Figure 3. Calculated, partial densities of states (pDOS) for Li2Se, as derived from the band 
resulting from Calculation, the first one to reach the ground state of the system. Zero on 
the horizontal axis indicates the position of the Fermi level.  
 
orbitals on Se. More specifically, the lowest laying valence band is dominated by 
Se s state, with a feint contribution from Li-s. The uppermost group of valence 
bands is from Se p state. The conduction bands are mainly from the hybridiza-
tion of Li p and s, with the domination of the former. Se d (3d), even though 
treated as valence states in the calculations, turned out to belong to the core 
states. The pDOS figure shows that Se 4d contributes to much higher, excited 
states. The above features of the band structure can be measured in various 
X-ray and UV spectroscopic investigations, as was the case for our calculations 
of electronic and related properties of wurtzite aluminum nitride [26].   

The electrical conductivities, and transport and other related properties of 
materials require an accurate and detailed knowledge of effective masses. As per 
the content of Table 4, we have performed calculations of electron effective 
masses around the minimum of the conduction band, at the Γ point, and around 
the next, lowest conduction band minimum at the X-point. We have calculated 
the effective masses of the light and the two heavy holes at the top of the valence 
band, at the Γ-point. We list these calculated, effective masses in Table 4 below, 
for various directions, in units of the mass of the electron (mo). The effective 
masses of heavy Hole 1 and heavy Hole 2 are equal, except in the (Γ-K)110 direc-
tion. Their difference in that direction is due to the splitting of the bands in the 
(Γ-K)110 direction by the Coulomb crystal field. The hole effective masses are 
much more anisotropic than those for the electron. The calculated electron ef-
fective mass for antifluorite Li2Se, in the vicinity of the Γ point, is nearly isotrop-
ic and is equal to 0.352 mo. The electron effective masses at the X point are es-
sentially anisotropic, with the longitudinal electron effective mass of 0.647 mo in 
the X to Γ direction, with the transverse electron effective mass of 0.413 mo in 
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the X to K direction, and of 0.464 mo in the X to U direction. The value of the 
heavy Hole 1 effective mass is 2.33 mo in the Γ to L direction (Γ-L)111, 1.17 mo in 
the Γ to X direction (Γ-X)100, and 1.53 mo in the Γ to K direction (Γ-K)110. This 
hole effective mass is strongly anisotropic. The heavy Hole 2 effective mass in 
the (Γ-K)110 direction is 0.989 mo. The effective masses of light Hole are 0.292 mo 
in the (Γ-L)111 direction, 0.515 mo in the (Γ-X)100 direction, and 0.343 mo in the 
(Γ-K)110 direction. We found no experimental values for these effective masses. 
We expect future measurements to confirm our predictions in Table 4. 

The graph of the total energy versus the lattice constant is shown in Figure 4  
 
Table 4. Calculated, effective masses for antifluorite Li2Se, in units of free electron mass 
(mo). Me indicates an electron effective mass at Γ or at X.; Mhh and Mlh denote the heavy 
and light hole effective masses, respectively.  

Types and Directions of Effective Masses Values of Effective Masses (mo) 

Me 0.352 

Me (X-Γ) Longitudinal 0.647 

Me (X-K) Transverse 0.413 

Me (X-U) Transverse 0.464 

Mhh1 (Γ-L)111 2.33 

Mhh1 (Γ-X)100 1.17 

Mhh1 (Γ-K)110 1.53 

Mhh2 (Γ-K)110 0.989 

Mlh (Γ-L)111 0.292 

Mlh (Γ-X)100 0.515 

Mlh (Γ-K)110 0.343 

 

 
Figure 4. The total energy per unit cell, for Li2Se. The minimum of the curve occurs at a 
= 5.882 Å. The predicted, direct, band gap (Γ-Γ) at this lattice constant is 4.363 eV. 

https://doi.org/10.4236/jmp.2019.108060


A. Goita et al. 
 

 

DOI: 10.4236/jmp.2019.108060 918 Journal of Modern Physics 

 

below. The range of the lattice constant in which our total energy values were 
obtained is 5.70 to 6.20 Å. The minimum of the total energy curve is at 5.882 Å, 
which is our predicted equilibrium lattice constant. With this lattice constant, we 
predicted at zero temperature band gap of 4.363 eV at the Γ point, larger than 
the room temperature value by 0.298 eV. Our calculated bulk modulus is 35.4 
GPa; it is the same as the finding of Ali et al. [16] and is slightly larger than the 
calculated result of 34.72 GPa of Alay-e-Abbas [11] [12]. No experimental mea-
surements for the bulk modulus of Li2Se are available for comparison.  

4. Discussion 

The following discussion is guided by the fact that our calculations, as explained 
in the section on our method, 1) verifiably attained the ground state of the sys-
tem 2) while avoiding over-complete basis sets. The latter feature guarantees that 
spuriously low, unoccupied energies are not in the spectrum of the ground state 
Hamiltonian. The two features further guarantee that the eigenvalues obtained 
with the optimal basis set, defined earlier, possess the full, physical content of 
DFT. The claim in the literature that DFT eigenvalues do not have any particular 
physical meaning does not apply to our findings that are true ground state results.  

As shown in Table 1, all previous DFT calculations produced indirect band 
gaps for Li2Se, in stark contrast to our calculated, direct (Γ-Γ) band gaps of 4.065 
eV and 4.363 eV, respectively, obtained with room temperature and the equili-
brium lattice constants. Additionally, while three of the previous GGA results 
(4.08 - 4.19 eV) are numerically close to ours, the latter is larger by 1.135 or 
more than five (5) GGA and LDA results in Table 1. The excellent agreement 
between our previous results and corresponding, experimental ones [8] portends 
a future, experimental confirmation of our findings. Such a confirmation will 
point to extensive, potential importance of Li2Se in various ultraviolet technolo-
gies and applications.  

Most DFT calculations in the literature perform self-consistent iterations with 
a single basis set to produce results that are assumed to describe the ground state 
of the system. Such a single basis is deliberately chosen to be large, more often 
than not. This choice is to avoid possibilities for the basis set to be incomplete, 
i.e., not large enough in size (number of functions) or not rich enough in radial 
and angular features to accommodate the redistribution of the charge density in 
the formation of the system under study. As explained in our method section, 
large basis sets that contain the optimal one can lower some unoccupied ener-
gies; the larger the basis set, the larger the lowering is.  

Hence, we should expect single basis set calculations by different authors to 
produce different underestimates of the band gap of a semiconductor, even if 
they employ the same DFT potential and similar computational approaches. The 
outcomes of our Calculation VI illustrate the point. Let us first recall that calcu-
lations with large basis sets resulting from an augmentation of the optimal basis 
set do not lower any occupied energies from their value obtained with the op-

https://doi.org/10.4236/jmp.2019.108060


A. Goita et al. 
 

 

DOI: 10.4236/jmp.2019.108060 919 Journal of Modern Physics 

 

timal basis set. Additionally, if such basis sets are not significantly larger than the 
optimal one, they also reproduce low laying, unoccupied energies obtained with 
the optimal basis set. The content of Figure 1 shows that the low laying, unoc-
cupied energies produced by Calculation IV are the same as those from Calcula-
tion III, up to +6 eV. The values of the band gaps resulting from Calculation VI, 
whose basis set contains 12 more functions than the optimal one, illustrate the 
point. This calculation not only reduced the band gaps from their values ob-
tained in Calculation III, but also it resulted in an indirect (Γ-X) band gap. The 
latter feature is in qualitative agreement with the findings of the previous DFT 
calculations shown in Table 1; we presume that these single basis set calcula-
tions most likely utilized relatively large basis sets.  

5. Conclusion  

In summary, we performed first principle, self-consistent calculations of electronic, 
transport, and bulk properties of cubic antifluorite lithium selenide (Li2Se), using a 
local density approximation (LDA) potential. As per the BZW-EF method, our 
implementation of the linear combination of atomic orbitals entailed the per-
formance of successive, self-consistent calculations with increasingly large basis 
sets. We obtain the basis set of a calculation, except for the first one that has a 
small basis set, by augmenting the basis set of the immediately preceding calcu-
lation with one orbital. This generalized minimization of the energy not only 
reached the ground state, but also does so without employing over-complete ba-
sis sets that tend to lower, unphysically, some unoccupied energies. This fact 
suggests that the widespread underestimation of the band gaps of semiconduc-
tors and insulators, by DFT calculations, may be due to this spurious lowering of 
unoccupied energies. Our calculated, indirect band gap of Li2Se, at room tem-
perature, is 4.065 eV. This result is in stark contrast with those from previous 
DFT calculations that found an indirect band gap. The accurate results we ob-
tained for more than 30 semiconductors are the basis for us to expect a future, 
experimental confirmation of our results for the energy bands, the densities of 
states, effective masses, and the bulk modulus of Li2Se.    
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Abstract 

Based on radioactive phenomena (weak force), Georges Lemaître conceives, 
as soon as 1927, the primeval universe as a “unique super-dense quantum”, 
whose disintegration gave birth to all the current components of the universe 
[1] [2]. Using quantum mechanics, he proposes to explain the origins of the 
world from the point of view of quantum theory. He believes to find in the 
cosmic rays the manifestation of the initial fragmentation. However, regard-
less of the adopted cosmology, the hypothesis of the primeval atom (cold big 
bang) had no equation to support it and was not retained. Like all other cos-
mologists, he fell back on the Friedmann-Einstein equation with a repulsive 
cosmological constant which, according to supernova observations at the end 
of the millennium, propels expansion towards infinity. We juxtapose our eq-
uation of “quantum cosmology” to this equation of relativistic cosmology. 
We have already proposed this equation in an earlier paper [3], which has its 
source in quantum mechanics and fits Lemaître’s hypothesis of the “primeval 
atom”. It’s an equation in which the concept of matter-space-time is mathe-
matically connected; gravitation and electromagnetism are also bound by 
space-time. A mechanism is described showing how velocity, time, distance, 
matter and energy, are correlated. We are led to ascertain that gravity and 
electricity are two distinct manifestations of a single underlying process: elec-
trogravitation. For the first time, the cosmological time, considered as a real 
physical object, is integrated into a “cosmological equation” which makes co-
herent what we know regarding the time (its origin, its flow…), the matter 
and the space. Moreover, the equation indicates a constantly decelerated ex-
pansion. The concentration of the material medium and the importance of 
the decreasing energy of the vacuum contribute to the progressive increase of 
the positive pressure which becomes responsible for the increasing decelera-
tion of the expansion. Does this mean that our equation leads us inevitably to 
the hypothesis of the primeval atom for the whole cosmos? Certainly not, 
since our model includes both the hot Gamow model and the cold Lemaître 
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model. The term “dynamic evolution” (used in the beginning by specialists 
for big bang models) is appropriate for our model since there is both an ex-
plosive origin and, throughout the expansion, a disintegration of a hy-
per-dense matter. The discovery of cosmic microwave background radiation 
has confirmed the hot big bang model that Gamow and his team have 
achieved. The predicted light prevailed over the primitive cosmic rays (par-
ticles) suggested by Lemaitre. Nevertheless, we think that Lemaitre was also 
right. The so-called big bang theory (singular cataclysmic explosion), in addi-
tion to not meeting basic criteria of science, is contradicted by several obser-
vations that are ignored. For example, the work of Armenian astronomers has 
convinced us that the origin of cosmic particles results not only from super-
nova explosions, but also from the partition of radio galaxies, not only from 
the death of the world, but also from their birth. 
 

Keywords 

Theory of Relation, Irreversible Cosmological Time, π, Deceleration, New 
Variable, Quantum Cosmology, Primeval Atom, Cosmic Rays 

 

1. Introduction 

The standard model of the big bang theory, in its main features, is widely distri-
buted in the general public, at the risk of doing that the history of the universe is 
from now on an acquired knowledge. To describe our universe, the cosmological 
model relies on fundamental laws supposed to describe all the phenomena of 
nature, which it extrapolates to cosmic scales. But, in order for this model to be 
in agreement with all the astronomical observations (the acceleration of the ex-
pansion of the universe highlighted in 1998), it was necessary to introduce a 
dark energy of which no physical theory explains the origin. 

If general relativity describes gravitation at cosmological scales, then the ex-
pansion of the universe can be accelerated only under one condition: the matter 
that dictates the dynamics of the universe today must be such that the sum its 
energy density and of three times its pressure is negative. For this, a repulsive 
black energy has been inserted in the Einsteinian equations. This new material 
component incorporated in the model in the form of a cosmological constant 
would be only a manifestation of the quantum fluctuations of the vacuum. The 
calculations lead to a value between 1060 and 10120 times greater than that de-
duced from cosmological observations. Which is a real disaster!  

But this does not end here. When, in 1998, cosmologists announced that, 
based on a study of 21 Type-1A supernovae, the very fabric of space was ex-
panding, they concluded that they were a proof of a positive cosmological con-
stant and a hitherto unsuspected dark energy that accelerated the expansion of 
space [4]. In our view, it was a botched and biased study to preserve the con-
struction of the standard cosmological model. In a previous article about the 
Pioneer effect, we said the deceleration of the probe in distant spaces where the 
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wavelength of space-time grows is in itself an experimental proof of a world in 
deceleration [5]. In another article on the positive cosmological constant starting 
from type 1a supernovae observations, we showed that its official accreditation 
in 1998 was premature and misinterpreted [6].  

Subsequently, by adding type 1a supernovae, astronomical teams confirmed 
these data, others revealed systematic uncertainties, and no clear evidence was 
found for a possible evolution of the slope (beta) of the color-luminosity relation 
with the redshift [7], direct evidence of dark energy rather weak [8], serious 
doubts about the acceleration of the universe [9], statistical analysis of superno-
vae data-set that leaves much to be desired [10], results consistent with a cos-
mological constant that give only weak constraints on a w that varies with red-
shift [11], etc. Despite serious reservations, three astronomers received the Nobel 
Prize in Physics in 2011 for their discovery that the universe was growing at an 
accelerated rate. 

In 2016, an international team of physicists, approaching the problem with a 
fresh look, questioned the acceleration of the expansion of the universe [12]. As 
Subir Sarkar, a researcher at Oxford University, reports: “We analysed the latest 
catalogue of 740 Type Ia supernovae—over 10 times bigger than the original 
samples on which the discovery claim was based—and found that the evidence 
for accelerated expansion is, at most, what physicists call ‘3 sigma’. This criterion 
is far short of the ‘5 sigma’ standard required to claim a discovery of fundamen-
tal significance.” Instead of finding evidence to support the accelerated expan-
sion of the universe, Sarkar and his team say it looks like the universe is ex-
panding at a constant rate [13]. 

If expansion is constant, drawing new physics with dark energy is not neces-
sary. Does this also mean that the fundamental principles of the standard cos-
mological model do not have to be questioned? They must be called into ques-
tion because, despite the consolidations for the big bang theory and the setting 
of the fundamental parameter values for thirty years, it is a model “weaken” by 
the theory of inflation in effect. Recall that the satellite XMM-Newton of Agen-
cy’s European Space X-ray observatory (ESA) [14], has returned data about the 
nature of the universe indicating that the universe must be a high-density envi-
ronment, in clear contradiction to the “concordance model” (according to which 
the universe is today composed of about 73% of dark energy) linked to the 
theory of inflation (whose origin is unknown). In a survey of distant clusters of 
galaxies, the results of XMM-Newton revealed that today’s clusters of galaxies 
are superior to those present in the universe around seven thousand million 
years ago. Such a measure also goes toward a decelerated expansion [15].  

The acceleration of the universe and the repulsive dark energy are the two 
components of the inflation theory, which was supposed to be the miracle cure 
for the pathology of the causality of the standard model. It seems that the reme-
dy is worse than the disease. There is no convincing theoretical explanation for 
the existence of dark energy, its nature or its magnitude. The so-called accelera-
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tion of the universe only further demonstrates that the theories of fundamental 
particles and gravity are incorrect or incomplete. Most experts believe that it will 
take nothing less than a revolution in our understanding of fundamental physics 
to achieve a complete understanding of cosmic expansion. For these reasons, we 
propose our quantum cosmological model.  

It contains an equation, developed in an earlier work [3], which is doubly hy-
brid: quantum and relativistic by its construction, revealing and embarrassing 
because of its consequences. If it elegantly gives a natural place to cosmological 
time, it reveals objects that are hated: negative energies. The purpose of this pa-
per, besides the exposure of this equation, is to present the hypothesis of the 
primitive atom of Georges Lemaitre at the origin of the concepts of expanding 
universe and big bang. Lemaitre had anticipated the fundamental role played by 
quantum mechanics, vacuum energy and the existence of a fossil radiation. In the 
absence of an equation to support his vision, he adopted the Einstein-Friedmann 
equation, which led to the current acceleration of expansion. We think that our 
equation is the one that Lemaître was missing from the start. 

This paper is divided into four parts, intended to be complementary. In 2.1 
and 2.3 the equation of the theory of Relation presents the universe as an ex-
panding super-atom. In 2.2 we emphasize the importance of pi in the equation. 
In 2.4 expansion… and yet it decelerates! In 3.1 we discuss the hypothesis of the 
primeval atom of Georges Lemaitre. In 3.2 some features of the history of the 
standard big bang. In 3.3 the hypothesis of the primeval atom of Lemaitre is 
confronted with that of the primitive atom of Gamow. In 3.4 we discuss about 
Lemaître’s primeval cosmic rays. In 3.5 we discuss to find out if Lemaitre’s cold 
model is as true as Gamow’s hot model. In 4.1 we show how the cosmological 
time in our equation links the physics of the infinitely large to that of the infi-
nitely small. In 4.2 we browse Planck’s units through our equation. In 4.3 we 
present 2

VPM , the new essential parameter. In 5 we list the advantages of this 
quantum cosmological model and its equation which gives the same results as 
those obtained with the classical models which refer to the Einstein-Friedmann 
equation. Nature of our universe: everything happens as if there were two un-
iverses in one; the expansion would have been preceded by a period of contrac-
tion and it would not have occurred at the same time for all matter. We em-
phasize that the standard big bang theory refuses to take into account the exis-
tence of negative energy particles, thus denying half of our universe. It is also 
contradicted by several observations left aside, for example the works of Arme-
nian astronomers whose observations have confirmed the hypothesis of the for-
mation of stars according to which evolution was made of hyper-dense bodies to 
less dense bodies. These astronomers have furthermore validated that the birth-
places of the new galaxies were the centers of the old galaxies, as well as the 
theory of the division of galaxies. In 6 we conclude that this equation is the one 
which gets closer most to the equation which missed to Lemaître to defend his 
“hypothesis of the primeval atom” and his prediction of fossil cosmic rays.  
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2. Equation of the Theory of Relation  

2.1. The Equation of the Theory of Relation  

Historically, Newton’s discovery of the law of gravitation can be appreciated as 
the first “unification”, combining the laws of heaven and earth. The next great 
leap took place in the mid-1860’s with Maxwell`s theory of electromagnetism 
uniting electricity and magnetism. In 1905, Einstein created the special theory of 
relativity connecting space and time and associating the concepts of matter and 
energy. In 1915, he proposed general relativity, which explained gravitation as 
the marriage of space-time and matter-energy. In the 1960’s, the works of S. 
Weinberg, A. Salam and S. Glashow led to the unification of the electromagnetic 
interaction and the weak nuclear interaction. The next step, namely the unifica-
tion of the electroweak and strong interactions, drove to the electronuclear 
theory (GUT) whose predictions were the object of no conclusive result. As for 
the ultimate synthesis—the unification of gravitation and GUT—, it has defied 
all attempts [16]. 

More than seventy years ago, Paul Dirac suggested that more than a coinci-
dence was at work between the age of the universe in atomic time units and the 
ratio of the electric force between an electron and a proton to the gravitational 
force between the two ( )2 4010p eke GM M −

 =   [17] [18]. The most fundamental 
unit of time would be one associated with atomic processes, because it would de-
pend only on basic natural constants, such as the electric charge (e), the mass of the 
electron ( eM − ), or the speed of light (c). This time unit, which appears throughout 
physics as the basic time scale for atomic and nuclear processes, is roughly the 
time required for light to travel the electron radius: 15 8 2310 m 10 s 10 s− −= . 
Thus the evaluated age of the universe (1017 s) in atomic time units is 

17 23 4010 s 10 s 10− = . Dirac postulated that the near equality of these two num-
bers was a manifestation of some as yet the unknown deeper law of nature that 
required them to be nearly equal for all time.  

The problem is that the age of the universe is increasing. If the quantity be-
tween the two 1040 is to be maintained, then one of the other numbers must 
change with time. For many physicists, the gravitational constant (G) seems the 
only plausible candidate which can vary in spite of general relativity, which 
states that G is a physical constant whose numerical value is fixed. 

Let us compare the electrostatic and the gravitational forces between two pro-
tons in the same nucleus, with a distance of 0.2 nanometers [19]. We will use the 
MKS system which has the advantage of incorporating the constants of the per-
mittivity of free space and of permeability of free space. The value of the Cou-
lomb constant k is 9 2 21 4 8.9875 10 N m couloεπ = × ⋅ . The value of the constant 

oε , called permittivity of free space, is 12 2 28.8542 10 coul N m−× ⋅ . According to 
Coulomb’s law, the electrostatic repulsive force is  

( )2 2 94 5.775 10 Ne oF q Rε= π = × ; ( )( )22 12 94 8.8541878 10 0.2 10e − − 
 

× ×


π . 

The attractive Newtonian force is 2 2 454.666 10 NopGM R −= × . The ratio is 
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2 2 361.23 10e g pF F ke GM= = × .  
Let us pursue Dirac’s suggestion on the time, and replace the ratio by a uni-

versal time factor with the constants G and c: e g oF F t c G= ; e g oF F t c G= . 
And suppose we relativize the masses of the protons, in accordance with special 
relativity, as if they were moved with a speed of 200,000 km/s, we would obtain   

( )

( ) ( ) [ ]

1
2 2 2 2

2 21 1
2 2

2

2 22 2

1

1 1 ,

o

op o o

ke R v c

G M v c R v c t c G
 


 
− 

 

 
= − − 

 


 

        (1) 

thus we would have 
2 2

  .VP oke M t c=                            (2) 

[ opM  is rest-mass; ( )( )1 22 21 1opM v c−  gives vpM , i.e., rest-mass + kinetic 
energy (T); 200000 km s 2 3v c= = ]. 

Particles come in pairs, each with a counterpart antiparticle  

( )
21 22 2 21op oke M v c t c 

  
± = ± −                  (3) 

( ) ( )( )228 3 2 27 17 82.3 10 kg m s 2.2439 10 kg 1.528 10 s 3 10 .− − −× ⋅ ⋅ = × × ×  

We ascertain that the link between the charge squared and the relativized 
proton’s mass squared confers a universal time of 171.5283 10 s×  multiplied by c. 
That time gives 4.84 billion years ( ) ( )171.5283 10 365.24 24 60 60 × × × ×  . 

2.2. The Importance of pi 

We have already talked about pi in a previous article [3]. We considered that pi 
made an essential difference between a linear time in accordance with a longitu-
dinal wave and a circular time which refers to a transverse wave. A particle that 
travels 4.84 billion years in the metric of a straight-line space will travel the same 
Euclidean distance in 15.21 billion years using the metric of a space with con-
stant curvature. We imagined that a wave rolled up around the radial line A-Z 
would travel it in the 5.21 billion years, which is linear time multiplied by π. It 
fits a transverse electromagnetic wave  

( )2 2 .VP oke M t c= π                         (4) 

Of this expression, one must keep in mind that π is used for winding the par-
ticle spirally around the radial length ot c . It could be a transverse electromag-
netic wave but it could also be a transverse gravitational wave. Mathematically, 
the equation should be 

( ) ( )2 2 .VP oke M t cπ = π                       (5) 

This way of seeing predicts the existence of transverse and longitudinal elec-
tromagnetic waves, as well as transverse and longitudinal gravitational waves. 
The particles that may be associated with longitudinal electromagnetic waves 
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and longitudinal gravitational waves could be the neutrino and the graviton. 
The longitudinal electromagnetic wave already exists. The gravitational wave, 
which has always been considered to be transverse, would have been captured 
in 2015. This does not exclude the existence of a longitudinal gravitational 
wave.  

This article describes pi in another way. The reason is that it makes it possible 
to obtain other forecasts. We find that the case of a transverse wave in relation to 
a longitudinal wave is very similar to that of the light propagating on the circumfe-
rence of a circle, or on the surface of a sphere, whose pi makes it possible to de-
termine its radius. Although the two descriptions seem to be very different from 
each other, there is a mathematical equivalence between them [ oR t cα = π = π ; 
α  can represent a semicircle, a transverse path, a transverse wave; R can 
represent a radius, a radial path, a longitudinal wave]. 

When Einstein’s geometric theory of gravitation is applied to the entire un-
iverse, space is curved on a global scale. This curvature results in geodesics and 
the light ray (or photon) is the ideal tracer of geodesics. The curvature of the 
universe on a cosmic scale is manifested by the fact that the real mutual distance 
between two galaxies located at the antipodes of each other will be equal to the 
product of π by the radius R: Rα = π . What fixes the scale of the curvature is 
the inner radius of the universe because we consider the universe as a sphere 
having a volume and not only a surface. This “geometric” way of representing π 
makes it possible to obtain a central point, an origin, a privileged direction. 
While the Einsteinians can assert that a point on the surface of the universe is 
everywhere a center of the universe, we can say that any point on the surface of 
the universe has the same center of the universe. The center of the sphere be-
comes a unique, privileged direction. 

With the theory of Relation, the radius R of the universe gives on the center of 
the universe, towards the original point of our universe. This model considers 
our universe to be spherical, expanding, with a surface that is curved, finite, and 
boundless [20]. It gives its approximate age, its past and future history starting 
from microscopic units based on atomic data. The model of the theory of Rela-
tion follows the cosmological principle of homogeneity and isotropy and the law 
of raisin cake. In a cake of raisins that swells while cooking, the raisins move 
away from each other not because they move in the dough but because it in-
creases in volume and at the same time grows the mutual distance between any 
two raisins. It is the space between the raisins which increases, it is not them 
who move in the dough. The term ot c  in the equation represents the dough of 
the cake being inflated, it is the radius of the universe which grows and remains 
unobservable, it is a cosmological dark energy whose wavelength follows the size 
of the space. The wavelength of this energy-radiation propagating through the 
space-time it creates varies as the size of the universe and is expressed by the 
cosmological redshift. What is observable are the galaxies, that is to say the rai-
sins. It is not the galaxies that are in motion, it is the space between the galaxies 
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that is expanding [21].   
It can be said that with expansion, galaxies are at the edge of the universe. We 

are part of a galaxy and we measure the universe through light from other galax-
ies. If we leave the edge of the universe, what we call its surface and go straight 
away, as a light ray would do, along a geodesic, we would eventually reach the 
farthest point, which we call the anti-center.  

This point is situated at a certain distance α , and the elementary geometry 
teaches us that the distance a from one pole to the other is equal to the product π 
by the radius R 

.Rα = π                              (6) 

In the opposite direction, if we do not know what the radius R is, it suffices to 
divide the distance α  between a pole and the opposite pole, that is to say the 
point which is the furthest away, by the number π. This definition is applicable 
to our universe. This internal radius will be 

.R α= π                             (7) 

We consider the universe as a finite object without limits. The circumference of a 
circle and the surface of a sphere are examples of one- and two-dimensional spaces 
that are finite but have no beginning or end. One can imagine a four-dimensional 
mathematical sphere, a hypersphere, of which the three-dimensional universe 
constitutes the surface, or rather the hypersurface. Just as the circle and the 
sphere are equidistant from a fixed point of the space called the center, so the 
hypersphere is made of a three-dimensional distribution of points, all situated at 
the same distance from the center [22]. The three-dimensional volume of the 
hypersphere is: 2 32 Rπ  [Volume = area ( 2Rπ ) × circumference ( 2 Rπ ) = 

2 32 Rπ ].  
By moving on the surface of a sphere (along a meridian, for example) the light 

would eventually return to its starting point, having traveled the distance 2 Rπ . 
The distance ɑ from one pole to the other, a half circumference, is equal to the 
product π by the radius R (which is ot c  in our equation). The radius R is 

ot cα π = . If one admits an explosive origin, the ray starts from the center of the 
sphere in all directions, looping the 360 degrees of the surface. There is a simul-
taneity of time between the ray which reaches the point which forms the surface 
and that surface which is formed, since the ray comes everywhere from the same 
origin. In the expression oR t cα = π = π , the time is the same to obtain R and 
α , but the distances are different, which suggests a curved electromagnetic dis-
tance for α  and a longitudinal radial distance for R. 

We measure the universe thanks to the light that comes from the stars. This 
light follows a geodesic to reach us. The estimated age of the universe is about 15 
billion light-years and its radius is 1026 meters. This geodetic ray (α ) of 15 bil-
lion light-years has an internal radius (α π ) with a time of 4.5 billion 
light-years.  

For the Einsteinians, the universe-sphere is a false image that seeks to impose 
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itself on our mind and the radius of the universe in relation to the big bang is 
not the radius of a ball. They seem to know only the universal space of the sur-
face that surrounds the solid globe, and which constitutes the three-dimensional 
universe on which we could go where we want and visit all of its galaxies. Eve-
rywhere the space would be the same, we would never meet any edge opening on 
an outside. This universe is finite but without borders. It has no exterior, and 
even less interior. It is their truth, but their very truth that carries its nonsense by 
wanting to consider the universe only for the surface that surrounds it. The un-
iverse must be considered for itself in its volume. We can measure its size using 
its internal radius, understood as the distance from a point of the surface to its 
anti-point divided by π. 

2.3. Return to the Equation of the Theory of Relation  

Equation (4) establishes a clear mathematical link between electromagnetism 
and gravitation. It takes into account π, as if ot c  was a transverse space-time 
wave. Equation (3), in the form  

2 2
VP oke M t c± = ± ,                         (8) 

does not take account of π, as if ot c  was longitudinal. We will not take into 
consideration π for relativistic expressions of the rest of the paper.  

In the right-hand side, matter ( 2
vpM ), space ( ot c ), and time are linked into 

one whole. The radius of the universe is represented by “ ot c ”. We can see in  

relation (1) that the term ( ) ( )
2 21 2 1 22 2 2 21 1op oG M v c R v c   

      
− −  links the  

gravitational Newtonian force and special relativity. We obtain a relativized 
Newtonian gravitation [23], which means, on the one hand, that gravitation is a 
reality everywhere and, on the other hand, that special relativity is neither only a 
mathematical tool nor a simple Galilean reference without gravity. Both are li-
near theories applied to a linear three-dimensional Euclidean geometry with flat 
space-time. Let’s add that electromagnetism is also a linear theory. 

According to the theory of Relation, gravity is not a distinct force, but an as-
pect of electromagnetism. The two forces are connected by space-time in four 
dimensions. In fact, gravity is electromagnetic dissolution in space-time. Basi-
cally, electric and gravitational forces are part of a common super-force: electro-
gravitation. As magnetism and electricity are both sides of electromagnetism 
[24]. In the physics of subatomic particles, electrogravitation takes the appear-
ance of the electrostatic force, and the gravitational force, 1036 weaker, plays no 
apparent role in it. When the pair of particles with its two positive electric 
charges repel and move away at a speed close to light, creating the “space-time” 
between them, electromagnetism decreases with distance and becomes the va-
cuum energy. Its lost energy has turned into attractive energy, that of gravitation 
that grows with space-time. On a large scale, electrogravity has become gravity. 
On a large scale, electrogravitation becomes gravity. We are led to think that at-
tractive gravitational forces are electromagnetic forces with attractive charges 
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acting in space-time rather than in the subatomic world. The expansive driving 
force, caused by the initial explosion, would be the electromagnetic forces of the 
repulsive forces operating in the universe.  

According to Newton’s theory of gravitation, the force 2GMm r  instanta-
neously transmits energy or a signal. Newton was unhappy with an instantane-
ous phenomenon, or a “remote action,” associated with gravity. Poincaré (1904), 
Minkowski (1908), and de Sitter (1911) agreed that gravity must propagate at the 
speed of light. Indeed, according to special relativity nothing moves faster than 
light, not even gravity. None of the several theories of gravity—even Einstein’s, 
which were compatible with special relativity in that the speed of propagation of 
gravity is the speed of light, was satisfactory. The combination of the Lorentz 
transformation and ot c , ensures that the speed of light or gravity does not go 
faster than the speed of the universal constant c. 

However, the gravitational constant G disappears in the equation, which im-
plies that the classical gravitational mass of matter at the beginning is in the 
form of a minimum potential while the energy is at its maximum [25]. This goes 
against Paul Dirac who, in papers published in Nature in 1937 and in the Pro-
ceedings of the Royal Society in 1938, described a cosmology with a changing 
gravitational constant. He postulated that G varies like the inverse age of the un-
iverse, so as the universe expanded from the big bang, the gravitational constant, 
or force, became weaker and weaker as time passed until today, when we expe-
rience the present very weak force of gravity [26]. With the theory of Relation, 
Newton’s gravitational constant G does not vary, just as in general relativity. On 
the other hand, potential energy-mass increases with cosmic time [27].   

The equation of the theory of Relation is in phase with the Englert-Brout-Higgs 
proposition allowing to reconcile the equations of the standard model with the 
empirical data. It consisted in postulating the existence of a quantum field filling 
the whole space, with which the elementary particles, effectively without mass, 
interact more or less strongly, which has the effect of slowing down their move-
ments in the same way as if they had a mass. Everything happens as if the elemen-
tary particles were massless objects at the beginning of the expansion, moving on 
an electromagnetic field (or an electromagnetic space-time wave—amalgamated 
with the vacuum energy, at the cosmological constant [6] and dark energy) that 
loses energy over time. This lost energy is recovered by the particles that move 
more and more with friction, so at a speed less than that of light and their mass 
is non-zero. In the equation, the mass then appears as a measure of the velocity 
decrease of the matter (v of 2 2v c  which decreases throughout the expansion), 
the inertia, the resistance to movement, mass. 

The equation is remarkably that of expansion. Imagine that the proton masses 
of our equation that we have relativized above, as if they were moving at a speed 
of 200,000 km/s, are galaxies moving away at 2/3c, we then obtain “a cosmologi-
cal equation” which establishes the age and distance of the universe in relation to 
the speed of recession of galaxies. The farther the galaxy is from the earth, the 
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greater the velocity of recession, and the younger the age of universe. Velocity, 
age and distance are correlated. A speeding away of the galaxies at 2/3c, taking 
account of π, is tantamount to 15 billion years. These two numbers are roughly 
fitting with the actual valuations of science. 

If we admit that the universe is a kind of expanding super-atom:  
2 2

VP oke M t c→ ,                          (9) 

giving the age of the universe, we have an arrow toward the future being the 
same as at least 3 arrows of time that do distinguish the past from the future: 
thermodynamic (disorder increases); cosmological (universe expands rather than 
contracts); psychological (we remember the past, not the future) [28]. 

2.4. Two-Edged Reasoning 

The distant supernovae serve as luminous standards for surveying the universe 
on a large scale. The gigantic explosion of a voracious white dwarf makes visible 
an intense light that persists for several days. Their curves of light are similar. It 
has been deduced that any difference between two curves of light can only come 
from distance: the further away the supernova is, the weaker the received light. 
The results obtained showed that the light of distant supernovae was 25% fainter 
than expected in case of deceleration. The majority of astrophysicists have therefore 
concluded that the expansion of the universe has been accelerating for several 
billion years and that a repulsive dark energy plays the role of accelerator [29].   

A contrario, if we assume a deceleration of the expansion, this means that the 
transformations accelerate towards the past and that the intrinsic luminosity can 
no longer be theoretically always the same and that we cannot be satisfied with 
measure their apparent luminosity to deduce their distance. The physical condi-
tions change by going as far as possible, the speed rating of chemical, atomic and 
nuclear reactions had to be faster. The explosions of these stars were to occur 
when they reached a critical mass different from the supernovae that are close. 
They release a different amount of energy, their radiations are modified. They 
emit less luminosity because the mechanisms are too fast or skip steps. It can be 
assumed that the peak of brightness may last less and the subsequent weakening. 
As for the apparent luminosity, one can conjecture its degradation by the galac-
tic dust, in particular the iron needles produced by condensation of the iron re-
jected by preceding generations of supernovae [30]. 

Whatever the current scientific consensus, the fact remains that the same re-
sults obtained (pallor greater than expected) show that these supernovae are no 
more distant than those predicted by classical cosmological models. They show 
that the explosion of the universe, contrary to what has been imagined since 
1998, has been in a deceleration phase since the Planck era [6]. Which is consis-
tent with the equation of the theory of Relation.  

What does it mean for the dark energy that must play a role of accelerator as if 
a sort of antigravity forced the universe to constantly increase the speed of its 
expansion? It exists but differently. It is nothing else but the gigantic kinetic 
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energy of the universe when it started in a “cosmic fireball”. It has become today 
the vacuum energy [31]. The logic of this cosmological adventure revolves 
around an essential property: the progressive de-excitation of the quantum field 
by the decelerated expansion of space [32]. There is a snowball process. The de-
celeration of space precipitates the rate of condensation of the matter energy, 
which reduces the influence of the vacuum energy, which dilutes and decreases, 
in return, the rate of expansion, which leads to a universe in which clusters of 
matter become very dense. In the context where dark energy and dark matter do 
exist, we believe that their proportion to constitute matter must be reassessed. 
We expect, by keeping the ordinary visible matter at about 4%, that the dark 
matter would be about 45% and that the dark energy, which was diluted with the 
expansion of the universe, is about 50%. (consistent with the hypothetical 2/3c 
velocity of our equation and with a constant rate of expansion [12]).   

3. The Hypothesis of the Primeval Atom of Georges Lemaitre 

3.1. The Primeval Atom of Georges Lemaitre 

The term 2
VPM  dovetails with Georges Lemaître’s hypothesis that the universe 

comes from a kind of gigantic atomic nucleus containing all the nucleons of the 
universe, a nucleus whose decay would have initiated the expansion of the universe 
[33]. Lemaître believes that the cosmic rays, which are endowed with energy of 
several billion electrons-volts, are the manifestation of initial fragmentation.  

Although Lemaitre’s idea of explaining the expansion of the universe as being 
due to an initial explosion is still relevant, his theory that the entire universe was 
originally contained in a single atom that has disintegrated is now relegated to 
oblivion. He had wished to give an experimental basis to his hypothesis of the 
primitive atom, and he believed find in the cosmic rays the relics of the primitive 
universe. He had deepened the question with collaborators such as Odon Godart 
(1913-1996) and Manuel Sandoval Vallarta, but the failure of their explanation 
will not favor the credibility of the model of the primeval atom [2]. 

Physicists are now leaning towards a sort of cloud of elementary particles 
(quarks and leptons) that have condensed gradually, which has released energy 
and given the universe its initial impetus. They recognise the existence of fossil 
radiation, a trace of the initial explosion, but which no longer comes, as Lemaître 
thought, from a drag of particles propelled by the disintegration of the original 
atom but from electromagnetic radiation [34]. It was therefore concluded that 
Lemaître was mistaken. In light of the developments that followed, one can 
question, without excluding it, his model of the primitive atom. But we believe 
he was not mistaken about cosmic rays: fossil cosmic rays from the beginning 
exist just as much as fossil light. But to claim it, it is necessary to revisit the his-
tory of standard big bang.  

3.2. Some Features of the History of the Standard Big Bang  

In 1929, Edwin Hubble discovered the law of recession of galaxies thanks to the 
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telescope placed on Mount Wilson: they move away from each other at a speed 
that is greater as their distance is greater, proof that the universe is expanding 
and not static. Until then, Einstein believed in a static universe. In 1922, Fried-
mann, by dynamically interpreting Einstein’s equations, had provided the first 
expanding universe model with positive curvature and density, a nonzero cos-
mological constant, and zero pressure. Regardless of Friedmann, Lemaître in 
1927 suggested, with calculations of general relativity in support, that the un-
iverse was expanding: he gave the first interpretation of the redshifts related to 
the expansion of the universe and predicted the linear relation distance-shift to 
red. Friedmann and Lemaître had put forward this hypothesis before it was con-
firmed by the observations of redshift of galaxies and the Hubble law. Contrary 
to what Hubble himself imagined, it is not the galaxies that move, but the space 
itself that extends, taking with it the galaxies. Hubble experimentally establishes 
the linear relationship distance-redshift, but has not linked it to expansion. 
Einstein, Friedmann, Lemaître and Hubble were the pioneers of relativistic cos-
mology. The latter is essentially based on the Friedmann-Einstein equation. 

In 1931, Lemaître distinguished himself by proposing a quantum origin of the 
universe. He proposed his initially singular universe model, the primitive atom, 
in which a phase of stagnation allows the formation of galaxies. He suggested 
that cosmic rays could come from radiation produced during decays during the 
first expansion period. This hypothesis, prefiguration of big bang models, left 
physicists very skeptical. Einstein and others blamed this hypothesis for having 
been inspired by the Christian dogma of creation. Lemaitre often expressed that 
the physical beginning of the world was quite different from the metaphysical 
notion of creation. The irony is that in the same year Einstein published an ar-
ticle in which he admits that the observations establish without any doubt that 
the universe is expanding. The whole scientific community ranked behind the 
models describing an expanding universe only in 1964, the year in which they 
received a start of confirmation thanks to the discovery of the cosmic microwave 
background [2] [34]. 

3.3. The Hypothesis of the Primitive Atom of Lemaitre Confronted  
with That of the Primitive Atom of Gamow 

In 1945, Lemaître assembled his cosmological work in “The hypothesis of the 
primeval atom” [35]. It is a cosmogonic hypothesis according to which the 
present world has resulted from the radioactive decay of an atom. He was led to 
formulate it by being guided by thermodynamic considerations that sought to 
interpret the law of energy degradation in the context of quantum theories. The 
discovery of radioactivity and the establishment of the corpuscular nature of 
cosmic rays have made plausible its hypothesis that assigned a radioactive origin 
to these rays as well as to all existing matter.  

This hypothesis had to compete with that of George Gamow. The latter also 
tackled the fundamental problem of the origin of our universe. He wondered 

https://doi.org/10.4236/jmp.2019.108061


R. Bagdoo 
 

 

DOI: 10.4236/jmp.2019.108061 935 Journal of Modern Physics 

 

why our universe was in a state of such high compression and what triggered the 
expansion? His answer: The great compression that occurred at the beginning of 
the history of our universe resulted from a collapse which had taken place in an 
even older time, and that the current expansion is simply an “elastic” rebound 
that began as soon as the density corresponding to the maximum possible com-
pression was reached. We can presume over the pre-compression era, but we can 
say that as soon as the density of the universe reached its maximum value, the 
direction of motion reversed (which is why the negative energy belongs to before 
the big compression and the positive energy to after) and expansion began, so 
that the very high densities probably existed for a very short time. The theory of 
Relation shares this cyclical vision [36]. 

In fact, it is especially with regard to the nuclear forces that the two hypothes-
es opposed: weak nuclear for Lemaire and strong nuclear for Gamow. Radioac-
tivity, that is to say the spontaneous emission of radiation by matter, was dis-
covered in 1896 by Henri Becquerel. As early as 1931, Lemaître proposed his in-
itially singular model of universe, the primitive atom, which, unstable, exists on-
ly for a moment, breaks up into pieces that break in turn and give rise to all the 
present components of the universe. He suggests that cosmic rays are the relics 
of the primitive universe. He advances a quantum origin of the universe, he in-
troduces the idea of a cold big bang, that is to say an expansion resulting from 
the radioactive decay of an atom-universe. He first had a slowly evolving model 
related to the intensity of the weak force, responsible for the disintegration, then, 
based on the new knowledge of atomic physics, he turned towards a faster cos-
mology, with an explosive origin. He gives his cosmology a more structured ver-
sion in 1933, published in French under the title “L’Univers en expansion” in the 
Annales de la Société scientifique de Bruxelles. In this text, Lemaître demon-
strates, among other things, the occurrence of singularities in the homogeneous 
relativistic cosmological models [2].  

In return, Gamow proposes in 1946 the cosmological nucleosynthesis. In 
1948, Alpher, Bethe and Gamow calculate the abundances of the elements 
formed in the primitive universe. The same year, Alpher and Herman predicted 
cosmic background radiation in the form of a black body at a temperature of 5 
K. In 1952, Baade revises the extragalactic distance scale, which increases the 
cosmic time scale by a factor of 2.6. In 1965, Penzias and Wilson discovered the 
background radiation at a temperature of 3 K. Dicke, Peebles, Roll and Wilkin-
son gave the cosmological interpretation of it in the framework of big bang 
models [2]. In essence, it can be said that the discovery of cosmic background 
radiation is due to the hot big bang model that Gamow and his team have 
achieved. 

It’s important to note that there is no direct succession between the work of 
Lemaître and that of Gamow. Nuclear physics was Gamow’s inspiration 
here—not at first the influence of the prior mathematical work of Lemaître or 
even Gamow’s first teacher, Friedmann. Gamow had read Lemaître’s, de Sitter’s, 
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and Eddington’s papers on expanding models, but initially he did not apply 
them to his physics of the early universe. At the end of 1946, Gamow and Alpher 
decided to develop the rather abbreviated ideas that Gamow had issued during 
the year on primordial nucleosynthesis at the beginning of an expanding un-
iverse. Specifically, this meant working out hydrogen and helium could be de-
veloped out of the decaying neutron gas of the early phase of the universe. This 
led to Alpher and Gamow’s 1948 paper, also known as the αβγ paper, a paper 
that has become a milestone in big bang history—and one that, like Lemaître’s 
and Friedmann’s important papers, was almost entirely overlooked at the time. 
It was only in 1948, with the αβγ paper, that Gamow and Alpher and Herman 
realized that the model they wanted needed to originate in the Lemaître mod-
el—and more importantly, it had to originate in a hot state, not in a cold nucleus 
as Lemaître had envisaged. Only a hot state of millions of degreed, they rea-
soned, could allow nucleosynthesis to “cook” elements like hydrogen, helium, 
and heavier elements [37].   

Gamow, in other words, took Lemaître’s primeval atom and turned it into the 
big bang model that remains the base of the standard model to this day. One 
immediate consequence of such a hot big bang model, Gamow and his team rea-
lized, is that radiation from the primeval fireball should still remain, albeit at 
very attenuated wavelengths in the radio end of the electromagnetic spectrum. 
Where Lemaître’s atom model led him to examine cosmic rays as candidates for 
the leftover fireworks, Gamow’s model more simply suggested a low hum of mi-
crowaves in the background of the universe.  

3.4. Theory of the Origin of Lemaître’s Cosmic Rays 

In 1965, Penzias and Wilson discover the fossil radiation at the temperature of 3 
K, thus realizing the predictions of Gamow, Alpherer Herman on the primitive 
light. It has since been said that Lemaître was not far from predicting the exis-
tence of cosmological black body radiation, photons emitted at a temperature of 
about 3000 K and cooled by a factor of 1000 by expansion, but that he will make 
the confusion with massive particles in cosmic rays [2]. It is now believed that 
most cosmic rays come from a number of sources such as the Sun, some stars, 
supernovae and their remains, neutron stars, and black holes. Does this mean 
that Lemaître’s suggestion that cosmic rays (massive particles) are relics of the 
early universe is false? We think, like Lemaitre, that cosmic radiation could have 
been created at the beginning of the world because these rays are endowed with 
energy of several billion electrons-volts and that we do not know any phenome-
non currently taking place that is capable of such effects. What these rays might 
look like the most, are the rays that would be produced during decays of su-
per-radioactive origin. They appear as the memory of the great initial transfor-
mations of the universe.  

Lemaitre’s thought on the origin of cosmic rays can be schematized by the 
following lines. The total energy of cosmic rays can be estimated at 10−34 grams 
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per cm3. This value is based on the evaluation of the energy of the cosmic radia-
tion falling on the Earth per square centimeter of surface and the transformation 
of this energy in mass by the relation 2E mc= . This energetic value, fairly se-
cure in its order of magnitude, is a “density of equivalent mass”. It should be 
compared with the density of matter, that is to say, what would be obtained if all 
the nebulae were vaporized and this matter was distributed uniformly in space. 
An order of magnitude of 10−30 grams per cm3 is found. Cosmic rays, assuming 
them uniformly distributed in space, have a considerable intensity since they are 
of the order of ten thousandth of all existing energy. It seems impossible to ex-
plain such energy, which represents one in ten thousand of all existing energy, if 
these rays have not been produced by a process that has brought into play all ex-
isting matter [38].   

Imagine then ideal spheres that would be the neutral zones of attraction be-
tween neighboring nebulae. These spheres are expanding, since the whole sys-
tem of the universe is expanding, the nebulae in each sphere are separating more 
and more. Cosmic radiation crosses these spheres, but, as the whole is symme-
trical, we can imagine it bouncing on the surface of these spheres. With this im-
age, we understand that the cosmic radiation must lose energy since it bounces 
on a body that flees. The calculation shows that this energy varies inversely with 
the radius of the sphere. So, assuming that cosmic rays occurred when the radius 
of the sphere was one-tenth of what it is now, then the energy of cosmic radia-
tion would have reached not the ten thousandth, but the thousandth of the 
energy total of the universe. What assumes that cosmic rays come from far away 
and are not due to a nova or a small number of nearby stars. No satisfactory ex-
planation is given for cosmic rays, which are 100 billion times more energetic 
than the others, and strike every km2 of the earth’s surface about once every 
century. Models have already invoked ultra-energetic cosmic rays stemming 
from big bang, saying that Lemaître would not totally have been wrong on this 
question. Our model also plans ultra-energetic cosmic rays from the big bang. 
We believe that the hypothesis of fossil cosmic rays is just as true as the existence 
of cosmic black body radiation. 

3.5. Is Lemaitre’s Cold Model as True as Gamow’s Hot Model? 

We are then confronted with this other question: if we argue that Lemaitre’s idea 
of fossil cosmic rays is just as truthful as the cosmic background radiation, does 
that mean that Lemaître’s universe model of a single cold quantum is just as true 
as Gamow’s model of hot radiative universe? 

At this point, it must be said that the first big bang models took into account 
only one force of nature, gravitation, described using the formalism of general 
relativity. Gravitation, attractive and of infinite scope, dominates on a large scale 
but is incapable of describing the physical conditions of the small-scale matter 
that prevailed at the beginning of the universe. General relativity constitutes a 
specific theory of gravitation, consequently incomplete. His equations lose all 
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validity when the particles present in the primordial universe, endowed with gi-
gantic energies, undergo other interactions than gravitation [33].   

Lemaître opposed, the first one, a “quantum cosmology” to this “relativistic 
cosmology”. In 1934, he made the link between the cosmological constant and 
the vacuum energy of which he was the first to calculate the energy and to asso-
ciate a negative pressure. However, he had no equation to explain the hypothesis 
of the single quantum. As for Gamow, he thought that some chemical elements 
had been produced during the first few minutes of the big bang and that the re-
maining radiation should be omnipresent. As a consequence of cosmic expan-
sion, this original radiation must have cooled to a temperature of 5˚ above abso-
lute zero [25]. Just like Lemaître, he didn’t have any equation for its “Ylem”, this 
great Compression in a state of complete disaggregation from which the com-
ponents had to emerge. They noted, Lemaître first, the close correlation between 
observed expansion phenomena and certain mathematical consequences of 
Einstein’s theory of general relativity. They had to fall back on the Fried-
mann-Einstein equation, and thus on the inadequacies of general relativity. 

At the time of Penzias and Wilson’s discovery in 1965 of background fossil 
radiation, the hypothesis of the primeval atom became, under the media name of 
big bang, a physical theory in its own right. The irony of history is that the radi-
cal novelty introduced by Lemaitre and Gamow, which consists in linking the 
structure of the universe on a large scale to the intimate nature of atoms, swims 
more than ever in the midst of speculation. Misunderstanding will persist as 
long as quantum mechanics remains irreconcilable with general relativity. The 
first can account for the quantum fluctuations that presided over the birth of the 
universe. It is the Planck era where the characteristic times of the phenomena 
are 10−43 s. In contrast, Edwin Hubble’s observations on the escape of galaxies 
can only be explained in the context of general relativity. The duration to take 
into account is the age of the universe, that is to say 15 billion years, or 1017 s. 
There is therefore a factor 1060 between the two scales! The real is a ditch of 60 
orders of magnitude that no theory currently can decrypt except the theory of 
Relation.  

4. A fundamental Equation  

4.1. An Equation That Says Where Does the Time Come from 

We have said that Lemaitre had made the connection between the cosmological 
constant and the vacuum energy. The theory of the Relation, for its part, argues 
that vacuum energy, cosmological constant, dark energy and cosmological 
space-time wave constitute a single entity. They have the same flavor, color and 
smell, so that one can certify that they merge through cosmological time [33]. 

The cosmological time of this space-time is the key to the theory of Relation. 
The time ot  of the term ot c  of the equation comes from 2

VPM  which represents 
the energy-matter. It emerges from the kinetic energy in dilation of protons, 
that is to say of a quantum cosmology. It is a physical time consubstantial with 
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the universe which is born and an indicator of an energy propagated at the 
speed of light. The term “ ot c ” refers to a radius from the center point of a 
sphere created by the large initial boom (in this case, the Planck length of the 
Planck sphere, but it may shrink towards the absolute zero point). The image 
of the big bang as a cosmic explosion ejecting the material contents of the un-
iverse like shrapnel from an exploding bomb is a useful and non-misleading 
representation as long as these splinters make space-time instead of being in it. 
The big bang would be an eruption of compressed space-time-matter, whose 
deployment, like a shock wave, would still transport matter and energy [39].  

This radial move is an electromagnetic wave. We can say that the radius of 
space-time belongs to the family of electromagnetic waves: the wavelength is 
the radius (~1026 m) of the universe and the period (~1017 s) is his age. Just like 
Maxwell’s electromagnetic theory of light, the space-time wave is an oscillation 
wave of the electric and magnetic fields that propagate in space. We can call it 
electrogravitational wave or electromagnetic wave of space-time. It carries ener-
gy and momentum. In fact, it is the electromagnetic standing wave [40], the 
“radiation” at 2.7 K, or the vacuum energy. 

The equation gives a negative cosmological constant which prints a decelera-
tion of the expansion of the universe. Its positive pressure exerts an attractive 
force. Does this deceleration of the universe affect the course of time? Physics 
formally distinguishes the course of time from the arrow of time. The course of 
time indicates to the fact that time passes and that by passing it produces dura-
tion. It generates the succession of events and is causal, because time goes in one 
direction without backtracking. The arrow of time presupposes the existence of a 
well-established course of time within which certain phenomena are themselves 
temporally oriented, that is to say irreversible: once accomplished, it is impossi-
ble to cancel the effects they produced. In the context of expansion, it seems that 
the course of time and the arrow of time ultimately proceed from one and the 
same reality. 

Can we claim, with this relation where the time stemming from the ener-
gy-matter 2

VPM  links the physics of the infinitely large to that of the infinitely 
small, to explain the emergence of the irreversibility observed at the macroscopic 
scale from physical laws that ignore it at the microscopic scale? 

We know that according to the equations of current physics, all the pheno-
mena taking place at the microscopic level are reversible, they can unfold in one 
direction as well as in the other. The dynamics of the phenomena do not depend 
on the orientation of the course of time. We could call past what we call future, 
and vice versa, without affecting the physical process in which they participate. 
On the other hand, at our scale, we observe only irreversible phenomena, ar-
rowed phenomena. The oldest explanation is based on the second principle of 
thermodynamics, according to which any physical system evolves in general 
without returning to its initial configuration: lukewarm water never becomes hot 
water on one side, cold water of the other. However, it seems convincing that if 
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the universe, after its expansion, entered the contraction phase, it would imply a 
reversal, not of the course of time, but of the arrow of time. The irreversibility of 
expansion would only be in fact, not in principle [41]. 

What is the true origin of cosmological time? Our equation, as well as the eq-
uations of traditional cosmology (derived from the Friedmann-Lemaître equa-
tion), allow us to go back to the Planck scale, where, below, the usual representa-
tions of space and time lose all meaning. Admittedly, the theory of the cyclic 
universe makes it possible to envisage a “pre-time” different from the usual (re-
versible) physical time, but this notion only moves a link in the chain of causality 
that goes back in time, a chain that either has no beginning, or ends in a first 
cause. We can call “zero time” this first moment which corresponds to a situa-
tion where the equations begin to be valid. This first moment is not quite one, in 
the sense that corresponds in no way to the “absolute zero instant” of the origin 
of the universe.  

How did cosmological time begin? The expansion of the universe becomes the 
real engine of time. Our model of mathematized cosmos is unambiguous: the 
universe decelerates. This deceleration of the expansion goes against the pheno-
menon of acceleration endowed with a positive cosmological constant which 
gives rise to a universal repulsive force with a density of the energy of the va-
cuum which remains the same—what seems absurd to us—, while ordinary 
matter is diluted and ends up being unable to slow down [42]. It seems certain 
that this is not the case in the theory of Relation. What is revolutionary in the 
latter is that in the process of expansion, the energy of the vacuum at the begin-
ning was to be 10120 times higher than today where the density of the cosmologi-
cal constant is almost equal to zero. It dilutes and ends up slowing expansion. 
We have a negative cosmological constant which gives rise to a universal attrac-
tive force [6]. On the other hand, ordinary matter (which is the potential energy 
of our equation) had to have a gravitational mass almost zero at the beginning, it 
strengthens with expansion and its attractive effect always increases.  

Neither general relativity, nor quantum physics, nor a possible synthesis of the 
two, can today describe the apparition of the universe as a physical event. How 
could they do it when they consider that the passage of time is an illusion? The 
reality defined by the special relativity is a four-dimensional space-time block 
where it is impossible to define a “now”. General relativity says that this block is 
actually a space-time-force-matter block where the force-matter content is 
nested in the space-time container that it distorts by its presence. Quantum 
theory says this block is multiple. 

The notions of universal time and the oneness of the reality do not exist for 
these theories while they are at the heart of the theory of Relation. The concep-
tual leap was to introduce the notion of temporal flow and that of temporal 
orientation (or temporal arrow). This temporal arrow implies privileged strata 
that correspond to the idea of a “stratum of the now” that would move towards 
the future as if a projector successively illuminated the “strata of density” of 
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space-time [43]. The course of time, as well as the arrow of time, would result 
from the fundamental cosmic temporal irreversibility of expansion and would 
correspond to emerging properties of quantum cosmology [44]. 

The universe erupted from a singular energetic event, which gave birth to all 
space and all matter. Our equation goes back to that “zero instant” from which 
cosmological time emerges. This zero instant corresponds to the 10−43 s which 
followed the big bang, known as Planck time where the temperature is estimated 
at 1032 Kelvin degrees. It also coincides with the maximum increase in quantum 
mass obtained by relativization, or the transformation of Lorentz, from 2v  to 

2c . If the expansion decelerates, that is to say if the engine of time decreases, its 
speed, the speed goes from 2c  to 2v , and the course of time should itself “de-
celerate”. 

Energy spreads by creating space-time, and cools. We can see this freeze in the 
formula in two ways, because there are two speeds. First, a drop in the speed of 
“ 2

VPM ” caused a gradual drop in temperature and a slowing of the rate of expan-
sion, and a concomitant increase in gravity. The fermions, a priori in the state of 
radiation, maintained their maximum speed until about 300,000 years and the 
decoupling of the matter from the radiation took place when the speed passed 
under c. The arrow of time, which refers to the possibility that things have of 
knowing over time of irreversible changes or transformations, is in our equation 
a property of material phenomena since it originates from 2

VPM . Secondly, the 
velocity c of the electromagnetic wavelength of space-time: when the universe 
became that of today, the kinetic energy and the density of the radiation dimi-
nished. The space-time line “ ot c ” conveys a field of less and less energetic bo-
sons that propagates at the speed of light. Each second contains less ener-
gy-event, and the universe-as a whole-no longer changes significantly over the 
seconds. 

4.2. Planck Units; Wall of Planck   

At Planck time, that is during the oldest period of the universe which our only 
equations manage to conceive, the universe was nervous and dry, tiny and full of 
energy, and its space-time had a weird structure. The Planck wall is expressed in 
the form of a time, a length and a characteristic energy. Planck’s wall refers to 
circumstances in which the quantum and gravitational phenomena begin to re-
ally overlap. His description must involve together the constant of the gravita-
tion G, the speed of the light c and the constant of Planck h. Their combination 
leads to the following results: 

Planck energy is given by the expression ( )1 25hc G . It is worth ten billion 
billion times the mass energy of a proton, or 1019. Matter at that time was fu-
riously agitated.  

Planck length is given by the expression ( )1 23hG c . It is about 10−35 meters, 
which is seventeen orders of magnitude less than the size of a quark or an elec-
tron. It is interpreted as saying that below this scale of distance, the notion of 
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space as we describe it in our physical theories no longer makes sense. Planck 
time is given by the expression ( )1 25hG c . It is worth about 10−43 s. Planck wall 
applies to the universe as it was 10−43 s after the big bang [33]. The time ot  used 
at the Planck scale is a time during which the nascent universe was governed by 
quantum effects, a time during which the quantum and relativistic gravitational 
effects of Planck’s units simultaneously become comparable. This suggests that 
the correct description of space-time-matter in the primordial universe requires 
a theory combining relativistic gravitation and quantum mechanics [45]. 

The theory of Relation offers an equation that integrates the two theories. We 
wrote it in (2) above [ 2 2

VP oke M t c= , where opM  is rest-mass;  

( )( )1 22 21 1opM v c− , or vpM , is rest-mass + kinetic energy (T)]. Particles 
come in pairs, each with a counterpart antiparticle:  

( )
21 22 2 21op oke M v c t c ± = ± −  

. 

In our time ( 2 3v c= ), it becomes  

( ) ( )( )228 3 2 27 17 82.3 10 kg m s 2.2439 10 kg 1.528 10 s 3 10− − −× ⋅ ⋅ = × × × .  

But at the time of Planck’s values, the antagonism between the two theories is 
appeased and they are brought together for the first time. If we apply  

2 2 2 2 22 ,o
VP o VP o VPke M t c M h m c M GM c± = ± = ± = ±        (10) 

the mass of the “baryon-proton” vpM  will be  

( )3 28 2 431.479 10 kg 2.3069 10 3.51 10VPM c− −× × = × .  

The wavelength  

( ) ( ) 342 1.05458 10 mo o ot c R h m c ћ m cλ −= = = π = = × .  

We use ћ  with the Planck time ( ћ c ) and the Planck length: this is consistent 
with ot c , which is linear, not circular. [It may seem odd to say that wavelength 

341.05458 10 m−×  numerically equals the value of ћ  in J sec ( 341.05458 10−× ). We 
explain it from the relation Et h= ; 2Et ћ= π ; ( )2o om c t c ћπ = . Planck’s mass 
[ ( )2 2  VP oke M h m c= ; ( )28 62.3069 10 2.1874 10 oh m c−× = × ; 82.0958 10om −= × ], 
in the expression ( 2om c π ) gives 1, hence ot c ћ= .] 

With the de Broglie wave that travels at the speed of light as that of the par-
ticle om , the boson om  gives ( )8 2 22.09 10 kg VP oke M h m c−× = . We employ 

oh m c  because quantum mechanics describes a particle, not a radius. Every-
thing happens as if the light consisted of grains, and each grain of light had an 
energy proportional to the frequency ν of the light: E hν= . We write 

2ћ ћ hε ω ν ν= = π =  (ω is the pulsation while ν is the frequency; 2ω ν= π ). We 
have just equated ћ  with a wavelength, a distance, a radius, it goes without 
saying that 2 ћ hπ =  represents the circumference of a “quantum” of radiation 
energy, which constitutes a particle, hence the use of oh m c . 

With 2 2 22 o
VPke M GM c= π , general relativity determines the mass of the 

universe at Planck time, 82.26 10 kgoM −= × . We utilize 22 oGM cπ  (not 
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2oGM c ), considering that the term describes a mass with a circumference, not 
a radius.  

Instead of having ( )1 2 8
Planck 2 2.1768 10 kgM hc G −= π = × , which seems to be 

one of two similar masses, we have 2o
oM m hc G= π , which are two different 

masses: 82.09 10 kgom −= ×  of quantum theory and 82.26 10 kgoM −= ×  of 
general relativity. The Planck mass 82.1768 10 kg−×  is actually the average of 
these two distinct masses ( )1 2o

oM m . Their numerical value corresponds to 
Planck mass ( )1 2 82.17682 10 kgћc G − = ×   and they are reminiscent of the 
famous hidden variables.  

4.3. The New Variable: VPM 2    

The new parameter 2
VPM , or ( )

21 22 21opM v c −  
, is an essential element. Its  

value changes throughout the expansion. The Lorentz transformation of this va-
riable [12] inscribes the equation in a relativistic cosmology (although our ma-
thematical model is central and global whereas general relativity is above all pe-
ripheral and local). The velocity v of this transformation, starting from the speed 
of light and moving towards 0 (it would be about 2/3c today), constitutes a vari-
able velocity of light. Thus the limit of a signal it was thought up till now to be 
that first measured with the light waves was much greater at the beginning of the 
history of the universe.  

The value of 2
VPM  (two protons relativized with a speed close to light) at 

Planck time is confused with the “isotope of the neutron” (also called “unique 
quantum”) of Lemaître or with the primitive atom of Gamow. A gigantic kinetic 
energy is stored in this very dense and very hot atom in the form of an electro-
magnetic mass. When all this energy is released, it appears in the universe in two 
forms: on the one hand the energy of the electromagnetic radiations, without 
mass; on the other hand, energy brought into play by mass movements, kinetic 
energy. 

In our equation, ot c  represents the emission of electromagnetic radiation, 
without mass. During the 380,000 years that followed the big bang, light could 
not propagate freely in space: the density of matter was such that photons never 
ceased to interact with particles of matter, so that the universe was an opaque 
medium to its own light. Its continuous cooling, however, eventually caused a 
phase change after 380,000 years of expansion, when the temperature of the un-
iverse was only 3000 Kelvins: the electrons were captured by nuclei, forming 
electrically neutral atoms. Since photons interact little with atoms, they can 
propagate freely in the universe, without encountering obstacles at every step. 
This radiation, which has been liberated from matter, now constitutes what is 
called the “cosmic microwave background” (detected in 1964 by Arno Penzias 
and Robert Wilson). It is the light predicted by the hot atom of George Gamow. 
It is the light predicts by George Gamow’s hot atom [33]. 

In the equation 2 2 22 o
VPke M GM c= π  at Planck time, 2

VPM  represents the 
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kinetic energy of the universe while oM  of 22 oGM cπ  represents its poten-
tial energy. During the initial explosion, the first stage of the big bang, 2

VPM  
releases the extraordinary mass of inertia (due to resistance to movement, resis-
tance to acceleration) that it contained. In the minutes following the big bang, 
some nuclear reactions occurred. Helium was then synthesized. The first stages 
of the expansion consisted of a rapid expansion determined by the ener-
gy-matter of the entire universe condensed in the initial quantum of Lemaitre, 
roughly equal to the mass of the universe. If we admit that cosmic radiation was 
emitted during the first fragmentations of the universe, it would correspond to 
transformations of the kind that accompany the radioactive phenomena that we 
know, but with a considerably greater generality. Often, during the same phe-
nomenon, radioactivity manifests itself in the form of disintegration, ϫ endowed 
with mass, on the other hand in the form of electromagnetic energy, the emis-
sion of a ray γ, without mass. The ratio between the wavelength of space-time 
and the wavelength of cosmic gamma rays is ( )26 14 4010 m 10 m 10− ≈ . 

Thus the cosmic rays would be the witnesses of the primitive activity of the 
cosmos, and it would have preserved, for billions of years, in the empty space, 
the memory of the super-radioactive age. We endorse Lemaître’s hypothesis, and 
it is probable that it will eventually be verified. 

5. Discussion on the Model of the Theory of Relation and  
That of the Classic Big Bang Theory 

All the models proposed by Lemaître, and consolidated by Gamow, concerning 
the expansion of space refer to the Einstein-Friedmann equation. The relativistic 
cosmology that emerges is at the origin of the standard cosmology of the big 
bang which succeeds in giving the approximate age of the expanding universe, 
its previous and future history, as well as, in our view, the irrational drift of the 
acceleration of the expansion. However, the first big bang models only take into 
account gravitation, described using the formalism of general relativity. They 
have nothing to do with quanta and electromagnetic interactions, strong nuclear 
and weak, which determine the behavior of the matter at the beginning [33].  

The equation that we propose, developed in a previous work [3], although it 
has nothing to do with the equation of Einstein-Friedmann, gives results of the 
same order on the age of the universe, as well as with the results obtained by 
Hubble or by the analysis of the cosmic microwave background. It is truly suita-
ble for “quantum cosmology”: it has its source in quantum mechanics and also 
relies on relativistic cosmology derived from the theory of general relativity. It 
brings a different theoretical background on the quantum origin of the universe, 
integrates an irreversible cosmological time, gives a new light on the cosmologi-
cal constant, the energy of the vacuum and the dark energy. It has the advantage 
of being able to teach us a lot about the internal structure of the universe, since 
this structure is included in the model. It reveals the fundamental role played by 
the energy of the quantum vacuum, both in the birth process of the universe and 
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in the expansion phase resulting from it. It introduces negative energy. It pre-
dicts an expanding universe in constant deceleration and contradicts the accele-
rated expansion phase that currently appears to be in effect.  

The quantum cosmology of the theory of Relation aims to describe the evolu-
tion of the universe as a whole from a quantum point of view through a 
“space-time wave function of the universe”, but does not necessarily imply the 
quantification of gravitation. It must be recognized that quantum cosmology is 
not a theory of quantum gravity. The latter seeks to describe phenomena on a 
very small scale and does not necessarily imply the description of the universe as 
a whole. Several hypotheses are candidates for quantum gravity, although we as-
pire to a unique, coherent and conceptually satisfactory theory, of which quan-
tum mechanics and general relativity are only valid approximations in their re-
spective domains [45]. 

In an article in the journal Astrophysical Journal [46], a team of astronomers 
led by Fred Hoyle asserted that it is possible to design a cosmology without re-
sorting to the classical big bang theory. Already in the fifties, Fred Hoyle had 
supported a theory opposed to that of the big bang, known as the theory of “sta-
tionary state” or “continuous creation”. He came back, more than forty years 
later, with a model partly identical to the one he had to abandon. With a differ-
ence in size however: if the idea of continuous creation is saved, it no longer oc-
curs anywhere in space but in privileged places. And there would not have been 
an initial explosion but infinity of mini-big-bang. And here is transgressed the 
taboo theory of the big bang by astronomers who claim that there was not a 
unique and creative big bang but repetitive mini big bang that make the history 
of the universe an eternal re-beginning [47].  

In a very broad way, our model considers the universe as a fragment of multi-
verse, which is like a soup pot boiling perpetually; continually forming new bub-
bles. These eventually grow and burst, but the soup jar is eternal. Each of them is 
a universe started by a big bang. Often these bubbles-big bang come from inter-
nal bubbles of the pot which ended in big crush. The latter becomes the big bang 
of a universe like ours. Thus can be explained the contradictory duality of our 
universe. Our universe was given birth by another universe which continues its 
childbirth by disintegrating in our universe. 

Everything happens as the two universes coexisted, as if there were two un-
iverses in one, ours which is formed on the account of a universe that never 
stops disintegrating [5]. Because of the inversion of the arrow of cosmological 
time, based on the laws of the thermodynamics, the energy of the world which 
contracted is negative in relation to the positive energy of our expanding world. 
Yet, on the grounds that the existence of particles of negative energy would not 
be in accordance with the observable reality, it is half of our universe that is de-
nied [48].  

The existence of particles of negative energy has been scratched by a stroke of 
pen by most physicists. It is nevertheless part of the results obtained by Dirac in 
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his formulation of the equations of quantum mechanics [49]. These equations, 
which remain the foundation of quantum theory, reveal a continuum of states of 
negative energy. If we consider the binding energy of a hydrogen atom, the equ-
ations describe a whole series of possible energies, with a minimal state of ener-
gy. Below this state of minimum positive energy, the energy becomes zero over a 
very long vacuum interval, then reappears in negative form, and develops in the 
other direction with infinity of states. From a conventional point of view, these 
states of negative energy are considered supernumerary and superfluous, but for 
Dirac, these states had a reality. It is by calculating from these states of negative 
energy that he predicts the existence of the positron. The experiment gave him 
reason. This arbitrary decision by physicists to discard this type of particle of 
negative energy, explicitly provided by the Dirac equations, today distorts all the 
reasoning of cosmological physics. This question was the subject of two previous 
articles [32] [50].  

Astrophysicists would do well to question the basis of their creed. Besides 
starting from a beginning of which we know nothing, whether by observation or 
experimentation, that it does not meet the basic criteria of science, the standard 
big bang theory is contradicted by several current observations, which are ig-
nored. For example, the subtle observations made by astronomers at the Bura-
kan Observatory (of the Armenian Academy of Sciences), of which Viktor Am-
bartsumian was the director, have been left aside. The work of Armenian astro-
nomers confirmed the new hypothesis of star formation according to which the 
evolution was from condensation to rarefaction, from hyperdense bodies to less 
dense bodies. They further confirmed that the birthplaces of the new galaxies 
were the centers of the old galaxies. The latter swell, from time to time, show a 
tendency to divide and eject powerful gas clouds containing free electrons that 
explain the powerful radio-ray emission. Rapid protons give birth to cosmic par-
ticles. They confirmed the theory of the division of galaxies: they noticed that in 
some cases, from the center of a giant galaxy escaped a jet that ended in a dwarf 
galaxy whose color, unlike the “old galaxies”, yellow and red, was blue. It was a 
birth of a small galaxy by a big one. Over time, the jet binding—a kind of “um-
bilical cord”—should disappear, giving the “offspring” the opportunity to start 
an independent life. Such dwarf galaxies were discovered near many supergalax-
ies [51] [52]. 

Because standard theory cannot explain certain phenomena, its advocates 
have developed an ability to systematically ignore these facts [53]. Observations 
show, contrary to the Lemaître-Gamow postulate, that stars and galaxies have 
not structured in one go and that their age can be very different. Does this mean 
that we must, however, invalidate the hypothesis of the primitive atom for the 
entire cosmos? Certainly not.  

We believe that our universe undergoes both processes. This would be ex-
plained as follows: About 15 billion years ago (at the Planck scale, and not at ab-
solute zero), the primary matter, then dense and hot, began its expansion. The 
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expansion would have been preceded by a period of contraction and it would not 
have occurred at the same time for all the matter. In the world in contraction, 
some of the matter has contracted faster than the other, giving the big crush 
which is for us the big bang. The first process would be that the kinetic energy of 
the primordial explosion that spawned the expansion would be counterbalanced 
by the gravitational attraction that caused in the early days of the universe the 
formation of much of the condensed objects (atoms, molecules, stars...). The se-
quence density variation-gravitational collapse-accretion would be the preroga-
tive of the standard model. The second process concerns isolated pieces of ma-
terial from the pre-universe that contracted and that would have been delayed in 
their appearance and development. These would be pre-existing hyperdense 
material nuclei as a starting point for galactic or stellar formations. These phe-
nomena are observed and localized in time and space. They would come from 
the latent matter which, at the end of a certain time, appears, expands in turn, 
begins to interact with the surrounding environment, generating the hotspots of 
intense radiation and violent patterns that we are currently seeing. The violent 
explosive effect of a strong negative pressure within a localized region where an 
important mechanism of creation has occurred, for example active galactic nuc-
lei, produces an ejection from this region. 

Photos taken by specialists have shown the phenomenon of ejection. Exam-
ples have been provided. There are a large number of objects whose figures give 
examples of direct evidence that discrete objects—galaxies or quasars—with a 
strong redshift are ejected from low redshift galactic nuclei. Standard theory of-
fers no explanation for this type of phenomenon, which its defenders have con-
tinued to ignore. Yet these are real facts.  

Even if we accept with caution the hypothesis of Ambartzoumian, according 
to which these stellar formations would have for origin a prior concentration of 
hyperdense matter (nuclear plasma) in proto-stars, it is nevertheless true that, 
often, everything takes place, not as if stars clustered into galaxies, but rather as 
if the stars were formed somehow from a galactic core (itself hyperdense) since 
the galaxies, composed of billions of stars, then develop in the aspect that we 
know them, with their own rotational movement. Physicist Milne has already 
tried to reconcile the thesis of the primitive atom with the continuous formation 
of stars or galaxies and with their evolution. While retaining the idea of an initial 
explosion of all matter concentrated “somewhere” at the instant “ze-
ro”—explosion causing by molecular dispersion the creation of a space in con-
stant expansion over time, Milne admitted, however, that the particles were 
grouped progressively to form stars then stellar systems. Subsequent observations 
have shown that stars are born in groups within galaxies, and then separate from 
each other. 

The above development would seem to imply—if we accept Ambartzumian’s 
conception of the prior existence of proto-stars—that hyperdense nuclei have 
themselves preceded the formation of galaxies. The proto-stars could be only 
fragments of these nuclei, which, by splitting themselves primitively, could have 
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given rise to the formation in groups (or at least in pairs) of galaxies. This, which 
is no longer a simple view of the mind, concurs, in a certain way, with Lemaître’s 
cosmogonic hypothesis in 1931 according to which the present world has re-
sulted from the radioactive decay of an atom. Guided by thermodynamic con-
siderations that sought to interpret the law of the degradation of energy within 
the framework of quantum theories, the discovery of the universality of radioac-
tivity, since then, makes more plausible its suggestion which assigned a radioac-
tive origin to all the existing cosmic matter as well as the most powerful cosmic 
rays that would be the relics of the primitive universe. 

6. Conclusions  

The year 1998 is that of a spectacular twist: the experimental discovery of the 
acceleration of the expansion of the universe. Astrophysicists have observed sev-
eral distant supernovae of type 1a acting as luminous stallions. The results indi-
cate that they seem more distant than expected. Their position suggests that the 
expansion of the universe would have been accelerating for at least six billion 
years. On the other hand, the very distant galaxies in which the type 1a super-
novae explode show a slowing of their recession velocity, sign that the expansion 
of the universe has been slowed down in the first billions of years. They con-
cluded overnight without discussion that the acceleration of distant supernovae 
would result from a dark, hypothetical and invisible energy, which could be a 
quantum vacuum energy in the form of a positive cosmological constant. The 
problem is that the value of the quantum vacuum energy deduced from astron-
omy, which seems to be 10120 times too high compared to what the observations 
indicate and to the value calculated by the theoretical physicists. Explicitly and 
approximately, the vacuum energy density proposed by quantum field theory is 
about 10121 GeV/m3, which corresponds to about 10121 protons/m3. The value of 
the current cosmological medium is 10 GeV/m3 or about 10 protons/m3. The gi-
gantic gap between the two is what is called the vacuum catastrophe [31] [33].  

In our view, we are witnessing a farce of official science. First, the technique of 
measuring astrophysical distances using supernovae cannot be trusted. Astro-
nomers assume that the intrinsic brightness of the supernovae is the same for all, 
independent of the particular object being measured. This hypothesis, impossi-
ble to prove, is free. The chemical composition of the first supernovae was ne-
cessary of a composition different from that of now since the generations of stars 
had not yet succeeded one another to make the heavy elements. Then, consider-
ing what physicists know about radioactivity and cosmic radiation, the research-
ers thought they were right that the cosmological constant should be several or-
ders of magnitude larger than the density of ordinary matter. It was enough to 
introduce into the equations a simple parameter, dark antigravitational energy 
appeared and it is done. The fact is that cosmological observations indicate a low 
vacuum energy and a cosmological constant with a near zero density [21]. 

The problem of the cosmological constant (or the vacuum energy) constitutes 
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the greatest challenge of contemporary theoretical physics. Many theoreticians 
sense that the resolution of this major conflict could perhaps lead to the unifica-
tion of gravity and quantum theory. For more than half a century, two tracks 
have been followed to quantify gravitation. The string theory which favors the 
geometric approach of general relativity and the theory of loops which prioritiz-
es the quantum approach of fields. Whatever may be said about these two prom-
ising theories, and other approaches, these have not yet yielded results in terms 
of prediction or experimentation. Moreover, they lack a basic, coherent and 
unique equation, which translates simple laws leading to unification. 

We claim to have such an equation whose master key is time. If the mathe-
matical story told by the standard model springs from a mathematical singulari-
ty, the equation presents a non-singular physical beginning in the form of a 
“fireball” which represents the physical birth certificate of the universe. This 
material content that cools when expanding gives birth to space-time. The time 

ot  of the expression to c makes impasse on the question of the genesis (initial 
singularity) to concern itself only with the immediately subsequent cosmological 
events (Planck era). The equation of theory of Relation therefore presents a un-
iverse governed by the laws of mathematical physics that incorporates a time 
that becomes a unit of measurement, which gives a thermal history and legiti-
macy to the existence of things. It bridges the gap of 1060 orders of magnitude 
separating the quantum mechanics of the subatomic world from the astronomi-
cal scale of general relativity by a cosmological time that extends between a time 
of 10−43 s and a time of 1017 s. It is proof that both quantum theory and general 
relativity are wrong about the nature of time that constitutes cosmological his-
tory [31] [54]. 

This cosmological time which defines the notions of space and time between 
this beginning of space-time and now gives meaning to the laws of physics as we 
know it. It merges with the vacuum energy, or a dark energy, that empties the 
universe by never ceasing to dilute itself in favor of ordinary matter. The model 
of the theory of Relation also attempts to reconcile the dynamic aspects of the 
big bang theory with the eternal nature of continuous creation. It strives to 
create a bridge between the competing cosmological models: the idealistic mod-
els that presuppose the creation of an incredible density nucleus containing all 
the matter and the energy of the universe, which nucleus would have disinte-
grated once for all, and the materialistic models that conceive pre-existing 
hyperdense nuclei as a starting point for galactic or stellar formations. 

We believe that this equation, which contrasts with the current popular view 
of cosmology and cosmogony, is closest to the equation that Lemaître lacked to 
defend his “primeval atom hypothesis” and his prediction of fossil cosmic rays, 
witnesses of the primitive activity of the cosmos. 
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Abstract 

In view of the growing interest in molecular orbitals (MOs) encountered in 
certain complex oxides, we review some of their properties from the band 
theory perspective and provide detailed examples based on real materials. 
Our discussion includes some technical aspects of identifying MOs in elec-
tronic structure calculations and considers cases when MOs can be both or-
thogonal and non-orthogonal. We also describe orthonormalization of MOs, 
a procedure converting them into Wannier functions, and discuss the prob-
lem of Wannier functions possibly being rather spatially extended and how 
using MO, rather than atomic orbital, based effective Hamiltonians might be 
a better choice in describing certain strongly correlated systems as well as 
systems with strong electron-phonon coupling. Furthermore, we address the 
problem of strongly correlated MOs and how it can be treated in band theory 
calculations. 
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1. Introduction 

Ligand molecular orbitals (MOs) have been recognized as important players in 
the physics of transition-metal compounds since the introduction of the 
Zhang-Rice singlet back in 1988 [1]. They have recently gained a renewed inter-
est after the concept of oxygen MOs strongly coupled to lattice degrees of free-
dom in a polaronic way was used to describe rare-earth nickelates [2] [3] and 
superconducting bismuthates [4] [5] [6]. Ligand MOs are particularly important 
in negative charge-transfer and hole-doped charge-transfer insulators, where of-
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ten they are the orbitals that end up being occupied by the (self-)doped holes 
and therefore have a direct impact on the system’s low-energy properties [7]. 
Among this important class of materials are such vigorously discussed but still 
controversial systems as superconducting cuprates [8] [9] and bismuthates [10] 
[11] [12], rare-earth nickelates [13], and transition-metal oxide based Li-ion 
battery cathode materials [14] [15]. Since this topic is expected to generate only 
more interest in the future, the current paper will present a band theory perspective 
on some important aspects of MOs in complex oxides, including the mathematical 
construction of MO-based basis sets (Section 2), the non-orthogonality problem 
(Section 3), their usage in effective models in the presence of strong elec-
tron-phonon coupling (Section 4), as well as the problem of a proper treatment 
of strong local correlations on MOs (Section 5); conclusions will be given in Sec-
tion 6. Each part of the discussion will include a detailed example of a real ma-
terial. 

2. Projecting Electronic States onto Molecular Orbitals  
(NaNiO2 as an Example) 

Let us consider the prototypical negative charge-transfer insulator NaNiO2 as 
our first example. Its monoclinic C2/m crystal structure consists of triangular 
layers of edge-sharing cooperatively elongated NiO6 octahedra intercalated with 
Na+ ions, with one formula unit per primitive unit cell [16]. Although here Ni 
has a formal valency of 3+, spectroscopic studies clearly show the abundant 
presence of oxygen holes which suggest an actual electronic configuration of 
Ni2+L, where L is an oxygen hole [17]. This three-hole state has a net spin of ½ 
and would formally correspond to Ni3+ ( 3

ge ) with spin 1/2, which is quite con-
trary to what one would expect from Hund’s rules if it really were Ni3+. Due to 
the strong hybridization between the Ni—eg orbitals and the oxygen MOs of re-
spective symmetry, the oxygen holes select to occupy the O—(x2-y2) MOs, one 
hole per oxygen octahedron, and form a Zhang-Rice-like spin singlet state with 
the hole in the Ni—(x2-y2) orbital. This selective occupation of the (x2-y2) MOs 
by the holes, which results in the mentioned cooperative elongation of the NiO6 
octahedra, constitutes a molecular orbital (or band) Jahn-Teller effect. 

A way of verifying and visualizing this picture using band theory is to perform 
a projection of the NaNiO2 electronic structure on a MO-based basis set. We 
note, however, that band theory is unable to fully capture the multi-determinant 
character of the spin singlet state in question and will underestimate the energy  

of the singlet as 1
4 pdJ  rather than 3

4 pdJ , where Jpd is the spin exchange coupling  

between interacting atomic d and molecular p states. Still, it provides a fair de-
scription of on-site symmetries and spin densities, worth exploring with the 
projection technique. 

Figure 1(a) shows the calculated NaNiO2 density of states (DOS) projected 
onto the Ni—3d orbitals (left) and the oxygen molecular orbitals (right) for the 
majority and minority spin channels. This is a spin-polarized local density  
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Figure 1. Oxygen molecular orbitals in NaNiO2. (a) Projected densities of states (PDOS) 
per formula unit for the Ni—3d atomic orbitals and the oxygen MOs. (b) An isolated 
oxygen—(x2-y2) MO ( )Mψ R r . The primitive cell comprising a single formula unit is 

marked with black lines. The short Ni—O bonds in the elongated octahedra are colored 
in a darker grey color than the long ones. (c) The majority spin band structure with the 
oxygen—(x2-y2) character highlighted in red. (d) An oxygen—(x2-y2) Bloch function 

( )Mψ R r  at the Γ  point. In (a) and (c) the Fermi level is set to zero and marked with a 

dashed line. (e) Oxygen—pσ orbitals are in fact the xp , yp , and zp  orbitals of the 

two inequivalent oxygens O1 and O2 in a unit cell, but each coming from an oxygen be-
longing to a different unit cell. 
 
approximation + U (LDA + U) [18] [19] calculation (on-site Coulomb repulsion 
U = 6 eV, Hund’s exchange interaction JH = 1 eV for Ni—3d electrons [20]) per-
formed, like the rest of the calculations presented in this paper, using the linea-
rized augmented plane waves method implemented in the Wien2k package [21]. 
A ferromagnetic order of Ni magnetic moments, both within and between the Ni 
planes, is assumed for simplicity. The majority spin hole has a mixed character 
of the Ni—(x2-y2) atomic orbital and the oxygen—(x2-y2) molecular orbital, 
which is a result of strong hybridization between these orbitals. This hole state is 
the anti-bonding combination of the two orbitals pushed up in energy above the 
Fermi level, while the bonding combination lands at about −5 eV below the 
Fermi level. An isolated oxygen—(x2-y2) molecular orbital ( )Mψ R r  centered at a 
Ni site R is shown in Figure 1(b), but the actual projection of the DOS [Figure 
1(a)] or the k-resolved projection of the band structure [Figure 1(c)] are per-
formed onto the Bloch functions ( )Mψ k r  constructed from ( )Mψ R r : 

( ) ( )eM M iψ ψ −= ∑k
kR

RRr r ,                      (1) 

where M indicates an MO character of the wave function and k is the crystal 
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wave vector. To give a visual example, we show the oxygen—(x2-y2) MO Bloch 
function at the Γ  point [k = (0, 0, 0)] in Figure 1(d). 

Generally speaking, MO Bloch functions ( )iMψ k r  can be obtained from the 
atomic orbital Bloch functions ( )jaψ k r  via a unitary transformation U(k): 

( ) ( ) ( )ji aM
ijjUψ ψ= ∑k kr k r .                    (2) 

Allowing for the k-dependence of the transformation matrix elements Uij(k) 
reflects the fact that an MO can be built from atomic orbitals nominally belong-
ing to different unit cells. This is, for instance, the case for the oxygen—(x2-y2) 
MO shown in Figure 1(b), where the oxygen—pσ orbitals to the left of the Ni 
atom and those to its right belong to different unit cells. Figure 1(e) explains in 
further detail that the six oxygen pσ orbitals on a given NiO6 octahedron are in 
fact the xp , yp , and zp  orbitals of the two inequivalent oxygens O1 
and O2 in a unit cell, but each coming from an oxygen belonging to a different 
unit cell. In a way, using a k-dependent unitary transformation matrix U(k) 
broadens the technical definition of a unit cell as used in band-structure calcula-
tions for the purpose of setting up a Bloch basis set, where now atomic orbitals 
from the same atom can belong to different unit cells as in the case of NaNiO2. 

Let us also note that if a MO character of an electronic state shows very little 
variation with k-vector this should be regarded as a sign of the robustness of the 
molecular nature of this state in real space. As one can see in Figure 1(c), this is 
the case for our example of NaNiO2, where indeed the majority spin hole state 
has a strong oxygen—(x2-y2) character at every k-vector. 

Although in the charge- and negative charge-transfer systems it is very typical 
for the ligand holes to occupy MOs of the same symmetry as that of the cation 
atomic orbitals that they hybridize with [like the oxygen—(x2-y2) MO and the 
Ni—(x2-y2) atomic orbital in NaNiO2], there are a number of notable exceptions. 
For example, in the iron disulfide FeS2 (pyrite structure) and the recently dis-
cussed iron dioxide FeO2 [22], the ligand holes reside on the MOs formed on 
sulfur/oxygen dimers owing to strong intra-dimer hybridization between the 
sulfur/oxygen—pσ orbitals. The same is the case in the superoxides like KO2, 
where oxygen dimers have a net spin of 1/2 and which order magnetically below 
the ordering temperature.  

As a final technical remark for this section, our MO projections are performed 
using atomic-like functions ( ),

1
l

l l mu E Yα σ , which are the solutions of the 
Schrödinger equation within the muffin-tin sphere of atom α at the linearization 
energy 1lE  and where l

mY  are spherical harmonics, to construct molecular 
orbitals. This is in some contrast with the approach adopted in Wien2k, where 
atomic orbital projections are done onto the spherical harmonics l

mY  inside 
muffin-tin spheres. In practice, the two approaches give very similar results for 
the projected DOS, but having also the radial part ( ),

1 ,l lu E rα σ  means that pro-
jections are being done on a true atomic-like orbital (or molecular orbital com-
bination), which, in particular, enables their visualization in real space. 
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3. Non-Orthogonality (BaBiO3 as an Example) 

For certain lattice structures—including those of the cuprates, with their charac-
teristic two-dimensional square CuO2 planes, as well as of the bismuth and nick-
el perovskites—construction of MOs may also require their proper orthonorma-
lization performed on top of the unitary basis transformation discussed above. 
In this regard, let us consider the example of the barium bismuth perovskite 
BaBiO3. In a perovskite lattice structure of the ABO3 type [Figure 2(a)], neigh-
boring BO6 octahedra share their corners such that the O-B-O angle is equal or 
close to 180˚. As a result, the oxygen—pσ orbitals, typically involved in the for-
mation of MOs, have to be shared between neighboring B cations. In the case of 
BaBiO3, the MO of most importance is oxygen—a1g, shown in Figure 2(a), due 
to its strong hybridization with the Bi—6s atomic orbital. However, because of 
the problem of a common oxygen—pσ orbital, neighboring oxygen—a1g MOs are 
non-orthogonal to each other. If no orthonormalization is done to such MOs, 
the Bloch functions constructed out of them will have a k-vector dependent overlap 
integral, M Mψ ψk k , and may even completely vanish at certain k-points. As 
demonstrated pictorially in Figure 2(c) & Figure 2(d) and also shown in the 
LDA band structure calculation in Figure 2(b), this is the case for the oxy-
gen—a1g MO in BaBiO3 at the Γ  point. 

In order to be suitable for use in effective models, MOs of this kind need to be 
orthonormalized first. As was originally shown by Zhang and Rice [1], the 
k-vector dependent normalization factor βk , 

2 1M Mβ ψ ψ =k k k ,                     (3) 

 

 
Figure 2. Oxygen molecular orbitals in BaBiO3. (a) An idealized (e.g., without octahedra’s 
rotations or bond disproportionation) cubic perovskite crystal structure of BaBiO3, with 
one formula unit per unit cell, featuring also an isolated oxygen—a1g MO ( )Mψ R r . (b) 

Projection of the BaBiO3 electronic states onto oxygen MOs; the Fermi level is marked 
with a dashed line. (c) and (d) show oxygen—a1g MO Bloch functions at the Γ  [k = (0, 
0, 0)] and R [k = (π, π, π)] points, respectively. Note that at the Γ  point the individual 

( )Mψ R r  contributions completely cancel out due to their non-orthogonality, which re-

sults in vanishing oxygen—a1g MO weight at this k-vector in (b). 
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may be ill-defined at certain k-points. For the oxygen—a1g MO in BaBiO3, for 
example, it diverges at the Γ  point: 

( )
1 211 cos cos cos

3 x y zk k kβ
−

 = − + +  
k ,               (4) 

as obtained using the oxygen—a1g MO given by 

( ) ( ) ( )1 1 1 e 1 e 1 e
6

g yx za iakiak iakx y zp p pψ −− −= − + − + 
 

−k k k k ,  (5) 

where ypk , i = x, y, z, are the Bloch functions of orthonormal oxygen—pσ or-
bitals and a is the cubic lattice constant. Let us note that an MO with contribu-
tions from both the oxygen—a1g MO and the Bi—6s atomic orbital sk , 

( )1 1

2 2

1g gs a asψ α β ψ
α β

− = ±
+

k k k ,             (6) 

which was used by us and our co-authors in [5] for analyzing the BaBiO3 effec-
tive hopping parameters, does not have this divergence problem. 

4. Comparison with Wannier Functions and Usage in  
Effective Models 

It is important to recognize the fact that orthonormalization of a molecular or-
bital ( )Mψ R r  of any kind via multiplication of its corresponding Bloch function 

( )Mψ k r  by βk  converts this molecular orbital into a Wannier function [23]. 
The same, of course, applies to atomic orbitals. It is also a common practice to 
adjust Wannier functions such that their corresponding eigenvalues match a se-
lected set of bands obtained from an LDA(+U) calculation, which can be achieved 
through the following expansion in terms of self-consistently obtained Bloch ei-
genstates ,νΨk : 

, ,n mw ν νν ψ
< <

= Ψ Ψ∑k k k k .                 (7) 

Here, ψ k  can be either an atomic or a molecular orbital Bloch function 
and ν  is a band index running from band n to band m. On top of this con-
struction, one may also apply the maximal localization [23] and the disentan-
glement [24] procedures. This is finalized by orthonormalization [Equation (3)] 
to determine βk . The resulting Wannier functions wk  are convenient to use 
in effective models since the basis set size can be kept minimal but at the same 
time the LDA(+U) bands would remain well reproduced by the model’s eigens-
tates. This approach is, for example, often used in regard to transition metal 
oxides in order to eliminate oxygen—p orbitals and derive a transition metal—d 
only based effective model. However, depending on how large and how strongly 
k-vector dependent βk  is, such Wannier functions can be quite extended ob-
jects in real space with orbital contributions from many atomic shells. One dis-
advantage of using the Wannier functions wk  [Equation (7)] in effective 
models is that most often it is not possible to fully control the degree of their 
spatial extension, even when attempts to optimize them through “maximal loca-
lization” have been made. This is a well-known problem for strongly localized 
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atomic orbitals, like transition metal—3d, in Hubbard-type models where elec-
tron interactions are supposed to be strictly local. There, the Wannier functions 
wk  [Equation (7)] would be very different for the occupied and the unoccu-

pied states, especially for a charge-transfer gap insulator where the occupied dn-1 
state is inside the O—2p band while the unoccupied dn+1 state is very well above. 
In this situation, there would be no easy way to define properly the Hubbard in-
teraction parameter U. 

As an example of how much spatial extension a nominally maximally loca-
lized atomic Wannier function wk  can have and how strongly it can be af-
fected by covalence effects, let us consider Ni—3d orbitals in the charge-transfer 
gap insulator NiO. Figure 3 shows the NiO minority spin band structure calcu-
lated for ferromagnetically aligned Ni magnetic moments using LDA + U with JH 
= 1 eV and U = 2 eV [panel (a)], U = 12 eV [panel (b)], and U = 6 eV [panels 
(c)-(e)] applied to Ni—3d electrons. Fat bands indicate the strength of the Ni—3d 
character, while the dashed lines are the eigenvalues of an effective Hamiltonian in 
the basis of maximally localized Ni—t2g Wannier functions obtained using the 
Wannier90 package [25]. For the very small U value of 2 eV and the very large U 
value of 12 eV, the Ni—t2g bands lie either above or below the oxygen—2p 
bands, respectively, which reduces their hybridization and makes it possible to 
obtain a reasonable effective Hamiltonian with eigenvalues closely matching the 
LDA + U bands. However, the resulting Wannier functions in real space (shown 
below the corresponding band-structure plots in Figure 3) look quite different 
in the two cases and, in particular, have different degrees of spatial extension. In 
the most realistic case of U = 6 eV, the Ni—t2g and oxygen—2p bands are 
 

 
Figure 3. Maximally localized Ni—t2g Wannier functions in NiO. At the top shown are 
the NiO spin minority band structures, with fat bands indicating the Ni—3d orbital cha-
racter, as well as the eigenvalues of the Ni—t2g maximally localized Wannier functions 
based effective Hamiltonians. The Fermi level is set to zero and marked with a dashed 
black line. One of the Ni—t2g Wannier functions in real space is shown below each cor-
responding band-structure plot. The band-structure results were obtained in LDA + U 
with (a) U = 2 eV, (b) U = 12 eV, and (c)-(e) U = 6 eV. In (c)-(e), the effective Hamilto-
nian’s eigenvalues were constrained during wannierization to match (c) the lowest, (d) 
the highest, or (e) no LDA + U bands in the occupied manifold. 
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energetically very close and so get strongly hybridized. As a result, wannieriza-
tion may give even more ambiguous results in this case. Depending on whether 
certain constraints are applied [Figure 3(c) and Figure 3(d)] or not [Figure 
3(e)], one can obtain either very extended and ill-shaped or very well-localized 
Wannier functions. In the latter case, however, the effective Hamiltonian’s ei-
genvalues are a poor match to the LDA + U bands. 

The cuprates are another good example where we can define the upper Hub-
bard band very well because it is well separated from the oxygen—2p band, 
while the lower Hubbard band, involving also all kinds of multiplets spread out 
over about 8 eV, is for a large part inside the oxygen—2p band. Also, the lowest 
energy d8 state without the hybridization switched on is a triplet F state and not 
a singlet state, as one assumes in a Hubbard model. In fact, the singlet A1gd8 state 
hybridizes so strongly that it pushes out the Zhang-Rice singlet state from the 
top of the O band and this state has more oxygen—2p than Cu—3d character in 
it. This is very similar to the BaBiO3 “bound two-hole state” pushed up above the 
Fermi level that we discussed in Section 3. If the Zhang-Rice state is well enough 
pushed out of the top of the O band, then we could actually define a single site 
Wannier function for this but it would have more density on O than on Cu. 

In this case of correlated oxides where transition metal—d orbitals are 
strongly localized yet also subject to hybridization with oxygen—p orbitals, a 
way to improve on the localization of Wannier functions would be to also in-
clude oxygen—2p orbitals into the Wannier basis. This, however, may signifi-
cantly increase the size of the Hilbert space required in model calculations. On 
the other hand, the increase can be much less dramatic if only the most impor-
tant molecular combinations of oxygen—p orbitals are considered, such as the 
oxygen—(x2-y2) or oxygen—a1g in our earlier examples of NaNiO2 and BaBiO3. 
Recently, this promising MO based approach has been successfully applied to 
calculate resonant X-ray spectral responses in rare-earth nickelates [3]. Another 
useful application would be to study systems with strong electron-phonon 
coupling, especially of the kind that strongly affects hybridization between ca-
tion and oxygen orbitals. There is, for example, a strong electron-phonon 
coupling of this kind in BaBiO3 where the A1g—symmetric (so-called “breath-
ing”) oxygen phonon mode is coupled to the hybridization strength between the 
Bi-6s atomic orbital and the oxygen—a1g MO. The role of this coupling in the 
bismuthates’ superconductivity has recently been a subject of intense theoretical 
research, both at the band theory [4] [5] [6] and also model Hamiltonians levels, 
the latter including conventional atomic orbital based models [26] as well as MO 
based ones [27]. 

5. Strongly Correlated Molecular Orbitals (Na2IrO3 as an  
Example) 

Since molecular orbitals are localized objects, electrons or holes occupying them 
may be subject to strong on-site Coulomb repulsion, where a site can now be a 
molecular orbital one and technically comprise more than one atomic site. From 
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the band theory point of view, it would be very desirable to have a mean-field 
method, perhaps similar to the conventional LDA + U, in order to describe local 
correlations in systems with dominant MO character of the valence bands. Inte-
restingly, application of the conventional LDA + U method to such systems may 
have an unphysically detrimental effect on their MO nature. 

As an illustration, let us consider sodium iridium oxide Na2IrO3, a famous 
candidate Kitaev system [28], with an unusual property that its Ir—5d orbitals 
hybridize in a way such as to form MOs on Ir hexagons [29] [30]. It is worth 
emphasizing that, in contrast with our previous examples, here MOs are formed 
out of cation instead of oxygen orbitals, which makes this case rather special. 
This becomes possible thanks to the larger spatial extent of the 5d orbitals, com-
pared to that of the 3d ones, which leads to their larger nearest-neighbor hybri-
dization, and also thanks to the peculiar geometrical arrangement of the IrO6 
octahedra. Figure 4(a) shows the Na2IrO3 DOS projected onto Ir—5d MOs, as 
obtained from a generalized gradient approximation [31] (GGA) calculation. 
Here, we would like to focus on the MO aspects of the Na2IrO3 electronic struc-
ture and therefore neglect spin-orbit coupling effects, which one would other-
wise need to also take into account. In this calculation, we assume a zig-zag or-
der of Ir magnetic moments, shown in Figure 4(b), since it is experimentally 
found to be the ground magnetic state for Na2IrO3 [32]. As one can see from the 
GGA calculations, this magnetic order can be well described in terms of 
on-hexagon molecular orbitals. In particular, near the Fermi level we find a com-
pletely filled A1g + E2u MO and slightly filled A1g − E2u MO in one spin channel 
and an opposite situation in the other spin channel, with A1g ± E2u standing for 
linear combinations of MOs with the A1g and E2g symmetries. The connection 
between the zig-zag magnetic order and such peculiar MO occupations becomes  
 

 
Figure 4. Ir molecular orbitals in Na2IrO3. (a) and (e) show Ir MO projected DOS of 
Na2IrO3 calculated using GGA and GGA + U, respectively. (b) The zig-zag order of Ir 
magnetic moments within a hexagonal Ir layer. (c) and (d) show, respectively, the isolated 
A1g + E2u and A1g − E2u Ir MOs. 
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clear if one inspects the shapes of these two MOs in real space. Indeed, as shown 
in Figure 4(c) and Figure 4(d), one of these MOs is located on the right side of 
an Ir hexagon while the other MO is located on its left side, and this exactly 
produces the zig-zag order if the two MOs are occupied by holes of opposite 
spins. Now, there is one more MO at the Fermi level, namely, E2u, which is 
slightly empty in both spin channels. If a method like GGA + U but designed to 
act in the basis of MOs were applied to Na2IrO3, it would push up in energy and 
completely empty the A1g − E2u and A1g + E2u MO states and would push down 
and complete fill the E2g MO states. This is not what happens when the conven-
tional GGA + U method (U = 2.7 eV and JH = 0.7 eV on Ir-5d orbitals) is applied 
[Figure 4(e)]. Although it does open a charge gap of 0.25 eV, but in a way that 
splits and mixes the A1g − E2u, A1g + E2u, and E2u MO states, thus destroying the 
MO nature of the Na2IrO3 valence bands. Similar damage is also done to the 
lower-lying B1u and E1g MOs. 

For the local MO correlations to be treated properly (at least, in a mean-field 
sense), two approaches seem to be in place. In the first approach, one can first 
construct MOs via the unitary basis transformation of Equation (2) and then use 
the conventional LDA + U expressions for total energy and potential but written 
in the basis of MOs. We see three problems associated with this approach. First, 
it is not always obvious in which way MOs should be constructed. Second, this 
approach is intrinsically rotationally non-invariant, i.e., would produce different 
results depending on the choice of the basis. Third, calculation of the Coulomb 
and exchange interaction matrix elements 

i jM MU  and 
i jM MJ , with Mi and Mj 

denoting MOs, may pose a serious challenge. 
The second and, as we believe, more promising approach consists in extend-

ing the atomic orbital LDA + U method by additionally taking into account 
Coulomb interactions between different atomic sites. Also referred to as ex-
tended DFT + U + V, this approach was first discussed by Campo and Cococ-
cioni in [33]. It can be shown that if all important inter-site interaction terms are 
taken into account, this approach can capture the same MO physics as the more 
intuitive first approach discussed above. Whether the inter-site interaction terms 
that the authors of [33] chose to keep in their interaction Hamiltonian are suffi-
cient in doing so is an open question, and further investigations into this matter 
would be of great value. By the way, recognizing the importance of inter-site in-
teractions explains why GGA + U fails in the case of Na2IrO3. Indeed, although 
GGA suffers from the self-interaction problem, it at least treats both on-site and 
inter-site interactions on the same footing. This allows GGA to capture qualita-
tively all MO energy splittings in Na2IrO3 [Figure 4(a)]. On the other hand, in 
GGA + U the on-site interactions are unphysically exaggerated in comparison 
with the inter-site ones, which apparently must be similarly strong. 

6. Conclusion 

In summary, we presented our band theory perspective on some important as-
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pects of molecular orbitals in complex oxides. In particular, we first discussed 
technical issues related with the implementation of MO-based projection of 
electronic states, using NaNiO2 as an example. Then, this discussion was ex-
tended by considering non-orthogonal MOs, as observed in BaBiO3, and the way 
of performing their orthonormalization. This led us to the concept of atomic and 
molecular orbital Wannier functions, where we discussed the problem of the 
Wannier functions being typically rather extended in real space and how this 
property may restrict their usage as basis functions in model Hamiltonians, us-
ing NiO as an example. A suggestion was then made that MO based model Ha-
miltonians might be a good approach to describing correlated transition metal 
systems with strong cation-anion orbital hybridization and also systems with 
strong electron-phonon coupling. Our final point concerned the problem of a 
proper band theory treatment of strong correlations between electrons or holes 
occupying molecular rather than atomic orbitals. In this context, we discussed 
the failure of the conventional atomic LDA + U method to capture the MO na-
ture of the electronic states in Na2IrO3 and outlined possible pathways towards a 
more adequate band theory based description. As the interest in better under-
standing of the role of molecular orbitals in complex oxides is growing, we ex-
pect that our current review will provide a useful reference for future studies. 
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Abstract 

Since the late nineteenth century, until the present time, there has been an 
increase in the earth’s global mean surface temperature (GMST). This tem-
perature increase has been calculated at 0.85˚C over the period 1880-2012.  
The causes of this temperature increase include increased levels of green-
house gases (GHG’s), variations in solar irradiance and changes in absorption 
and re-radiation of heat. Volcanic activity and orbital cycles work to cool the 
earth’s surface. A thermodynamic analysis is presented of the earth’s atmos-
phere. The analysis demonstrates an increase in entropy production as a re-
sult of increased GMST. An equation is derived expressing entropy produc-
tion in the atmosphere based on atmospheric processes (wind, precipitation, 
chemical reactions, electrical activity and heat transfer). The effects of in-
creased entropy production on wind, precipitation, freezing and melting of 
ice, chemical reactions and electrical activity are given showing an increase in 
the combination of the above phenomena. 
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1. Introduction 

Since the late nineteenth century, until the present time, there has been an in-
crease in the earth’s global mean surface temperature (GMST) [1]. This temper-
ature increase has been calculated at 0.85˚C over the period 1880-2012 [1]. The 
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period 1880 to 2012 is arbitrary. Any period of time from the present (or near 
present) to a time in the recent past will suffice, provided there is an increase in 
GMST. ([1]—Chapter 2 provides detailed evidence for global warming). The causes 
of this temperature increase include increased levels of greenhouse gases 
(GHG’s), variations in solar irradiance and changes in absorption and re-radiation 
of heat [1]. Volcanic activity and orbital cycles work to cool the earth’s surface.  

In this paper, a thermodynamic analysis is presented of the earth’s atmos-
phere. This analysis consists of three parts: 1) Derivation of excess entropy pro-
duced in the atmosphere due to increased temperature; 2) Derivation of an equ-
ation expressing entropy production (in the atmosphere) based on atmospheric 
processes (wind, precipitation, lightning, chemical reactions and heat transfer); 
and 3) Proof that there must be an increase in a combination of these atmos-
pheric processes due to increased temperature. 

Thus, the aim of this paper is to gain an understanding of the production of 
entropy in the atmosphere by atmospheric processes, the effect of global warm-
ing on that entropy production and, in turn, the effect of global warming on 
those atmospheric processes.  

2. Methods 

The thermodynamic analysis of the earth’s atmosphere developed in this paper 
uses theory from the following sources: 
 The Clausius inequality ([2], p86) 
 The equation for entropy changes dS as the sum of interior entropy change 

(diS) and external entropy change (deS) ([2], p88)  
 The equation for local entropy production ([2], p336) 
 The equation for entropy production in terms of heat conduction, electrical 

conduction and chemical reactions and the equation for entropy production 
in a bilinear form *. ([2], p346) 

 The acceleration of a compressible fluid in an inertial frame—the Navi-
er-Stokes equation ([3], pp 97-101) 

 The acceleration of a compressible fluid in a rotating frame ([3], p104) 
 The viscous force acting on rain (hail) ([3], p51) 
 The Theorem of minimum entropy production ([2], p392) 
 Air resistance to snow ([4]) 

*The entropy produced by rain (hail) or snow and wind is derived from the 
entropy production in a bilinear form ([2], p346) 

σ = ∑F Jα α
α

                            (1) 

3. Results and Discussion 

The higher GMST at the present time (T2) compared to the late nineteenth cen-
tury (T1) is maintained by more heat from solar irradiance being retained in the 
atmosphere.  
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That is:   

2 1d d
d d
Q Q
t t
>                             (2) 

2Q  = Heat absorbed from solar irradiance at the present time  

1Q  = Heat absorbed from solar irradiance in the late 19th century 
t = Time 

Thus, excess heat production (
*d

d
Q
t

) occurs at the present time compared to 

the late nineteenth century, and is given by 

2 1
* d dd

d d d
Q QQ

t t t
= −                          (3) 

The Clausius inequality states that  

dd QS
T

≥                              (4) 

S is entropy and T is temperature in Kelvins and, therefore, 

d d d
d
S Q t
t T
>                            (5) 

Thus: 
*d

d
S
t

 is the excess entropy produced in the atmosphere at the present 

time compared to the late nineteenth century.  
The entropy produced in the atmosphere is given by  

σ = ∑F Jα α
α

                           (1) 

d
d d

d
i

v v

S
V V

t
σ= = ∑∫ ∫ F Jα α

α
                    (6) 

where:  
d
d

i s
t

σ ≡  = local entropy production [2]  

Fα  = forces 
Jα  = flows 
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In Equation (7): 
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ρ  is air density 
p is air pressure 
g is acceleration due to gravity 
k is unit vector 

visc
visc V

δ
δ

=
F

F                            (8) 

and  

( )2 1
3visc Vδ δ η  = ∇ + ∇ ∇⋅  

F u u                   (9) 

u is air velocity  
η is the dynamic viscosity of air 
m is the mass of rain (hail) drops or snow 
v is the rain (hail) or snow velocity 
E is the Electric field Strength 
I is the ion current density 

uJ  is the heat flow 
T is the temperature in kelvins 

2 jA  is the affinity of the jth reaction 

2 jv  is the rate of the jth reaction 
t is time 
r is the radius of a rain (hail) drop 
V is volume 
C is the drag coefficient on snow 
A is cross section of the snowflake 
1 is the mass of air 
2 is the acceleration of a blob of air—the Navier-Stokes Equation  
3 is the flow of air 
4 is the flow of rain (hail) or snow 
5 is the force exerted on rain (hail) 
6 is the force exerted by wind on rain (hail) or snow  
7 is the force exerted on snow  
8 is the entropy produced by lightning  
9 is the entropy produced by freezing or thawing of surface ice and precipita-

tion  
10 is the entropy produced by chemical reactions  
In Equation (7) acceleration  

1    visca p g
ρ

= − ∇ − +k F                       (10) 

gives the acceleration of wind in the inertial frame. To obtain acceleration in the 
rotating frame   

( )1 2 R visca p g
ρ

= − ∇ − × − × × − +u r k FΩ Ω Ω             (11) 
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where 

2 R− ×uΩ  
Is the Coriolis Force   

and 

( ) − × × rΩ Ω  
Is the Centrifugal Force  

where  
Ω  is angular velocity of the rotating frame  

Ru  is velocity in the rotating frame  
r  is distance 

And in Equation (7) the acceleration of wind [3] should be replaced by the 
right-hand side Equation (11).  

Entropy produced at temperature 2T  and 1T  is  

2

d
d
i

T

S
t

 
 
 

 and 
1

d
d
i

T

S
t

 
 
 

 respectively. 

And the excess entropy produced due to increased temperature from 1T  to 2T  
is 

12

*d d d
d d d
i i i

T T

S S S
t t t

   = −   
   

                   (12) 

Using Equation (7) 
The excess entropy production must be manifested by a combination of in-

creased wind, precipitation, electrical activity, rates of chemical reactions and 
freezing and melting of ice. The more global mean surface temperature increases, 
the more there will be an increase in the combination of wind, precipitation, elec-
trical activity, rates of chemical reactions and freezing and melting of surface ice. 

Notes: 
1) It is expected that an increase in GMST will result in:  
a) Melting of surface ice to predominate over freezing of surface ice 
b) Less freezing of precipitation 
2) There is increased water holding capacity of air with increased temperature 
3) In this paper no account is taken for wind of vorticity or wave motion 
In the present work, entropy production (σ ) for atmospheric processes are 

expressed in the bilinear form of forces ( Fα ) and flows ( Jα )  

σ = ∑F Jα α
α

                           (1) 

As stated in the Methods Section, entropy production for heat conduction, 
electrical conduction and chemical reactions are given in Reference ([2], p346) 
of the Methods Section. In the case of wind and the effect of wind on rain (hail) 
or snow, the force acting on these processes is derived from the acceleration of a 
compressible fluid as given in References ([3], pp 97-101) & ([3], p104) of the 
Methods Section and the mass of fluid. The flow is given by the mass of fluid and 
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the rate of flowing per time. The force acting on rain (hail) or snow is given by 
the acceleration due to gravity and the mass of rain (hail) or snow. The flow of 
rain (hail) or snow is the rate of falling of these substances. 

The change of entropy may be expressed as the sum of two parts. 
d d di eS S S= +  (refer to Methods). Where deS  is the entropy change, due to 
exchange of matter and energy with the exterior and di S  is the entropy pro-
duced by irreversible processes in the interior of the earth’s atmosphere. The 
production of entropy by electromagnetic radiation is not considered as this 
radiation originates from outside the atmosphere, only interior entropy produc-
tion in the atmosphere is considered in this paper. 

The present study defines entropy production in the atmosphere in terms of 
atmospheric processes, namely wind, rain, heat transfer, lightning and chemical 
reactions.  

There have been many studies of entropy production in the atmosphere. Ni-
colis and Nicolis [5] show that decreasing and increasing values of entropy pro-
duction are possible in the earth’s atmosphere. Paillard and Herbert [6] suggest 
the maximum entropy production principle, generally assumed to be applicable 
only for stationary systems, could be extended to time-varying climatic problems, 
provided the internal time scales are small compared to the speed of external 
changes**. 

Paltridge [7] discusses that small-scale convective heat transfer processes 
(where the preferred steady state mode is one of maximum entropy production) 
may be applied to the larger earth atmospheric system**. A system of minimum 
entropy exchange can accurately predict meridional distribution of temperature, 
cloud cover and energy flux [8]. Other studies postulate maximum entropy 
production in the atmosphere [9]. There is much debate on the application of 
maximum entropy production to the earth’s atmosphere. [10] [11]. Bannon [12] 
discusses entropy production and climate efficiency using two representations of 
climate efficiency. Kleidon, [13] reviews the earth’s atmospheric operating far 
from thermodynamic equilibrium and considers three different case of maxi-
mum entropy production. Liu et al. [14] have reviewed the concept of entropy 
and the principle of maximum entropy production in meteorology. Sura [15] 
considers the earth’s atmosphere far from equilibrium, maximum entropy pro-
duction and non-Gaussian variability about the mean of meridional heat flux 
and meridional temperature gradient. Marini-Bettolo [16] has described chemi-
cal reactions in the atmosphere. 

**Minimum entropy production would occur if the atmosphere was in a sta-
tionary state. ([2], p392).  

In the current study, heat conduction includes formation of ice, thawing of ice 
and formation of hail from rain droplets. Also included in heat conduction is 
heat generated by forest fires, and the burning of fossil fuels and geothermal and 
volcanic activity. 

The present study postulates neither minimum nor maximum entropy pro-
duction. Rather it calculates entropy production based on atmospheric processes 
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using the bilinear relation.  

σ = ∑F Jα α
α

                          (1) 

However, it does postulate increased entropy production as a result of in-
creased global mean surface temperature. 

The study undertaken here is analogous to a thermodynamic study of cancer 
[17]. In that study cancerous tumours are hotter than surrounding normal tissue. 
Because of the increased temperature of cancerous tumours, there is an increase 
in entropy production in the cancer, compared to surrounding normal tissue. In 
the thermodynamic study of cancer [17] the increased temperature and entropy 
production in cancer are spatial compared to surrounding normal tissue. In the 
present atmosphere study, the increased temperature and entropy production 
are temporal. 

This paper breaks new ground by deriving expressions for entropy production 
by wind and rain (hail) or snow based on the bilinear relation:  

σ = ∑F Jα α
α

                         (1) 

It also proves that global warming must result in a combination of more se-
vere weather patterns. 

The increases in atmospheric processes, postulated in this paper, have been 
confirmed by observations of more severe weather patterns at present compared 
with past years [1]. 

4. Conclusions  

In this paper the following theories are developed: 

1) The concept of excess entropy production in the atmosphere 
*d

d
i S
t

 due to 

temperature increases over a period of time.  
2) An equation (Equation (7)) is developed describing entropy production in 

the atmosphere 
d
d
i S
t

 due to wind, precipitation and the effect of wind on pre-

cipitation, lightning, heat transfer and chemical reactions. 
3) Proof that, as a consequence of excess entropy production, there must be an 

increase in a combination of wind, precipitation, lightning, chemical reactions 
and heat transfer. 

A comparison of the increased entropy production of the earth’s atmosphere 
is made with increased entropy production in cancer [17]. 
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Abstract 

The famous Dirac sea idea can be resurrected if one replaces the concept of 
positive and negative matter mass with positive and negative energy. Utilizing 
this concept, the perpetually spatially-flat matter-generating FSC model can 
be shown to be a realistic Milne “empty universe” model. Furthermore, this 
may be why Rh = ct cosmological models like FSC show an excellent statistical 
fit with the accumulated data of the Supernova Cosmology Project. 
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1. Introduction and Background 

Mathematical physicist Paul Dirac is perhaps best known for the Dirac equation 
in its many forms [1]. Not only was he largely responsible for making quantum 
mechanics relativistic, but his “hole theory” (based upon his equation) suggested 
to him something about the nature of the cosmic vacuum. Dirac believed that his 
equation implied that the vacuum could be a many-body quantum state in 
which all of the negative energy eigenstates (holes) are occupied. In terms of 
electron eigenstates, for instance, Dirac pictured a “sea” of electrons occupying 
negative-energy electron eigenstates. Unfortunately, his “Dirac sea” idea was in-
terpreted to imply holes of negative mass matter, which is believed to be im-
possible. The term “antimatter” is used not to imply negative mass matter, but 
rather gravitationally-attractive positive-energy matter of the same mass as its 
positive-energy partner, yet opposite in quantum spin and charge. The com-
bined mass-energy of an electron and positron, for instance, sums to twice that 
of the electron alone, rather than summing to zero. Despite the initial apparent 
failure of the Dirac sea idea, the Dirac equation was correctly credited with pre-
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dicting oppositely-charged matter of equal positive mass, for which the term an-
timatter is restricted.  

On a parallel track, there is the currently-favored theory that our universe 
may have started from a zero-energy state and undergone a brief (10−32 s) period 
of “cosmic inflation” in which all matter and antimatter were created. Neverthe-
less, this nearly instantaneous matter-generating universe theory would appear 
to violate conservation of energy. This did not escape notice by its inventor, 
Alan Guth [2] [3]. Guth has sometimes referred to his theory as a “free lunch” 
idea. Other somewhat modified inflationary theories [4] [5] of a nearly instan-
taneous matter-generating universe have followed, although the problem of 
energy conservation violation appears to be inherent in all such theories [6]. 

Recently, there have been proposed several perpetually matter-generating un-
iverse theories [7]-[14], which smoothly expand, are not inflationary in nature, 
and do not appear to violate conservation of energy. They are also consistent 
with current observations of a spatially-flat universe. One of the most successful 
of these theories, in terms of predicting current observations, is the “Flat Space 
Cosmology” (FSC) model. By following its five basic assumptions, the heuristic 
FSC model perpetually maintains the Friedmann critical mass density for a  

spatially-flat universe (
2
0

0
3
8
H

G
ρ

π
= ) for any theoretical time of observation (o).  

Furthermore, the FSC model tightly correlates the current redshifted cosmic mi-
crowave background (CMB) temperature of 2.72548 K with a current predicted 
Hubble parameter value of 66.9 km∙s−1∙Mpc−1. This Hubble parameter value fits 
within the tight constraints of the 2018 Planck Collaboration [15] and 2018 Dark 
Energy Survey [16] reports.  

2. Relevance of the Dirac Sea Idea to the FSC Model 

The relevance of the Dirac sea idea to the FSC model pertains to its perpetual 
matter generation and its perpetual spatial flatness. As detailed in several 2018 
publications [11] [12] [13], a globally perpetually-flat spacetime implies that the 
cosmological model must always maintain equal amounts of positive and nega-
tive energy. Otherwise, the more dominant energy density component would 
contribute an observable curvature signifying either cosmic deceleration (posi-
tive curvature) or cosmic acceleration (negative curvature). As the excellent sta-
tistical fit between Rh = ct cosmological models and observations of the Super-
nova Cosmology Project indicates, the expansion of our universe appears to be 
coasting at constant velocity [7] [17] [18] [19] [20]. All Rh = ct models have this 
“coasting at constant velocity” feature. For specifics concerning the basic fea-
tures of Rh = ct models, the reader is encouraged to start with these references. 
FSC is one such Rh = ct model.  

The “Dirac sea” idea can be resurrected if one considers a dichotomy of posi-
tive and negative energy states popping into and out of existence within the va-
cuum. If one follows the convention that all units of matter mass-energy are 
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“positive” energy, then one can consider the “holes” in the Dirac sea to be simi-
larly-sized units of “negative” vacuum energy. Furthermore, since the FSC mod-
el uses such a sign convention, the negative energy holes in the FSC Dirac sea 
can now be understood to be units of dark energy exactly offset by the units of 
matter mass-energy produced in the FSC vacuum. By this perpetually ongoing 
process, the FSC model accumulates increasingly positive (matter) energy and 
increasingly negative dark energy of equal magnitude, always summing to zero 
total energy. In this way, a universe which begins in a zero-energy state main-
tains perpetual conservation of total (i.e., global) cosmic energy.  

3. Results: Evidence in Support of FSC and Dirac 

The “net zero energy” FSC model can now be contrasted with standard inflatio-
nary cosmology, which considers such models to be unrealistic “empty universe” 
models. The phrase “empty universe” has generally been applied in the past to 
Milne-type models containing no matter. However, the current Rh = ct models 
contain matter and, as such, are considered to be more realistic than Milne’s 
original conception. If one looks carefully at the following open source graph 
[21] published by the Supernova Cosmology Project (SPC) (Figure 1), one can 
see the excellent statistical fit of the “empty” universe line demarcating the 
boundary between accelerating and decelerating universal expansions.  

This “empty” universe line falls exactly where the FSC and other Rh = ct mod-
els fall. One can also readily see how it is that Rh = ct universe models appear to 
show an excellent statistical fit with SCP observations to date. For additional 
proof, another open source graph [22] published by the SCP is provided (Figure 
2).  

 

 
Figure 1. Observed magnitudes of type I a supernovae vs Redshift z. 
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Figure 2. SCP supernovae, BAO and CMB data. 

 
The “flat” line is where the perpetually spatially-flat FSC model falls. Once 

again, one can readily see that the FSC model shows an excellent statistical fit 
with the accumulated SCP data. 

The significance of the use of the FSC model to resurrect the Dirac sea con-
cept (at least in terms of opposite sign cosmic energies) is perhaps best seen in 
Figure 3. This graph is copied, in slightly modified form, from a 2018 FSC pub-
lication [23] incorporating the Bekenstein-Hawking entropy into the model in 
order to represent the cosmic clock as well as the “entropic arrow of time”. 

One can readily see that the magnitude of positive matter mass-energy (visible 
plus dark matter) of the FSC model scales in exactly the same way as the magni-
tude of negative dark energy scales. Thus, the “net zero energy” of the universe 
as a global object is always maintained. In this context, the “net zero energy” 
FSC model can be thought of as a realistic Milne-type “empty universe” model! 

4. Discussion and Summary 

This paper provides a brief look at Dirac’s thought process concerning how the 
cosmic vacuum might behave if it follows his famous equation. The “Dirac sea”  
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Figure 3. Flat space cosmology positive and negative energies vs cosmic time. 
 
idea is resurrected in terms of a zero-point energy vacuum in which energy has 
positive (i.e., matter) and negative (i.e., dark energy) values always summing to 
zero (i.e., “net zero energy”). As it turns out, the FSC model, by its perpetual 
matter generation and its perpetual spacetime flatness, can be seen as a realistic 
Milne-type “empty universe” model. The genius of Paul Dirac and his equation 
can once again be readily seen when his “Dirac sea” idea for positive and nega-
tive matter (an impossibility) is resurrected in terms of positive and negative 
energy.  
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Abstract 

The universe is vast and when we look at the sky, its parameters (dimensions, 
mass, and age) seems limitless. Lemaître proposed that the universe began 
from a primeval-atom [1] which was later ironically nicknamed by Hoyle 
“Big Bang” in a BBC broadcast in 1949 [2]. From general relativity, Einstein 
proposed a cosmological model [3] with a spatially finite universe. He as-
sumed a uniform distribution of matter in a huge 4-D sphere. Even if his eq-
uations were showing that the universe was either contracting or expanding, 
Einstein introduced the “cosmological constant” in his equation to force the 
universe to be static (being consistent with the general way of thinking of his 
time). In 1929, from observations of galaxies, Hubble found that the universe 
was expanding. From that moment, Einstein discarded his cosmological con-
stant as an unnecessary fudge factor. Many cosmological models have been 
built over time. Each of them excels in explaining some aspects of the un-
iverse. We consider that the global topology of the universe is not known, but 
making the assumptions that it is relatively homogenous and isotropic, its 
extrapolated local topology leads us to some global “apparent” parameters. 
From our new cosmological model, we calculate the main parameters of the 
universe which are its apparent mass mu, its apparent curving radius Ru, its 
apparent age Tu and the “quantum of speed” εv. The quantum of speed is a 
new notion in physics. It is the smallest speed increment that may exist. For 
metrology purposes, we calculate these parameters from the most precise 
physics’ parameters available. 

531.73 10 kgum ≈ × , 261.28 10 muR ≈ × ,  
913.65 10 yearsuT ≈ × , 114 12.38 10 m svε

− −≈ × ⋅  
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Speed, Dirac Large Numbers Hypothesis 

 

1. Introduction 

Our universe has astronomic dimensions (mass, radius, and age) that borders 
limitless for humans. It is also expanding [4]. Astrophysicists always try to de-
scribe our universe more accurately according to observations. Our telescopes 
are more and more powerful which allow us to see further every day. In a pre-
vious article [5] we made a new cosmological model from which we can deduce 
different parameters and dimensions. Because these different dimensions of the 
universe are directly linked through Dirac’s large numbers to infinitely small [6] 
[7], it is possible to make different calculations to allow finding all the exact val-
ues of these dimensions. 

This article shows different ways to calculate the apparent mass mu of the un-
iverse, the apparent radius Ru of curvature of the universe and the age of the un-
iverse. We want also to make conscious that these values are obtained from an 
observer at rest, at the center of mass of the universe. Nevertheless, if the ob-
server is traveling on a photon, his point of view will be totally different. For this 
reason, we will show the notion of quantum of speed. With this notion, we will 
see that there is an infinitely small difference between the real speed of light and 
the speed limit that we call the speed of light in vacuum c. For most applications, 
the real speed of light and the speed limit are approximately the same. 

We will then show different links between the infinitely large numbers of the 
universe and the infinitely small numbers of the universe thanks to Dirac’s hy-
pothesis [6] [7]. 

2. Values of Physics Parameters 

We will use the concise form of notation to display tolerances (2.736 (17) K will 
mean 2.736 ± 0.017 K). The following physics parameters are from CODATA 
2014 [8]. 
• Speed of light in vacuum 1299792458 m sc −≈ ⋅  
• Electric constant in vacuum 12 1

0 8.854187817 10 F mε − −≈ × ⋅  
• Magnetic constant in vacuum 8 2

0 4π 10 N Aµ −≈ × ⋅  
• Planck constant ( ) 346.626070040 81 10 J sh −≈ × ⋅  
• Planck length ( ) 351.616229 38 10 mpL −≈ ×  
• Planck time ( ) 445.39116 13 10 spt

−≈ ×  
• Planck mass ( ) 82.176470 51 10 kgpm −≈ ×  
• Universal gravitational constant ( ) 11 3 1 26.67408 31 10 m kg sG − − −≈ × ⋅ ⋅  
• Electron charge ( ) 191.6021766208 98 10 Ceq −≈ − ×  
• Electron mass ( ) 319.10938356 11 10 kgem −≈ ×  
• Classical electron radius ( ) 152.8179403227 19 10 mer

−≈ ×  
• Rydberg constant ( ) 110973731.568508 65 mR −

∞ ≈  
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3. Apparent Mass of the Universe 

Let us enumerate different ways to calculate the apparent mass of the universe 
mu. This mass includes every type of mass (baryonic and dark mass) and the 
mass associated with all types of energy (photons, dark energy, etc.). 

We prefer to talk about the “apparent mass of the universe” instead of talking 
about the “mass of the universe” because its apparent value is seen from our 
point of view in the universe. For an observer located somewhere else, the ob-
served value may be different. Please refer to our section talking about the 
quantum of speed to deepen your notion of “appearance” for the different pa-
rameters of the universe.  

3.1. Calculation of mu Using the Principle of Conservation of  
Momentum 

Let us use the principle of conservation of momentum applied to the universe 
which says that a force F applied during a time Δt will move a mass mu (the ap-
parent mass of the universe) by increasing its speed by Δv. The luminous un-
iverse is expanding at the speed of light in vacuum c. Therefore, we can consider 
that in Equation (1), Δv = c. 

          u u
u

m v m c
F t m v F F

t t
∆

∆ = ∆ → = → =
∆ ∆

              (1) 

Let us suppose that the universe is expanding for a time Δt equal to the ap-
parent age of the universe Tu. This value is given by the inverse of the Hubble 
constant which is about 1 1

0 72.1 km s MParsecH − −≈ ⋅ ⋅  [5] [9]. Let us note that 
1 MParsec = 3.085677581 × 1022 m.  

9

0

1 13.65 10 yearsut T
H

∆ = = ≈ ×                    (2) 

If we look at the universe as a whole, and if we use Newton’s universal attrac-
tion equation to calculate the force F that the universe of apparent radius Ru ap-
plies on its own mass mu, we get Equation (3). The constant G is the universal 
gravitational constant.  

2

2
u

u

Gm
F

R
=                              (3) 

In Equation (3), the value of Ru is the apparent radius of curvature of the un-
iverse. 

26

0

1.28 10 mu u
cR cT

H
= = ≈ ×                     (4) 

Let us equate the forces F from Equation (1) and (3). Once we simplify and 
use Equation (2) and Equation (4), we get Equation (5).  

3
53

0

1.73 10 kgu
cm

GH
= ≈ ×                      (5) 

We get an equation which is the same as Carvalho [10]. 
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3.2. Calculation of mu Using the Principle of Conservation of Energy 

Let us use the principle of conservation of Energy to find the apparent mass mu 
of the universe. Initially, at the Big Bang, there was no movement yet. All the 
energy contained in the universe was contained in the mass mu of the universe. 
The total amount of energy E contained in the universe is given by Einstein 
formula. 

2
uE m c=                             (6) 

Since the universe is expanding, the initial energy is converted to potential 
energy through a gravitational force F applied on a distance Ru (see Equation (4)) 
from the center of mass of the universe. Let us use Newton’s law. 

2 2

2     u
uu

Gm GmF E FR
RR

= → = =                   (7) 

By equating Equation (6) and Equation (7), and using Equation (4), we get 
Equation (8). 

2
2

0

  where  u
u u

u

Gm cm c R
R H

= =                    (8) 

Isolating the apparent mass of the universe mu from Equation (8), we get Equ-
ation (9). 

2 3
53

0

1.73 10 kgu
u

c R cm
G GH

= = ≈ ×                  (9) 

One will notice that this is the same equation as Equation (5). 

3.3. Calculation of mu Using the Planck Mass mp 

Let us calculate the apparent mass of the universe mu by using the Planck mass 
mp. By definition, the Plank mass is defined by Equation (10) where h is the 
Planck constant, c is the speed of light, and G is the universal gravitational con-
stant. 

3
82.18 10 kg

2πp
hcm

G
−= ≈ ×                    (10) 

Let us define mph as being the mass associated with the lowest energy photon 
in the universe [5]. When we look at the energy of a wavelength λ, the energy is 
at its lowest level when λ is the largest. The largest dimension of the universe is 
its apparent circumference. Therefore, we can associate a mass mph to a photon 
of wavelength λ = 2πRu where Ru is the apparent radius of the universe. 

690
2 2 2 2.74 10 kg

2π 2πph
u

hHhc hcm
c R c cλ

−= = = ≈ ×             (11) 

The Plank mass mp is the geometric average between the smallest mass mph 
associated with the lowest energy photon and the biggest mass which is without 
any doubt the apparent mass of the universe mu. From this fact, we get the fol-
lowing Equation.  
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82.17 10 kgp ph um m m −= ≈ ×                    (12) 

Equating Equations (12) and (10), and using Equation (11), we get mu.. 
3

53

0

1.73 10 kgu
cm

GH
= ≈ ×                      (13) 

Again, we get, without any surprise, the same equation as Equation (5). 

3.4. Calculation of mu Using the Energy of a Photon 

We will calculate the apparent mass mu of the universe by equating the gravita-
tional energy of a photon with the mass-energy contained in a photon (being a 
corpuscle) [5]. Let us associate a mass mph (like in Equation (11)) with a photon 
of the lowest energy [5] that is at the periphery of the luminous universe (with a 
wavelength λ equal to the apparent circumference of the universe λ = 2πRu). 
Then, if we place this photon at the periphery of the luminous universe, it will 
have an Eg gravitational energy. 

u ph
g

u

Gm m
E

R
=                           (14) 

According to the special relativity, the mass-energy associated with this pho-
ton is Em. 

2
m phE m c=                            (15) 

By equating Equations (14) and (15), replacing Ru with Equation (4), and iso-
lating mu, we get the same equation as Equation (5). 

3
53

0

1.73 10 kgu
cm

GH
= ≈ ×                     (16) 

3.5. Calculation of mu as a Function of the Classical Electron  
Radius re 

Recently, with a new cosmological model, the precise values of the universal gra-
vitational constant G and of the Hubble constant H0 have been found [5] as a 
function of the classical electron radius re, the mass of the electron me, the 
fine-structure constant α, and β (see Equation (19)). Let us use Equations (17) 
and (18) to evaluate precisely mu (for metrology purposes).  

( )
2 20

11 3 1 26.673229809 86 10 m kg se

e

c r
G

m
α
β

− − −= ≈ × ⋅ ⋅           (17) 

( )
19

1 1
0 72.09548580 32 km s MParsec

e

c
H

r
α β − −= ≈ ⋅ ⋅          (18) 

In these two equations, β is defined as the ratio between the expansion speed 
of the material universe and the expansion speed of the luminous universe. Ac-
cording to our model, the material universe is embedded in a luminous universe, 
both being spherical and expanding with a speed proportional to their radius [5].  

3 5 0.76β = − ≈                          (19) 

https://doi.org/10.4236/jmp.2019.108065


C. Mercier 
 

 

DOI: 10.4236/jmp.2019.108065 985 Journal of Modern Physics 

 

with his special relativity theory, Einstein showed that if we accelerate any mass 
at rest m0 to a speed v, its energy E would increase because of the Lorentz factor 
(the square root in Equation (20)) [11]. If v tends towards c, the energy E would 
tend towards infinity, which is impossible since it cannot get more energy than 
there is available in the universe. Therefore, v must be slower than c. It also im-
plies that the expansion speed of the material universe is slower (explaining β in 
Equation (19)) than its luminous counterpart which is expanding at the speed of 
light (which is c for now). In Equation (20), we show what would happen if we 
expand Einstein’s formula in a series. The first term of the series is the energy at 
rest and the second one is the kinetic energy which is used in Newton’s classical 
mechanics [12].  

2 4
2 2 20

0 0 0 22

2

1 3    with
2 8

1

m c vE mc m c m v m v c
cv

c

= = ≈ + + + <

−


     (20) 

With Equation (17) and Equation (18), we modify Equation (5) to get Equation 
(21). 

( ) 53
39 1.728098528 26 10 kge

u
m

m
β

α
= = ×               (21) 

This equation is one of the most precise of all since it relies on very 
well-known constants defined in the CODATA 2014 [8]. It also highlights the 
fact that there are very strong links between the universe’s dimensions and its 
constituents as such as the electron. 

3.6. Calculation of mu as a Function of the Classical Electron  
Charge qe 

The electron charge qe may be described as a function of the electron mass me, 
the electron radius re and the relative permeability of vacuum ε0 [5].  

19

0

4π
1.60 10 Ce e

e
r m

q
µ

−= − ≈ − ×                   (22) 

If we isolate the electron mass me from Equation (22) and if we put its value in 
Equation (21), we get an equation that gives the apparent mass of the universe as 
a function of the electron charge qe. Its precision is equivalent to Equation (21). 

( )
2

530
39 1.728098528 26 10 kg

4π
e

u
e

q
m

r
µ β

α
= = ×               (23) 

3.7. Calculation of mu as a Function of the Rydberg Constant R∞ 

Let us use the definition of the Rydberg constant R∞ as a function of the 
fine-structure constant α and the classical electron radius re to find the apparent 
mass of the universe.  

3
7 11.10 10 m

4π e

R
r

α −
∞ = ≈ ×                     (24) 
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If we replace the classical electron radius re from Equation (23) with Equation 
(24), we get Equation (25) that gives the apparent mass of the universe mu as a 
function of the Rydberg R∞ constant and the electron charge qe. 

( )
2

530
42 1.728098528 27 10 kge

u
q R

m
µ β

α
∞= = ×           (25) 

4. Apparent Radius of Curvature of the Universe Ru 

Let us enumerate different ways to calculate the apparent radius of curvature of 
the universe Ru.  

We use the term “apparent” because the radius value is seen from our point of 
view in the universe. For an observer located somewhere else, the observed value 
may be different. Please refer to our section talking about the “quantum of speed” 
(further in this article) to deepen our notion of “appearance” for the different 
parameters of the universe. Also, we prefer to use the term “apparent radius of 
curvature of the universe” instead of talking about the “radius of curvature” of 
the universe as mentioned by Einstein [3], the “radius of the universe” [13] or 
the “radius of the space” [1] [13] like Lemaître because the universe may looks 
spherical from our point of view (and we pretend that it is probably the case). 
However, what looks like a spherical shape is perhaps only local in the universe. 
Who knows, maybe the real shape of the universe is a peanut or a toroidal shape? 
The “apparent radius of curvature” is what we think it could be if we extrapolate 
the local characteristics and behaviors of the universe to a large scale. Of course, 
we assume here that the universe is a spherical, homogenous and isotropic. We 
highlight that the real radius of the universe may well be totally different if we 
consider other aspects of the universe which may become obvious at large scale. 

Let us note that even if we get the same resulting distance as the Hubble radius 
[14] (which is seen as if the Earth were in the middle of this sphere), we measure 
here the distance between the center of mass of the universe and the outer limit 
of the luminous universe. In our model, the Earth is no more the “center of the 
universe”. The universe is expanding. So, this limit is pushed further every day. 
The distance that light may travel within a year is only about 7 × 10−9 % of the 
total radius Ru.  

4.1. Calculation of Ru as a Function of the Hubble Constant H0 

The classical way to calculate the apparent radius of curvature of the universe Ru 
consist in saying that the speed of light in vacuum c was constant and traveled a 
time-lapse equal to an age of the universe Tu which is a function of H0 (see Equa-
tion (2)).  

26

0

1.28 10 mu u
cR cT

H
= = ≈ ×                    (26) 

According to different sources, H0 is between 67.8(9) km⋅s−1⋅MParsec−1 [15] 
and 4.8

4.377.6+
−  km⋅s−1⋅MParsec−1 [16]. Most measurements of the Hubble constant 

H0 rely on inaccurate methods such as the observation of stars. Uncertainties 
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from different measurement results do not always overlap. For better accuracy, 
we will use H0 from our Equation (18). It is compatible with Salvatelli, with 

3.2 1 1
0 2.372.1 km s MParsecH + − −

−≈ ⋅ ⋅  [9]. 

4.2. Calculation of Ru as a Function of the Classical Electron Radius re 

Let us use Equation (18) in Equation (26) to evaluate precisely (for metrology 
purposes) the apparent radius of curvature of the universe Ru.  

( ) 26
19

1.2831078845 57 10 me
u

r
R

α β
= ≈ ×               (27) 

4.3. Calculation of Ru as a Function of the Electron Charge qe 

Let us define the apparent radius of curvature Ru as a function of the Rydberg 
constant R∞. Let us isolate re from Equation (22) and use it in Equation (27). We 
get Equation (28) which gives the apparent radius of curvature of the universe Ru 
as a function of the electron charge qe and of the electron mass me. 

( )
2

260
19

1.283107889 13 10 m
4π

e
u

e

q
R

m
µ
α β

= ≈ ×             (28) 

4.4. Calculation of Ru as a Function of the Rydberg Constant R∞ 

Like Equation (28) which uses well-known parameters from CODATA and β 
constant which can be calculated very accurately, we want to define the apparent 
radius of curvature Ru as a function of the Rydberg constant R∞. Let us rewrite 
Equation (27) with Equation (24) to get the most precise way, up to now, to cal-
culate the apparent radius of the universe Ru.  

( ) 26
16

1 1.2831078902 48 10 m
4πuR

R α β∞

= ≈ ×           (29) 

5. Age of the Universe Δtu 

NASA currently estimates the age of the universe by using the inverse of the 
Hubble constant [17], that is to say, 1/H0. The metric based on the work made by 
the physicists Friedmann [18] [19], Lemaître [1] [13], Robertson [20] and Walk-
er [21] predicts that for a flat universe dominated by the presence of matter, the 
true age of the universe should be around 2/(3⋅H0) [22]. Let us note that some-
times the name of Friedmann or Lemaître is omitted when this metric is cited. 
This is the case in Carroll’s book which refers to this metric under the name 
“FRW”. 

Einstein was considering the universe as being static [3], with constant 
space-time dimensions. When he first noticed that his theory of general relativi-
ty leads to a universe in expansion or in contraction, he added a cosmological 
constant to his equations to force his model of the universe to be static [3] Let’s 
mention that in his theory of relativity, Einstein was taking for granted that the 
speed of light in the vacuum was constant [23] [24]. It was entirely consistent 
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with his view of the universe. A static universe leads to a constant speed of light, 
except, of course, on the outskirts of large masses as is shown by Einstein with 
special relativity [24] and Schwarzschild with general relativity [25].  

In 1929, Hubble found that the universe was expanding [4]. When Einstein 
became aware of Hubble’s observations, he was forced to admit, according to 
George Gamow, that adding a cosmological constant to his model of the un-
iverse to make it static was the biggest blunder he has made in his life [26]. Let 
us note that Einstein may have never used these precise words and they may 
have been falsely reported from Gamow. Nevertheless, Einstein discarded his 
cosmological constant as an unnecessary fudge factor. It looks like he did not see, 
at that moment, that the acceleration of light over time was a direct result of an 
expanding universe. With recent work, we showed that it is possible that the 
speed of light has never been constant over time [5].  

With special relativity, Einstein showed that a gravitational field generated by 
a mass slows down light [24]. Erroneous by a factor of 2 compared to what hap-
pens in reality, his equation, is then corrected by Schwarzschild using general 
relativity [25]. The universe is expanding [4], and becomes less dense. Therefore, 
the index of refraction diminishes and light slowly accelerates over time [5]. 

Initially, we will show how the approximate age of the universe is calculated. 
In a second step, we will use some results from a work we have done recently [5] 
to estimate the age of the universe by performing the integral of the inverse of 
the expansion speed of the material universe according to the curvature radius of 
the universe. Finally, we will approximate the age of the universe. We will show 
that 1/H0 actually represents a good approximation of the apparent age Tu of the 
universe and that 2/(3H0) represents the real part of the age of the universe. We 
can then compare the results and comment. 

5.1. Current Methods for the Calculation of the Age of the  
Universe 

In 1929, Edwin Powell Hubble found that galaxies distance themselves from one 
another at a speed proportional to the distance between them [4]. He deduced a 
law involving a constant called H0. It represents the average recession speed v of 
galaxies per unit of distance Δr. Let us note that galaxies have their own freedom 
of movements. Some may move closer to each other and some will move away 
from each other. But overall, they will move away from each other because of the 
inflating movement of the universe.  

1 1
0

1 72.1 km MParsec sv H
r t

− −= = = ⋅ ⋅
∆ ∆

              (30) 

As seen in Equation (18), 1 1
0 72.1 km MParsec sH − −≈ ⋅ ⋅ . Let us isolate Δt. 

9

0

1 13.65 10 yearst
H

∆ = ≈ ×                     (31) 

NASA is currently evaluating the age of the universe with Equation (31) [17]. 
This way of calculating the age assumes that the expansion rate of the universe is 
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constant.  
According to the model of Friedmann-Robertson-Walker [22], the true age of 

the universe would be around 2/3 of Equation (31). 

9

0

2 9.04 10 years
3

t
H

∆ = ≈ ×
⋅

                      (32) 

5.2. Calculation of the Age of the Universe Δtu 

The speed of the light in vacuum and the expansion speed of the material un-
iverse may have not been constant over time [5]. Our goal here is to calculate the 
age of the universe (of complex type) by simulating a return to the past by doing 
the integral of the inverse of the expansion speed vm(r) of the material universe. 

We will use some results of the work cited in [5] to solve the integral of the 
inverse of the speed vm(r) of expansion of the material universe as a function of 
the radius of curvature of the universe. In this way, we will calculate the age of 
the universe Δtu. 

As mentioned before, the general theory of relativity predicts that the presence 
of a massive body changes near space-time and increases the index of refraction 
n(r) (which changes as a function of the distance r from the center of mass of the 
massive body) of the vacuum around a mass [25]. By moving away from that 
mass, the gravitational influence is being reduced and the speed of light tends 
toward c. 

We apply the same principle to the universe which is certainly the biggest ex-
isting mass. Since the universe is expanding [4], we move away from a certain 
center of mass and the density of the universe becomes lower over time. Like 
before, this causes the refractive index to diminish over time and lets the speed 
of light slowly increase over time tending toward an asymptotic speed that we 
named k [5]. Of course, the current speed of light in vacuum is c. To keep the 
total energy of the universe constant meanwhile the speed of light increases, the 
mass of the universe must slowly decrease over time. The asymptotic speed of 
light k (when r → ∞) is given by Equation (33).  

8 12 5 2 6.17 10 m sk c c −= + ≈ ≈ × ⋅                 (33) 

As soon as we try to calculate the speed of light for the time in the past or in 
the future, we must take into account that the speed of light vL(r) changes as a 
function of the apparent radius of curvature r of the universe [5]. The value of Θ 
is the gravitational potential for the universe and n(r) is the refractive index of 
the universe as a function of r. 

( ) ( ) ( )
2

2

1 2   where and 0
1 2

u
L

Gmk kv r n r
n r rk

−− Θ
= = Θ = ≤

+ Θ
    (34) 

In this equation, there is a radius of curvature r = rh for which the speed of 
light vL(rh) = 0. This position rh is called the horizon of the universe. This is the 
position for which the denominator of the square root of Equation (34) becomes 
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zero. In a similar way, in a black hole, the radius of curvature of the horizon rh is 
obtained by the Schwarzschild’s radius where we replace c by k:  

25
2

2
6.06 10 mu

h
Gm

r
k

= ≈ ×                     (35) 

It is the same principle as that of a black hole. In fact, the universe is the big-
gest existing black hole since it has the biggest mass.  

Let us note that for a conventional black hole, its entire mass is located in its 
center of mass. However, for the universe, a big part of the black hole mass lays 
outside the boundaries of the horizon. The center of mass of the universe coin-
cides with the center of mass of the black hole. 

The expansion speed of the universe is currently the speed of light c [5]. Based 
on the principles of relativity, the matter cannot move at the speed of light 
without having infinite energy. Consequently, the previous assertion about the 
expansion of the universe can be true only for light (which we call the luminous 
universe). The material universe (containing the galaxies, intergalactic dust 
clouds, etc.) is expanding at a slower speed equal to βc. The factor β, must by 
necessity be less than 1 since we cannot surpass the speed of light which 
represents a speed boundary. According to our Equation (19), its value is about 
0.76. The apparent radius of curvature ru of the material universe is, therefore, a 
portion β of the apparent radius of curvature Ru of the luminous universe [5]. 

259.80 10 mu ur Rβ= ≈ ×                       (36) 

The expansion speed vm(r) of the material universe is β times the speed of 
light vL(r) because matter must travel slower than light [11].  

( ) ( ) ( ) ( )
2

2

1 2   where and 0
1 2

u
m L

Gmk kv r v r n r
n r rk
ββ

−− Θ
= = = Θ = ≤

+ Θ
 (37) 

If we take the derivative of the expansion speed vm(r) of the material universe 
with respect to the distance r, we get the Hubble constant H0 [5]. 

( )
( )

0 22

d 21    where
d 1 1

u

m u

u ur r

v r Gmk y H y
r r k ry y

β

=

 
 = = =
 + − 

     (38) 

It is important to realize that we do not use the derivative of the expansion 
speed of the luminous universe to get H0 since astronomers cannot observe that 
limit. Through their telescopes, they only see objects like stars and galaxies. 
Consequently, when Hubble defined its constant H0, it was based on the deriva-
tive of the expansion speed vm(r) of the material universe.  

At the periphery of the luminous universe (at a distance r = Ru from the center 
of mass of the universe), light accelerates at an aL(Ru) = cH0 rhythm. 

( ) ( )
0

d d dd
d d d d

u uu

L L L
L u

r R r Rr R

v r v vra R c cH
t t r r= ==

   = = ⋅ = =   
   

     (39) 

However, locally, at a distance r = ru from the center of mass of the universe, 
light slowly accelerates at an aL(ru) = cH0/β rhythm.  
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( ) ( ) 0d d dd
d d d d

u uu

L L L
L u

r r r rr r

v r Hv vra r c c
t t r r β= ==

   = = ⋅ = =   
   

       (40) 

Locally, at a distance r = ru from the center of mass of the universe, matter 
from the material universe slowly accelerates at an am(ru) = cH0 rhythm.  

( ) ( ) 0
0

d d dd
d d d d

u uu

L L L
m u

r r r rr r

v r Hv vra r c c cH
t t r r

β β β β
β= ==

   = = ⋅ = = =   
   

(41) 

Figure 1 shows the module of the expansion speed vm(r) of the material un-
iverse calculated from Equation (37). It also puts in evidence the Hubble con-
stant H0 as the slope evaluated precisely at the position r = ru from the center of 
mass of the universe (at r = 0). Between r = 0 (at the Big Bang) and r = rh (hori-
zon of the universe), the dotted part of the curve shows that the expansion speed 
of the material universe would normally be negative and of imaginary type. 
Then, from r = rh and infinite, the expansion speed of the material universe be-
comes of real type. 

The negative and imaginary value of the speed vm(r) we get with r < rh is a 
mathematical way to show that in a physical world, matter inside the horizon 
evolves independently than outside the horizon. Here, we cannot see what is 
happening inside the horizon and vice versa. We could compare it to the cylin-
drical envelope of an optical fiber. Light can travel inside a fiber from one ex-
tremity to the other end, but we cannot see through the envelope (if the fiber is 
used in its curving limits). It is therefore impossible to know what is happening 
from outside the fiber and vice versa. Of course, the principles in cause in fiber 
are not the same. We only bring this example to do an image of the situation 
happening inside the horizon of a black hole. 

Performing the integral of the inverse of vm(r) with respect to the radius of 
curvature r, it is possible to calculate precisely the age of the universe more pre-
cisely (in its entirety with the real part and its imaginary part) than by using a 
single tangential projection. In Figure 1, the slope of the tangential projection 
gives the Hubble constant H0 which can be put in Equation (31) to give the ap-
parent age of the universe.  

 

 
Figure 1. Expansion speed vm of the material universe as a function of distance r. 
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Let’s find the age of the universe Δtu(r) by performing the integral of Equation 
(42) between the center of mass of the universe (at r = 0) and the apparent ra-
dius of curvature of the material universe ru. The resulting value Δtu(r) is of a 
complex type. 

( ) ( ) ( ) ( )0
0

1 d
ur

u hu h
m

t t r t r t r
v r

∆ = = ∆ + ∆∫                 (42) 

In Equation (42), the value of Δthu(r) represents the time elapsed between the 
horizon and the actual age of the universe (see Equation (43)). The resulting 
value is of real type. 

( ) ( )
1 d

u

h

r

hu
mr

t r r
v r

∆ = ∫                         (43) 

In Equation (42), the value of Δt0h(r) represents the time elapsed between the 
Big Bang and the horizon (see Equation (44)). The resulting value is of an im-
aginary type. 

( ) ( )0
0

1 d
hr

h
m

t r r
v r

∆ = ∫                        (44) 

Performing the integral calculation of Equation (42), we get Equation (45). 

( )
( )( )

( )

2

3

4 2 2 2

( ) 2 ln 2 ( )1 d

where 4

u

m

u

z r G m k r z r
r

v r k

z r k r G m

β

 + ⋅ + 
=

= −

∫             (45)
 

Consequently, the value of Δtu(r) becomes: 

( ) ( ) ( ) ( ) 9
0 9.50 10.47 10 years   where 1u hu ht r t r t r i i∆ = ∆ + ∆ ≈ + × = −   (46) 

This result is of a complex type. In Equation (46), the first part of the integral 
(shown in Equation (43)) is of a real type (between rh and ru). However, the 
second part of this latter one (shown in Equation (44)) is of an imaginary type 
(between 0 and rh).  

If we look carefully to Equation (37), for a radius smaller than the horizon rh, 
the speed of light vL(rh) becomes of an imaginary type. For this reason, the time 
T0h become of an imaginary type as well. This mathematical situation just means 
that time inside the horizon evolves in a completely independent way compared 
to time outside the horizon, which is why no one can see what happens inside 
the limits of the horizon of a black hole. The best example we could give is with-
in a fiber optic cable. How light evolves inside the fiber cannot be seen from out-
side the fiber, and vice versa. Mathematics are a nice language which has to be 
interpreted to find sense in the real world.  

When we wish to consider the time elapsed between position 0 of the Big 
Bang and the radius of curvature of the horizon rh, we must calculate the module 
of the time elapsed Δtu. We define this value as the apparent age Tu of the un-
iverse because it does not necessarily represent the true age of the universe. This 
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number represents only an apparent age in the likely event that the Big Bang ex-
isted. It could also be seen as the time that elapsed if the speed of light had been 
constant over time since the Big Bang.  

2 2 9
0 0 14.14 10 yearsu u hu h hu hT t t t t= ∆ = ∆ + ∆ = ∆ + ∆ ≈ ×           (47) 

We see that the value is only 4.25% over the value of Equation (31). 

5.3. Approximation of the Age of the Universe 

As for the calculation of power in electrical motors (with the real power, the in-
ductive power and the apparent power), the age of the universe may be seen as 
follows: the “real” part of the age of the universe, the “imaginary” part of the age 
of the universe and the “apparent” age of the universe. The module of the two 
components (real and imaginary) can be calculated using the Pythagorean 
Theorem by finding the square root of the sum of the squares of the real part 
and the imaginary part of the age of the universe.  

The approximation of the age of the universe will be made in 3 parts: the ap-
proximation of the real part of the age of the universe, the approximation of the 
imaginary part of the age of the universe and the calculation of the module of the 
apparent age of the universe. In Figure 2, we show the parallelogram built from 
these values. 

5.4. Approximation of the Real Part Δthu of the Age of the Universe  

Let’s perform the approximation of the real part Δthu of the age of the universe 
Δtu.  

For a radius of curvature rh of the horizon, the square root in Equation (48) 
equals zero. 

( ) 4 2 2 24 0h h uz r k r G m= − =                      (48) 

So, according to Equation (42) and Equation (45), we get Equation (49). 

( ) ( )( ) ( )

( )

2 2

3 3

4 2 2 2

2 ln 2 2 ln 2

where 4

u u u u u h
hu

u u u

z r G m k r z r G m k r
t

k k

z r k r G m

β β

 + ⋅ ⋅ ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ ⋅ ⋅ ∆ = −
⋅ ⋅

= ⋅ − ⋅ ⋅

  (49)
 

 

 
Figure 2. Complex age Δtu of the universe. 
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Using Equation (35) with a few simplifications, we get Equation (50). 

2 2
2 21 ln u h u

hu u h h
h

r r r
t r r r

k rβ

  − +  ∆ = − +
  ⋅   

            (50) 

Without changing anything, this same equation could be rewritten as follows. 

2 2
2 2

1 1
2 2 2 2

2where ln 1
1

2

u u
hu

u h u
u h h

h
u

r r
t y

c c

r r rcy r r r
rk r

β β
β β

β

   ∆ = ⋅ + ⋅ ≈ ⋅ +   ⋅ ⋅ ⋅ ⋅   
 

    − +⋅    = ⋅ − + ≈
    ⋅ ⋅ +       

  (51) 

As shown, the content of the bracket is approximately equal to 1. By doing 
this approximation and using Equation (36), Equation (51) becomes Equation 
(52). 

( )
0

1 2
4hut
H

β∆ ≈ +                        (52) 

Further, in this document, we will use Equation (52) to perform the calcula-
tion of the apparent age of the universe. For now, let us show that this equation 
can be approximated to get an equation commonly used by some astronomers to 
calculate the actual age of the universe. 

According to Equation (19), the value of β ≈ 0.76. Let’s use this approximation 
to rewrite Equation (52). After a few simplifications, we get: 

9

0 0 0

1 76 1 69 22 9.04 10 years
4 100 100 3hut
H H H

   ∆ ≈ + ≈ ≈ ≈ ×   
   

     (53) 

This last ratio can be deduced from the model of Friedmann-Robertson-Walker 
[22]. Therefore, Equations (52) and (53) represent good approximations of the 
real part of the age of the universe. 

5.5. Approximation of the Imaginary Part Δt0h of the Age of the  
Universe  

Now, let’s find the approximate value of the imaginary part T0h of the age of the 
universe Tu. From Equation (42), Equation (45) and Equation (48) we get: 

( ) ( )2 2 2 22

0 3 3

4 2 ln 2 42 ln 2 u u uu u
h

G m G m G mG m k r
t

k kβ β

 − ⋅ ⋅ + ⋅ ⋅ ⋅ ⋅ − ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅   ∆ = −  ⋅ ⋅      

(54) 

Using Equation (35) and performing a few simplifications, we get Equation 
(55). 

( )0 lnh
h

r
t i i

kβ
∆ = ⋅ − −  ⋅

 where 1i = −                  (55) 

Using the relationship in Equation (56), we rewrite Equation (55), which is 
the result of a purely imaginary type, to get Equation (57). 
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( ) πln
2

i i− = − ⋅                            (56) 

0
π1
2

h
h

r
t i

kβ
 ∆ = − ⋅ + ⋅ ⋅  

                      (57) 

We can rewrite Equation (57) in the following way without changing any-
thing: 

0
π 21 1    where 1

2 2 2 1
2

u h
h

u

r rct x i x
c k r

β
ββ

 
 ⋅     ∆ = − ⋅ − ⋅ + ⋅ ⋅ = ⋅ ≈   ⋅ ⋅       ⋅ −    

 (58) 

As shown, the value of x is approximately 1. Equation (58) then becomes: 

0
0

1 π1 1
2 2 2ht i

H
β   ∆ ≈ − ⋅ − ⋅ + ⋅   ⋅    

                (59) 

5.6. Approximation of the Apparent Age Tu of the Universe  

Let’s calculate the apparent age of the universe by using Equation (47) with Equ-
ation (52) and Equation (59). After a few simplifications, we get Equation (60). 

2 2
0 0

0 0

22

1 1

1 πwhere 1 1 1 1
2 2 2 2

u hu h hu ht t t t t
H H

χ

β βχ

∆ = ∆ + ∆ = ∆ + ∆ ≈ ≈

        = ⋅ + + − ⋅ + ≈              

         (60) 

The value of χ is approximately equal to 1. Consequently, we have shown that 
the integral of Equation (42) can be approximated by Equation (31). According 
to us, based on the approximation calculation made at Equation (60), Equation 
(31) represents only an apparent age Tu of the universe. In fact, it comes from 
the calculation of the module of a complex sum of the real part and the imagi-
nary part of the age of the universe. We define Tu as the apparent age of the un-
iverse. 

9

0

1 13.65 10 yearsu uT t
H

= ∆ ≈ ≈ ×                   (61) 

6. Quantum of Speed εv 

By definition, a quantum (the word “quanta” is plural) represents the smallest 
indivisible amount of any physical entity. For example, Planck length Lp represents 
a quantum of distance and Planck time tp represents a quantum of time. The 
quantum of speed is the smallest variation of speed that can be obtained. It is so 
small that it is immeasurable. Nevertheless, it is possible to calculate it thanks to 
certain physical considerations. 

We want to show, among other things, that the different parameters (apparent 
mass, radius, and age) of the universe are what they are from our point of view. 
However, they may look different from the point of view of an observer traveling 
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at the speed of light. Thus, everyone will understand why we consider these pa-
rameters as being “apparent”.  

In relativity, the speed of light in vacuum c is considered the speed limit. It is 
used in the Lorentz factor. We will show that even light does not exactly travel at 
the speed limit c, but a bit less. In fact, the real speed of light is c-εv where εv is 
what we call the quantum of speed. This is the smallest variation of speed that 
can be measured. 

Let us suppose an observer at rest looking at a mass m0. According to special 
relativity [11] [27], if we accelerate the mass at a speed v, for the observer, the 
mass becomes m′. 

0

2

21

m
m

v
c

′ =

−

                         (62) 

We would be tempted to say that when v → c, the mass m′ tends towards in-
finity. However, this is not logical since it is impossible to reach a mass bigger 
than the mass of the universe mu. We cannot give to a mass more energy than 
what is available in the whole universe. This statement imposes a new limit to 
the speed v.  

We make the statement that Planck mass mp represents the highest level of 
energy for a particle. It is easy to verify this assertion by equating the energy of 
an arbitrary mass m with the energy of the smallest wavelength λ possible 
(which is 2πLp, where Lp is the Planck length). Planck length Lp is considered, in 
a quantum world, the smallest unit of length. This is due to the Heisenberg’s 
uncertainty principle which says that we cannot measure precisely the speed of 
an object and its precise location at the same time [28]. Here, the mass-energy 
from a particle (given by Einstein’s equation [11] [27] E = mc2) is associated to 
the wave energy (given by Planck’s formula E = hc/λ [29]). 

2    where 2π p
hcmc Lλ
λ

= =                    (63) 

The standard definition of a Planck length is Equation (64), which implies the 
universal gravitational constant G, the Planck constant h and the speed of light 
in vacuum c. 

35
3 1.62 10 m

2πp
hGL

c
−= ≈ ×                    (64) 

If we replace Lp in Equation (63) and if we isolate the mass m, we get Equation 
(65) which is exactly the standard definition of Planck mass mp. 

82.18 10 kg
2π p
hcm m

G
−= = ≈ ×                 (65) 

From this statement, we can calculate the maximum speed vm at which we 
might move a particle having an initial mass mph at rest. We give to this mass the 
same value as the mass associated to a photon of wavelength λ = 2πRu (the ap-
parent circumference of the universe). Since this wavelength is the longest that 
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we can reach in the universe, it corresponds to the lowest amount of energy we 
can get.  

2

22

2

    1

1

ph ph
p m

pm

m m
m v c

mv
c

= → = −

−

                (66) 

Since ph pm m , we can make the following approximation.    
2

21
2

ph
m

p

m
v c

m

 
≈ −  

 
                        (67) 

In Equation (67), mph is defined by Equation (11). 
Dirac made the hypothesis that all large, dimensionless numbers that could be 

constructed from the important natural units of cosmology and atomic theory 
were connected. Let us call N the ratio between the apparent mass of the un-
iverse mu and the mass mph of associated with the photons of the lowest energy 
(from Equation (11)).  

1216.30 10u

ph

m
N

m
= ≈ ×                         (68) 

Let us show that Equation (67) can be defined as a function of N. Let us re-
write Equation (68) with Equation (5) and Equation (11). Then, using the Planck 
mass mp (given by Equation (10)), we show that N can be redefined as a function 
of mp and mph (instead of mu and mph). 

22 2 43
121

2 2 2
0

2π 4π
6.30 10

2π
pu u

ph

mR c R cc hcN
GH h G h c m

= ⋅ = ⋅ = ≈ ×          (69) 

Let’s define the speed vm in Equation (67) as a function of N with Equation 
(69). 

2m
cv c
N

≈ −                            (70) 

If we replace vm by c-εv, the value of εv could be defined as the “quantum of 
speed”. 

114 12.38 10 m s
2v
c
N

ε − −≈ ≈ × ⋅                    (71) 

This speed variation εv is the smallest speed unit possible. For an academic 
purpose, let us rewrite Equation (62) by replacing the speed v per c-nεv, where n 
is an integer >0.  

0

2

2

  where and 1,2,3, , 2

1
v

m
m v c n n N

v
c

ε′ = = − =

−

        (72) 

We see that with Equation (72), we cannot reach an infinite mass anymore 
and that the real speed of light is at least a quantum of speed slower than the 
speed limit c. Everyone will admit that εv is a so small value compared to any 
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speed value that it may be neglected most of the time. Nevertheless, it allows 
putting in evidence some speed boundaries. 

The universe is expanding with relativistic speeds. For an observer traveling at 
the speed of light (c-εv), the total mass of the universe would be much smaller. In 
fact, it would be seen as being only the Planck mass mp ≈ 2.18 × 10−8 kg. If we 
travel at the same speed as a photon, we have to null out the Lorentz factor that 
is included at the denominator in the apparent mass of the universe mu to see 
what is happening from the observer point of view. We multiply mu by the Lo-
rentz factor using Equations (70) and (71). 

( )2
8

2

11 2.18 10 kgv
u u p

c
m m m

Nc
ε −−

− ≈ ≈ ≈ ×            (73) 

Planck mass mp is usually defined by Equation (65). 
Similarly, for an observer traveling at the speed of light (c-εv), the apparent 

radius of curvature Ru would look like being only the Planck length Lp ≈ 1.6 × 
10−35 m.  

( )2
35

2

11 1.62 10 mv
u u p

c
R R L

Nc
ε −−

− ≈ ≈ ≈ ×            (74) 

Planck length Lp is usually defined by Equation (64). 
Again, for an observer traveling at the speed of light (c-εv), the apparent age of 

the universe Tu would look like being only the Planck time tp.  

( ) ( )2 2
44

2 2
0 0

1 1 11 1 5.39 10 sv v
u p

c c
T t

H H Nc c
ε ε −− −

− ≈ − ≈ ≈ ≈ ×    (75) 

Planck time tp is usually defined by Equation (76). 

44
5 5.39 10 s

2π
p

p

LhGt
cc

−= = ≈ ×                    (76) 

On another side, for an observer at rest, if there were no expansion, no 
movement, and no rotation in the universe, the total mass of the universe would 
be only the Planck mass mp. Most of the universe energy (therefore its mass) is 
coming from different sort of relativistic movement. The demonstration be-
comes the same as in Equation (73). Obviously, if there were no expansion, the 
apparent radius of the universe would be the Planck length Lp. If there were no 
expansion in the universe, the apparent age of the universe would be the Planck 
time tp. 

7. Different Links between the Universe Dimensions 

Dirac made the hypothesis that all large, dimensionless numbers that could be 
constructed from the important natural units of cosmology and atomic theory 
were connected [6] [7]. Let us see some about mu (apparent mass of the un-
iverse), mp (Planck mass), Ru (apparent radius of the universe), Lp (Planck 
Length), Tu (apparent age of the universe), tp (Planck time) and H0 (Hubble con-
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stant). 
22

121
2 2 6.3 10p p uu u u u u u

ph p p ph p p pp ph

m m Rm m m R m T
N

m m L m L m tm m
= = = = = = = ×        (77) 

2 2
121

2 2 2 2
0 0 0

1 6.3 10p u pu u u

ph p p p ph p p p p

m T mm R T
N

m t m t H m t H L t t H
= = = = = = ≈ ×     (78) 

Let us remind that N represents the maximum number of photons of the low-
est energy that may exist in the universe (if we were converting the entire mass 
of the universe in photons having a wavelength equal to the apparent circumfe-
rence of the universe 2πRu). 

In Equation (77) and Equation (78), the values of the different parameters of 
the universe may be obtained from imprecise sources. A precise link between the 
large number N [5] and the fine-structure constant α can be made.  

( ) 121
57

1 6.303419702 84 10N
α

= ≈ ×                  (79) 

By showing Equations (77)-(79), our goal was to highlight the fact that there 
are tight and precise links between the infinitely large and infinitely small. Once 
we are aware of these interesting links, we can find more similar precise links 
with the large number N. More than a hundred other equations may be made 
about this large number N and various parameters of the universe (temperature, 
charge, etc.) [30]. From a reverse way, we can get precise values for different pa-
rameters of the universe by equating Equation (79) with other equations giving 
N. 

8. Conclusions 

In this article, we have shown different ways to calculate the apparent mass of 
the universe, the apparent radius of curvature of the universe and the age of the 
universe. We also made the calculation of the quantum of speed. With these pa-
rameters, we used Dirac’s large numbers hypothesis to show that there are links 
between all these parameters.  

We have defined a new concept that we think must be introduced in physics: 
the “quantum of speed” εv. The “quantum of speed” notion made us conscious 
that there is a little difference between the real speed of light and the speed limit. 
For most application, it does not matter to say that both speeds are equal. Al-
though, in some special case, it is necessary to put in evidence the difference. 
Using common sense, we show that it is evident that we cannot give more ener-
gy to any mass than there is energy in the whole universe (which is mu). Also, 
since Planck mass mp is associated to the highest level of energy for an accele-
rated particle, we cannot give more energy to any particle than what is contained 
in the Planck mass mp. Following these two findings, the “quantum of speed” εv 
is naturally introduced. 

It was a necessity to introduce the “quantum of speed” to be able to calculate 
what would be the apparent mass of the universe, the apparent radius of curva-
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ture and the age of the universe from the point of view of an observer traveling 
at the speed of light. Surprisingly, the results are totally different than what 
common sense would lead to. Only relativity allows us to interpret correctly the 
results according to the point of view of the observer. 

From a metrology point of view, we reach our goal by obtaining precise values 
for different dimensions of the universe. Using these values will make it easier to 
see the different links we can make between large numbers of Dirac and the infi-
nitely small. With imprecise values, we can pass beside nice occasions to make 
rise new theories.  
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Abstract 

We present a study of the anti-centrifugal potential based on the incorpora-
tion of the quantum geometric potential of a surface [1] into the generalised 
anti-centrifugal potential [2]. As a basic variable we will use the unit normal 
to the surface. Then the total quantum effective potential appears to be the 
nonlinear sigma model plus positive terms. A 2d bilayer geometry smoothly 
connected by a neck is used to show that the anti-centrifugal potential creates 
topologically stable states. 
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1. Introduction 

Recently a peculiar quantum behaviour of a free particle on a plane (R2) was 
discussed [3], where free particles with 0 angular momentum ( 0m = ) appear to 
be attracted to the origin of the plane (the origin of the coordinate system on the 
plane). The authors [3] have considered a Dirac δ-function potential at the ori-
gin, which breaks the translational invariance of the plane and introduces a 
length scale in the problem. It turns out that a Hamiltonian with a Dirac 
δ-function potential on the plane is equivalent to a free Hamiltonian on a plane 
with one point (at the origin) taken out [4]. Then the plane becomes non simply 
connected and the consequences for quantum mechanics are studied in [4]: 
namely the self adjointness of operators. In the present paper we will discuss a 
non simply connected surface and will study the consequences of this topologi-
cal property of the surface for the stability of the anti centrifugal states. We will 
follow our previous work [2] on the generalised anti centrifugal potential. In this 
paper [2] we have analysed the Laplace-Beltrami (LBO) operator on a surface 
where we have introduced half-geodesic coordinates [5]. The radial coordinate 
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ξ  represents the geodesic and the other η  closes around the hole at the origin. 
The line element in these coordinates is given by: ( )2 2 2d d ds hξ ξ η= + . The 
LBO separates in two parts: kinetic and potential part V for the radial coordinate 
ξ  given by 

2 2
2

2
0 0

1 1
2 4 2g

mV k K
m r

 
= − − − 

 

                       (1) 

Here 1 2K h hξ
−= − ∂  represents the Gaussian curvature of the surface and 

1
gk h hξ

−= − ∂  is the geodesic curvature. For angular momentum 0m =  (note 
that the anti centrifugal potential appears only for 0m = ) the above potential 
takes the form: 

2
2

0

1 1
2 4 2gV k K
m

 = − −  

                        (2) 

In addition for a general surface there is a quantum geometric potential 
(QGP). Usually it is shown that this potential is induced on a surface, using the 
method of a very high sandwich potential around the surface. This potential has 
the form [1]  

( ) ( )
2 2

2 2
1 2

0 0

.
8 2

V M K
m m

κ κ= − − = − −
                 (3) 

Here iκ ’s are the principal curvatures of the surface,   is the Planck’s con-
stant and 0m  is the effective mass. M is the Mean curvature and K is the Gauss 
curvature of a two-dimensional surface embedded in three-dimensional space. 

The combined potential totV  reads:  
2

2 2

0

1 3
2 4 2tot gV k K M
m

 = − − +  

                   (4) 

2. The Normal n of a Surface as a Main Variable 

The investigations until now ware concentrated on different geometries and the 
corresponding QGP. So far the link between the QGP and the topology of the 
underlying geometry has not been discussed. 

In this paper we will use the normal to the surface n  as the basic variable 
describing the surface. Indeed the link between the normal n  of a surface and 
its Gaussian and Mean curvatures is given by the following expressions [6]:  

,M = −∇ ⋅n                            (5) 

( )222 .K = ⋅∇ + ∇ ⋅n n n                       (6) 

Now we are ready to express totV  in terms of the normal n  only. 

( ) ( )
2

2 22

0

1 1 3
2 4 4 4tot gV k
m

 = − + ∇ ⋅ + ∇  

 n n               (7) 

Here we have used the following identity:  

( )22 21= ⇒ ⋅∇ = − ∇n n n n                     (8) 
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Now we will consider here a surface that represents a double layer connected 
by a smooth neck. The normals n  to this surface at the infinity on the upper 
layer are directed upwards and on the lower layer are directed downwards. Let 
us note that the catenoid posses the same topology as the above described double 
layer. Usually the anti centrifugal potential is considered in cylindrical coordi-
nates because there its presence becomes immediately evident. In this case:  

( )
2

2
02eff

mV V r
m r

= +  where r is the radial coordinate—in our case this is ξ . 

3. The Number of States 

Now we would like to estimate the number of radial states (for the effective one 
dimensional Schrödinger equation in the ξ  direction). The momenta pξ  in 
the potential totV Vξ =  vary between 0 and pξ  where 

( ) ( ) ( )2 2 22
02 3 3 .

2 2gp m V n n k nξ ξ= − = ∇ ⋅ + ∇ + ≥ ∇
            (9) 

In the inequality we have used the fact that 2
gk  and ( )2n∇⋅

  are always pos-
itive. When ξ → ∞  0→ n n  = constant vector field, therefore 0Vξ →  (note 
that 0gk →  for ξ → ∞  and that the potential ( )V ξ  represents a smooth 
function of ξ  because we assume that the surface is smooth surface and as a 
consequence 

n  is a smooth function of ξ ) and 0pξ =  for ξ = ∞ , so 
ξ = ∞  represents a turning point for the quasi-classical approximation in the 
framework of which we are estimating the number of localised states. Now we 
are ready to evaluate the density of states along the ξ  axis. The density of states 
is given by the following expression [7]: 

d d 3 3d d d .
2 4 4
p p

n
h

ξ ξξ ξ
ξ θ= = ≥ ∇ =

π π π




               (10) 

where ( )θ ξ  is the azymutal angle in the ξ  direction. The unit vector that 
represents the normal to the surface is given by ( ) ( )( )cos ,sinn θ ξ θ ξ=



. Note 
that usually in the context of different spin models ( )2 dn ξ∇

  represents the 
energy density and is the one dimensional non linear sigma model. Then the to-
tal number of states is: 

3 3d d 0.
4 2

N θ= = = >
π∫ ∫ 

                    (11) 

The integration path represents the equivalence of two disconnected half cir-
cles to the left of the origin and to the right of the origin of the coordinate sys-
tem. The total gives 2π  ( d 2θ = π∫ ). 

4. Conclusion 

It is clear that using topological arguments we cannot determine the exact number 
of states. But on the other hand the localised states cannot be destroyed by any 
smooth deformation of the considered surface i.e. they are topologically stable. 
These topological considerations give the localised anti-centrifugal states addi-
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tional legitimacy. 
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Abstract 

Theoretical and experimental studies of special processes in linear electric 
circuits have proved the principle of physical reality of imaginary numbers 
discovered 500 years ago. This principle of physical reality of imaginary numbers 
has allowed astrophysics to prove the existence of invisible parallel universes 
and explain the phenomena of dark matter, dark energy and dark space asso-
ciated therewith. Physical entities corresponding to imaginary, complex and 
hypercomplex numbers in the other exact sciences together form an invisible 
and still unknown world that is to be learned by science of the future. 
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1. Introduction 

At the turn of the twentieth century William Thomson, 1st Baron Kelvin the 
President of the Royal Society in 1890-1895, asserted: “There is nothing new to 
be discovered in physics now. All that remains is more and more precise mea-
surement.” However, the twentieth century denied this assertion, as theory of 
relativity and quantum mechanics were developed, radioactivity and X-ray radi-
ation, a planetary model of atom and black holes, dark matter and dark energy 
were discovered, atomic and hydrogen bombs were exploded, transistors, inte-
grated microcircuit, lasers and many other things were created.  

History repeats itself. And now, at the turn of the twenty-first century, it is of-
ten asserted that we just need to create a “theory of everything”, thereby allowing 
one to assume that everything else in physics has already been learned1. 

But, firstly, it is more correct to assume that the learning process is infinite 

 

 

1Therefore, unified field theory is more correct name of this theory. 
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and there are always more unlearned things in physics than learned ones. 
Therefore, for example, the achievements of twentieth-century physics from the 
standpoint of physics of the third millennium would be much more modest than 
we imagine today. Secondly, many theories developed in physics up to date, in-
cluding the theory of relativity and quantum mechanics, are not actually com-
pletely accurate and require correction in accordance with the principle of phys-
ical reality of imaginary numbers.  

Finally, authors of a number of fundamental discoveries have been honoured 
with the Nobel Prize already in the twenty-first century:  
• 2006: John C. Mather and George F. Smoot, who confirmed the Big Bang 

theory by their studies of cosmic microwave background and black holes;  
• 2011: Saul Perlmutter, Brian P. Schmidt and Adam G. Riess, who discovered 

dark energy;  
• 2013: François Englert and Peter Higgs, who discovered the Higgs boson.  

There can be no doubt that there will be other outstanding discoveries and 
new theories in the present century.  

In this regard, the hypothesis of the hidden Multiverse developed in the twen-
ty-first century is also of interest, as it has solved many problems that arose in 
astrophysics of the twentieth century. This hypothesis is based on the principle 
of physical reality of imaginary numbers proved theoretically and experimental-
ly. Moreover, there are even several proofs [1]-[17] that have been offered. And 
since previously unknown experiments2 corresponding to them can be repeated 
in any radio engineering and electrotechnical laboratory, they, unlike the un-
successful OPERA experiment, which attempted to solve the same problem es-
sentially, are absolutely reliable and undoubtedly demonstrative.  

The simplest and most understandable of these proofs is the proof using the 
Ohm’s law in the interpretation of Steinmetz [10] [11] [12] [13] [14]. This inter-
pretation of the Ohm’s law, in addition to its direct purpose of enabling calcula-
tion of linear electric AC circuits, also has allowed the author to:  
• prove physical reality of imaginary and complex numbers3 [1]-[17]; 
• create correct theory of resonance [1] [2] [3] [4] [7] [9] [15] [16]; 
• correct the special theory of relativity (STR) [7] [10] [13] [18];  
• create verifiable hypothesis of the hidden Multiverse [19]-[34];  
• explain the phenomenon of dark matter and dark energy [8] [11] [14] [17] 

[23]-[30] [35] [36] [37] [38];  
• explain where antimatter is and why it does not annihilate with matter [38];  
• explain where tachyons are and why they do not violate the causality prin-

ciple [38];  
• discover the phenomenon of dark space and a Hyperverse [17] [39].  

 

 

2Including those described in articles [1] [2] [3] [5], published before the end of the OPERA experi-
ment and therefore made this experiment unnecessary. 
3Physical reality of imaginary, complex, hyper-complex and real numbers is actually reasonable to 
speak of only in respect of concrete numbers provided with references to units of measurement used 
for the corresponding parameters of physical objects. 
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2. Proof of Physical Reality of Concrete Imaginary Numbers 

In 1826 Georg Simon Ohm discovered the law, which now bears his name, as a 
result of nine years of experimental research. In order to realize how difficult it 
was to discover the law, it’s enough to remember that there were no electric 
measuring instruments at that time. Moreover, experimental research and ma-
thematical processing of its results were not encouraged in physics of that time. 
Famous physicist Alexander Grigorievich Stoletov wrote in this regard: “…physics 
especially tempted natural philosophers. What a favourable theme were electric 
phenomena for the most riotous imaginations... Attractive and vague deductions 
were in the foreground: hard work of experimenter and exact mathematical 
analysis were not honoured; they seemed superfluous and harmful in the study 
of nature...” Therefore, in 1828 Ohm was even fired by the Minister of Education 
for his discovery. The Minister considered that the use of mathematics in physics 
was inappropriate. However, later, Ohm’s research received deserved recogni-
tion. In 1881 International Congress of Electricians in Paris gave his name to the 
unit of electric resistance. 

Nevertheless, exceptional ideological significance of Ohm’s law for all exact 
sciences has not been still realized. Therefore, except solution of the above-specified 
problems, this article aims to fill this gap in science and pay tribute to the great 
scientist.  

In 1826 Georg Simon Ohm proposed his law in the formulation applicable to 
electric DC circuits [40]. And its interpretation applicable to electric AC circuits 
was proposed by Charles Proteus Steinmetz [41] in 1893. This interpretation is 
now commonly referred to as the symbolic method of calculating electric circuits. 
We will use it below.  

According to Steinmetz theory resistance of a resistor is equal to a real num-
ber R, the value of which does not depend on frequency ω  of sinusoidal vol-
tage applied to thereto. Inductive reactance L is equal to a positive imaginary 
number4 j Lω , the value of which depends on frequency ω . Capacitive reac-
tance C is equal to a negative imaginary number j Cω− , the value of which 
also depends on frequency ω , although in a different way.  

Consequently, resistance of any electric LCR circuit would depend on fre-
quency ω , if imaginary inductive and capacitive reactances are actually physi-
cally existent and would not depend, if otherwise. Therefore, an experiment de-
termining whether inductive and capacitive imaginary reactances are physically 
existent would be extremely simple. In this experiment, it is only needed to 
change the frequency of sinusoidal voltage applied to LCR circuit and check 
whether value of electric current flowing through the circuit changes. The result 
of the experiment conducted by millions of engineers in the course of their eve-
ryday practical activities (for example, when creating electric filters that are in-
dispensible for radio engineering, telecommunication, television, radiolocation 

 

 

4In the theory of electric circuits, unlike mathematics, the imaginary unit 1−  is usually denoted 
by the letter j, since the letter i denotes electric current. 
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and other exact sciences) has long been known. In this experiment intensity of 
current always changes.  

Besides, physical reality of imaginary inductive and capacitive reactances is 
also confirmed by the power factor, also called the cosϕ , a concept available in 
power engineering, characterizing the presence in the load of a physically exis-
tent imaginary component of the power consumed.  

Consequently, imaginary inductive and capacitive reactances are actually physi-
cally existent. Hence, any other concrete imaginary numbers are also physi-
cally existent.  

The utmost importance of imaginary numbers in the science was emphasized 
by Sir Roger Penrose: “…the very system of complex numbers has a profound 
and timeless reality which goes beyond the mental constructions of any particu-
lar mathematician… They were put there neither by Cardano, nor by Bombelly, 
nor Wallis, nor Coates, nor Euler, nor Wessel, nor Gauss, despite the undoubted 
farsightedness of these, and other, great mathematicians; such magic was inhe-
rent in the very structure that they gradually uncovered…” 

Discovery of the experimentally proven principle of physical reality of im-
aginary numbers is extremely important from ideological point of view. The 
principle suggests that in addition to the visible world known to us there is 
another world which is invisible and still unknown. And, as shown below, 
under certain circumstances people can visit this unknown physical world even 
passing into it on foot.  

Thus, Ohm’s law is important in science because it allows calculation of elec-
tric circuits, and even more important because it allows proof of existence of the 
invisible and unknown world, which the science of future has yet to discover. As 
well as because, in accordance with the principle of physical reality of imaginary 
numbers, all existing theories and hypotheses in exact sciences should now be 
corrected. Their existing interpretations, as shown below with the example of the 
currently accepted version of the special theory of relativity, are imperfect. 

3. Correction of the Special Theory of Relativity  

The special theory of relativity [42] [43] [44] created by Joseph Larmor [45], 
Nobel laureate Hendrik Antoon Lorentz [46], Jules Henri Poincaré [47], Nobel 
laureate Albert Einstein [48] and other outstanding scientists has always been 
criticized throughout its century-old history. The criticism5 has not always been 
constructive, although sometimes it has been fair and incontestable. For example, 
the principle of non-exceedance of the speed of light postulated6 in the STR, 

 

 

5The STR has been criticized from the very beginning by Oliver Heaviside, Nikola Tesla, Nobel Prize 
winner Albert Abraham Michelson, Nobel Prize winner Friedrich Wilhelm Ostwald, Nobel Prize win-
ner Joseph Noble Prize winner Nobel Prize winner Svante August Arrhenius, Nobel Prize winner Prize 
winner Alvar Gullstrand, Nobel Prize winner Wilhelm Carl Werner Otto Fritz Franz Wien, Nobel Prize 
winner Walter Hermann Nernst, Nobel Prize winner Ernest Rutherford, 1st Baron Rutherford of Nel-
son, Nobel Prize winner Johannes Stark, Nobel Prize winner Frederick Soddy, Nobel Prize winner Per-
cy Williams Bridgman, Nobel Prize winner Edwin Mattison McMillan, Nobel Prize winner Hideki 
Yukawa, Nobel Prize winner Hannes Olof Gösta Alfven and many other outstanding scientists. 
6As it has not been yet proved by anybody. 
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which has the effect of denying the physical reality of imaginary numbers, is 
experimentally refuted by the principle of physical reality of imaginary num-
bers proved above.  

The Nobel Prize winner Steven Weinberg spoke about the unproven experi-
mental theories very clearly: “Scientific theories cannot be deduced by purely 
mathematical reasoning”. 

The principle of physical reality of imaginary numbers also proves incor-
rectness of all relativistic formulas of the STR, in particular,  

( )
0

21

m
m

v c
=

−
                          (1) 

( )2
0 1t t v c∆ = ∆ −                         (2) 

( )2
0 1l l v c= −                           (3) 

where 0m  is the rest mass of a physical body;  
m is the relativistic mass of a moving physical body;  

0t∆  is the rest time of a physical body;  
t∆  is the relativistic time of a moving physical body;  

0l  is the rest longitudinal length of a physical body;  
l is the relativistic longitudinal length of a moving physical body;  
v is the velocity of a moving physical body;  
c is the speed of light.  
Explaining the formulas, the STR asserts that as relativistic mass m, time t∆ , 

longitudinal length l and other physical quantities assumes imaginary values at 
v c≥ , they are physically nonexistent. However, as follows from the principle 
of physical reality of imaginary numbers, this assertion is erroneous and 
made due to misunderstanding of some aspects of the STR by its authors, par-
ticularly, inability to prove physical reality and explain physical nature of con-
crete imaginary numbers.  

In fact, according to the principle of physical reality of imaginary numbers, 
physical world corresponding to them exists in the STR, and therefore needs an 
explanation. This is as follows. When v c≥  physical world must exist if for-
mulas (1), (2) and (3) are valid. But formulas (1), (2) and (3) are valid only in 
the range 0 v c≤ < . And in the range v c≥  they do not meet this condition 
(see Figures 1(a)-(c)). Therefore, they should be corrected for the range v c>  
as follows 

( ) ( )
0 0

2 21 1

q qm i m i
m

v c q w c
= =

− − −
                 (4) 

( ) ( )2 2
0 01 1q qt t i v c q t i w c∆ = ∆ − − = ∆ −             (5) 

( ) ( )2 2
0 01 1q ql l i v c q l i w c= − − = −               (6) 

where q v c=     is the “floor” function of argument v c ;  
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Figure 1. (a) is graph of the function (1); (b) is graph of the function (2); (c) is graph of 
the function (3); (d) is graph of the function (4); (e) is graph of the function (5); (f) is 
graph of the function (6).  
 

w v qc= −  is the local velocity for each universe, which can take values only 
in the range 0 w c≤ < ;  

v is the velocity measured from our universe;  
c is the speed of light. 
Albert Einstein did not exclude the adjustment of the STR in future. He wrote: 

“No single idea, which I would be sure that it will stand the test of time”. 

4. Hypothesis of the Hidden Multiverse 

In formulas (4), (5), (6) the value 0q =  corresponds then to our universe and 
the value 1q =  corresponds to the adjacent universe, in which 2c v c≤ <  and 
which is invisible from our universe, as it is beyond the horizon of events. This 
universe contains tachyons [49]-[54], so it shall be for definiteness referred to as 
tachyon universe. Recognizing physical reality of imaginary time corresponding 
to the formula (5), Stephen William Hawking wrote in this regard: “Imaginary 
time is a new dimension, at right angles to ordinary, real time”.  

For similar reasons, our universe is called tardyon. Consequently, we actually 
live in a Multiverse, which shall be called hidden due to mutual invisibility of 
parallel7 universes contained therein, rather than in a Monoverse.  

However, in formulas (4), (5), (6) the quantity q can also assume greater val-

 

 

7Since despite their infinity they never intersect. 
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ues8. Thus, the quantity 2q =  corresponds to the tardyon antiverse (as 
2 1i = − ), the quantity 3q =  corresponds to the tachyon antiverse (as 3i i= − ), 

the quantity 4q =  corresponds to another9 tardyon universe (as 4 1i = ), the 
quantity 5q =  corresponds to another tachyon universe (as 5 1i = − ), etc. It 
can be assumed that these universes can form both closed10 (Figure 2) and open 
(Figure 3, Figure 4) screw structure. Herewith, if the hidden Multiverse has the 
structure of a closed screw ring11, then it should be assumed unique. If the hid-
den Multiverse has the structure of an open screw ring, then its edges would be 
connected to other Multiverses: twice with the same Multiverse as in Figure 3, 
or with two different Multiverses12, as in Figure 4. And together they form a 
Hyperverse.  

It’s time answer one more obvious question: Why parallel universes do not 
intersect? There can be only one answer: Because they exist in space that has 
more than three dimensions. In formulas (4), (5) and (6) this circumstance is 
taken into account by the parameter q, which is the fourth spatial dimension. 
Consequently, distribution of material contents in such a hidden Multiverse is 
described by function ( ), ,qf x y z iq+  in which , ,x y z  are the coordinates of 
the material contents in the corresponding parallel universe, and q is the coor-
dinate of this universe in the fourth spatial dimension.  

Besides, parallel universes naturally do not stand still in this four-dimensional 
space. They continuously drift and often touch each other in numerous spots or 
even slightly penetrate into each other. In the places of interpenetration certain 
transition zones13 occur, which are usually referred to as portals14 or star gates 
[19] [20] [21] [29] [30] [31] [55] [56] [57]. In Figures 2-4, these multiple bidi-
rectional portals15 are denoted by single two-sided arrows. 

5. Where Are Antimatter and Tachyons? 

The great advantage of the hidden Multiverse hypothesis is that it gives answers 
to many questions that have not yet been explained in astrophysics.  

Thus, it is quite obvious that tachyons are in tachyon universes and antiverses. 
Herewith, it immediately becomes clear that they do not violate the principle of 
causality, as they are not in our tardyon universe.  

It is no less obvious that antimatter [58] [59] [60] [61] [62] is in antiverses. 
Besides, tardyon antiverse turns out to exist not only relative to our tardyon un-
iverse, but there are other tardyon antiverses relative to other tardyon universes.  

 

 

8This is proved below. 
9Since there are totally not less than twenty universes in the hidden Multiverse. 
10Same-type universes and antiverses in all figures are indicated by the same colour combination of 
frame and fill. Besides, colour combinations of frame and fill of the similar universes and antiverses 
are mutually opposite. 
11In fact, as is shown below this structure cannot exist in nature. 
12In which, therefore, frames are of the same color and fills are of different colors for all Multiverses.  
13In which the quantity q varies by one from one integer value to another, corresponding to the ad-
jacent parallel universes.  
14Which have nothing to do with “wormholes” in the general theory of relativity. 
15Through which the material contents of adjacent universes have been exchanged. 
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Figure 2. Structure of the hidden Multiverse corresponding to the principle of physical 
reality of complex numbers.  
 

 
Figure 3. Another structure of the hidden Multiverse corresponding to the principle of 
physical reality of complex numbers. 
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Figure 4. One more structure of the hidden Multiverse corresponding to the principle of 
physical reality of complex numbers.  
 
Moreover, there are tachyon antiverses relative to their tachyon universes. 
Therefore, matter and antimatter do not annihilate in the hidden Multiverse, as 
tardyon universes and antiverses alternate with tachyon universes and anti-
verses.  

6. Explanation of Dark Matter and Dark Energy 

In the twentieth century two extremely important scientific discoveries were 
made in astrophysics [63]-[69]. One of them was made in 1932-33 by Jan Hen-
drik Oort [70] and Fritz Zwicky [71] and called dark matter. Another one, called 
dark energy, was made in 1998-1999 by Saul Perlmutter [72], Brian P. Schmidt 
[73] and Adam G. Riess [74] who were awarded the Nobel Prize for this discov-
ery. Adam G. Riess argued on this point: “Humanity is on the verge of a new 
physics of the Universe16. Whether we want it or not, we will have to accept it”. 

But what dark matter and dark energy themselves are, until very recently, 
could not be explained. It was for these incomprehensibility that these physical 
entities were called dark.  

Therefore Michio Kaku came to the following conclusion [75]: “Of course, a 
whole bunch of Nobel Prizes is waiting for the scientists who can reveal the se-
crets of the ‘dark energy’ and ‘dark matter’”. 

 

 

16The foundations of which are set forth in this paper. 

https://doi.org/10.4236/jmp.2019.108067


A. A. Antonov 
 

 

DOI: 10.4236/jmp.2019.108067 1015 Journal of Modern Physics 

 

There are many hypotheses of the Multiverse [75]-[83]. However, they have a 
very significant drawback: none of them explains the phenomenon of dark mat-
ter and dark energy. The phenomenon of dark matter and dark energy also is 
not explained by the Monoverse hypothesis corresponding to the current version 
of the STR, within the framework of which all unsuccessful attempts to explain 
this phenomenon have been carried out so far. In this regard, it seems appropri-
ate to take into account Albert Einstein’s point of view: “Insanity: doing the same 
thing over and over again and expecting different results”.  

The phenomenon of dark matter and dark energy can be quite explicable in 
terms of the hypothesis of the hidden Multiverse [35] [36] [37] [38]:  
• invisibility of dark matter and dark energy is explained by mutual invisibility 

of parallel universes of the hidden Multiverse;  
• failure to detect any of well-known chemical elements in composition of dark 

matter and dark energy is explained by inability to analyze contents of other 
universes located in other dimensions by tools we use on Earth;  

• dark matter is other parallel universes of the hidden Multiverse adjacent to 
our universe;  

• dark energy is other parallel universes of the hidden Multiverse, besides our 
universe and universes adjacent to it. 

7. Analysis of Data of WMAP and Planck Spacecrafts 

This structure of the hidden Multiverse can be defined more exactly due to data 
obtained by WMAP [84] and Planck [85] spacecrafts. Thus, according to WMAP 
data, our universe (in fact, our hidden Multiverse) is composed of 4.6% baryonic 
matter, 22.4% dark matter and 73.0% dark energy. And according to later mea-
surements of the Planck spacecraft, our universe (again, in fact, our hidden Mul-
tiverse) is composed of 4.9% baryonic matter, 26.8% dark matter and 68.3% dark 
energy.  

Therefore, believing that mass-energy of parallel universes has been substantially 
averaged over billions of years due to the existence of portals, i.e. their mass-energy 
can be accurately assumed to be equal, we find:  
• the total number of parallel universes in the hidden Multiverse, which is 

100% 4.6% 21.7=  universes according to WMAP data and  
100% 4.9% 20.4=  universes according to Planck data, i.e. 20 … 22 un-
iverses;  

• the number of parallel universes in dark matter, which is 22.4% 4.6% 4.9=  
universes according to WMAP data and 26.8% 4.9% 5.5=  universes ac-
cording to Planck data, i.e. 5 … 6 universes; 

• the number of parallel universes in dark energy, which is 73.0% 4.6% 15.9=  
universes according to WMAP data and 68.3% 4.9% 13.9=  universes ac-
cording to Planck data, i.e. 14 … 16 universes. 

Thus, dark matter and dark energy turned out to be invisible parallel un-
iverses of the hidden Multiverse, beside ours, rather than some new microstruc-
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tures of our visible universe, which are currently looked for at the Large Hadron 
Collider. In other words, these are just other names of these universes.  

Apparently, the foregoing does not fully correspond to assertions generally 
accepted in relativistic physics and astrophysics. Sir Isaac Newton wrote: “No 
great discovery was ever made without a bold guess”. The same opinion was held 
by Niels Henrik David Bohr who said his catchphrase: “There is no doubt we 
have faced a mad theory. But the question is this. Is it really crazy enough to be 
right?” 

However, the results of WMAP and Planck data analysis that give such evi-
dent explanation do not correspond to the probable structures of the hidden 
Multiverse shown in Figures 2-4. In these structures, tardyon universes cannot 
be adjacent to five-six tachyon universes and antiverses, since there is no space 
for two-three infinitely large parallel universes in the same dimension with the 
coordinate q.  

Consequently, the structures of the hidden Multiverse shown in Figures 2-4 
do not correspond to the WMAP and Planck data. And their fallacy is explained 
by the fact that they correspond only to the simplest case of implementation of 
the hidden Multiverse, which has only one extra dimension, i.e. they correspond 
to the principle of physical reality of complex numbers containing only one im-
aginary unit, for which formulas (4), (5) and (6) are right.  

However, as follows from the WMAP and Planck data, implementation of the 
structures of the hidden Multiverse corresponding to calculation result obtained 
requires three extra dimensions. That is, formulas (4), (5), and (6) shall be cor-
rected in accordance with the principle of physical reality of quaternions 

1 1 2 2 3 3i i iσ ω ω ω+ + +  [86], containing three imaginary units 1 2 3, ,i i i  connected 
by relations  

2 2 2
1 2 3 1i i i= = =                           (7) 

1 2 3 2 3 1 3 1 2 1i i i i i i i i i= = = −                       (8) 

1 3 2 2 1 3 3 2 1 1i i i i i i i i i= = =                       (9) 

In this case the corrected relativistic formulas will be as follows  

( ) ( ) ( )
( )

( ) ( ) ( )
( )

0 1 2 3 0 1 2 3

2 211

s sq r q rm i i i m i i i
m

w cv c q r s
= =

−− − + +  

        (10) 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

2
0 1 2 3

2
0 1 2 3

1

1

sq r

sq r

t t i i i v c q r s

t i i i w c

∆ = ∆ − − + +  

= ∆ −
         (11) 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

2
0 1 2 3

2
0 1 2 3

1

1

sq r

sq r

l l i i i v c q r s

l i i i w c

= − − + +  

= −
           (12) 

where q is the total number of parallel universes, penetration into which is made 
through portals, corresponding to the imaginary unit 1i , with increasing dis-
tance from our tardyon universe;  
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r is the total number of parallel universes, penetration into which is made 
through portals, corresponding to the imaginary unit 2i , with increasing dis-
tance from our tardyon universe;  

s is the total number of parallel universes, penetration into which is made 
through portals, corresponding to the imaginary unit 3i , with increasing dis-
tance from our tardyon universe;  

v is the velocity measured from our tardyon universe, which, therefore, can be 
called tardyon velocity; 

c is the speed of light;  
( )w v q r s c= − + +  is the local velocity for corresponding universe, which 

can take values only in the range 0 w c≤ < .  
The structure of the hidden Multiverse corresponding to the formulas (10), 

(11) and (12) can be as in Figure 5. As can be seen, this structure is distin-
guished from the structure shown in Figure 4 by the fact that it contains three 
tachyon universes 1 2 3, ,i i i  and three tachyon antiverses 1 2 3, ,i i i , which provides 
required three extra dimensions. Thus, six-dimensional space of the hidden 
Multiverse has actually three extra dimensions , ,q r s  including parallel un-
iverses, and three dimensions , ,x y z  including material contents of each of 
these universes. So, space of the hidden Multiverse [87] is described by the for-
mula ( ), . 1 2 3, ,q r sf x y z i q i r i s+ + +  where the function ( ), , , ,q r sf x y z  describes  
 

 
Figure 5. Structure of the hidden Multiverse corresponding to the principle of physical 
reality of quaternions.  

https://doi.org/10.4236/jmp.2019.108067


A. A. Antonov 
 

 

DOI: 10.4236/jmp.2019.108067 1018 Journal of Modern Physics 

 

distribution in the coordinates , ,x y z  of material contents in the correspond-
ing parallel universe with coordinates , ,q r s .  

Lisa Randall wrote in this regard: “maybe we live in a three-dimensional spa-
tial slit of a multidimensional universe”.  

Besides, the quaternion structure is distinguished by presence in it of both bi-
directional portals corresponding to the formula (7) and unidirectional portals 
corresponding to formulas (8) and (9). It means that there is a danger to get into 
a unidirectional portal while travelling in the hidden Multiverse and never re-
turn back therefrom.  

However, this structure of the hidden Multiverse also does not correspond to 
the results of WMAP and Planck data analysis, since it contains twenty-four pa-
rallel universes, rather than twenty to twenty two parallel universes. As ex-
plained above, this proves that our hidden Multiverse is connected to other Mul-
tiverses through corresponding portals and together with them forms a Hyper-
verse. Therefore, it can be argued that other invisible Multiverses of the Hyper-
verse, beside ours, form a dark space. In other words, the Hyperverse is a mul-
tidimensional (and possibly infinite-dimensional) Universum17 containing a 
very large number of Multiverses. 

Besides, our hidden Multiverse can be connected to other Multiverses in var-
ious ways. Firstly, it can be connected to a different number of other Multiverses. 
Secondly, it can be connected to other Multiverses in various ways. Some proba-
ble variants of connection are shown in Figures 6-8. And finally, it can be con-
nected to other Multiverses which have different structures and number of pa-
rallel universes. Herewith, there is a possibility that it is connected to other Mul-
tiverses corresponding to the principle of physical reality of various complex and 
hypercomplex numbers.  

Figure 6 shows a structure diagram of our hidden Multiverse containing 
twenty-two parallel universes and connected twice to the same Multiverse of 
dark space, instead of its two missing parallel universes. In this structure dia-
gram our tardyon universe is connected through corresponding portals to five 
adjacent parallel universes: two tachyon universes 1 2,i i  and three tachyon an-
tiverses 1 2 3, ,i i i .  

Figure 7 shows another structure diagram of our hidden Multiverse contain-
ing twenty-one parallel universes and connected to three different Multiverses of 
dark space, instead of its three missing parallel universes. In this structure dia-
gram our tardyon universe is connected through corresponding portals to five 
adjacent parallel universes: two tachyon universes 1 2,i i  and three tachyon anti-
verses 1 2 3, ,i i i .  

Figure 8 shows one more structure diagram of our hidden Multiverse con-
taining twenty parallel universes and connected to three different Multiverses of 
dark space, instead of its four missing parallel universes. In this structure dia-
gram our tardyon universe is connected through corresponding portals to six  

 

 

17It is similar to a large city, in which our three-dimensional visible universe is just one of apartments. 
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Figure 6. Quaternion structure of the hidden Multiverse.  

 

 
Figure 7. Another quaternion structure of the hidden Multiverse.  
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Figure 8. One more quaternion structure of the hidden Multiverse.  

 
adjacent parallel universes: three tachyon universes 1 2 3, ,i i i  and three tachyon 
antiverses 1 2 3, ,i i i . 

8. Discovery of Dark Space 

There can be a lot of similar examples of structures of the hidden Multiverse pro-
vided. However, we are not currently able to say which of them actually exists, as 
we have not got enough experimental data. So, to answer this question we need 
additional astrophysical studies, including those aimed at experimental confirma-
tion of dark space existence. 

And this is presumably possible, although the above-mentioned phenomenon 
of dark space is just as invisible and unlearned, as the phenomenon of dark mat-
ter and dark space. Moreover, in contrast to the phenomenon of dark matter and 
dark space, it turned out to be undetectable by its physical manifestations. 
Therefore, it hasn’t been discovered until very recently. It has been detected only 
due to mathematical processing of data obtained by the WMAP and Planck 
spacecrafts [17] [39], aimed at checking them for compliance with hypotheses of 
the hidden Multiverse and Hyperverse. However, since the structure of the 
Hyperverse includes the hidden Multiverse, in which our tardyon universe can 
have not only six (as in Figure 9(a)), but also five (as in Figure 9(b)) adjacent 
parallel universes, there can be portals on Earth to the universes of dark space. 
Therefore, existence of dark space can be confirmed by geophysical studies of 
portals and afterportal spaces and with the help of astrophysical studies.  
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Figure 9. Structure of the Hyperverse. 

9. Verifiability of the Hypothesis of the Hidden Multiverse 

A large number of interesting hypotheses of Multiverse have been to date pro-
posed, all of which are, however, unverifiable. Nevertheless, the proposed hypo-
thesis of the hidden Multiverse is verifiable, since: 
• the phenomenon of dark matter and dark energy, as is shown above, is its 

experimental confirmation. It is also experimentally confirmed by mass de-
fect that is often detected in experiments at the Large Hadron Collider, i.e. a 
situation in which the total mass of subatomic particles turned out to be 
greater before acceleration than their total mass near the point of astrophysi-
cal singularity v c→ . This situation can be explained by formation of ta-
chyons and their transition to adjacent tachyon universes and antiverses 
through micro portals.  

Although these two statements logically follow from the foregoing and cor-
respond to common sense, they raise some doubts, since they do not presumably 
exclude other explanations of the mentioned experimental data. However, the 
third proof of existence of invisible universes given below leaves no doubt what-
soever. The point of this proof is as follows. Since stars are placed differently in 
invisible parallel universes adjacent to our visible universe, star maps in areas 
beyond the portals might be other than those observed from Earth. Therefore, as 
we move from our universe to one of the adjacent universes through portals, 
which are the so-called anomalous zones [88], star maps of our visible universe 
are gradually replaced with star maps corresponding to adjacent universes that 
are not visible from Earth. And even given shallow penetration into portals such 
differences would likely be more noticeable than in astronomical observations of 
Sir Arthur Stanley Eddington in 1919 that confirmed the deviation of light rays 
near the Sun, predicted by the general theory of relativity. Thus, in order to 
make sure that universes unobservable from Earth exist, one should take a pic-
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ture of starry sky in portals, which are numerous on Earth, and define differenc-
es comparing these pictures with those taken in observatories. Therefore, the 
discovery of the invisible universes in the proposed way seems quite convincing 
and expected in the near future. 

Consequently, the hypothesis of the hidden Multiverse considered has every 
reason to be called a theory.  

10. Dark Dimensions 

However, one should not think that other physical worlds are just other parallel 
universes. As proved above, all concrete imaginary numbers are physically real. 
And physical entities corresponding to them also form their parallel worlds.  

For example, in the Euler formula ( )exp cos sinix x i x= + , describing oscil-
latory processes of any physical nature, such as mechanical, hydraulic, acoustic, 
electromagnetic, etc., both summands of its right part are physically real. How-
ever, no one can currently say what the component sini x  is, if the component 
cos x  corresponds to mechanical oscillations of a pendulum. It’s the same as in 
the case when the component cos x  describes other oscillatory processes, or 
when concrete imaginary numbers describe any physical objects and processes 
described by other formulas. Special research is needed for each specific case, 
like that conducted earlier when clarifying physical nature of imaginary reac-
tances in the theory of electric circuits or physical nature of relativistic formulas 
at superluminal speeds in the STR. Such research will allow us to learn a struc-
ture of contents of parallel universes and relationship between contents of our 
and other universes. However, this is a task of future.  

In the meantime, we just note that any concrete numbers, both real and im-
aginary, always correspond to the results of measurements. Therefore, concrete 
imaginary numbers shall be called dark dimensions by analogy with dark matter 
and dark energy, since they are still absolutely inexplicable and objects of mea-
surements corresponding to them are absolutely invisible.  

11. Conclusions 

The monograph has proved that dark matter and dark energy discovered in 
the previous century still seem completely inexplicable only because their 
explanation is not sought where it is. Everybody looks for the explanation ex-
clusively in our visible Monoverse, the hypothesis of which follows from the 
principle of light speed non-exceedance postulated in the STR. The hypothesis of 
the Monoverse supposes that there seems to be nowhere to look for the explana-
tion of the phenomenon of dark matter and dark energy.  

The principle of light speed non-exceedance in the STR turned out to be in 
demand, because all its relativistic formulas in this theory were inexplicable. 
They couldn’t be explained, as they implied that mass, time, distance and other 
physical quantities at superluminal speeds took values measured by imaginary 
numbers. Creators of the STR did not know what this meant, and therefore 
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could not explain their theory. Therefore, they needed this principle in order to 
avoid the necessity to recognize it.  

However, this postulate didn’t convince other scientists, who were more in-
terested in scientific truth than prestigious considerations. In addition, some 
physical discoveries, for example, Cherenkov radiation produced by charged 
particles moving faster than light, could cause such doubts. Therefore, it was 
quite natural to search for other physical phenomena that could disprove the 
principle of light speed non-exceedance.  

As a result, the OPERA collaboration attempted to refute the postulate on 
light speed non-exceedance by proving the existence of superluminal neutrinos. 
On September 22, 2011 a sensational report on successful completion of this 
very complex experiment was published. However, in half a year the OPERA 
experiment was refuted by the ICARUS experiment. Therefore, the question of 
existence of superluminal neutrinos and physical reality of imaginary numbers 
remained open.  

However, in 2008-2010, i.e. before completion of the OPERA experiment, 
results of other experiments were published. They successfully proved physical 
reality of concrete imaginary numbers, and therefore made the OPERA ex-
periment unnecessary. These and subsequent publications on experimental 
studies of oscillatory processes in linear electric circuits have also refuted the 
principle of light speed non-exceedance, which is just an unproved assumption.  

Therefore, the conclusion about existence of the Monoverse derived from the 
principle of light speed non-exceedance in the STR also turned out to be wrong. 
Until recently an explanation for dark matter and dark energy was unsuccessful-
ly sought in the Monoverse. However, they weren’t found there. The corrected 
relativistic formulas of the STR have allowed creating a verified hypothesis 
of the hidden Multiverse. Existence of invisible parallel universes therein 
has explained the phenomenon of dark matter and dark energy. Moreover, 
existence of other Multiverses outside the hidden Multiverse has also discovered 
and explained a previously unknown phenomenon of dark space. It has been 
shown that our visible universe together with invisible parallel universes of dark 
matter, dark energy and dark space form the Hyperverse.  

The structure of the hidden Multiverse has been clarified in the course of ma-
thematical analysis of experimental data obtained by the WMAP and Planck 
spacecrafts. Their mathematical processing has made it possible to determine 
that the hidden Multiverse has a quaternion structure in six-dimensional space 
and contains twenty-twenty-two parallel universes. Of them, five-six invisible 
parallel universes of dark matter are adjacent to our visible universe, and the 
remaining invisible parallel universes of dark energy in the hidden Multiverse 
are further away from our visible universe. These universes are interconnected 
by unidirectional and bidirectional portals. And some portals connect them with 
invisible parallel universes of the Hyperverse, which are outside the hidden Mul-
tiverse.  
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In this book, there are naturally no answers to many other issues of astro-
physics. But they cannot but be, since each new theory giving answers to ques-
tions posed by previous theories in turn inevitably gives rise to new questions. 
And the authors of other even more new theories and hypotheses are to answer 
them. This is the inevitable logic of science development.  

Nevertheless, the main features of dark matter and dark energy—why they 
are invisible and why no molecules, atoms and subatomic particles are found 
in them—are clearly and convincingly explained in section 6. And in section 
9 it is explained how the existence of invisible universes, by which the phe-
nomenon of dark matter and dark energy is generated, can be proved in the 
most indisputable way with the help of photographs of the starry sky in the 
portals. 

However, imaginary numbers are used not only in the theory of electric cir-
cuits, the special theory of relativity and astrophysics. They are also used in all 
other exact sciences. Imaginary physical quantities corresponding to them are 
called dark dimensions. Learning of their physical nature would require addi-
tional studies, which would largely determine the content of future science.  
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Abstract 

A dynamic interpretation of quantum phenomena based on an energy driven 
time arrow requires a combined description of matter and information on 
matter. This information around matter turned out to be gravitation and the 
fact that a photon is continuously recycled via this information generates an 
always constant light velocity. These two phenomena, simple consequences of 
fundamental irreversibility, have mathematically been imposed on empty 
space for time-neutral spacetime in General Relativity theory. In an irreversi-
ble universe such a four-dimensional spacetime would not anymore be re-
quired. Another striking difference is the role of time. Clock-time, used in 
Relativity Theory and found to be relative, is not associated with a generation 
of changes, being only a scale for measuring changes, based on selected peri-
odic phenomena. The real time in an irreversible world, action time, is the 
flow of action, as generated by the principle of least action, or, alternatively, 
the loss of information on the past. In contrast to clock-time, action time is 
invariant with respect to relativistic transformation and also facilitates 
self-organization of matter and information. Gravitation as information on 
matter with the aim of imposing the principle of least action also provides the 
link between quantum world and cosmology, which Relativity Theory cannot 
provide. Relevant aspects of both theoretical approaches, with special empha-
sis on already experimentally verified spacetime phenomena, are critically 
analysed. While Relativity Theory, which is relying on time-neutral laws, is 
applied to support a chaotically exploding Big Bang scenario, the fundamen-
tally irreversible universe subject to an energy driven time arrow is characte-
rized by self-organization of energy, matter and information yielding an intelli-
gent and creative “Self-Image” universe, which is able to periodically regene-
rate itself. Arguments for a fundamentally irreversible energy driven nature  
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include, apart from explaining experimental support for Relativity Theory diffe-
rently, the simple, straightforward derivation from a dynamically interpreted 
principle of least action, the elimination of quantum and cosmological paradox-
es and the more sensitive and flexible information-technology based (digital) 
nature of gravitation as compared with the analogue “bent space” gravitation. 
 

Keywords 

Time-Neutrality, Irreversibility, General Relativity Theory, Big Bang  
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1. Introduction 

1.1. Why Is It Necessary to Question Space-Time 

When ad-hoc postulates of an established time-neutral theory can readily be de-
rived from a new, simpler irreversible one, a review of the scientific situation 
concerned is required. This is done with this publication. During a recent effort, 
aimed at investigating and eliminating paradoxes in physical theories the prin-
ciple of least action was interpreted in a dynamic way leading to the conclusion 
that energy should not be considered to be a scalar quantity, only with the abili-
ty, not the interest to do work. It should be considered to be a dynamic variable, 
a vector, with an interest to do work and the ability to drive time [1]. The drive 
of free energy to do work should be expressed in the property to decrease its 
presence per state towards a redistribution of energy on many states in form of 
entropy increase and not anymore available energy. Since energy is conserved, 
the real changes proceeding during this reaction concern the abandonment and 
a reduction of information on the way from available to not anymore available 
energy (equivalent to a low information content). As a result, a dynamic time is 
obtained, expressed as a flow of action (energy times time) as a consequence of 
approaching least action. Alternatively, the turnover, the drain of information 
during energy conversion (the loss of information on the past) can also be de-
fined as time arrow. They are, in both expressions, invariant against transforma-
tion to moving systems and represent the “dynamic” time arrow as trace of 
energy. It makes, in contrast to the presently established paradigm of 
time-neutrality, nature fundamentally irreversible and time oriented. This had 
also to be considered in quantum theory with the consequence that particle and 
wave are not energetically equivalent but that the spread-out wave, with its 
higher entropy content, has to be restored into a particle with the help of infor-
mation, set aside for this purpose. As a consequence, a quantum state has to be 
described in terms of particle or wave including the information on the state of 
both of them. This information image on matter not only eliminated quantum 
paradoxes, but also helped to get insight into relevant physical contexts, which 
remained blurred by irrationality and paradoxes [1] [2]. The argument that a 
particle-wave duality cannot be considered as given (as assumed in conventional 
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quantum theory), but has to be mediated by information can be supported with 
the example of technical analogue-digital-analogue converters, e.g. applied in 
cellular phones, which also have to use information for analysing, digitalizing, 
processing and reconstruction, but also for minimising energy needs required 
for handling information. Without information two different manifestations of 
energy, the analogue and the digital signal, could technically not be intercon-
verted. Why has this principle not been considered in the particle-wave duality? 

The information on matter, needed to mediate particle-wave duality in an ir-
reversible world, which has an energy content, turned out to be what is called 
gravitation, and a photon, travelling and using this information for particle-wave 
interconversion (compare Figure 1, top right), maintains the same properties,  
 

 
Figure 1. Schemes explaining assumptions (in rectangles) involved in the Time Neutrality 
paradigm and General Relativity theory (left) as compared with the starting assumptions, 
derived from the principle of least action, related to the Dynamic Energy (Time Arrow) 
theory (right). Also simplified explained are the dynamic quantum state with the mediat-
ing information and propagating light with the intermediate form as information (visua-
lized as dotted square expressing “i”). Consequences and explanations are also included. 
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including its always constant velocity, in relative reference systems. It is like 
transmitting digital information to a flying airplane. The information received is 
independent of flight direction and flight velocity. Summarizing, the irreversible 
world, subject to the energy driven time arrow, yields the always constant, abso-
lute light velocity and gravitation (including inertia within a situation of equiva-
lence, when the drive to reduce the presence of energy per state is violated) as 
fundamental properties deducible from dynamic quantum states.  

This is a very stimulating result, however also highly intriguing, since the es-
tablished and experimentally well tested Relativity Theories were, one century 
ago, developed for the purpose of explaining exactly these two phenomena. It is 
well known that after efforts with an ether theory failed, Einstein simply stated 
that these experimentally verified phenomena of the always constant light veloc-
ity and of gravitation (including inertia) are imposed by empty space, claiming 
space-time properties. The necessary field equations for space were developed 
and adapted accordingly. Now, after one century of discussions and experimen-
tation the Relativity Theory is so well accepted that criticism is considered not 
anymore relevant. The four-dimensional spacetime, as well as various relativity 
phenomena and ideas, including time dilation and time travel, the Big Bang 
scenario, space inflation, universe expansion, black holes and gravity waves are 
already discussed even in schools as part of the now established space-time con-
cept of our universe [3].  

The situation encountered is quite remarkable: On one hand there is the fully 
developed science structure based on time-neutral concepts with clock-time only 
used as a scale for measuring changes, and with experimentally well confirmed 
theories with significant paradoxes and irrational explanations (energy from 
nothing, effect without cause, inflation of empty space, non-locality, zero point 
energy, additional dimensions, multi-worlds). On the other hand there is a 
starting effort [1] [2] [4] [5] in considering nature as fundamentally irreversible, 
attributing to energy time driving properties and learning how to describe the 
universe as a fully rationally functioning system.  

The time-neutral world concept sees absolute light velocity, gravitation and 
inertia as properties of empty space. The long searched for link between quan-
tum world and cosmos could still not be identified. Clock-time, with its function 
as scale for measuring changes and with its origin from periodic phenomena 
such as pendulum movements, quartz oscillations and electronic transition fre-
quencies in atoms, turned out to be an illusion (opinion also expressed by Eins-
tein).  

The Dynamic Energy concept (in the following also named Time Arrow con-
cept), in contrast, sees absolute light velocity and gravitation as local particle 
properties reflecting mechanisms of information on matter, the information en-
gaged in dynamic particle-wave duality [1]. The connection between quantum 
world and cosmos is thus immediately given. Time is the flow of action or in-
formation lost about the past, invariant upon transformation.  
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A fundamental difference between the two models is also that in the Dynamic 
Energy approach the two properties, absolute light velocity and gravitation, are 
just side results of quantum reasoning, while, in the Time-Neutrality world 
model they are, via Relativity Theory, additionally postulated to be properties of 
empty space. They are postulated as additional phenomena. 

As a basis for discussion Figure 1 compares the basic assumptions of the 
Time-Neutrality paradigm including General Relativity theory (left) with those 
of the Dynamic Energy concept (right). On the left side it is shown, marked with 
rectangles, how the (postulated) time-neutral world implemented a (postulated) 
space-time concept and an (adopted) futile, relative clock time to describe a 
chaotically exploding universe (here considered necessary, since entropy forma-
tion by expanding, propagating photons cannot be adequately considered). 

On the right side it is explained, how the Dynamic Energy approach derives 
irreversibility from the principle of least action and imposes a dynamic particle 
wave duality mediated by information on matter (marked with dotted squares, 
visualizing an “i” indicating information). This, together with the notion, equally 
deducible form the principle of least action, that energy driven time is the flow 
of action, or the loss of information on the past, is all what is needed to deduce 
the always constant light velocity, gravitation, entropy formation by spreading, 
propagating photons, and an entirely different, information dominated universe. 
The Dynamic Energy approach claims to be able to eliminate quantum paradox-
es (effect without cause, non-locality, fundamental uncertainty, zero-point 
energy) and paradoxes in cosmology (energy from nothing, space inflation, dark 
matter and energy) [1] [2] [6]. 

From this comparison it can be deduced, that the two approaches are not 
compatible in their dealing with always constant light velocity and gravitation 
(including inertia) and time. The Dynamic Energy model derives its basic claim 
that energy is fundamentally dynamic and oriented from the principle of least 
action [1]. The flow of action turns out to be the real time, action time (see be-
low) responsible also for the self-organizing creativity of life and the universe, 
since feedback processes are facilitated. When applied to quantum processes, 
dynamic energy requires consideration also of the role of space for energy. It 
reduces its presence per state, its information content, with respect to both, time 
and space, while conserving the energy. This is the reason why a particle adopts 
the form of a wave. In this spread-out form its ability to do work is decreased 
due to entropy formation (compare particle-wave duality expressed in symbols 
in Figure 1, top right). The consequence is the need to introduce an information 
on matter, which is mediating the reversibility of the particle-wave duality. Be-
sides of these reasonable considerations no further assumptions were needed. 
The meaning of gravitation, the explanation of the ever-constant light velocity, 
the link between quantum physics and cosmology and the reason for the struc-
tural creativity and function of self-organized systems turned out to be logical 
consequences. In addition, the interpretation of gravitation as information, to-
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gether with the possibility of self-organisation of information, of information on 
matter, opened the way towards an explanation of super-gravitation in space. 
Self-organization of information also opens the way towards a more intelligent 
handling of genetic information and of information of neuronal origin in the 
brain. It opens the way towards the explanation of mind and spirit.  

In contrast, on the basis of the Time-Neutrality paradigm and the General 
Relativity theory significant claims had to be made in relation to space (Figure 1, 
left). Space is imagined such that it imposes the always constant light velocity and 
accelerates matter in such a way that it generates gravitation and inertia. It can-
not provide a link to quantum physics, involves irrational mechanisms, daring 
theoretical interpretations, and cannot explain dark matter (super-gravitation). 

However, due to its one century long history and many experimental efforts, 
there is at presence overwhelming support for Relativity Theory. This is, last not 
least also due to very costly experiments, which have produced quite tiny meas-
ured values, interpreted in favour of Relativity Theory (the LIGO and the Gravi-
ty B probe experiments alone have together cost two billion dollars). 

What are the prospects of challenging General Relativity under such condi-
tions? Comparing General Relativity theory with the new Dynamic Energy ap-
proach may sharpen our understanding of the universe, especially since it is es-
sentially a confrontation of a time-reversible nature with a fundamentally irre-
versible one. Is nature fundamentally time-neutral even though everything is 
moving into one direction only and far from equilibrium processes are so do-
minating in shaping galactic structures and living organisms? The challenge of 
confronting both theories is also justified because the Dynamic Energy approach 
is claiming to eliminate the increasing number of paradoxes and irrationalities, 
which the paradigm of Time-Neutrality and Space-Time has generated. In addi-
tion, only one of the two approaches to describe nature can be correct.  

In the following it will be attempted to compare and evaluate essential features 
of the two theories to understand the crucial differences and to identify experi-
mental and theoretical steps for answering the questions posed. While the Dy-
namic Energy (Time Arrow) approach pictures a highly intelligent, spiritual un-
iverse, the Big Bang universe, explained by General Relativity theory, describes a 
quite primitive, exploding universe, in which life developed by chance without 
aim, and mind and spirit get no explanation. 

The energy driven time arrow approach is still in its infancy and lacks an ela-
borate mathematical framework. However, it offers explanations for gravitation 
and the absolute light velocity, which were not artificially attributed to space (as 
in General Relativity theory), but simply followed from the quest for a descrip-
tion of nature on the basis of an irreversible, energy driven Time Arrow. It also 
claims, that clock time is just a time scale for measurement, but not representing 
the real time flow, which is generated by a dynamic energy. The quite dramatic 
turning-point generated by postulating a fundamentally irreversible world 
(Figure 1, right) is shown with the following example: Time-neutral energy and 
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clock-time enter Heisenberg’s uncertainty relation with its controversial conse-
quence for zero-point energy, which turned out to be a relevant point for specu-
lations on evolution of the universe. For a fundamentally irreversible world with 
a dynamic energy and an energy driven time an entirely different interpretation 
is unavoidable even for such a very established relation. The energy driven time 
arrow supports a much more intelligent and creative universe, which can logi-
cally be understood and has the potential for renewal and perpetuation via in-
formation on matter (see later).  

1.2. History of Criticism and Theoretical Background of  
Space-Time 

Einstein’s two Theories of Relativity find so much support that critical analyses 
are usually no longer accepted for publication. Is this persuasiveness of the theo-
ries based on irrevocable theoretical and experimental facts? Einstein himself 
once commented to a journalist that it is the “mystery of not understanding that 
attracts many people who indeed do not understand” [7]. Some understood 
physics and mathematics, but still could not accept the Relativity Theory. One 
example is the famous French mathematician Henri Poincaré. Until his death 
around 1912 he opposed the theory, as Einstein himself reported [7]. Another 
famous scientist, Paul Ehrenfest, an Austrian professor who taught in Amster-
dam, committed suicide in 1933. In a letter to his colleagues, including Einstein, 
he commented that he could not continue to teach a science that he could no 
longer follow. Even Albert A. Michelson, who for the first time, long before 
Einstein took it into account in his theory, demonstrated the amazing constancy 
of the speed of light, was by no means pleased with the Relativity Theory. He 
said he would prefer to believe that his measurements were wrong before he be-
lieved this theory (quoted in [8]). Other famous scientists who witnessed the rise 
of relativity and did not accept it were, for example, Ernest Rutherford, Robert 
A. Millikan, Ernst Mach, Wilhelm C. Röntgen and Nicola Tesla. During the fur-
ther 20th century and until today many scientists have wondered about and crit-
icized the Theory of Relativity. The “Worldwide List of Dissident Scientists” 
compiled by Jean de Climont gives many examples [9]. The theoretical physicist 
and then vice-director at the Space Research Institute of the Russian Academy of 
Sciences, S. N. Arteha proceeded very thoroughly with his analysis of problems. 
He produced a book with the title “Criticism of the Foundations of the Relativity 
Theory” [10]. In it he physically and mathematically investigates every conceiva-
ble aspect of both theories of relativity, including their experimental verification, 
and finds serious contradictions and inconsistencies. He advises a return to the 
classical idea of space and time. 

It is not the subject of the present paper to deal with questions related to the 
mathematical formalism of Relativity Theory. It should only be mentioned that 
it is conspicuous, that conservation of energy, momentum and angular momen-
tum are not considered in it, even though far reaching conclusions are drawn on 
highly dynamic energetic phenomena in the universe (Big Bang, inflation of 
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space, Black Holes, expansion of the universe). There is also no explanation on 
how empty space, without matter and structure in it, can physically develop such 
sophisticated properties as space-time theory claims (e.g. acceleration of objects, 
manipulation of time, adjustment of light velocity). Space-time, which will never 
reveal the physical origin of its properties is, in this respect, a dead end for scien-
tific understanding. 

Why is it, after one century of continuous rise and confirmation of Relativity 
Theory and much unsuccessful criticism now justified to challenge this theory 
again? There is a significant reason: One is not any more just dealing with a 
mere criticism, like in numerous earlier efforts. It is for the first time that a 
counter theory on the basis of much simpler and more reasonable assumptions, 
which explain the always constant light velocity, gravitation, inertia and time 
differently, takes shape. It also naturally explains the relation between the quan-
tum world and the cosmos, which Relativity Theory and Standard Model of ele-
mentary particles could not provide. This new, alternative universe turns also 
out to behave much more intelligent than deducible on the basis of the Big Bang 
scenario. It can explain the thrust of biological evolution as well as evolution of 
spirit through self-organization of information and replaces the Big Bag explo-
sion of energy from nothing, inflation of empty space as well as accelerating ex-
pansion of the universe with a more logic interpretation. In addition, the chal-
lenge of questioning Relativity Theory means to simultaneously discuss, whether 
nature is fundamentally time-neutral, as presently assumed in physics, or fun-
damentally irreversible, as the Dynamic Energy theory claims. Is our universe 
governed by fundamentally time-neutral laws and mechanisms, and is time an 
illusion, even though everything is visibly moving in one direction only? This 
alone already gives justification for this attempt to question the time neutral 
world of space-time. 

2. Results 

2.1. Time Neutrality against Fundamental Irreversibility 

It is well known that present concepts of nature including elementary particle 
(Standard Model) theory, quantum theory and relativity theory are based on 
time-neutral concepts. All mechanisms can proceed in positive as well as nega-
tive time direction and fundamental laws of physics allow that. The only time 
orientation presently accepted in physics is that in direction of increasing proba-
bility and increasing entropy. A system assumes a more disordered condition 
characterized by a minimum information on it.  

The author, in his effort to demonstrate fundamental irreversibility, has criti-
cised such a concept and its mathematical basis [6] [11]. During mathematical de-
rivation, within the H-theorem, of the entropic time, information on time-neutral 
particles is reorganized, simplified and partially abandoned. This is done by re-
placing the initially very exact description by an estimation (Marcovian mix-
ture), a statistical procedure, aimed at predicting the future on the basis of re-
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duced information. Since information has an energy content (1 bit = kTln2) 
energy is thereby thrown away. This explains, why the system assumes directio-
nality and cannot be reverses. There is an additional argument against the en-
tropic time arrow. The system concerned approaches a situation of maximum 
disorder or minimum information content moving with the entropy content 
from S1 to S2 by ΔS. It loses thereby information. Since information has an ener-
gy content, where does this energy go? Energy has to be conserved. The concept 
of a purely entropic time arrow does not work. The author argues that the en-
tropy increase by ΔS can be multiplied by the absolute temperature T to yield the 
energy quantity TΔS, “entropic” energy. Now, considering the first law of ther-
modynamics on energy conservation one can ask, where this entropic, not any-
more available energy came from. It could only have been derived from Gibbs 
free energy ΔG. This however means that not the statistical drive towards dis-
order, but that a “dynamic” (free) energy as a dynamic variable is the real source 
of changes towards increasing entropy. Energy has an interest in doing work! 
This is, of course, not consistent with the presently established concept of a 
“scalar” energy as a quantity of state, with the ability, but no interest to do work. 

When the author studied the important principle of least action he found that 
also energy within this principle has to be considered “dynamic”, because only 
that way extremal, least action values can be reached at all, and that the principle 
is expressing a fundamentally irreversible world [1]. The proposed definition of 
this “dynamic” energy was that it “decreases and minimises its presence per 
state” thus generating, chaotic, not any more useful energy. This is equivalent to 
a decrease and minimization of information. Such properties define a funda-
mentally dynamic time arrow with all its different consequences for explaining 
the universe.  

2.2. What Is Time in Reality? 

Since antiquity many thoughts have been reported on the meaning of time, and 
during the last century numerous books have been written on the subject (e.g. 
[12] [13] [14] [15]). The impression is that no final conclusion has yet been 
reached. The author has also contributed to the search for the meaning of time 
[11] leading to the view explained here. 

For present science, with its time-neutral particles and laws, and emphasized 
by personalities like Einstein, time is an illusion. It is just used as an ordering 
parameter to monitor changes. The Theory of Relativity shows, that time de-
pends on relative movement and each system has its own time. The time used is 
clock-time, which is just a sequence of numbers, a scale or ruler for measuring 
changes, without any relation to matter or energy. It can therefore not be direct-
ly measured, but has to be derived from energy converting clocks. These clocks, 
however, do nothing more than to activate a periodical process, such as a pen-
dulum movement, the oscillation of a quartz platelet, or the electron relaxation 
in an atom. Such time lapses during oscillations, which are just determined by 
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natural or material constants and have no relation to energy turnover them-
selves, are summed up and calibrated against periodic astronomical phenomena 
to yield seconds, hours and days (compare Figure 2(a)).  

It is this clock time, which is just a scale and has nothing to do with energetic 
processes, which is multiplied with light velocity and became the axis of the 
fourth dimension in the four-dimensional space-time of Relativity Theory. It is 
this clock time, which, in the Theory of Relativity is relativistic dilated when 
calculated for a fast moving reference system. For an atomic clock this means 
that atomic parameters are thereby changed. This actually happens. Atomic 
clocks travelling around the globe show time dilations in the order of fractions 
of a microsecond (e.g. Hafele-Keating experiment). Within the Theory of Rela-
tivity part of this effect is attributed to gravitational effects, part to relative 
movements. But, in fact, only the properties of a scale have been changed due to 
changed physical parameters. Within the Dynamic Energy concept, it is not the 
real time which changed but only the scale for measuring it. 

Within the concept of a “dynamically” understood energy, and with such a 
dynamic energy acting via the principle of least action, a real, irreversible energy 
driven time can readily be defined. It is the flow of action (energy times time), 
which is activated as the consequence of the principle of least action and can be 
called action time (Figure 2(b)). It is, for example, the tickling of sand in an 
hourglass or a stone rolling down a hill and describable as a flow of action. This 
is, more or less, what the Greek naturalist and philosopher Aristotle, who lived  
 

 
Figure 2. Scheme explaining the difference between clock time (a), which is just a scale 
for measuring change, and action time, which is here considered to be the real, ener-
gy-driven time (b). The symbols on the left side of depictions show a simplified hourglass 
representing energy turnover and a flow of action, the flowing sand, on the way of fulfil-
ling the least action condition. In an ordinary clock action is just used to activate a cali-
brated oscillating mechanism, which provides a scale for measuring change. The real time 
flow is action time, the flow of action as a consequence of energy conversion, or the loss 
of information (supplied by free energy) on the past. If normalized for energy, clock-time 
can also be deduced (b). 
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in the 4th century BC, observed. He said: “Time is the measure of a movement 
that takes place from a before to an after”. Movement requires energy. Then 
time is a measure for energy turnover. This is exactly what the Dynamic Energy 
approach states and it can give additional information: Since dynamic processes 
are proceeding via a reduction of energy per state this action time equally means 
“loss of information on the past”. Such a statement is comprehensible and fully 
logical: the information, which we have recognized just instances before in our 
environment, is gone. Just some fragments of memory remain in our brain. 

Why is sand moving in an hourglass? It is moving, because energy (gravita-
tional energy) is dynamically active. What is this activity like, when energy, dur-
ing energy conversion, remains fully conserved? The above given definition, that 
“it decreases and minimizes its presence per state” implies that order, available 
within the energy system is being reduced. This way energy is redistributed. In 
the case of chemical energy (e.g. a carbon-hydrogen bond), or of a photon as 
primary energy source, elaborate arrangements of energy and materials are 
abandoned during the energy conversion process to finally only show low tem-
perature kinetic energy. This shows, that it is order, information about the ener-
gy system, which is given up during the energy conversion process to yield dis-
order while energy in total is conserved. The flow of action (energy times time) 
in such an energy conversion process ( )( )d dEt t∆  is thus generated by a re-
duction of order (information) within the energy system. It is consequently 
equivalent to say that it is the flow of abandoned information on the past 
( )d dabI t  that characterizes fundamental energy driven time. In this case, since 
the lost information concerned is linked to energy, there is no problem with 
energy conservation. It is considered in the energy balance of the entire process. 
It is this abandonment of information (on energy) that implements the redistri-
bution and conversion of energy thus causing the flow of action. 

Energy driven time, or action time, can therefore be formally written in the 
following way (here t is the clock time and E∆  the energy turned over:  

( )d d
energy driven time action time

d d
abEt I

t t
∆

= = =           (1) 

and from this equation clock-time can be deduced         

clock time abI
t

E
=
∆

                         (2) 

This clock-time does not any more correspond to the flow of abandoned in-
formation due to energy turnover. It is an energy neutral statement of aban-
doned information per energy turned over. Clock-time is a standard, a calibrated 
scale for measuring changes. It is for this reason, that clock time is subject to di-
lation, when transformed within Relativity Theory, since it refers to the energy 
of moving systems, where energy can be determined to be correspondingly larg-
er. 

Both equivalent definitions of the proposed real time arrow (1), the flow of ac-
tion, and the flow of abandoned information on the past are invariant with re-
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spect to relativistic transformation and can directly be measured, because they 
are characterized by an energy content. But clock time (2) is not, since the inva-
riant information flux is considered per energy turned over. It is just a scale for 
measuring time. A certain amount of information turnover per energy is consi-
dered and counted as a scale. Relativity theory uses clock time for constructing 
the fourth dimension and draws important conclusions from relativistic time 
properties. On the basis of the here given definition of energy driven time, action 
time (1), it should be this time, action time, and not clock-time (2), which 
should be used in formulas, which aim at the description of the universe, when 
highly dynamic mechanisms are to be derived as conclusions.  

Figure 2 explains in a simple scheme the difference between clock time 
(above) and action time (below). In the first case (a) a flow of action is only used 
to activate periodic phenomena for measuring changes via the clock time. In the 
second case (b) the flow of action itself is considered to be the energy driven 
time flow. By dividing it through the turned over energy, clock-time can be ob-
tained also in this case as calibrated scale for measuring change.  

2.3. What Means Gravitation and Always Constant Light Velocity  
for Space-Time 

Relativity theory implements, via the field equations, relevant experimentally ve-
rified properties into empty space: they concern the ability of always sustaining 
the absolute light velocity and the capacity to simulate gravitation and inertia, 
while respecting the equivalence principle, by adequately accelerating masses. 
Since these introduced properties actually prevail, this may explain the asto-
nishing apparent experimental meaningfulness of General Relativity theory. The 
properties of space yield what has been introduced as a theory. But it is well known 
that these introduced properties cause the now four-dimensional space-time to 
bend, since gravity has become a geometric property of space-time. A satellite 
around a celestial body thereby feels a force at close distance, since it is moving 
along a curved space tracing its trajectory. For understanding, what it means in 
practice, when a body is deviated by a bent space around a mass let us look at an 
example. The difference in gravitation forces, and the degree of bent space, be-
tween two neutrons and two weights of one kilo is of the order of 1054. Gravita-
tion means bending of space and bending is induced by the energy momentum 
tensor in relativity theory. Can one imagine a detectable bending of space, 
equivalent to gravitational acceleration, around spherical objects differing by a 
factor of the order of 1054? A passing and interacting particle should nevertheless 
be able to register the differences and to respond properly to a highly varying 
gravitation. A bent space around a mass must communicate itself as an analogue 
signal. Technical experience shows that an analogue signal (which continuously 
varies as quantity to be registered) can only be measured within 0.01% of its 
maximum signal (three digits behind the comma), and has to be regularly cali-
brated. Gravitational changes of up to and trespassing a range of 1054 can never 
be registered via an analogue signal of bent space around a sphere. How accurate 
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are gravitation signals measured in practice? This question will be discussed lat-
er.  

Within the Dynamic Energy theory gravitation is information with the re-
quirement to reduce energy per state while imposing the principle of least ac-
tion. Phenomena controlled by information are not limited by analogue restric-
tions and also readily explain, what happens, when the mentioned requirement 
is violated and the energy per state tends to increase. If this minimisation condi-
tion is violated and energy per state increases, then a counter force results, 
equivalent to energy per distance travelled. This is inertia fulfilling the equiva-
lence principle. It responds to the gravitation of matter from the entire universe, 
as Ernst Mach proposed. The Dynamic Energy theory has no problem explain-
ing inertia.  

Another question is to understand the implementation of absolute light veloc-
ity within the four-dimensional space time. Let us imagine a photon approach-
ing an object coming closer at very high speed. When hitting it light velocity 
measured on the object must be the known absolute value. When, before the 
encounter, and how is such an adjustment made in a time-neutral world? It 
formally works, of course, because mathematics imposes it, but it is not easily 
understandable. This also concerns the time around masses in space-time. 
Within the Theory of Relativity time is actually variable and manipulated de-
pending on the distance of a mass. How can, on a physical basis time be mani-
pulated? In terms of an atomic clock this means, as explained before, that atomic 
parameters must change. They can change due to a changed gravitation, but this 
does not mean that time itself, the energy driven time, is dilated that way. 

When the concept of an energy driven time arrow was applied to quantum 
phenomena, it turned out that matter (energy), concentrated in a particle, and 
energy spread out as wave had to be linked via an information image of matter 
(energy). It has to be set aside to support the back conversion of the wave into 
the particle [1] [6]. This information around matter has an energy content and 
was identified as gravitation. Propagating photons, changing from the wave 
form into the particle form via information imply information-controlled pho-
ton properties (compare propagating photon expressed in symbols in Figure 1, 
top right). Photons are continuously reassembled via information (represented 
in form of dotted squares), independent of relative movements of the receiver. 
This works similar as programs for television or information for a 3D printer are 
registered on an airplane [2]. They function independent of flight velocity and 
flight direction. The program for a 3D printer can be used to produce a toy car 
which travels at an always constant speed. In fact, as a side product of applying 
the energy driven time arrow to quantum states new explanations both for gra-
vitation and the always constant absolute light velocity in free space were found. 
Surprisingly, gravitation turned out to be information on matter and the abso-
lute light velocity simply the consequence of involvement of information in the 
quantum process. The just mentioned problems in understanding gravitation or 
the always constant light velocity in terms of the space-time concept simply dis-
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appear with the information nature of gravitation. Information can work like 
that and no postulation needs to be made on highly elaborate properties of 
empty space as General Relativity theory does it. 

This, of course, motivated and urged to explore, whether this supports a fun-
damentally irreversible universe subject to an energy driven time arrow. It be-
came necessary to confront it with the time-neutral, already well-established un-
iverse shaped by General Relativity (Figure 1).  

Such a confrontation is, in fact, unavoidable, because only one of these two 
world models for explaining nature can survive. Absolute light velocity and gra-
vitation are either information-controlled properties of an energy driven time 
arrow, or they are properties of free space, as General Relativity implemented 
them. The first approach is entirely rational and quite simple, the second a ma-
thematical construction which generates numerous paradoxes and irrationalities 
(four dimensions, relativistic time and length changes, time travel, space infla-
tion) which, however, already, according to specialists, has produced surprising 
experimental support. 

2.4. Relation between Quantum World and Universe 

Since the rise of quantum and Relativity Theory scientists have searched for a 
unifying link between them. The discipline of quantum gravitation, for example, 
studies that, aiming for a “Theory of Everything”. String-theory is another re-
search orientation, which searches for such a connection. Up to now it was not 
found.  

The energy driven Time Arrow approach, in dealing with quantum pheno-
mena, found this link quite naturally. The self-image of matter in form of infor-
mation, mediating the particle wave exchange was identified with gravitation 
and the same information (or gravitation) also controls the dynamics of the un-
iverse. A remarkable consequence of this finding is, that what we call gravitation 
is in fact information on matter. This implies that our universe is essentially 
controlled by information, which has significant further consequences (see lat-
er). But it also readily explains, why the measured difference in gravitation be-
tween two neutrons and two weights of one kilo of 1054 does not pose problems 
for function and detection. It is a difference in numbers, registered as informa-
tion without the need of an intermediate registration as analogue signal of space 
bending. Of course, a big task for the future will be to decipher the information 
code of nature and to understand, how information can be turned over during 
generation of action.  

2.5. To What Extent Can Relativistic Phenomena Be Understood  
Differently? 

Special and General Theory of Relativity have puzzled with their very characte-
ristic phenomena. Below, with relation (3), it is shown how the length of an ob-
ject is reduced, when its velocity v is approaching the speed of light c. It is seen, 
that it is shrinking and finally disappearing. The next formula (4), also well known, 
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is showing, how the time interval 0t∆  between two subsequent instances (e.g. 
seconds) is increasing with increasing velocity v of an object. Approaching the 
light velocity the clock cycle is getting larger and larger until finally clock-time 
stops. The first example of a rocket, shrinking at high speed, rises the question, 
how this could occur with a stiff object, which subsequently may land in full size. 
The second example of time dilation, in turn, is the basis of numerous paradoxes 
which deal with time travel. 

When trying to judge these well known predicted phenomena it is of interest 
to point out, that these relativistic phenomena are only seen, when the object is 
analysed in direction of movement. Observers analysing it perpendicular to the 
movement will not see this effect (Figure 3). 

Since objects with simultaneously different spatial measures and different time 
cannot exist, one is apparently dealing with a problem of measurement. The 
measurement occurs with light, which serves for transmitting the signals. Two 
measurements have to be made for measuring length and a time interval respec-
tively. During that interval the object is moving with the velocity v. It is learned 
how the ratio of object velocity v and light velocity c is affecting measured data. 
This is definitively a measurement artefact due to the limited light velocity and 
not information on the studied object. Indeed, when the light velocity in these 
formula (3) and (4) is set to become infinite, the relativistic effects just disappear.  
 

 
Figure 3. Scheme visualizing a paradox of relativity theory. Three observers with three 
relative velocities will, according to relations (3) and (4), see the spacecraft shrinking dif-
ferently and recognize different “time flows” on it. In the direction of the spacecraft's mo-
tion, the spacecraft will shrink and there will be a time dilation, different for observers at 
different speeds. No length or time dilation will be observed perpendicular to the move-
ment. What is the actual length of the spacecraft, what time does it run? 
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This means that, in this case of simultaneity, the scale for measuring changes is 
not compressed or stretched due to a finite transmitting light velocity. 
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The energy driven Time Arrow approach states, that energy converting sys-
tems do not follow clock-time (2), but are subject to action time (1). Within the 
energy driven Time Arrow universe one would not transform the clock-time 
which is just a ruler or scale for passive measurements of changes. One would 
transform the real time (1), the flow of action or the flow of abandoned informa-
tion on the past. Both are relativistic invariant so that moving energy converting 
objects would see the same time flow. All paradoxes with time travelling then 
simply disappear. 

If one would like to find out clock-time on a moving object, the travellers 
would have to determine action time, measured for their object, and divide it by 
the locally turned over energy (2). When the conditions and calibration proce-
dures are the same, also clock-time would be the same. This does not support the 
statement that every relatively moving object has its own time and that time is 
an illusion (comment also by Einstein). There is a simple intellectual considera-
tion, that could support such a conclusion. The presently as one of the most dis-
tant recognized galaxies, Abell 1835 IR 1916, has a redshift, which indicates it is 
drifting away with 97% of light velocity. Clocks there on a similar planet, calcu-
lated via relativistic theory, should proceed 4 times slower. Observers there 
would, however, conclude the same from our galaxy. Does this make sense? Do 
we have a slowed down evolution, because we see galaxies escaping at a high 
speed?  

The energy driven Time Arrow approach would not expect any difference in 
time flow when similar environmental conditions prevail. And it would also 
challenge the claimed high relative velocity seen in the (cosmological) redshift. It 
is not caused by the expansion of space, but is a consequence of entropy loss by 
propagating photons (see later). 

2.6. Spacetime Critically Seen in Terms of the Energy Driven Time  
Arrow  

A significant problem with General Relativity theory, according to the author, is, 
that the clock-time used is not relevant for transmitting useful information on 
changes and for calculating action. It is a scale for change only, a sequence of 
numbers. Another one is that matter and laws which control it were defined to 
be time neutral. Nevertheless, General Relativity theory is used to justify and de-
scribe highly dynamic phenomena, the Big Bang scenario, the inflation of space, 
to understand Black Holes and to investigate the accelerating expansion of the 
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universe. 
Today the dynamics of the universe is deduced by back and forward calculat-

ing the field equations of General Relativity, which describe the relation between 
the geometry of space time and the energy-momentum distributed in it. Consi-
dering the apparent dynamics of the redshift of galaxies and stars they attribute 
to the universe an age of 13.8 billion years while it was stretched to a dimension 
of approximately 78 billion light years. That this rate of expansion exceeded light 
velocity is not considered a problem, since it is the empty space, which is as-
sumed to have supported this stretching activity. But how can empty space, with 
no material properties defining it, do this? 

The energy driven Time Arrow approach identified time flow as flow of action 
with changes in the environment (1). It is not just a scale for monitoring changes 
(2) (compare Figure 2). In addition, gravitation was identified to be information 
on matter with its root in quantum phenomena. Inertia is just the counter reac-
tion to the fundamental law of Dynamic Energy aiming at reducing the presence 
of energy per state against a violation of this law. Gravitation and inertia are here 
not a property of empty space, but information mechanisms implemented on 
quantum level and, via this information, gravitation, widely present in the un-
iverse. The same is true for the interpretation of absolute light velocity. It is 
simply a property of information handling within the photon and not a property 
of space either. When these three properties, which, via Relativity Theory have 
been mathematically and ad hoc implemented into space, are explained in this 
different way, there is theoretically no basis left for a spacetime universe. How-
ever, how can one deal with the significant experimental evidence claimed in 
support of General Relativity theory and space-time? 

With imposed conditions of absolute light velocity and a gravitation subject to 
the equivalence principle both theories, the General Relativity theory and the 
Dynamic Energy approach, should have the ability to explain at least part of ex-
isting phenomena. One significant difference is, however, the fourth dimension 
in the General Relativity theory, which gives rise to a very different space struc-
tures and phenomena. What can one learn from the different types of experi-
mental tests of General Relativity theory? 

2.7. Relativity Theory Is Sensitive for Specific Mechanisms, But  
less for Space Phenomena 

Among the successful predictions of General Relativity one could mention the 
deflection of light by the sun, the gravitational redshift of light, gravitational 
lensing, equivalence principle testing. These phenomena are just consequences 
of gravitation, including the equivalence principle and the absolute light velocity, 
introduced in the General Relativity theory as property of space. These mechan-
isms really exist, and therefore act. But for the success of experiments it is not 
clear whether they originate from empty space or from quantum processes. 

General relativity is less sensitive with respect to predictions concerning space 
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properties. It cannot tell whether the universe is static or dynamic. It cannot ac-
count for the inhomogeneous, granular appearance of the universe, since it 
treats it as homogeneous. It cannot say anything about the value of the Hubble 
constant nor about dark energy and dark matter, which are expected to occupy 
large areas in the universe. Singularities can be identified, but whether they are 
really Black Holes or just indicate where the theory fails remains an open ques-
tion.  

The author believes that this poor ability in dealing with space properties may 
in part be caused by the introduction of clock time into the fourth dimension of 
spacetime. It acts as a scale for measuring changes only, and, since it has no di-
rect relation to matter or energy, cannot implement and communicate action.  

However, in General Relativity tests, certain phenomena, attributed to gravi-
tational distortion of space-time could be predicted and were tested: The perihe-
lion precession of Mercury, in part attributed to spacetime distortions, can be 
calculated. For Mercury’s perihelion movements by 575 arcsec/century, of which 
only 532 arcsec/century could be accounted for by classical Newtonian gravity 
calculations, General Relativity theory could explain the difference. Also devia-
tions from geodetic precession (6 arcsec/year) and a Frame-Dragging Precession 
(0.039 arcsec/year) from Gravity Probe B Satellite experiments appear to support 
General Relativity and its four-dimensional space. But the effects observed are 
very small. The LIGO experimental setup, a Michelson-Interferometer for ob-
servation of gravitation waves, in 2015 detected a transient change of length of 
the order of one atomic diameter in form of half a dozen irregular maxima last-
ing together 2 tenth of a second. Are such tests a proof of space-time and gravi-
tation waves or are other explanations imaginable? 

The Dynamic Energy approach explains gravitation as information image of 
matter, aiming at decreasing and minimizing energy per state. It does that when 
interacting with matter and guides it like a remote-control system in an orbit 
subject to least action. This is different from the far-reaching action of Newton’s 
gravitation and the near field action of gravitation in Relativity Theory. Already 
this is an interesting result, because remote control works technically and is 
commonly applied in steering drones.  

When a travelling photon, particle and wave mediated via information on 
matter, is interacting with gravitation (information), there will be an effect of 
information acting on and changing due to additional information. There will be 
definitively an effect. This way deflection of light by heavy masses, the gravita-
tional redshift, and gravitational lensing should in principle be explainable. It is 
also remarkable, that in form of remote control, using information (gravitation) 
on the spot to guide objects, irreversible nature applies a technology which our 
civilization has witnessed to be working. The open question remains, how natu-
ral objects can implement the provided information, when responding to gravi-
tation. It should be recalled, that the Dynamic Energy theory is considering ele-
mentary particles as self-organized systems, comparable to virions, viruses de-
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coupled from energy supply and not characterizable as “living” organisms [4]. 
They are expected to “know” how to respond to natural laws.  

The situation in challenging General Relativity is more complicated with 
phenomena interpreted as space-time properties. However, they are very small 
and there is also the possibility to find explanations on the basis of the energy 
driven Time Arrow approach. Here again gravitation fields are fields expressing 
and mediating information. Information has an energy content and energy can 
generate gravitation. Information fields can therefore interact with masses and 
can be distorted through their presence. This could account for some of the 
space related effects identified with General Relativity theory. A Frame-Dragging 
effect (Lense-Thirring effect), for example, should also be expected with an in-
formation (gravitation) cloud around a rotating mass. Significant efforts have 
been developed (especially via String-Theory and Supergravitation-Theory) to 
introduce quantization of gravity into General Relativity. They failed and Dy-
namic Energy theory can comment on that from its point of view: The function 
of information on matter during the dynamic particle-wave duality can be com-
pared to that of a technical analogue-to-digital converter. Such a converter in-
volves an algorithmic function which performs quantization of the analogue 
signal and is called a “quantizer”. Information on matter, mediating the dynamic 
particle-wave duality (Figure 1 top right) may also act as such a quantizer, and 
by minimizing energy per state for an electron in an orbit of an atom or mole-
cule it definitively can induce quantization of electronic states of atoms and mo-
lecules [1]. Within the Dynamic Energy approach the search for quantum gravi-
ty within General Relativity should be replaced by a profound study of informa-
tion on matter. It plays a crucial role in quantum states and, as gravitation, is al-
so decisive for understanding the universe. 

2.8. How to Deal with the Specific Experimental Evidence for  
Relativity Theory 

Because of the overwhelming experimental evidence claimed for Relativity 
Theory, criticism is not any more accepted by established journals. However, up 
to now critics could not present a reasonable alternative theory for explaining 
the always constant light velocity, gravitation, inertia, time behaviour and space 
properties. The Dynamic Energy model does this and claims in addition the po-
tential of eliminating paradoxes and irrationalities of General Relativity. It also 
entirely naturally provides the link between quantum behaviour and cosmologi-
cal function, and introduces, for the first time, the concept and mechanistic 
creativity of information technology into fundamental physical mechanisms. 
Our industrial civilization experiences the amazing potential of information 
technology, which is based on natural laws. Why should nature not apply them?  

Here alternative explanations for experimental observations claimed to sup-
port Relativity Theory are sketched. 

Time shifts of atomic clocks: Atomic clocks sent around the Earth or clocks 
in space show time dilation. It is interpreted to fully confirm Relativity Theory. 
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These phenomena seen with atomic clocks in the sub-microsecond range occur 
with time intervals determined by atomic parameters only. According to the 
Time Arrow approach not the time changed, but a changed gravitation acting on 
the atomic clock modified the time lapses, determined by electronic transition in 
the atoms. Something similar would happen, if an ordinary pendulum clock 
would be taken up a mountain, where gravity, the acceleration imparted to ob-
jects, is lower. Its oscillation period inversely depends on the root of gravity and 
would become longer and correspondingly its oscillation frequency lower. This, 
however, does not mean that the time measured with the pendulum clock has 
changed. Just the scale used for measuring changes, the oscillations of the pen-
dulum clock, experienced an alteration in the parameters controlling them. One 
would have to recalibrate the clock. 

The Time Arrow approach explained quantization in atoms as consequence of 
minimization of information on matter [1] [6]. When additional gravitation 
(which itself also constitutes information on matter) is applied, the obtained 
minimum approached for quantization of electronic levels will be shifted and 
thus the distribution of the concerned electron orbits within the atom. This will 
change the time lapse during an electronic transition. Atomic clocks, today, can 
even register gravitation changes generated by the tides produced by the moon 
and react to a change of one meter in altitude. This has nothing to do with rela-
tivity theory. It cannot be claimed via experiments of travelling atomic clocks 
that time is relative, since the time lapses concerned are not the real dynamic 
time. What is observed is that a scale for measuring changes, the sequence of 
time lapses, which, when calibrated, we use as a clock, is altered by gravitation 
and additional parameters. Since such clocks are technologically important, this 
behaviour has, of course, to be technologically considered, but it does not sup-
port the claim of Relativity Theory that time is relative. It is also not a real 
space-time, but a “space-time scale”, when just a scale for measuring changes is 
used to construct “space-time” and varies its intervals in dependence of gravity 
and other parameters. Relativity theory does not understand the real nature of 
time properly. It tries to understand the universe by linking it with a scale, lack-
ing any relation to energetic processes and change, the properties of which are 
influenced by physical parameters.  

Diversion of light by gravitation 
Gravitation, being interpreted as information on matter, will have an effect on 

the trajectory of light, which is equally controlled and mediated by information 
on matter. A quantitative theory will be able to deal with this phenomenon, 
during which information enforces a minimisation of energy per state towards 
an implementation of the principle of least action in presence of additional in-
formation from outside. When gravitation (information) becomes strong 
enough, light will be visibly deviated and, in the case of a Black Hole environ-
ment, prevented from escaping. One is dealing with the effect of a “remote con-
trol” on elementary particles via information. 
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Increase of weight with increasing velocity 
The Dynamic Energy approach explains elementary particles and matter as 

self-organized energy [4]. Self-organized systems can grow in mass with energy 
from outside. Examples are a hurricane, a green plant growing in sunlight, a liv-
ing species consuming food. The increase of mass during acceleration of ele-
mentary particles to very high velocities can be interpreted that way. Kinetic 
energy, when provided to a sufficient extent, is converted into mass. This is 
possible when mass is behaving as self-organized energy. The author believes, 
that Relativity Theory formally comes to the same conclusion, because of the 
physics introduced on the basis of its mathematical construction.  

The formula E = mc2 
The famous relationship 2E mc=  derived from Einstein’s theory of relativi-

ty describes the energy of a mass m at zero velocity. It is considered synonym 
with Relativity Theory and any counter theory will have to deal with this situa-
tion. It is therefore important to learn that the derivation of this formula was not 
really based on logical considerations, but was already anticipated in the deriva-
tion of the result (see [16]). Classical deductions of analogue formulas were also 
described in the literature [17]. Einstein speculated that the energy formula he de-
duced for light, which included arbitrary assumptions, should also apply generally 
to any other energy form. Two years before Einstein, an Italian geologist, Olinto de 
Pretto, published the same relationship between energy and mass. He derived it 
from a non-relativistic consideration [18]. He observed how the mass of ura-
nium and thorium transformed into energy during radioactive decay. Before 
him, around 1900, Henri Poincaré apparently brooded over the same formula. 
The point here is not to diminish the accomplishments of Albert Einstein. The 
point is that we want to understand what this formula actually means in the 
context of Relativity Theory. Do we need the Theory of Relativity to derive this 
proven formula? In reality, the formula 2E mc=  has nothing to do with rela-
tivity. It would still be valid if the four-dimensional space did not exist. Einstein 
had anyhow neglected relativistic considerations before deriving the famous 
energy-mass formula. This formula can be derived purely from classical argu-
ments. The important energy-mass relationship can therefore not be used as a 
support and justification for a four-dimensional space-time. This is an impor-
tant argument for the considerations here and justifies the discussion. One does 
not need the Theory of Relativity to obtain this important formula. And there is 
an additional relevant fact: The Dynamic Energy theory also conveniently estab-
lishes the connection between energy and mass. Mass is simply self-organized 
energy, it is consequently proportional to energy [4]. Self-organization is doing 
with energy what it does with water on a hotplate, when generating droplets er-
ratically moving around (Leidenfrost-phenomenon). These water droplets made 
from water correspond to elementary particles generated from energy via 
self-organization. However, because of the complex mechanism of 
self-organization, the proportionality factor between energy and mass is ex-
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pected to be more complicated than c2, which, in this simple form, accounts for 
the appropriate dimensions. 

Gravitation singularities are information singularities 
Gravitational singularities are locations within space-time, characterized by 

infinitely growing gravitation and undefined space-time properties. Dynamic 
Energy theory explains gravitation as information on matter with the task to de-
crease energy per state and thereby to reduce information contained in free 
energy. Such a developing singularity, called a Black Hole, is thus an extremely 
dynamic information phenomenon aiming at disrupting matter and generating 
entropy. During the proceeding mechanism information (gravitation) is increa-
singly concentrated. As explained in a preceding publication [2], this is a highly 
dynamic process, including self-organization and even structuring of informa-
tion (gravitation). As a far from equilibrium self-organizing open energy con-
suming system it approaches maximum entropy generation, within given con-
straints, like derived for living systems [5]. The information driven matter con-
suming self-organizing Black Hole moves further and further away from equili-
brium and finally develops quasar properties to get rid of accumulating entropy. 
One is dealing with an information controlled inorganic phenomenon compara-
ble to primitive living organisms with a directional evolution and different de-
velopment stages towards maximum entropy turnover.  

Gravitational waves as information pulses 
Within Dynamic Energy gravitation is explained as information on matter 

and information itself does not produce waves. But when self-organized, which 
is possible within the Dynamic Energy theory [6], time dependent, propagating 
information (gravitation) phenomena are to be expected. They have nothing to 
do with perturbations of a space-time structure of the universe and do not show 
a time—component of the assumed space-time perturbation (clock-time per-
turbations were not registered during the LIGO experiments). If space-time 
would exist, “gravitation waves” should be frequent, since the presently known 
universe contains 500 billion galaxies with over 100 billion stars in each. Space 
would be vibrating. 

Dark matter means self-organized information on matter 
Dark matter cannot be explained by the Theory of Relativity and when not 

found constitutes a problem for it. Dynamic Energy explains the dark matter 
phenomenon as self-organized information on matter (gravitation) [2] [6]. The 
time arrow allows feedback and thus a self-organization of information into a 
higher hierarchy of information handling with the task of reducing energy pres-
ence per state. The additional energy needed comes from the energy flow sus-
taining self-organization of information on matter. The result is much higher 
gravitation, powered by the energy consumed for the self-organization of infor-
mation. Gravitation (information) could even get structured in space like ob-
served in living organisms. No dark matter is needed and expected for explain-
ing super-gravitation and gravitational lensing in the universe. The mirage effect 
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is generated by self-organized gravitation (information) in a similar way as ter-
restrial mirage effects are generated be special, self-organized weather conditions. 

Space-time distortions versus dynamics of information clouds 
In the Dynamic Energy approach phenomena like the perihelion motion and 

curvature of space time could be reinterpreted as distortions and behaviour of 
information (gravitation) halos or information clouds around space objects. 
They have an energy content and may interact, for example, by responding to a 
rotating or otherwise moving mass. The behaviour of gravitation fields as fields 
of information and their mutual interaction need to be studied. How are infor-
mation clouds behaving, which make up gravitation around masses? 

Cosmological redshifts versus information handled “tired light” 
Expanding radiation is, like an expanding gas subject to entropy production. 

The equivalence of the entropy formula applicable has already been used by 
Einstein in 1905 to justify the existence of light in form of particles (photons) 
[19]. His argument was that, subject to the same entropy formula upon expan-
sion light should behave like particles of a gas. However, in time-neutral quan-
tum physics photons, once released, are only allowed to lose energy by interact-
ing with matter or gravitation. Entropy generation is not any more taken into 
consideration. Dynamic quantum physics requires and allows entropy genera-
tion of propagating photons via the mediating presence of information on mat-
ter. Since the logarithmic formula for entropy generation by expanding radiation 
into a larger and larger volume goes towards infinity, the energy of expanding, 
propagating photons should finally be consumed at the expense of released mi-
crowave radiation [2]. In contrast to abandoned classical theories on “tired light”, 
which have already been discussed one century ago (Ritz, 1908 [20]; Zwicky 1929 
[21]), light particles are not deviated by dust to produce a blurred sky, but get rid 
of microwave radiation without deviation from the photon path via the informa-
tion on matter involved in energy redistribution. The redshift observed from distant 
stars and galaxies could therefore to a large extent be due to entropy generation 
by expanding, propagating photons and not to an explosive expansion of empty 
space (cosmological redshift) and accelerating escape movements of galaxies. On 
the basis of Dynamic Energy a new evaluation of structure and dynamics of the 
universe is required. It could be much more static than presently assumed. 

How accurate can bent space gravitation be measured? 
As scientific experience shows, a phenomenon such as gravitation is perfectly 

considered and implemented in natural processes. For this to work bent space 
gravity has to be registered with sufficient accuracy. Is this possible with a gravi-
tation coined by a bent space, which has to be registered as an analogue signal? 
An indication of the accuracy in measuring gravity is provided by measurements 
(e. g. via torsion balances) of the gravity constant, which is deduced via the 
well-known formula relating gravitation forces to masses and their distance. Its 
presently recommended value is 6.67430 × 10−11 m3kg−1s−2 with an uncertainty of 
2.2 × 10−5, which is mostly due to the fact, that the mass of the earth is not well 
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known. This requires measurements in the laboratory with correspondingly 
quite small test masses and associated inaccuracies. The expectation prevails that 
an accuracy of 6 digits can be reached for the gravity constant. On the Earth 
surface the variations in gravity itself, which in average is g = 9.81 ms−2, due to 
latitude amount to +/−0.03, due to local geological variations to +/−0.0006, and 
due to tides to +/−0.000003 [22]. The best accelerometers can measure gravity to 
two parts per billion, that is to +/−0.000000002 [23]. Such an accurate measure-
ment can be performed on just the selected location. How can a bent space be 
measured so exactly without access to information on the degree and orientation 
of space bending? 

The role of self-organization 
Every self-organization requires a directed time which provides a “before” and 

an “after”. A clock time does not provide that, because it only represents a scale, 
provided by oscillation phenomena, for measuring change. The Dynamic Energy 
approach, however, provides an energy driven time arrow which readily supports 
self-organization of matter and information (which has an energy content). The 
time orientation may be enforced by information loss accompanying energy 
processes from usable to unusable energy. Time is the loss of information on the 
past. This way, and because of the existence of a directed time, the complex space 
structures seen in the universe or in the structural complexity of life can readily 
be understood and explained. Such a creativity of the universe would not be possi-
ble within the time-neutral approach. Here daring mathematical procedures had 
to be applied to justify time orientation for self-organization (e. g. symmetry break-
ing). In practice, relevant disciplines, dealing with feedback and self-organization, 
e.g. control theory, presuppose a functioning of feedback processes, even though 
time neutrality and time as an illusion should not permit it. 

The “Big Bang universe” of time-neutrality versus the “Self-Image un-
iverse” of irreversibility 

The Big Bang universe (Figure 4, top) with the origin of energy from nothing, 
the inflation of empty space, with its quantum fluctuations, dark matter and the 
accelerating expansion of galaxies via dark energy is well known to be characte-
rized by irrational assumptions (marked as I1 to I5 in Figure 4, top). However, 
practically full experimental verification is claimed [24] [25]. 

The Dynamic Energy approach for understanding the universe emphasizes 
the importance of information mediating between concentrated and distributed, 
chaotic energy. Such a mechanism applies for the particle-wave duality and is, 
since gravitation (information) dominates space, also expected to apply for the 
entire universe. A terminal, worn-out universe with a high entropy content will 
consequently be reconverted, by set aside information, into the free energy rich 
initial, original universe (Figure 4, bottom). We are dealing with a fractal un-
iverse, which shows parallel behaviour on quantum and cosmological level [2]. 
Such a behaviour is only to be expected from a fundamentally irreversible world, 
which is able to self-organize. Since the redshift of galactic light can, to a large  
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Figure 4. The Big bang scenario, which is sustained by the time-neutrality paradigm, 
shaped by General Relativity, and characterized by irrationalities (top) is compared with 
the Self-Image universe, resulting from Dynamic Energy considerations (bottom). The 
first describes an explosion of energy, matter and empty space without understandable sense, 
with life as chance phenomenon and an end in cold and darkness. The second starts via 
information, evolves galactic structures, live and spirit as an aim of self-organization, 
within an information-controlled universe, and regenerates itself finally again via set 
aside information.  
 
extent, be understood as entropic energy losses (discussed above), most evidence 
for a Big Bang scenario can be interpreted differently and in support of the 
Self-Image universe [6]. 

But the Self-Image universe has additional striking properties. Because of its 
directionality (due to feedback-coupled mechanisms as shown for cybernetic 
systems [26]) and the role and importance of information it can explain evolu-
tion of consciousness and spirit. As matter can self-organize to living species, 
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also information (related to energy and matter) can do this and reach a higher 
ranking or hierarchy and function. This occurs on the level of chemical informa-
tion in relation to the genetic code and it also occurs in the brain, where up-
graded, self-organized information leads to consciousness and spirit. Informa-
tion on matter, gravitation, as well can self-organize under appropriate condi-
tions and sufficient energy supply to yield super-gravitation, which can serve as 
a substitution for “Dark Matter”, without the need for undiscovered dark matter 
particles (compare above). Feedback-coupled processes have teleologic character 
and follow an intrinsic aim [26], including in biological evolution, where genetic 
control is superposed to a strive of biological systems for maximum entropy 
production within their restraints [5]. The Self-Image universe is dominated by 
information (gravitation), and favours evolution of mind and spirit [6]. In con-
trast to the Big Bang universe without aim and with life just being a chance de-
velopment, it is intelligent and creative, is logic and sophisticated [6], expecting 
further exploration.  

3. Discussion 

3.1. A Credible Explanation of the Universe Is Simple and Rational 

For the first time, and based on reasonable starting assumptions (fundamental 
irreversibility in nature) a rational counter theory is proposed, which challenges 
the space-time understanding of the universe. Figure 1 explains, why the 
well-established time neutral world of space-time (Figure 1, left) has to be chal-
lenged by the energy driven Time Arrow world. The essential postulates by 
General Relativity theory, the always constant light velocity, gravitation and in-
ertia as properties of empty space, can be explained differently, on quantum level 
and in a more straightforward way as consequences of a dynamically understood 
principle of least action. Information on matter, needed as a link between wave 
and particle aspect of matter, turned out to be a crucial aspect of fundamental 
irreversibility. Only one of the two theories, based on different paradigm, can be 
correct. If nature is fundamentally energy driven and irreversible, then a Big 
Bang scenario based on space-time concepts is wrong.  

The “energy-driven Time Arrow” approach towards understanding a funda-
mentally irreversible universe, as an alternative to the established time-neutral 
one, which is shaped by General Relativity theory, is faced with a complex chal-
lenge. On one hand there is the claim that Relativity theory has passed every test. 
On the other hand the quest for fundamental irreversibility and an energy driven 
time has opened a very promising path: it eliminates paradoxes in quantum 
physics and has given straightforward explanations for gravitation (and inertia) 
and the absolute light velocity, without the need to introduce them as property 
of empty space. They are implemented on quantum level so that also the link 
with processes in the universe is automatically given. Gravitation turned out to 
be information on matter with the aim of decreasing the presence of energy per 
state. This yielded an explanation of gravitational forces in terms of a remote 
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control of masses, distinct from Newton’s long-distance action of gravitation 
forces and the close distance action of gravitation in General Relativity. Due to 
the orientation of the energy driven Time Arrow, a “before” and an “after” are 
readily given and consequently the route to self-organization is entirely open. It 
is open for energy, which self-organizes to elementary particles, for matter, 
which self-organizes to galaxies and life, and for information (which contains 
energy which is related to mass) which self-organizes to a higher hierarchy of 
information processing [27]. It yields a higher ranking of genetic information, 
when genetic information self-organizes. It is consciousness and spirit, when in-
formation in the brain self-organizes. It is super-gravitation when gravitation 
(information on matter) self-organizes. All together looks like a promising 
starting situation for the exploration of an intelligent universe.  

When information on matter (gravitation) self-organizes in the inorganic en-
vironment of space, it moves up into a higher hierarchy. Then it also increases 
its order, or the information it contains. It may structure itself, with areas of 
high gravitation near others of low or no gravitation. The gravitational effect ex-
erted becomes much stronger. The additional energy required for this super-
gravity comes from the self-organization of gravity, which demands a sustaining 
flow of energy. In any case, the supergravity proposed here, as self-organized in-
formation, does not require any dark matter. This dark matter has been searched 
for during four decades now. The complex experiments with the liquid Xenon 
probe in the Gran Sasso mountain in Italy were negative. The Chinese Pan-
da-X-II experiments and the Swiss experiments with ultracold neutrons were al-
so unsuccessful. The time arrow as a trace of energy does not need dark matter. 
Its effect is due to a dynamic self-organization property of gravitation, informa-
tion about matter, which may regulate and dominate our universe in other re-
spects as well.  

Another thrust of the Dynamic Energy approach is access to irreversible 
thermodynamics of matter which the time arrow facilitates. The recognized li-
miting entropy law is “maximum entropy turnover within the constraints of the 
system” [5]. This applies for life (with the genetic mechanism superposed), as 
well as for galactic objects such as Black Holes [2]. In these it is information (ex-
plained to be gravitation), with the tendency to decrease energy per state, which 
increasingly concentrates and degrades matter. Because the products of entropy 
generation can, in an initial period, not leave the Black Hole due to gravitational 
attraction, its system is pushed further away from equilibrium. A new organiza-
tion of the Black Hole and a structuring of gravitation is assumed which represents 
a Black Hole-Quasar association, which is able to exhibit maximum entropy 
(energy) turnover. The time arrow as a trace of energy implements this and is 
thus a key to the irreversibility and thus creativity of the universe. The Dynamic 
Energy universe explains observed phenomena rationally and in a straightfor-
ward way. Irreversibility and feedback mechanisms of self-organization are crea-
tive tools towards a structured and intelligent universe. 
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However, time-neutral physics and the space-time world of General Relativity 
are well established [24] [25]. It is often stated that Special and General Relativi-
ty have passed every test. Some of these experiments were discussed, questioned 
and reinterpreted above. Since absolute light velocity and gravitation subject to 
equivalence with inertia are actually implemented in nature and were imposed 
on empty space via Einstein’s field equations, some of the “verification” experi-
ments may just reflect that. One verifies what the theory considered. But, as the 
“Dynamic Energy” approach shows, the ever-constant light velocity and gravita-
tion could also have different origin. What is different, when light velocity and 
gravitation is controlled by information and originating from quantum processes? 
First, gravitation indeed occurs on elementary particle level. Towards a weight of 
one kilogram it increases by a factor of 1054. Second, important “demonstra-
tions” of General Relativity have to be explained differently. As discussed above, 
the time dilation registered with travelling atomic clocks is not considered a 
change of time flow but simply to be the influence, which a change in gravitation 
is exerting on electronic states in the atoms, controlling the time lapses induced 
by electronic transitions in atomic clocks. It is well known that the Standard 
Model of elementary particles, which is based on time-neutrality, cannot explain 
gravitation at all. The “Dynamic Energy” approach, which considers matter as 
self-organized energy, can do it: particles exist and react as self-organized me-
chanisms. They grow and change during energy turnover like a hurricane. This 
permits also that accelerated particles increase their mass [4]. It explains also the 
diversity of elementary particles, of which only a few serve as useful building 
stones for matter. As discussed above, the equivalence of energy and mass is 
equally not a privilege of Relativity Theory. The Dynamic Energy theory has also 
the potential to provide alternative explanations for experimental results related 
to gravitation phenomena, interpreted as proofs for space-time. For this purpose 
more has to be learned about the dynamics of information (gravitation) clouds.   

3.2. The Time Arrow Universe Is Rational, Intelligent and More  
Fascinating 

The Self-Image universe drawn by the Dynamic Energy theory is recreated from 
a worn-out universe by set aside information on matter and can develop succes-
sive activity periods (Figure 4, bottom). The energy driven Time Arrow leads to 
a self-organization of energy to elementary particles [4]. Among these, which 
were compared with virions, viruses without access to energy, some are useful as 
building stones of matter. Also matter can self-organize and thereby already uses 
self-organized genetic information to upgrade its creative and sustaining abili-
ties. Structured, self-organized matter aims at maximum entropy turnover and 
thereby prepared the conditions to support self-organization of information in 
the brain. The brain requires a high rate of energy turnover for self-organization. 
Consciousness and spirit evolved [5]. Evolution of spirit within an informa-
tion-based universe turned out to be the aim of evolution. Its origin is purely 
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materialistic and rooted in the feedback-controlled nature of self-organization 
processes [26]. All together the contours of a spiritual universe appear, which 
sees evolution and life not as a coincidence, but as part of a gigantic experiment 
triggered by energy acting via the time arrow. Far reaching philosophical con-
siderations result. Also the question can be answered, what nature actually is. It 
is a question which could not be answered on a purely materialistic basis before. 
The Time Arrow can now do it: 

“Nature is the self-realization of energy over the time arrow”. 
Due to its fundamental irreversibility, energy can self-organize to elementary 

particles and to matter [4]. Matter can self-organize to structured objects and life 
[5]. Information in structured matter can self-organize to generate mind and 
spirit [6]. The time arrow, of course, is action time, the flow of energy driven ac-
tion, equivalent to the loss of information on the past. Relevant questions around 
such conclusions and arguments leading to them are discussed in a recent mo-
nograph [27].  

The paradigm of time neutrality and Relativity Theory has, in contrast, 
sketched a universe which starts with energy from nothing in a Big Bang explo-
sion. It involves a (bizarre) expansion of empty space and recognizes an evolu-
tion, which functions by pure chance and natural selection. This concept of evo-
lution is characterized by no aim, cannot explain its obvious thrust and is unable 
to explain consciousness and spirit. The chaotically starting and dramatically 
expanding universe consumes its energy resources and is finally heading towards 
a cold death in infinite expansion. Mostly puzzling is the fact, that such a highly 
dynamic universe was constructed starting from assumed time-neutral particles 
and natural laws. Critically seen it does not explain the dynamics it created. Such 
a concept does not allow relevant philosophical questions either.  

The new vision of the universe, the Self-Image universe (Figure 4, bottom), 
which is started, largely controlled, and regenerated by information, is funda-
mentally irreversible, explains dynamic change, aim and creativity, and interes-
tingly shows rationally understandable contours of development and destina-
tion. It is profoundly logic and philosophically highly attractive, because ques-
tions can be asked with respect to the role, development and aim of spirit, which 
is part of its character [27].  

3.3. Time Neutrality versus Fundamental Irreversibility 

The Dynamic Energy approach claims that the Time-Neutrality paradigm, ap-
plied to highly dynamic processes, is largely responsible for relevant paradoxes 
and finally also was responsible for the rise of Relativity Theory based on clock 
time, which has no relation to energetic processes. How the basic assumptions of 
the time-neutrality paradigm led to well-known, presently still tolerated, para-
doxes is analysed in Figure 5. 

Time-neutrality and an energy which is just a scalar without any relation to 
change is seen as the reason why the dynamic nature of the principle of least  
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Figure 5. Explains how the assumptions of a time-neutral nature and the classical par-
ticle-wave duality have led to paradoxes and irrationalities in historically grown science 
and justified the rise of Relativity Theory. Assuming a Dynamic Energy derivable from a 
dynamic interpretation of the principle of least action, and thus a fundamentally irre-
versible nature, eliminates paradoxes and explains a very different universe (Figure 1, 
right). 
 
action and thus fundamental irreversibility was not understood [1]. A conse-
quence also was the assumed energy-equivalence of particle and wave in quan-
tum theory with the resulting well known quantum paradoxes. The necessity to 
consider information on matter as mediator in the particle wave duality (which 
avoids paradoxes) was not recognized either. Because no explanation for the ev-
er-constant light velocity and for gravitation was therefore evident this led to the 
astonishing claim of Relativity Theory that empty space generates these pheno-
mena. In empty space spreading and propagating photons cannot, within stan-
dard quantum theory, generate entropy. Photons would have to interact with 
matter or gravity. As a compensation, inflation and expansion of empty space 
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has been assumed in support of the Big Bang scenario.  
The energy driven Time Arrow approach thus also provides, in Figure 5, 

explanation for the cause and development of paradoxes and irrationality 
within the time-neutral space-time concept. This is an additional argument for 
the reality of a fundamentally irreversible world and the need for a paradigm 
change. 

The Dynamic Energy theory which can be derived from a dynamic interpreta-
tion of the principle of least action [1] applies just the additional condition for 
quantum physics that energy, diluted in time ad space, has less ability for work 
compared to concentrated energy. Starting from the paradigm change of dy-
namic energy and respecting the role of space and time for energy appears to be 
sufficient for explaining essential quantum and cosmological phenomena and 
arriving also at a reasonable philosophical interpretation of evolution and the 
universe (Figure 1, right side). 

The above given alternative interpretations of experiments, that successfully 
seem to support Relativity Theory, show that they do not contradict a funda-
mentally irreversible nature. Alternative, and in addition logic and simpler in-
terpretations in line with Dynamic Energy theory are possible. No experiment 
has up to now been communicated that unambiguously shows that a natural 
phenomenon can be inverted in time without additional changes in the envi-
ronment. Such efforts should be continued as an attempt to support or challenge 
Relativity Theory based on the time-neutrality paradigm. Also, answers should 
be found to questions on relativity as sketched in Figure 3. The author insists 
that there should be no tolerance for irrational concepts in science and the step 
from clock-time to an energy driven action time (Figure 2) would quite radically 
change understanding in cosmology.  

In support of such a step it should be explained how measurement values for 
gravitation covering 54 orders of magnitude (between two neutrons and two one 
kilogram weights) can be expressed and registered in form of a bent space 
around spherical material objects. For the expected analogue signals expressing 
gravitation based on a bent space this appears to be impossible. Only 4 orders of 
magnitude (0.01% of full value) can reliably be measured with such systems. On 
the other hand, gravity measurements with an accuracy of 2 parts per billion 
have been achieved, as explained above (compare [23]). Besides of the LIGO ex-
periment the gravity probe B experimental results provide another example of 
surprising accuracies while dealing with quite small signals. The already men-
tioned measured frame dragging drift around rotating Earth, which was claimed 
to be in good agreement with General Relativity, amounted to approximately 
10−5 parts of one degree per year [28].  

Can the bent space of General Relativity around Earth be registered within an 
accuracy of 5 to 9 digits (decimal positions)? In order to do that the instrument 
(or the physical object concerned) must be able to retrieve or register the cor-
responding information from the curved structure of space, which is expected to 
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be present and active during measurement (or interaction). The discussed mea-
surable gravity values already indicate a two to six orders of magnitude higher 
accuracy than expected for a measurement of an analogue signal which a bent 
space is able to provide on the basis of practical experience: the error of an ana-
logue instrument due to gain is generally estimated to be 0.01% or three digits 
behind the comma, to which an offset error has to be added (e.g. [29]). And 
there is an additional problem: bent interfaces or space regions as measure for 
gravitation cannot be properly evaluated by just measuring one point. A particle 
arriving and selecting a curved trajectory around a spherical object has to moni-
tor curved space gravitation. Several or many points apart are needed to ap-
proach such a bent trajectory or space or one needs to scan it for digitalization 
and evaluation. This is evident, since the degree of bending is a measure for the 
intensity of gravity. Can a bent space reflecting gravity, which undoubtedly pro-
vides an analogue signal, really be measured with such an accuracy, and at one 
location only, as explained above? How can a gravity measurement of bent space 
on just one location yield an accuracy of 9 digits [23]? The author’s conclusion is 
that this is not possible with the space-time gravitation mechanism of General 
Relativity. This is a strong, experimentally verifiable argument against bent space 
gravity. In spite of many contrary claims, and an elaborate created knowledge 
basis on Relativity Theory [30] [31] [32] [33] [34] such a concept of space-time 
and gravity does not match reality.  

With a gravitation in form of information in numbers, on the other hand, re-
gistering and handling such a signal over many orders of magnitude, and pro-
viding such a sensitivity on any single location where gravitation exists would 
work. Measurement of gravitation on one location only is sufficient for obtain-
ing the necessary information, as actually possible in reality. The measurement is 
then dealing with an information cloud around matter, in which information on 
matter, gravity, is present, properly distributed and available and active in form 
of numerical data. Can information better explain gravity? In a given gravita-
tional field, all bodies, whether light as a feather or heavy as a hammer, are sub-
jected to the same acceleration. They approach the ground at the same speed, 
provided that no air is present to exert varying amounts of friction. Such an ex-
periment was actually carried out successfully in 1971 by Apollo 15 astronaut 
David Scott on the moon. One can rationally understand that the information 
image imposes such a behaviour, an equally strong acceleration, on masses. The 
information given in an identical gravitational field for a reduction of energy per 
state is simply the same for differently shaped objects. So also the observed acce-
leration is identical for a feather and a hammer. The principle, according to 
which acceleration does not depend on mass, shape or density of an object, is 
thus comprehensible, logically understandable. It is triggered by the same im-
plemented information. However, the force experienced by unequal objects is 
different, since the triggered acceleration must be multiplied by the correspond-
ing mass. 
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How nature is actually handling information on matter in the form of gravita-
tion needs, of course, to be explored. It may be a demanding task, but a realistic 
one, compared to the claim of Relativity Theory that curving of empty space is 
doing that. Elementary particles are already showing gravity properties so that 
the phenomenon must originate in them as derived by Dynamic Energy consid-
erations. One knows what to search for, and what questions to ask. Experience 
within our evolving information age may provide more and more technical 
clues. 

Such a measurement challenge, the distinction between analogue space-time 
signals on gravity and digital Dynamic Energy signals of gravity is proposed here 
as a falsification criterion (according to Popper [35]) for Relativity theory and 
Dynamic Energy theory respectively. Dynamic Energy involves information on 
matter in form of clouds around masses as explanation for gravity, in conflict 
with General Relativity with its bent space around masses. Since information on 
matter, as gravitation, turned out to be so essential as the link between quantum 
physics and cosmology, and as a key to a more intelligent Self-Image universe 
(Figure 4), another falsification effort should concern this information: It should 
be attempted to demonstrate that for a mutual transformation between two differ-
ent material phenomena such as particle and wave no mediating information would 
be needed. The author has pointed to the example of analogue-digital-analogue 
converters in cell phones as functioning technical devices for digitalizing, evalu-
ation and reconstruction [27], which show that natural laws require a mediating 
information program for a working exchange between wave and particle (com-
pare Figure 1, top right). Omitting this information (as occurring in classical 
quantum theory on the basis of time-neutrality) prevents dynamic function and 
must lead to problems and contradictions in understanding. The Dynamic Energy 
approach requires this mediating information, which also turned out to be cru-
cial for eliminating quantum paradoxes and for building a rational link to cos-
mology. Falsification is successful, if it can be demonstrated that the mediating 
information between particle and wave (dotted squares in Figure 1, right side) is 
not needed. 

The Franciscan monk William of Ockham proposed in the 14th century that 
“no more causes for natural events should be allowed than absolutely necessary 
for their explanation”. This rule of thumb for scientists, also known as Ockham’s 
razor, would clearly favour the Dynamic Energy approach claiming a funda-
mentally irreversible nature, presented here, over the irrational theories, includ-
ing General Relativity theory, for various natural phenomena, based on time 
neutrality and criticised in this paper. Figure 1 shows that much less and more 
reasonable starting assumptions (marked with rectangles) are required (right) 
compared to the time-neutral space-time approach (left). In addition, irreversi-
bility is not a claim but results from a dynamic interpretation of the principle of 
least action [1]. Within the paradigm of an energy-driven Time Arrow histori-
cally evolved time-neutral theories that lead to irrational conclusions could be 

https://doi.org/10.4236/jmp.2019.108068


H. Tributsch 
 

 

DOI: 10.4236/jmp.2019.108068 1062 Journal of Modern Physics 

 

challenged, adapted and replaced, and this with significantly more reasonable 
basic assumptions [6] [27]. Moreover, it is not the same to describe nature 
through paradoxes and to declare them fundamental as to explain nature ration-
ally as the Dynamic Energy approach can. Common sense would always prefer 
rational explanations and consider them simpler and making more sense. Last 
not least the fundamentally irreversible nature, as derivable from a dynamic in-
terpretation of the principle of least action, explains evolution of spirit in context 
with a more conciliatory and supporting universe, which is rational and in prin-
ciple much simpler than the Big Bang scenario. Relativity Theory would not al-
low that, because it relies on time-neutral particles and laws, claims a complex 
space-time, uses a clock which does not reflect, but only monitors change, claims 
empty space as origin for the always constant light velocity as well as for gravita-
tion and inertia, speculates with an exploding vacuum and more recently even 
with multi-worlds.  

Dynamic Energy pictures a much simpler, rational and more attractive un-
iverse. It is a promising alternative, because truth regularity proved to be simpler 
and philosophically more rewarding. It especially promises to allow penetrating 
deeper into natural contexts. There will never be a reasonable scientific under-
standing of bent empty space gravity of Relativity Theory, but the information 
technology expected behind the information-based gravity of the Time arrow 
approach promises a deep penetration into the secrets of the universe. The pro-
posed new truth is that nature is fundamentally irreversible, that real time flow is 
the loss of information on the past, that the two Relativity Theories design a fic-
tional universe by assuming that gravity and always constant light velocity are 
properties of empty space. Existing nature is, in principle, much simpler than 
presently seen and it is rational, while able to creatively evolve sophisticated 
structured systems including galactic objects, life and spirit within a universe 
dominated by information. 
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