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Abstract 
We present a Quantum Space Model (QSM) of cosmic evolution based on the 
theory that space consists of energy quanta from which our universe came 
about. We used the Friedmann equations to trace its history and predict its 
ultimate fate. Results provide further support to our recent proposal that the 
accelerating expansion of the universe is due to a scalar space field which has 
become known as Dark Energy. In our model, the universe started from high 
energy space quanta which were triggered by quantum fluctuations that caused 
the Big Bang. It then expanded and cooled undergoing phase transitions to 
radiation, fundamental particles, and matter. Matter agglomerated and grew 
into stars, galaxies, etc. and was eventually consolidated by gravity into Black 
Holes, which finally ended in a Big Crunch in a state of deep freeze inside the 
Black hole at 1.380 trillion years. Fluctuations, quantum tunneling, or some 
other mechanisms caused a new Bang to start another cycle in its life. Our 
results are in good agreement with the theoretical predictions of a cyclic un-
iverse by Steinhardt and his associates, and by Penrose. Space and energy are 
equivalent as embodied in the Planck energy equation. They give rise to the 
two principal long range forces in the universe: the gravitational force and the 
space force. The latter may be the fifth force in the universe. The two forces 
could provide the clockwork mechanism operating our cyclic universe. If the 
Law of Conservation of Energy is universal, then the cosmos is eternal.  
 

Keywords 
Quantum Space Model, Spaceons, Dark Energy, Gravitational Waves, Cosmic 
Evolution, Expansion of the Universe, Black Holes, Big Bang, Big Crunch, 
Cyclic Universe 

 

1. Introduction 

The evolution of the universe is of great interest in astronomy, astrophysics, 
cosmology and science in general. It also has important implications in philoso-
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phy and religion. Theories abound on how the universe started and evolved. Cr-
eationists begin with the biblical statement “Let there be light…”, while non- 
believers and some others say that “The universe started from nothing… [1] 
[2]”. Science has made great progress in answering the question of where the 
universe came from through the widely accepted Big Bang theory of Cosmology. 
However, many observations remain mysterious and unexplained; there is need 
for improvement in theories, better models, and more experimental work. This 
work attempts to do that. 

In a recent paper [3], we presented a model that could help understand our 
universe better. We postulated that space consists of energy quanta. Using a the-
modyanamic approach, we showed how gravitational energy and the energy of 
space could give rise to dark energy which causes the accelerating expansion of 
the universe. We follow up on this approach to predict the future and the ulti-
mate fate of the universe. 

2. The Quantum Space Model (QSM) 

Space consists of energy quanta which we call spaceons. It is a dynamical entity 
which actively participates in the creation and evolution of the universe rather 
than acting merely as a static background in which events are portrayed. The 
universe started as a quantum size volume of space of nearly infinite energy den-
sity. The wavelength of spaceons, λ, defines the size of space with its volume,  

( )
3

2
4 3V λ π 

 
=                          (1) 

Its energy content is defined by the Planck equation, E = hc/λ, hence, E is in-
versely proportional to V1/3, i.e., the smaller the volume (shorter wavelength, λ), 
the higher the energy. 

From wave-particle duality, spaceons can be regarded as an ideal gas. From its 
initial state of a near-singular volume with near-infinite energy content, quan-
tum fluctuations caused the release of energy in what we call the Big Bang, at 
high temperature and pressure. This tiny “ball of hot spaceons” expanded and 
cooled undergoing phase transitions forming ultra-high energy radiation and 
neutrinos, as well as, matter (dark and ordinary or baryonic). The expansion rate 
slowed down due to the action of gravity. It then re-accelerated at about 7.5 × 
109 years due to dark energy [3]. We theorized earlier [3] that the re-aceceleration 
in expansion was due to the decrease in gravitational potential energy as matter 
was consolidated by agglomeration to form stars, galaxies and clusters. This 
energy was transformed into the energy of space which was dubbed “dark ener-
gy”. Further consolidation by Black Holes resulted in a Big Crunch which brought 
back the universe to its beginning of a small point volume of space, i.e., essen-
tially a quantum dot. 

3. Results and Discussions 

1) The Universe from the Beginning to the present  
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Details of the calculational procedures appear in ref. 3. Briefly, we used the 
Friedmann equations to provide information on the evolution of the universe by 
constructing a plot of its composition as a function of time [3]. We used experi-
mental data provided by the measurements of the Wilkinson Microwave Plat-
form (WMAP) given previously. We plotted the fractional amount of radiation 
(high energy radiation plus neutrinos) and matter, “f”, as a function of the scale 
factor “a”. This was calculated using the Friedman equation, 

( ) ( ) ( )22 3 12 2 3 4
0d d sw

m r sH a t a H a a a− +− − = = Ω +Ω +Ω         (2) 

where H is the Hubble constant, a the scale factor, omega, Ω, the fractional 
energy density of each component, i.e., matter (with Ωma−3), radiation (with Ωra−4), 
and space (with ( )3 1 swa− +Ω ) where ws is the equation of state parameter [4]. This 
has been explained in ref. [3] and appears in most books in Cosmology (see for 
example, ref. [4]). 

Figure 1 gives the results of our calculations, which shows the evolution of the 
universe from the Big Bang (BB) up to the present time (13.8 billion years). In 
the figure, we have classified photons (radiation) and neutrinos as waves, which 
travel at the velocity of light, c. The other class is particulate matter which con-
sists of dark matter and ordinary (baryonic) matter. In the beginning of the hot 
universe (the Big Bang), there were only spaceons, radiation and neutrinos 
(point I, BB, in Figure 1). This tiny ball of fire expanded and cooled. In the 
process of condensation, the elements of matter started to form (point II). We 
will refer to the forerunner of matter as gravitons, which has long been post-
ulated by physicists to carry the force of gravity. They gave rise to the funda-
mental particles of matter, i.e., quarks, leptons, etc. associated with gravity. 
There was no matter at the Big Bang. Fundamental particles were created 0.01 
sec (a = 10−10) later [5], point II. Figure 1 indicates that Dark and Ordinary mat-
ter did not exist before 1.4 × 10−2 year (a = 10−6). Our observation of matter for 
the first time came from the Wilkinson Microwave Auxiliary Platform mea-
surements (WMAP) at 3.8 × 105 years (a = 0.01) at III, when electrons recombined 
 

 
Figure 1. Fractional composition of the universe (f) vs scale factor (a) bly-billion light 
years; RAD-radiation; Pho-photons; Neu-neutrinos; MAT-matter; DE-dark energy, with 
equation of state parameter, ws = −0.7. 
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with protons to form atomic hydrogen and released light. Thus the Big Bang was 
not an explosion of matter and radiation “all over the place” as commonly ex-
pressed; it was just a silent burst of spaceons and, high energy radiation. The 
amount of matter increased with time as the force of gravity consolidated it by 
agglomeration to form massive objects, stars, etc.. They continue to grow in 
mass, and eventually collapse to form Black Holes. The energy density of matter 
reached a maximum at about 4.36 × 108 yrs (a = 0.1) at point IV, Figure 1. The 
fractional energy density of spaceeons and radiation decreased correspondingly, 
reaching a minimum (nearly negligible) at point IV. This is the onset at which 
time the so-called Dark Energy appeared. The total energy density of matter 
started decreasing until the present time (point VI), at 13.8 × 109 years (a = 1). 
Dark Energy continued increasing, which correlated with the re-acceleration of 
the expansion of the universe that we observed [3], starting at about 7.5 × 109 
years (a = 0.65), at point V, when the fractional density of total matter equaled 
that of dark energy. In effect, the gravitational energy decrease has been con-
verted into the energy of the space field. This is the Dark Energy which is caus-
ing the reacceleration in expansion of the universe. It is the energy of space (the 
spaceons), just given the name “Dark Energy” because it was an unknown form 
of energy. A simple analogy to this mechanism is to imagine a quiet lake on a 
nice day. The ripples on the surface are small. When a motorboat passes by from 
a distance, the surface is disturbed and bigger waves are generated reinforcing 
the ripples which travel at higher velocity toward the shore. Gravitational waves 
are distortions in space [6]; they are generated, propagated and have been ob-
served when two massive objects like neutron stars and Black Holes merge. The 
energy reinforces the energy of space which results in the acceleration of the ex-
pansion of the universe. Dark Energy is also Einstein’s cosmological constant. 

2) The Future and Ultimate Fate of the Universe 
We use the Friedmann equation further to obtain information on the future of 

the universe beyond 13.8 × 109 years (a = 1). Figure 2, shows a plot of a vs the 
fractional energy density of particulate matter and Dark Energy (Spaceons) as a  
 

 

Figure 2. Fractional composition of the Universe in the future; a-scale factor; f-fractional 
energy density; MAT (Total Matter); DE (Dark Energy; with ws = −0.7). 
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function of time (scale parameter, a) for the future; it is an extension of the 
curves of Figure 1, for a > 1. The DE curve rises very slowly but continuously 
then levels upon reaching a maximum. Likewise the energy density of matter 
decreases towards a minimum. The leveling occurs at about a = 10, equivalent to 
1.380 × 1012 years. At this point, all the matter in the universe has been consoli-
dated and converted to Dark Energy by Black Holes. This is the energy of space 
(spaceons). Recall that this was actually the initial state of the universe before the 
Big Bang. But now all the energy of matter and space are inside a Black Hole! 
During the process of consolidation, Black Holes gobbled up everything in the 
universe, including space (in a waterfall effect), and converted them into Dark 
Energy (spaceons). It is interesting to think of or speculate on the state of spaceons 
inside inside a Black Hole. Some information can be gained from the theoretical 
works of Hawking (7) and Chapline (8, 9). The theory of Hawking Radiation [7] 
allows one to calculate the temperature inside a Black Hole to be nearly absolute 
0 K (about 1 × 10−14 K), for a supermassive black hole with a mass of about a 
million times that of the sun. Chapline’s theory showed that the contents of 
Black Holes are Bose-Einstein condensates [8] [9]. This state of the universe in-
side the Black Hole can be called the “Big Crunch”. But being at extremely low 
temperature it may also be called a “Big Freeze”. We prefer to use the term “Big 
Crunch”. The universe will remain in this state; but it is probable that this state 
of Big Crunch will not last forever. Fluctuations, quantum tunneling, or some 
other mechanism will likely occur, since they are random statistical processes. A 
new Big Bang is then quite likely which would lead to a new cycle in the life of 
the universe. As Krauss [1] said “… the state of nothing is unstable” and if there 
is nothing then there will be something though not visible to us, observers. 

Our model thus shows that our universe can undergo at least one cycle in its 
evolution. Moreover, if the universe is closed where the law of conservation of 
energy is obeyed, then our universe can be eternal. It is important to point out 
that the theoretical work of Steinhardt and his co-workers first predicted the 
possibility of a cyclic and eternal universe without using a particular physical 
model and without invoking the need of a theory of Inflation [10] [11] [12]. 
Their calculated life of over 1 trillion years for one cycle is in agreement with our 
result of 1.4 trillion years. Penrose has also proposed a cyclic universe, which 
was met with much skeptism [13]. Our QSM is a good physical model for their 
theories. This agreement between theory and the results presented here is quite 
satisfying.  

Another possibility for the fate of the university is that predicted by Rovelli’s 
theory of Planck Stars [14] [15], i.e., that a “bounce” is more likely rather than a 
crunch. Using a quantum gravity approach, he showed that there is no singular-
ity in a Black Hole because the universe undergoes a bounce due to quantum 
pressure counteracting the force of gravity and the volume does not shrink 
beyond a certain size. The universe could therefore undergo a bounce, explode 
and eventually turn into a White Hole. However the time of conversion will take 
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about a thousand trillion times the current age of the universe [16]. White Holes 
have not been confirmed to exist. Rovelli and associates continue to improve 
their theory but at this time it does not appear viable [17]. 

3) The Consolidation of Matter and Space in Black Holes 
We say a bit more on the conversion of matter back into space/dark energy. 

The universe evolved from fundamental particles to form atomic hydrogen 
which then formed stars by fusion. The stars formed galaxies, which then ag-
glomerated to form clusters, then superclusters emerged. These massive bodies 
continue to grow in seize and mass. Eventually they (stars for example) collapse 
to form Black Holes. The force of gravity inside a Black Hole transform matter 
into space (spaceons) which is in effect Dark Energy, as they have become “bap-
tized”. In our model, Black Holes swallowed and devoured matter along with 
space (like a waterfall), until a near-singular volume of space is reached. Trans-
formations occurred inside the Black Holes. The problem of singularity is avoided 
in our model. It cannot be present because space is almost infinitely compressi-
ble with increasing energy content. There will always be space if there is energy. 
Mathematics cannot theoretically describe the singularity in the structure of a 
Black Hole. But physically, one can imagine that matter in a Black Hole is com-
pressed until they are broken down into fundamental particles and eventually 
transformed back into space/dark energy. Such transformation is already ob-
served the formation of neutron stars which stop at neutrons as the final state 
(they also go through a superfluid state [15]). The forces in Back Holes are 
stronger such that the process of breakdown of particulate matter can go further 
all the way to spaceons/dark energy. This interconvertibility is embodied in 
Eistein’s energy equation, E = mc2 and Planck’s equation, E = (hc/λ) = hc/2)(4π/3V)3 
from which follows, 

( )( )32 4 3m h c Vπ=                       (3) 

It shows the equivalence of matter and space. This equation provides the basis 
of our Quantum Space Model. 

4) Epochs in the Evolution of the Universe 
There are many versions of the history and chronology of the universe start-

ing with the Big Bang. Ours started before the Big Bang. We will not go in as 
much detail as Silk [18], but briefly as befits our simple model. We divide its 
stage of evolution roughly into the following stages. Birth (Spaceons, Big Bang), 
Growth (matter formation, stars). Ageing and Consolidation (galaxies, clusters, 
Planck Stars, Black Holes), and the End (Big Crunch, Spaceons/Dark Energy, 
quantum dot). The chronology is shown in Table 1 and illustrated in Figure 3. 
The universe started with quanta of space and ended in dark energy inside a 
Black Hole. From then on the universe undergoes cycles of “death” and “resur-
rection”/rebirth to exist possibly for eternity. 

The evolution of the cosmos in accordance with our Quantum Space model is 
shown in Figure 3 below. 
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Figure 3. Epochs in the evolution of the quantum universe. 
 
Table 1. Chronology of cosmic evolution. 

Epoch Time (t) Contents 

Birth <10−12 sec <10−4 yr 
Space quanta, radiation, 

fundamental particles, matter 

Growth and aggregation <10−4 to 138 yrs matter formed nebulae, stars, planets, 

Ageing and Consolidation >107 to 109 yrs 
agglomeration to galaxies, clusters, 

Black Hole formation 

The End 109 to >1012 yrs Stars died, Black Holes, Big Crunch 

4. Summary and Conclusion 

We have presented a model which explains how dark energy emanates from the 
energy of space and provides the repulsive force to accelerate the expansion of 
the universe; it is in effect Einstein’s cosmological constant. The model is based 
on a dynamical theory that space consists of energy quanta, and uses the Fried-
mann equations to describe the evolution of the universe from its beginning be-
fore the Big Bang until its ultimate end in a Big Crunch and Deep Freeze. The 
universe started from a near-singular volume of space with high energy density 
given by the Planck energy equation. It then expanded and cooled undergoing 
phase transitions to radiation, fundamental particles, and matter. The amount of 
matter grew, and was consolidated by gravity into stars, galaxies, clusters, and 
superclusters. Further consolidation by Black Holes continued ending in a Big 
Crunch at about 1.4 trillion years which brought the universe back to its initial 
state and started a new cycle in its life. If the Law of Conservation of Energy is 
universal, then the universe is eternal. In our model, energy and space are equiv-
alent as, expressed by Planck’s equation, similar to the equivalence of matter and 
energy as expressed in Einstein’s energy equation. The two most fundamental 
quantities in the universe appear to be space and energy. The two principal long 
range forces are the gravitational force (compression) and the space force (ex-
pansion); the latter may be the fifth force in the universe. It is carried by bosonic 
spaceons while the gravitational force may be carried by an as yet undiscovered 
graviton. The two could constitute the clockwork mechanism that operates our 
cyclic and eternal Quantum Universe. The Quantum Space Model (QSM) pro-
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vides a good physical model which is well supported by the theoretical work of 
Steinhardt and Penrose that predict an eternal phoenix universe. It provides an 
explanation of the creation, evolution, and ultimate fate of the universe, which is 
rational without arbitrary assumptions and consistent with prevailing theories. It 
may have further applications in the development of a theory of Quantum Grav-
ity. 

Acknowledgements 

The author enjoyed the lectures of Professor Robert Piccioni on cosmology 
conducted on-line and the stimulating discussions thereat. His dedication in the 
pursuit of his profession is remarkable and truly admirable. Funding of this 
work was provided by the SHD Institute.  

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Krauss, L. (2012) A Universe from Nothing. Simon and Schuster, London. 

[2] Krauss, L.M. and Starkman, G.D. (2000) Astrophysical Journal, 531, 22-30.  
https://doi.org/10.1086/308434 

[3] Melendres, C.A. (2021) Journal of Modern Physics, 12, 1527-1544.  
https://doi.org/10.4236/jmp.2021.1211092 

[4] Stenger, V.J. (2006) The Comprehensible Cosmos. Prometheus Books, New York. 

[5] Weinberg, S. (1977) The First Three Minutes. Basic Books, New York. 

[6] Piccioni, R.L. (2017) Einstein’s Theories of Relativity. Real Science Publishing. 

[7] Page, D.N. (1976) Physical Review D, 13, 198-206.  
https://doi.org/10.1103/PhysRevD.13.198 

[8] Chapline, G., Hohlfeld, E., Laughlin, R.B. and Santiago, D.I. (2003) International 
Journal of Modern Physics A, 18, 3587-3590.  
https://doi.org/10.1142/S0217751X03016380 

[9] Chapline, G., et al. (2005) Dark Energy Stars. Proceedings of the Texas Symposium 
on Relativistic Astrophysics, Stanford, December 2004, 101. 

[10] Steinhardt, P.J. and Turok, N. (2002) Science, 296, 1436-1439.  
https://doi.org/10.1126/science.1070462 

[11] Lehners, J.L. and Steinhardt, P.J. (2009) Physical Review D, 79, Article ID: 063503.  
https://doi.org/10.1103/PhysRevD.79.063503 

[12] Ijjas, A. and Steindhart, P.J. (2022) Physics Letters B, 824, Article ID: 136823.  
https://doi.org/10.1016/j.physletb.2021.136823 

[13] Penrose, R. (2010) Cycles of Time: An Extraordinary New View of the Universe. 
The Bodley Head, London.  

[14] Rovelli, C. (2007) Nature Astronomy, 1, Article No. 0065.  
https://doi.org/10.1038/s41550-017-0065 

[15] Barrau, A., Roveli and Vidotto, F. (2014) Physical Review D: Particles and Fields, 

https://doi.org/10.4236/jmp.2022.1311079
https://doi.org/10.1086/308434
https://doi.org/10.4236/jmp.2021.1211092
https://doi.org/10.1103/PhysRevD.13.198
https://doi.org/10.1142/S0217751X03016380
https://doi.org/10.1126/science.1070462
https://doi.org/10.1103/PhysRevD.79.063503
https://doi.org/10.1016/j.physletb.2021.136823
https://doi.org/10.1038/s41550-017-0065


C. A. Melendres 
 

 

DOI: 10.4236/jmp.2022.1311079 1313 Journal of Modern Physics 
 

90, Article ID: 127503. https://doi.org/10.1103/PhysRevD.90.127503 

[16] Cowen, R. (2014) Quantum Bounce Could Make Black Holes Explode. Nature.  
https://doi.org/10.1038/nature.2014.15573 

[17] Rovelli, C. and Haggard, H.M. (2014) Physical Review D, 92, Article ID: 104020.  
http://arxiv.org/abs/1407.0989  

[18] Silk, J. (1989) The Big Bang. Freeman and Co., New York. 
 
 

https://doi.org/10.4236/jmp.2022.1311079
https://doi.org/10.1103/PhysRevD.90.127503
https://doi.org/10.1038/nature.2014.15573
http://arxiv.org/abs/1407.0989


Journal of Modern Physics, 2022, 13, 1314-1323 
https://www.scirp.org/journal/jmp 

ISSN Online: 2153-120X 
ISSN Print: 2153-1196 

 

DOI: 10.4236/jmp.2022.1311080  Nov. 4, 2022 1314 Journal of Modern Physics 
 

 
 
 

Non-Linear Effects in Optical Systems by Lie 
Algebra and Symplectic Mapping 

Víctor M. Castaño 

Centro de Física Aplicada y Tecnología Avanzada/Secretaría de Desarrollo Institucional, Universidad Nacional Autónoma de 
México, Queretaro, México 

 
 
 

Abstract 

The use of signals of different frequencies determines the geometrical devia-
tion with respect to the optical axes of a given beam. This angle can be deter-
mined by Sympletic Map (SM), a powerful and simple mathematical tool for 
the characterization and construction of images in Geometrical Optics. The 
Sympletic Map constitutes a Lie Group, with an algebra associated: the Lie 
Algebra. In general, the SM can be expressed as an infinite series, where each 
term corresponds to different contributions produced by the optical devices 
that constitute the optical system (lenses, apertures, bandwidth cutoff, etc.). 
The level of correction to be performed on the image to recover the original 
object is clear and controllable by SM. This formalism can be extended easily 
to physical optics to describe diffraction and interference phenomena. 
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1. Introduction 

Geometrical optics is perhaps one of the oldest branches of physics. The obser-
vation of propagation and refraction of light date back to the ancient Greek 
world. However, it was during the XVII century when Snell and Descartes 
turned those empirical observations into physical laws. The principles of geome-
trical optics can be stated as a variational principle (Fermat) and the corres-
ponding equations, that describe the geometrical properties of the light beams 
when passing through different media, can be then stated. The dependence on 
frequency in a specific medium determines the tilting angle of the propagating 
beam with respect to the optical axis.  
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To determine that deviation from the optical axis, the standard approach is by 
using the Hamiltonian. In this function, the refraction index can be made de-
pendent on the medium and signal frequency. In most standard cases, the me-
dium is assumed isotropic and linear. 

For a more complex system, which consists of a Hamiltonian function depen-
dent on the frequency by means of the refractive index, there exist several trans-
formations, namely the Canonical Transformations (CT) dependent on frequency, 
which, when applied to the Hamiltonian, leave this unchanged, that is, the Ha-
miltonian is invariant to canonical transformations [1] [2]. 

The CT can be written as a Lie series of the Lie Transformation, where the 
first term corresponds to the Hamiltonian’s Poisson Brackets of the dynamical 
variable of the system under study [1] [2]. The CT, Poisson Brackets and Lie Al-
gebra constitute what is called the Symplectic Map (SM), a concept which allows 
to solve a wide number of problems in science and technology. 

2. Geometrical Optics 

Let us assume a medium characterized by a local refraction index n(q), being 

( ) ( ) ( ) ( )( ), ,x y zs q s q s q s=q  

the position vector relative to an arbitrary frame of reference, and s the arc 
length, defined in the usual way: 

2 2 2d d d dx x xs q q q= + +  

with the condition 

( )d d 1s s =q                          (1) 

which corresponds to the inextensibility condition. From differential geometry, 
the tangent vector can be written as:  

( )( )d dn s s=p q                        (2) 

This vector is tangent to the light beam and it is used to indicate any deviation 
with respect to the optical axis. 

( )n=p q  

Also, this tangent vector corresponds to the momentum vector p in the Des-
cartes’ sphere [3] [4] [5] where, in each point the relation. The Hamilton equa-
tions state [3] [4] [5]: 

d d opt
i i ip z p H q= = −∂ ∂ ; d d opt

i i iq z q H p= = −∂ ∂ ; 1,2i =     (3) 

is satisfied. This sphere is built in such a way that the Snell-Descartes Law means 
a conservation of the tangent component of the momentum of the light along 
the surface between two media characterized with two different refractive index, 
where the optical Hamiltonian takes the form: 

( )2 2optH n z p= − −q                    (4) 

https://doi.org/10.4236/jmp.2022.1311080


V. M. Castaño 
 

 

DOI: 10.4236/jmp.2022.1311080 1316 Journal of Modern Physics 
 

Here “z” indicates the optical axis, then the derivatives respect to z indicates 
deviations from the optical axis. 

These equations can also be obtained by using Fermat’s principle, which is es-
sentially a variational principle, where the distance traveled by a light beam to go, 
along the optical path, from one medium to another (with different refraction 
indexes) is minimized. By using Hamilton equations it is possible to obtain the 
deviation suffered by a light beam passing from one medium to another. 

The Hamilton equations can be expanded in a power series in p to obtain: 

( )( ) ( ) ( )( )2 22 2 2
02 ,opt paraxialH H O p p n n z O p= + = − +r         (5) 

where n0 = n(0,z) = constant. 
This approximation is good when 1q   and 2 2p n ; this means that the 

light beam is near to the optical axis (z axis). As it can be noticed, these equa-
tions are very similar to the corresponding equation for mechanical systems, since 
by just exchanging z by the time t, one obtains Newton’s equations [3]. 

3. Hamiltonian Systems, Poisson Brackets and Canonical  
Transformation 

For a mechanical system, the Hamiltonian ( ), ,H tp q  describes the time evolu-
tion of the system. The Hamiltonian H(q, p, t) is a 2n variables function iq ; 

ip ; 1,2, ,i n=  . 2: nH R R→  with the dynamical equations [1] [2]: 
opt

i ip H q= −∂ ∂ ; opt
i iq H p= −∂ ∂ ; 1,2, ,i n=             (6) 

The solution of Hamilton equations allows to describe the trajectory of the 
system in phase space (q(t), p(t)). These trajectories provide the position and 
momentum of the system as a function of time [1] [2]. 

The Poisson Brackets (PB) allow a simple representation of the dynamical eq-
uations of the system. These are defined as: 

{ } ( )( ) ( )( )( )1, j j j jj
nu v u q v p u p v q
=

≡ ∂ ∂ ∂ ∂ − ∂ ∂ ∂ ∂∑          (7) 

being n the number of degrees of freedom. With this definition, two variables 
are called canonical conjugated, provided they satisfy: 

{ }, 0i jq q = ; { }, 0i jp p = ; { },i j ijq p δ=                (8) 

In this notation Hamilton’s equations look like [1] [2]: 

{ },i iq H q=  ; { },i ip H p=                      (9) 

In order to solve specific physical problems, a coordinate system has to be 
specified. The choice of the coordinate system is important because an appro-
priated election produce what is called “cyclic coordinates” (coordinates that do 
not appear explicitly in the Hamiltonian) [1] [2]. The existence of these cyclic 
coordinates assures symmetries and conservation laws for the corresponding va-
riables. Even when any coordinate system can be used to solve the problem, the 
election of a one who possess the largest number of cyclic coordinates, reduces 
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significantly the difficulty of finding the solution. The Hamilton-Jacobi method 
deals with this matter [1] [2].  

It is possible to find a transformation between coordinate systems to obtain 
the adequate system to describe the problem. However, to find such transforma-
tion is not, generally, a simple task. From the large number of possible transfor-
mations, the canonical transformation deserves special attention because they 
leave invariant the Hamiltonian. 

4. Lie Transformation and Lie Series 

The Lie derivative of an analytical function f(q, p, t) associated with a Hamilto-
nian is defined as [6] [7]: 

{ }d d ,f t f H=  and, in general { }{ }{ }{ }{ }d d times ,k kf t k f H=     (10) 

The function f(q, p, t) can be expanded in a Taylor series around t = 0 to ob-
tain: 

( ) ( ) { } ( ) { }{ }2
0, , , ,0 , 2! , ,tf t f t f H t f H H

=
= + + +q p q p       (11) 

This expansion is usually called “Lie Series” of the function f. The nth order 
term contains the n successive application, from the right, of the operator 
{ }, H  which can be written as the operator to the nth power: 

( ) { },

0
, , t H

t
f t fe ⋅

=
 =  q p                     (12) 

Equation (13) is called Lie Transformation [7] [8]; this transformation is usually 
used in quantum and classic mechanics to describe the dynamics of physical 
systems. 

5. Lie Algebra 

The Lie Algebra (LA) is a non-commutative algebra where the product is defined 
as: 

{ } ( )( ) ( )( )( )1, i i i ii
nf g f q g p f p g q
=

≡ ∂ ∂ ∂ ∂ − ∂ ∂ ∂ ∂∑        (13) 

Let f, g, and h three functions of (q, p), then the following properties are ful-
filled: 
­ Anti-symmetry: { } { }, ,g h h g= −  and consequently { }, 0f f =  
­ Linearity: if a and b are constants, then { } { } { }, , ,f ag bh a f g b f h+ = +  
­ Product: { } { } { }, , ,f gh f h g f g h= +  
­ Jacoby’s Identity: { }{ } { }{ } { }{ }, , , , , , 0f g h g h f h f g= = =  

From this algebra, it is possible to show that there exists a sub-algebra called 
“Lie Differential Operator Algebra” defined as: { }: : ,f g f g= . It is easy to 
show that this is a well-behaved algebra. The commutator between two operators 
is defined as the anti-symmetric operator: [ ]: :,: : : :: : : :: :f g f g g f= −  

From this definition it is easy to prove that: 
1) [ ] [ ] [ ]: : : :,: : : :,: : : :,: :f g h f h g h+ = +  
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2) [ ] [ ] [ ]: :,: : : : : :,: : : :,: :f g h f g f h+ = +  
3) [ ] [ ] [ ]: :,: : : :,: : : :, : :a f g a f h f a h= +  
4) [ ]: :,: : 0f f =  
5) [ ] [ ] [ ]: :, : :,: : : :, : :,: : : :, : :,: : 0h f g f g h g h f     + + =       
The following theorem concerns to the well-behaved character of the LT [7]: 
Theorem: Let two analytical functions f and g of (q, p), the function 

( ), ,G G t= q p  can be written as ( ) { }( ),: : t ft fG e g e g⋅= = , where G is a real analyt-
ical function of (q, p) when the parameter t is sufficiently small. 

6. Lie Group 

As it is known, a group is a set of elements that fulfill the following requirements 
[9]: 

1) Let a and b two elements of the group, then a b⊗  belongs to the group. 
2) The multiplication ⊗  is associative: ( ) ( )a b c a b c⊗ ⊗ = ⊗ ⊗ . 
3) The group contains the element identity e such that: a e e a⊗ = ⊗ . 
4) Each element a of the group has an inverse such that: 1 1a a a a e− −⊗ = ⊗ = . 
We shall restrict ourselves to continuous groups where the number of para-

meters is finite. Each of these parameters can vary continuously. Particularly, we 
are interested in the canonical transformation that forms a Lie Group. 

( ),i iQ Q= q p , ( ),i iP P= q p                   (14) 

In this particular case, this transformation connects two different coordinate 
systems of finite dimensionality. As known, the CT leaves invariant the Hamil-
tonian of the system, a fundamental requirement to leave unchanged the physi-
cal system. The CT can be written as a column vector of dimensionality n. The 
Lie group is isomorphic to a sub-group GL(n, R). 

7. Symplectic Group 

The isomorphism between the Lie group and GL(n, R) allows to characterize the 
CT by using the Symplectic Group (SG). The isomorphism between them allows 
to obtain a 2n-dimensional matrix. In order to obtain this matrix it is necessary 
to define the following vectors:  

( )1 1, , , , ,n nP P Q Qζ =   , ( )1 1, , , , ,n np p q qη =           (15) 

where Qi and Pi are the end conditions, and qi and pi are the initial conditions. 
With these definitions, the symplectic matrix can be written as [6] [7] [10] 

[11] [12] [13] [14]: 

ij i jM ζ η= ∂ ∂                         (16) 

It is easy to prove that this matrix fulfills the symplectic conditions: 

t =M JM J  where 
0 1
1 0

 
=  − 

J                  (17) 

where 1 and −1 are block matrices of n × n and the determinant of M is: 
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( )det 1=M                           (18) 

The infinitesimal transformation can be written as 

ζ η δη= +                            (19) 

and, after the substitution of the former equation, it is possible to obtain 

1M δη η= + ∂ ∂                          (20) 

and applying the symplectic conditions it is possible to obtain the first order 
symplectic matrix. 

8. Symplectic Maps Applied to Optical Systems 

The transformation that takes from the initial condition to the end condition in 
phase space can be expressed formally as a Transference Map or Symplectic Map. 
In the same way that the Lie transformations are used in classical mechanics, 
these can be used in optical physics by using the following theorem [7]: 

Theorem (Dragt-Finn): Let assume that M is any simplectic map which maps 
the phase space into itself, i.e. if h = 0, then z = 0. In this case M can be factored 
as product of Lie transformations: 

: 4: : 3: : 2:f f fM e e e=                        (21) 

where fn are polynomial homogeneous of n-degree in the variables (q, p). Fur-
thermore, this map is symplectic for any set of polynomials. Additionally, if the 
product is cut at any stage of the expansion, the result is still a yimplectic map. 

Each symplectic map whose existence is contemplated by the last theorem, 
can be used to represent optical systems. For example, lenses can be represented 
by Lie transformations whose exponent is polynomial of fourth-order [6] [11] 
[12] [13] [14]. 

The former definition of the symplectic matrix fulfills several properties [7] 
[12] [13]: suppose that M is a transformation matrix, or a product of transfor-
mations, and be g a function in the phase space, then:  

As a corollary of this result it can be demonstrated that for two functions in 
phase space f and g the following relationship is satisfied: 

( ) ( ) ( ) ( ),f g f gη η η η=          M M M  

where M is isomorphic respect to the ordinary multiplication of functions. By 
using the former result, it is possible to show that { } { }, ,f g f g=M M M  which 
means that M is isomorphic respect to PB. 

The following theorem relates the SM to LT [8]: 
Theorem: If M is a LT associated with an analytical function f, then: 

( ): :f
i i ieζ η η= =M                        (22) 

is a convergent series, i.e. a symplectic map. 
The proof of the previous theorem is difficult because the convergence of the 

series in the general form has never been demonstrated, neither using symbolic 
programming nor numerical methods. 
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An optical system is generally symmetric around the optical axis (z axis). This 
means that the mapping must contain only polynomial of even order, i.e. no 
odds terms are allowed to be present in the polynomials, because these terms are 
related to an asymmetric behavior of the light beam around the optical axis. 
Then: 

: 6: : 4: : 2:f f fe e e=M                        (23) 

The first term from the right (where appears the 2nd-order polynomial) is the 
Lie transformation of the paraxial optics; the next term (corresponding to a 4th- 
order polynomial) is related to aberration and image deformation. High order 
terms are related to small corrections, produced by the optical system (lenses, 
apertures bandwidth cutoff, etc.), that have to be applied to the image to recover 
the object. 

The order of the operators is arbitrary; this means that the same mapping can 
be stated in ascending order: 

: 2: : 4: : 6:f f fe e e=M                        (24) 

The election of the order of the operators in the symplectic matrix M (as-
cending or descending) changes the direction of the light beam [6] [7] [12]. From 
the mathematical point of view, to choose ascending or descending order in the 
polynomial is equivalent to transpose the symplectic matrix M. 

As an example of a symplectic map let us consider a light source who is emit-
ting rays into a medium characterized by a constant refraction index. The sym-
plectic matrix for a ray traveling in this medium from zi to zf is given by [6]: 

2 2: :d 1:
z f opt izi

H z n pM e e
− −∫= =                    (25) 

where Hopt is the Hamiltonian of the optical system, while l is the difference l = zf 
− zi. 

Expanding the Hamiltonian in a power series in q and p it is possible to ob-
tain: 

2 2: : 0 1,2,3,
m

i in p m − = ∴ =  
p   

2 2 2 2: :i i i in p n p− = −q p                  (26) 

2 2: : 0 2,3,
m

i in p m − = ∴ =  
q   

The last result is obtained by expanding the square root in a power series and 
retaining only the lower order terms corresponding to a small deviations respect 
to the optical axis. 

Therefore: 

f i i= =p Mp p , 2 2f i i i il n p= = + −q Mq q p           (27) 

Expanding the Hamiltonian in a Taylor series, the symplectic map has the 
form (Equation (23)): 
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( ) ( ) ( )
3 22 2 25 31 16 : : 1 8 : : 1 2 : :i i il n p l n p l n p

e e e
     
     
     =M              (28) 

Retaining only the first exponential, the final coordinates and momentum 
have the form: 

( )21 2 : :il n p
f ie

 
 
 =p p , 

( )
( )

2
1 2 : :

1
il n p

f i i ie n
 
 
 = = +q q q p          (29) 

9. Frequency-Dependent Symplectic Map 

We know that the Optical Hamiltonian is: 

( )2 2,n z= − −H q p                      (30) 

If the medium only depends on the frequency, the refraction index is: 

( )n n ω=                           (31) 

Nevertheless, the refraction index depends on 

( )n ω µ=                           (32) 

In the case that we have a isotropic and non-linear medium, we have modeled 
the electrical permittivity as: 

( ) ( )2 4
m ma ω ω ω ω= − +                    (33) 

We assumed that medium have a single resonance frequency. The “a” is a 
constant and “ω” is the signal frequency. The refraction index behavior is: 

( ) ( ) ( )( )2 4
m mn aω µ ω ω ω ω= − +                (34) 

since is constant we can obtain a new refraction index 

( ) ( ) ( ) ( )2 4
m mn n aµ ω ω µ ω ω ω ω= = − +            (35) 

And the new Hamiltonian has the following form: 

( ) ( )2 4 2
m mH a ω ω ω ω= − − + − p                (36) 

With this Hamiltonian Equations (27) become: 

f i i= =p Mp p , ( ) ( ) ( )22 4f i i i i
m ml a ω ω ω ω = = + − + − 

 
q Mq q p p  (37) 

The coordinate presents a resonance when the medium frequency is equal to 
the signal frequency. In this frequency the ray has the maximum inclination with 
respect to the optical axis, that is, the ( )tg θ  is maximum is when mω ω= . 
When 1ω   we can expand the coordinate in a Taylor series: 

( ) ( )( )2 2 4 41 2f i
m mω ω ω ω− ≅ +q q                 (38) 

And if 1ω  , the coordinate have the following form: 

( ) ( ) ( )( )3 22 22 2 2 21 1 2f i i i
mn p n pω ω

   − ≅ − + −   
    

q q       (39) 

The most interesting case is when because, from of a certain frequency the 
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saturated medium behaves like vacuum (1st. term of the last series). 

10. Conclusion 

We have reviewed how a Lie transformation associated with an analytical func-
tion produces a Symplectic Map; this can be written as a product of Lie trans-
formations. This formalism can be applied easily to complicated optical systems. 
The Lie group was used to construct the symplectic map which allows to obtain 
the equations that govern the behavior of a light beam passing through a system 
of thin lenses. When the medium is non-linear and isotropic and the signal de-
pends on the frequency, this approach also allows to determine the ray propaga-
tion. In the case that the signal frequency is equal to the characteristic material 
frequency, the inclination angle is maxim: resonance point. By low signal fre-
quency respect to material frequency, the inclination is quadratic; but by high 
signal frequency, the medium is saturated and its respond is the same, that it to 
say, it is like medium not depending to frequency with a refraction index equal 
one (vacuum). 
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Abstract 

Taking into account the non separable solution for the quantum problem of 
the motion of a charged particle in a flat surface of lengths xL  and yL  with 

transversal static magnetic field B and longitudinal static electric field E, the 
quantum current, the transverse (Hall) and longitudinal resistivities are cal-
culated for the state 0n =  and 0j = . We found that the transverse resistiv-
ity is proportional to an integer number, due to the quantization of the mag-
netic flux, and longitudinal resistivity can be zero for times xt L B cE . In 
addition, using a modified periodicity of the solution, a modified quantiza-
tion of the magnetic flux is found which allows to have IQHE and FQHE of 
any filling factor of the form k lν = , with ,k l∈ . 
 

Keywords 

Landau’s Gauge, Quantum Hall Effect, Degeneration 

 

1. Introduction 

There are a lot of literature dealing with the phenomenon of Quantum Hall Ef-
fect [1]-[8], and most of them use the Landau’s solution of the eigenvalue prob-
lem associated to the charged particle motion in a flat surface with static trans-
versal magnetic field to the surface. This brings about the known Landau’s levels 
for the energies and a separable variable solution for the eigenfunctions [9]. 
However, it has been shown that a non separable of variables solution exists for 
this problem with the same Landau’s levels [10] [11], and these levels are nu-
merable degenerated [12], determining the operators which causes this degene-
ration. In addition, the quantization of the magnetic flux appears naturally [10],  
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2 , , ,c
c

m qBA l l
mc

ω
ω= ∈ =π



                    (1) 

where m is the mass of the charge q, c is the speed of light, cω  is the so called 
cyclotron frequency, B is the magnitude of the static magnetic field, x yA L L=  is 
the area of the sample, and 2 hπ =  is the Planck’s constant. As we mentioned 
before, Landau’s separable solution is normally used to try to explain the so called 
Integer Quantum and Fractional Quantum Hall Effects (IQHE and FQHE) [4] [5] 
[6] [7], which were first discovered experimentally [1] [2] [3]. The IQHE is nor-
mally explained as a single particle phenomenon; meanwhile, the FQHE is ex-
plained as a many particle event [4] [5] [6]. Experimentally, both of them occur 
in highly impure samples, where these impurities have the effect of extending 
the range of magnetic field intensity where the resistivity is quantized [2] [3] [7]. 
The main characteristic of the IQHE or FQHE is the resistivity (or voltage) which 
appears on the transverse motion of the charges, so called Hall’s resistivity Hρ . 
This Hall’s resistivity acquires a constant value on certain regions of the mag-
netic field, and within these regions, the longitudinal resistivity is zero. The val-
ues of these constant Hρ  turn out to be inverse to an integer number (IQHE) or 
proportional to an integer number (FQHE) multiplied by the constant 2h q , 
called von Klitzing constant [2] [3] ( 2 25812.80745h q ≈ Ω ). In this paper, we 
calculate the quantum current and the expected value of the transverse and lon-
gitudinal resistivities for a single charged particle motion on a flat surface using 
the non separable solution in the lowest Landau level ( 0n = ) and using the first 
wave function ( 0j = ).  

2. Quantum Current 

The Hamiltonian associated to the motion of a charge particle q with mass m on 
a flat surface of lengths xL  and yL  with transverse magnetic field ( )0,0, B=B  
and longitudinal electric field ( )0, ,0E=E  is given by  

21ˆ ,
2

qH qV
m c
 = − + 
 

p A                      (2) 

where A is the vector potential, = ∇×B A , and V is the scalar potential, 
V= −∇E . The Schrödinger’s equation,  

ˆ ,i H
t

∂Ψ
= Ψ

∂
                           (3) 

can be written, using the operator i= − ∇p  , as  

( )
2 2

2 2
2

1 .
2

q q Ai i qV
t m c c

 ∂Ψ
= − ∇ + ∇ ⋅ + ⋅∇ + Ψ + Ψ ∂  

A A

         (4) 

Taking the usual complex conjugated to this expression, a similar equation is 
gotten for the function *Ψ . Multiplying this one by Ψ , (4) by *Ψ  and sub-
tracting both, the following continuity equation is obtained  
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0,
t
ρ∂
+∇ ⋅ =

∂
J                            (5) 

where ρ  and J are defined as  
*ρ = Ψ ⋅Ψ                              (6) 

and  

( )* * .
2
i q
m mc

ρ= Ψ∇Ψ −Ψ ∇Ψ −J A                   (7) 

Since Ψ  is a scalar complex function, it can be written as eiθΨ = Ψ , where 
Ψ  and θ  are real functions, and θ  is the argument of the function. Then, 

the current is given by  

2 .q
m mc

θ = ∇ − Ψ 
 

J A                       (8) 

For the general solution of (3), the function θ  can be very complicated ex-
pression of all variables. However, for a particular state solution of the system, 
say  

( ) ( ) ( ),, e ,ni t
n nt fφψ = xx x                       (9) 

the argument is just ( ),n tθ φ= x , and the current associated to this state of the 
system is given by  

2 .n n n
q f

m mc
φ = ∇ − 

 
J A

                   (10) 

3. Single Charged Particle Current 

The non separable solution of (3) using the Landau’s gauge ( ),0,0B y= −A  
and the longitudinal constant electric field ( )0, ,0E=E  was given as  

( ) ( )
21 4

0 21 e e ,
2 !

c
n

m
x c t Bic c

n nn
y

m m
f H x c t B

n L

ω
φω ω− −   = −       π



 


   (11a) 

where qE= , cω  is the cyclotron frequency (1), and nφ  is given by  

2 2

2 2

1 .
2 2

c
n c

mmc t c t mcn x y
BB qB

ω
φ ω

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



 

  
   (11b) 

These functions are degenerated in the sense that for each Landau’s level 
( ( )1 2c nω + ), one has a numerable solutions ( ) 0ˆ ,jj

n x nf p f j Z= ∈ . Thus, the 
expressions (11a) define the state of the system. Using this function nφ  in (10) 
and for the index of degeneration 0j = , we have  

20ˆ ˆ .n c n
cE c tx f
B B

ω  = − −    
J i j                 (12) 

In particular, for the ground state of Landau’s energy, it follows that the com-
ponents of the current are  
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20
0 0 ,x cJ f

B
=
                          (13) 

and  
20

0 0 .y
c

c tJ x f
B

ω  = − − 
 


                    (14) 

The electric conductivity along the x-axis is called Hall’s conductivity and is 
given by  

20
0 0 .x

H
q qcJ f

B
σ = =


                     (15) 

Thus, the Hall’s resistivity is 1H Hρ σ= , and the expected value of the resis-
tivity in the state 0

0f  is  
20

00 0
0 0 0 0

d d .x yL L
H

H

f BAf f x y
qc

ρ
σ

= =∫ ∫               (16) 

Now, multiplying and dividing this quantity by cmω   and making some 
rearrangements, one gets  

0 0
0 0 2 ,c

H
m

f f A
q

ω
ρ  =  

 





                  (17) 

and taking into consideration the magnetic field flux quantization (1), it follows 
that  

0 0
0 0 2 , .H

hf f l l
q

ρ = ∈                   (18) 

The expected value in the state 0
0f  of the longitudinal resistivity yρ  is  

2 20 0
0 00 0

0 0 0 0 0 0
0

d d d dL L L Lx y x y
y y

y

f x y f x y
f f

q J
ρ

σ
= =∫ ∫ ∫ ∫


         (19) 

0 0

d d ln 1 0
L L yx y x

c c

L L Bx y
cEtq q c tx
B

ω ω
 = − = − − ≈ 
 −

∫ ∫



    (20) 

since one has normally in the experiments that 1xL B c t  , that is, the time in 
the experiments are such that  

.xL B
t

c



                        (21) 

For example, on the reference [2] and with respect the voltage gate gV , one 
has that 8~ 4.5 10 secx gBL c BA cV −= × . So, the condition (21) is well satis-
fied in this experiment. 

Note that the expression (18) implies a filling factor 1 lν = , which corres-
pond to the IQHE phenomenon for 1l =  and to the FQHE phenomenon for 

1l > . However, this result is valid for an analysis of a single charged particle, and 
both QHE phenomena appear due to the quantization of the magnetic flux (1). 
In addition, one must note that this analysis is still valid for any 0n >  and 

0j = .  

https://doi.org/10.4236/jmp.2022.1311081


G. V. López, J. A. Lizarraga 
 

 

DOI: 10.4236/jmp.2022.1311081 1328 Journal of Modern Physics 
 

4. Full IQHE and FQHE 

The quantization of the magnetic flux (1) arises from the periodicity of the solu-
tions of the Hamiltonian [10], which can be expressed using (11a) for 0=  as  

( ) ( )0 0, , , , .n x y n xf L y L t f L y t+ =                   (22) 

However (and also for 0= ), let us assume that y yL Nl=  where y yl L  
and N +∈ , that is, the total area x yL L  is covered with slices of area x yL l , 
with horizontal length xL  and width yl . Let us impose the periodicity condi-
tion of the form  

( ) ( )0 0, , , , , ,n x y n xf L y kl t f L y t k+ = ∈               (23) 

such that with the phase (11b), one gets  

2 ,c
x y

m
L kl l l

ω
π= ∈



                     (24) 

which brings about the relation  

2 , with .c
x y

m la a L l
k

ω
π= =



                  (25) 

Using (1) and making some rearrangements, the magnetic field can be given 
by  

, withl hcB
k qa

α α= =                     (26) 

and using (25) in (17), the expected value of the Hall resistivity would be  

0 0
0 0 2 , , ,H

h lf f k l
kq

ρ = ∈                  (27) 

implying now a filling factor of k lν = , which represents the full IQHE (for 
1l = ) and FQHE (for 1l > ). To determine the magnetic values B where these 

phenomena occur, one looks for the value 0B  where the first IQHE ( 1l k= = ) 
appears, which intersect the normal linear dependence behavior straight line, 
and this defines 0Bα = . Then, one uses the resulting expression  

0
lB B
k

=                          (28) 

to find the other quantized magnetic fields which correspond to IQHE or FQHE. 
For example, on the experimental data shown on the reference [3], one sees that 

0 5 TB ≈  for 1l k= =  (corresponding to an area 4 28.27 10 ma −≈ × µ ), and the 
other FQHE are matched quite well for 3l =  and 1k = , that is 15 TB ≈ . 
Another example is shown on the reference [8] page 886, one sees that 0 9.8 TB ≈  
for 1l k= =  (corresponding to an area 4 24.22 10 ma −≈ × µ ), and the other 
IQHE and FQHE magnetic fields are matched quite well for 1l >  and 1k > . 
In addition, on reference [13] page 207, one sees that 0 4.2 TB ≈  for 1l k= =  
(corresponding to an area 4 29.85 10 ma −= × µ ), and the other IQHE and FQHE 
magnetic fields are matched quite well for 1l >  and 1k > . Finally, on refer-
ence [14] page 156801-2, one sees that 0 5.3 TB ≈  for 1l k= =  (correspond-
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ing to an area 4 27.8 10 ma −= × µ ), and for the filling factor 3 4ν =  one gets 

04 3 7.06 TB B= = , which is approximately the experimental value reported.  

5. Conclusion 

Using the known non-separable solution for the quantum motion of a charged 
particle in a flat surface with static fields, in the state 0n =  and 0j = , the Hall 
and the longitudinal resistivities were calculated. For the quantization of the 
magnetic flux, which can appear from the simple periodicity on the y-direction, 
the results bring about the IQHE and FQHE phenomena since from the expres-
sion (18) it appears a filling factor of 1 l  for a single charged particle due to the 
quantization of the magnetic flux. If 1l = , one gets the IQHE phenomenon, and 
if 1l > , one gets the FQHE phenomenon. However, it is not possible to say an-
ything about filling factors of the form k lν = . For a more extended quantiza-
tion of the magnetic flux (25), which appears of the extended periodicity (23), 
one gets also IQHE and FQHE but with a filling factor of k lν = . 
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Abstract 
An alternative Feynman diagram for electron-positron pair production, in 
which neutrino and antineutrino are also produced on the same pathway, is 
introduced here. In the proposed pair production process, a portion of the 
momentum is carried by neutrinos and antineutrinos, allowing the rest of the 
momentum for the electron-positron pair. Simulations to inspect the pro-
posed pair production process were conducted in this research using the 
EGS5 code system while modifying its subroutine “PAIR”. Liquid Xenon de-
tector was then positioned in the path of various mono-energetic photon 
beams ranging from 2.6 to 12 MeV. These simulations were intended to in-
spect the detectability of the alternative pair production effects on radiation 
measurements in order to assess the detection conditions. Simulation results 
provided a comparison between the original pair production process and the 
proposed pair production process. Spectral results showed that changes in the 
region around 1 - 2 MeV and in the photopeak region were remarkable, there-
fore detectable. Further experimental research is recommended based on si-
mulation findings. The alternative pair production process, firstly introduced 
in this paper, led to production of a larger flux of neutrinos from gamma radia-
tion. This additional neutrino production and its contribution to non-baryonic 
dark matter are discussed.  
 

Keywords 
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1. Introduction 
1.1. The Neutrino Emission Prediction 

When beta decay was first discovered, the process showed a continuous spec-
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trum of the emitted electron from the nucleus. This continuous spectrum meant 
that some of the emitted electrons carry only part of the energy. Since energy 
must be conserved, the question arose: what happened to the missing energy? 
This continuous spectrum led to the assumption by Pauly of a new, small ele-
mentary particle emitted in the beta decay, the Neutrino [1]. The theoretically 
predicted Neutrino, a half-spin, zero-electric charge, and low mass elementary 
particle which carries energy and momentum interacts with the nuclear fields 
[2]. Later, the beta emission probabilities were formulated by the Fermi golden 
rules for beta decay. 

1.2. Matter and Anti-Matter 

In the wake of quantum theory development, P. Dirac established an equation to 
introduce relativistic Hamiltonian that includes the spin-1/2 property of par-
ticles. Solutions for this Dirac equation predicted that each elementary particle 
should have an anti-matter companion. Anti-matter particle has the same mass, 
an opposite electric charge, and opposite magnetic moment direction [3]. Hence, 
the counterpart of an electron is a positron. C. D. Anderson first detected in 
1932 the anti-electron in cosmic rays, subsequently confirming the Dirac predic-
tion of existence of anti-matter [4]. 

1.3. Rules for e−e+ Production 

Photons transported through matter have the probability to produce pairs of 
matter-antimatter, such as e−e+, if two conditions are fulfilled: 1) photon energy 
is above a threshold dictated by the rest mass of the pair of particles, and 2) the 
presence of an electromagnetic field within the photon path. Thus, pair produc-
tion cross section is linearly dependent on the atomic Z-number for atomic elec-
tron field interactions, as well as dependent on the square of Z for nuclear field 
interactions [5]. The theory of photon bound-free pair production has been 
gradually developed since the 1930s, while calculations of e−e+ cross sections for 
a vast range of photon energies and for various materials began accumulating 
during the 1960s. Full historical progress and references for the development of 
pair production theory and calculations are presented in detail in Reference [6]. 
Recently more detailed cross-section dependence on the target nucleus’s mag-
netic field compared to the nucleus’s electric field was investigated [7]. Several 
Monte Carlo code systems have been implemented for photon transport at ener-
gies of 1 keV up to 100 GeV after accomplishing numerical cross sections for pho-
ton interactions, including pair production. The most well-known Monte Carlo 
code system is the MCNP; first released in 1977, this initial version did not in-
clude the electron transport process [8]. Released in 1982 the MC tool kit GEANT-3 
enabled full photon-electron transport; after 2000, this version was replaced by 
the upgraded GEANT4 code system [9]. EGS (Electron Gamma Shower) is one 
of the leading code systems for simulating high-energy gamma ray interactions 
in matter. Although the EGS3 version released in 1978 was designed to simulate 
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electromagnetic cascade for high physics experiments, simulation of pair pro-
duction that can take place only by gammas with energies above 1.02 MeV and 
that becomes significant at energies above 2.5 MeV, was first introduced in the 
conversion of EGS3 to EGS4 in 1985 [10]. Each of these code systems was grad-
ually upgraded, mostly by modifying cross section libraries. Approximately twenty 
years later, a tremendous change was made to every code that included modifi-
cations in transport handling. 

1.4. Neutrino as a Dark Matter (Puzzle) 

Dark matter is a cosmological term that expresses missing mass in the Universe 
due to the observed large-scale expansion rate, or the Hubble constant [11]. Cur-
rent gravitational modeling indicates that whereas a great amount of the mass in 
the Universe influences Universe dynamics, it is not detectable by common ob-
servational methods [12]. Several theoretical proposals based on the Standard 
Model (SM) of particle physics (or beyond SM) explain this dark matter pheno-
menon; in these proposals hidden non-baryonic particle content is presumed. A 
review paper by G. Bertone, D. Hooper, and J. Silk introduces the particle dark 
matter candidates’ properties and their detectability [13]. SM particle as the 
neutrino (or antineutrino) is likely to be a candidate for non-baryonic dark mat-
ter because of its low interaction probability due to its sub-electron Volt rest-mass 
[14], as well as its neutral electric charge, and minuscule absorption cross sec-
tion. A detailed discussion by Kreisch et al. regarding neutrinos as dark matter 
was later published as “Neutrino puzzle: Anomalies, interactions, and cosmo-
logical tensions”. In Reference [15], the known processes that produce neutrino 
flux in the galaxy are estimated to contribute a mass which is too small com-
pared to the estimated total dark matter density [16]. This estimation of neutri-
no contribution to dark matter might be altered with the development of more 
highly efficient neutrino telescopes, or by discovering new neutrino emission 
processes. 

2. Methods 

In Figure 1, the Feynman diagram for pair production (PP) is shown. In this 
study we introduce an alternative Feynman diagram for pair production in which 
neutrinos and antineutrinos are also produced via the same pathway (Figure 2(a) 
and Figure 2(b)). In this case, neutrinos and antineutrinos should escape with a 
certain amount of the total momentum and energy, while conserving momen-
tum and energy. Accordingly, we prepared a setup to simulate and track the re-
sponse to this proposed change in the pair production process via the electron and 
positron contribution to an Xe detector. Liquid Xe detectors are state-of-the-art 
scintillation systems for radiation and particle tracking that could suit the PP in-
teraction detection outcome [17] [18].  

Significant improvements to the pair production subroutine that could better 
simulate the process using higher energy gamma rays were introduced only in  
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Figure 1. Feynman diagram of electron-positron pair production. 

 

 
(a) 

 
(b) 

Figure 2. (a) Feynman diagram of electron-positron with neutrino-antineutrino pair 
production; (b) Illustration of proposed pair production process. 
 
EGS5 [19]. Based on these improvements EGS5 calculations were used for the 
current study, with its geometry designed using CGVIEW, a program contained 
in the EGS5 code package, to describe a gamma ray beam passing through a Xe-
non detector (see Figure 3). The detector dimensions are 50 × 50 × 0.1 cm inside 
a 75 cm-diameter air sphere surrounded by vacuum. The detector is made of a 
liquid Xenon slab 1 mm thick sandwiched between two 5 cm-thick slabs of air. 
The beam location is on the X axis at coordinates (−60 cm, 0, 0) directed in the 
positive X direction. Since pair production in EGS5 is dependent on gamma 
energy, calculation was executed for various gamma ray beam energies suitable 
for future experiments. 
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Figure 3. Simulation setup geometry and materials. The detector dimensions are 50 × 50 
× 0.1 cm inside a 75 cm-diameter air sphere surrounded by vacuum. 
 

In the “pair” subroutine of EGS5 (“egs5_pair.f”) various energy ranges mark a 
difference in the way photon interaction is modeled. These energy edges are 2.1, 
4.14, and 50 MeV; photons with energies within ranges between these energy le-
vels are treated differently. 

The energy carried out by the neutrino was simulated by making a change in 
two lines in the PAIR Subroutine, where the variables “theta” and “tteig” are 
calculated as follows: 

theta = RM/(eig)                       (1) 

tteig = (eig)/RM for Eg ≥ 4.14 MeV              (2) 

where,  
RM = electron rest mass energy; and 
eig = incident photon energy. 
Theta is the polar angle of the outgoing electron, which correlates to the mo-

mentum conservation of the process. Therefore, the parameter “tteig” was calcu-
lated for the Motz-Olsen-Koch distribution that includes recoil energy and mo-
mentum [20]. The Motz-Olsen-Koch theoretical PP approach was implemented 
in EGS5 for gamma ray energy above 4.14 MeV. 

In order to simulate the part of the photon energy that is carried out by the 
neutrino in the modified lines of the pair subroutine, for each gamma ray beam 
energy the variable “eig” was multiplied by 25% and 50%, meaning that the re-
mainder of the energy was carried out by the neutrino-antineutrino. 

3. Results and Discussion 

We used a mono-energy gamma ray pencil beam source of 2.6 MeV, 4.5 MeV, 
10 MeV, and 12 MeV to score the total deposited energy to the Xe detector for 
each case. Simulations were conducted using two different types of processes: 
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1) Original pair production process 
2) Modified pair production process—a percentage of the momentum was 

transferred to the neutrino and the antineutrino, and was consequently reduced 
from the e−e+ pair. 

We first simulated the system with its original condition, and then with mod-
ified pair production (PP), thereby showing that a percentage of momentum es-
caped with the neutrinos. Results of the absorption for 1E+07 histories are listed 
in Table 1 for each energy beam. A statistical error of about 0.15% was obtained 
for these results. The columns containing the scores for plain PP were compared 
to a case in which 50% of the momentum was carried by e+e−, and to a case in 
which 25% of the momentum was carried by e+e−. The neutrinos were not 
transported since the simulation does not have the capacity to track them, there-
fore were assumed to have escaped from the system without interactions. 

Ratios presented in Table 1 reveal changes of less than 2% in detector response; 
hence, it would be very challenging to indicate whether or not neutrinos were 
created during the interaction. 

In order to manifest resolution properties of the detector in the simulated liq-
uid Xenon detector volume, two types of results were scored: a. spectral energy 
deposited in the Xenon detector; and b. the amount of energy transferred to 
produced positrons during a pair production occurrence. For each original run 
we changed the amount of momentum transferred to the e−e+ pair, a momentum 
deficit that was transferred to the hypothetical produced neutrino-antineutrino 
pair. 

For photon energy below 4.14 MeV we simulated a gamma ray beam of 2.6 
MeV, high enough above the PP energy threshold to produce a pair of e−e+. In 
Figure 4 spectrum ratios deposited in Xe by the 2.6 MeV beam are shown. Both 
calculated ratios introduce a relatively small difference of less than 3%, which 
would be barely detectable. Resulting events of energy transfer by produced po-
sitrons after pair production by 2.6 MeV beam are presented in Figure 5. In ad-
dition, n these counts, differences between each scenario events are hardly de-
tectable along the detector depth. 

In Figure 6, deposited spectra ratios of four incident photon energies in Xe are 
shown. The 50% ratios showed detectable anomalies below the photopeak ener-
gy. (For 5.0 MeV was not obtained.) The 25% ratios evinced a vast peak between 
0.5 to 2.0 MeV, while for the 50% ratios that peak was barely detectable. These 
peaks’ maxima varied from 4% to 10% depending on the beam’s energy; there-
fore, we reckon that analysis of that region of the spectrum could reveal the pro-
posed PP process. Even the anomalies around the photopeak are rather large, their 
detectability could be uncertain since multiple Compton scattering could inter-
fere in that spectral region. 

Events of energy transferred to produced positrons after pair production for 
4.5 - 12 MeV beams are presented in Figure 7. The statistical error of these event 
values does not exceed 0.8%. The compared events for each model are presented 
in Figure 7; the changes are, for the most part, assumed as detectable in all cases. 
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Figure 4. Spectral results of Xe response ratios of proposed to original pair production 
using 2.6 MeV photons. R25 - 25% of the total energy is transferred to e+e− while R50 - 
50% of the total energy is transferred to e+e−. 
 

 

Figure 5. Photon beam of 2.6 MeV. Comparison of number of events resulting from 
produced positrons after pair production in the Xe. Original PP; 50% of the total energy 
transferred to e+e− while 25% of the total energy transferred to e+e−. 
 
Table 1. Absorbed energy within the Xe detector as a result of 107 incident photons for 
these three cases: original PP process (without neutrino production); 50% of the PP energy 
transferred to electrons and positrons; and 25% of the PP energy transferred to electrons 
and positrons. Ratios obtained by normalizing the modified to the original process absorbed 
energy. 

Ebeam 
(MeV) 

Plain PP 50% Energy to e+e− 25% Energy to e+e− 

Absorbed 
(MeV) 

Ratio 
Absorbed 

(MeV) 
Ratio 

Absorbed 
(MeV) 

Ratio 

2.6 11,679,138 1 11,678,047 0.9999 11,661,676 0.9985 

4.5 16,874,336 1 16,827,416 0.9972 16,672,792 0.9881 

10 26,739,942 1 26,638,851 0.9962 26,280,160 0.9828 

12 29,802,801 1 29,703,683 0.9967 29,305,896 0.9833 
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Figure 6. Spectral results of Xe response ratios of proposed to original pair production by pho-
ton beams of 4.5, 5, 10, and 12 MeV. R25 - 25% of the total energy is transferred to e+e−; while 
R50 - 50% of the total energy is transferred to e+e−. 

 

 
Figure 7. Photon beams of 4.5, 5, 10, and 12 MeV. Comparison of number of events from pro-
duced positrons after pair production. original PP; 50% of the total energy transferred to e+e−; 
while 25% of the total energy transferred to e+e−. 
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The new PP process presented in Figure 2 that includes neutrinos, as might 
occur in reality, should also introduce a distribution of energy-momentum trans-
fer to outgoing particles. Therefore, the percentage energy transfer to e+e− and 
to u, anti-u should be treated using a probability function. However, such process 
distribution rules are yet unknown, and require further exploration. 

4. Conclusions 

In the current study, the EGS5 Monte Carlo system was chosen to simulate a 
modified PP process that includes neutrino-antineutrino pair production. How-
ever, several other Monte Carlo codes also include PP interaction, electrons, and 
positrons transport. Comparing PP simulations using different Monte Carlo codes 
has been studied and reported [21], and their EGS5 results (marked as EGS2) 
plotted versus other much known codes. The same changes made for this study 
are applicable to these other codes (e.g., GEANT4), although factors extracted 
from published plot could spare one the effort. 

The results in this paper indicate that a PP that includes neutrinos is detecta-
ble in cases in which the escaped neutrinos extract some fraction of the total 
momentum. The question is whether or not the PP process includes neutrino 
and antineutrino production, and it is recommended that this be experimentally 
studied. 

Current estimates of neutrino flux in the galaxy contribute to small mass of 
the total estimated dark matter density to account for its entire amount. To date, 
the estimated total neutrino average number density is n0ν = 339.5 cm−3 (The 
latest information on particle data is available on the web at:  
http://pdg.lbl.gov/pdg.html. This web page is maintained by the Particle Data 
Group at the Lawrence Berkeley laboratory). Gamma radiation from the sun at 
energies above 2.5 MeV is ~1 photons cm−2∙s−1 [22] that could produce an addi-
tional neutrino flux of ~20 cm−2∙s−1 neutrinos, at least. In the event that addi-
tional neutrino (antineutrino) flux is produced by gamma radiation from stars, 
as a result of the proposed PP process, the neutrino average number density 
would be higher by several orders of magnitude. Hence, a larger portion of the 
total estimated dark matter density may be contributed by neutrinos.  
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Abstract 
In the course of a research study on Lorentz transformations and the theory 
of relativity, the fundamentals of the relativistic concepts of space and time, 
the relations of those concepts to Lorentz transformations, and equivalence of 
mass and energy were studied. Many important references on the said sub-
jects were reviewed. This paper draws attention to some critical questions 
that have risen in the course of that research study on the concepts of expan-
sion of time and unbounded increase of a particle’s mass with velocity. 
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1. Introduction 

Maxwell’s equations have been used as the fundamental form of electromagnetic 
equations for more than a century. These equations in point form are: 

BE
t

∂
∇× = −

∂
                        (1) 

DH J
t

∂
∇× = +

∂
                       (2) 

0B∇⋅ =                           (3) 

D ρ∇ ⋅ =                           (4) 

where E is the electric field intensity, B is the magnetic flux density, H is the 
magnetic field intensity, D is the electric flux density, ρ is the volume charge 
density and J is the current density. 

The above equations are accompanied by: 

B Hµ=                           (5) 
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D E=                             (6) 

J Eσ=                            (7) 

J vρ=                            (8) 

where   is permittivity, µ is permeability, σ is conductivity, v is the velocity of 
charge, with Equation (8) defining the convection current density. The above set 
of Maxwell’s equations is complemented by the Lorentz force equation as: 

( )F E v Bρ= + ×                        (9) 

where F is force per unit volume. 
Lorentz transformations [1] [2] were introduced to enable physicists to apply 

the same equations in different coordinate systems with relative constant motion 
with respect to one another and also to explain the failure of the Michelson-Morley 
experiment [3]. Lorentz transformations were used as the basis of Einstein’s spe-
cial theory of relativity [4] which in turn was used later as the basis of general 
theory of relativity [5]. Lorentz transformations and the theory of relativity have 
been the subject of numerous studies to this date (e.g., [6] [7]). At the same time, 
the relativity theory and quantum mechanics have had significant contradictions 
which have been the subject of many debates and various new theories have been 
devised to bridge the gap between the two major theories. The purpose of this 
research was to get an in depth understanding of Lorentz transformations and 
the theory of relativity. This paper draws attention to some basic questions on 
these subjects that may need clarification. 

2. Lorentz Transformations and the Relativistic Concepts of  
Space and Time 

Considering two cartesian coordinate systems, one assumed as stationary (x, y, z, 
t), and the other in relative constant motion along the x direction with respect to 
the other at a constant velocity, v, (x', y', z', t'), Lorentz provided the following 
transformations so the physical equations would remain unchanged in the two 
coordinate systems: 

2

21

x v t

v
C

x ⋅′ −

−

=                        (10) 

y y′ =                           (11) 

z z′ =                           (12) 

2

2

21

v xt
C
v
C

t′

⋅
−

−

=                        (13) 

where C is the speed of light in free space considered as constant in all coordi-
nate systems. In the well-known Michelson-Morley’s experiment, in which a 
single source of light, a glass plate, and two mirrors were used, it was hypothe-
sized that the earth velocity could be measured by measuring the difference in 
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the light travel time to and from the mirrors. That difference, however, turned 
out to be zero and the experiment did not produce any result. Lorentz transfor-
mations (Equations (10)-(13)) as stated above were used to describe the reason 
for the failure of the experiment. Focusing on Lorentz Equation (10) and apply-
ing that equation to two points 1x′ , and 2x′  in the moving coordinate system 
yields:  

1
21

1

21

x v t

v
C

x − ⋅

−

′ =                          (14) 

2
22

2

21

x v t

v
C

x − ⋅

−

′ =                          (15) 

where 1x′  and 2x′  are the positions measured along the x' axis in the moving 
system, x1 and x2 are the positions along the x axis in the stationary system, and 
t1 and t2 are the corresponding measured times in the stationary system. Sub-
tracting Equation (14) from Equation (15) yields: 

2

21

x v tx
v
C

∆ − ⋅∆′∆ =

−

                        (16) 

where 2 1x x x∆ = − , 2 1x xx = ′∆ ′−′  and 2 1t t t∆ = − . Rearranging Equation (16) 
yields: 

2

21 vx x v t
C

′∆ = ∆ − + ⋅∆                     (17) 

The first term on the right side of Equation (17) shows that the distance be-
tween the two points in the moving system as viewed by an observer in the sta-
tionary system is multiplied by the factor γ: 

2

21 v
C

γ = −  

Therefore, this distance appears as contracted by the stationary observer as v 
increases. This phenomenon as predicted by Lorentz transformations is referred 
to as contraction of space and could explain the null results of Michelson-Morley’s 
experiment. Later, it was noted by a number of scientists that since the Michel-
son-Morley’s measurement system was moving with the earth and was not sta-
tionary, the experiment could not produce the intended result. In relation to the 
same experiment, the concept of expansion of time was proposed as follows: 

2

21 v
C

ττ
′

−

=                          (18) 

where τ' is the travel time measured in the moving system and τ is the corres-
ponding duration of time as observed in the stationary system. Focusing on Eq-
uation (13) of Lorentz transformations above and applying it to two points in 
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time in the moving system results as: 

1

2

1

1 2

2

1

v x

C

t
t

C
v

⋅
−

−

′ =                         (19) 

2

2

2

2 2

2

1

v x

C

t
t

C
v

⋅
−

−

′ =                         (20) 

Subtracting Equation (19) from Equation (20) yields: 

1

2

2

2

2

1

v xt

v
t t

C

t C′ ′ ′− =

⋅∆

−

∆
∆ −

=                     (21) 

Rearranging Equation (21) yields: 

2

2 2

2 21 1

v x
t C
v v
C

t

C

⋅ ∆
∆

−

−

∆

−

′ =                    (22) 

This equation does not show the concept of expansion of time as shown in 
Equation (18). In Chapter 15 of a well-known reference book on this subject [8], 
an example of a light clock is used to demonstrate the concept of expansion of 
time in a moving system as observed from a stationary system. However, “time” 
can be measured in various ways. For example, the unit of time, second, may be 
defined as about 9 billion oscillations of the cesium atom or similarly in terms of 
biological procedures. Choosing a time clock in which the distance travelled by 
light is directly affected by the velocity of the coordinate system may result in 
different conclusions than by using a biological clock or a clock based on atomic 
oscillations. Another question that arises is that if the distance in a moving sys-
tem as viewed by a stationary observer is contracted and the corresponding time 
is not contracted at the same rate and is expanded at that rate, how will that af-
fect the speed of light which should remain constant in all coordinate systems. 

3. Mass and Energy 

While physicists were puzzled about the nature of light, Louis De Broglie pro-
posed in 1923 that everything manifested both particle and wave properties, 
which became known as wave-particle duality. De Broglie came up with the fol-
lowing wave equation: 

P h
λ

=                            (23) 

where P is the particle’s momentum, h is the Planck’s constant, and λ is the wa-
velength. The relation between the energy and frequency of a wave is given by 
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Planck’s equation as: 

Energy h f= ⋅                         (24) 

where f is the wave frequency. Substituting h from Equation (23) into Equation 
(24) yields: 

Energy P fλ= ⋅ ⋅                       (25) 

Since f C
λ

= : 

Energy P C= ⋅                        (26) 

For a mass m0 at velocity, v: 

0Energy m v C= ⋅ ⋅                       (27) 

If the velocity of the particle, v, is raised to the maximum possible velocity 
which is the speed of light, C, at which point all the mass of the particle can be 
said to have been transformed to energy, Equation (27) can be written as: 

2
0Energy m C= ⋅                       (28) 

Equation (28) whose validity has been verified in many experiments was pro-
vided by Einstein. In Chapter 15 of Reference #8, a derivation of Equation (28) 
as well as the following equation is provided: 

0

2

21

m

C

m
v

−

=                        (29) 

In the said reference, the derivation starts by assuming the validity of Equa-
tion (29) and ends up by concluding the validity of the said equation as well as 
Equation (28) above. There seem to be some issues with this approach. First, one 
may not begin by assuming the validity of a mathematical equation and use it as 
correct, in order to conclude the validity of the same equation. Second, Equation 
(29) which does not seem to have been supported by sufficient evidence to this 
date, expresses that the mass of a particle tends to become very large and ap-
proaches infinity as the velocity of that particle increases. Whether the resulting 
mass is called the “inertial mass”, “the observed mass”, or energy, the concept of 
a physical quantity to approach “infinity” does not seem to be plausible. The ex-
periments performed to this date in which a lot of energy was given to a charged 
particle, resulted in the additional energy transformed to radiation energy given 
by the particle and not a measurable increase in mass. 

4. Summaries 

Relativity and quantum physics are two major theories that have significant con-
tradictions. Some aspects of relativity have been verified experimentally while 
some others have not. At the same time, quantum physics has been used quite 
successfully to predict many experimental results, particularly at the atomic and 
sub-atomic levels. Albert Einstein once stated “… the great initial success of the 
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quantum theory does not make me believe in the fundamental dice game,” and 
his famous quote was “I cannot believe that god plays dice”. Einstein might have 
been quite right that the world does not function based on probabilities. How-
ever, quantum physics is based on probabilistic mathematics which is devised 
for and is quite successful when the amount of data is enormous, maybe partially 
unknown, and deterministic analysis is practically impossible; these conditions 
exist in the atomic and subatomic world. 

However, as described in this paper, there are some important questions on 
Lorentz transformations and the theory of relativity that need to be addressed. 
Notwithstanding that Lorentz transformations are empirical, the concept of con-
traction of space in a moving coordinate system as viewed by a stationary observer 
can be derived from Lorentz transformations. The main questions raised in this 
paper are the following: 

1) With regard to the concept of expansion of time in a moving system as seen 
by a stationary observer, there does not seem to be a clear derivation of that con-
cept based on Lorentz transformations that are themselves empirical in nature, 
or otherwise, as discussed above. Also, taking the concepts of expansion of time 
and contraction of space together may present a contradiction with the principle 
of constancy of the speed of light in all coordinate systems.  

2) Another issue is with Equation (29) that describes a particle’s mass (or in-
ertial mass) as a function of velocity and predicts that it will increase unbounded 
to infinity as velocity increases. There does not seem to be sufficient proof of this 
concept to this date. Furthermore, the use of Equation (29) by some authors to 
derive Equation (28) that has been verified in many experiments and can be de-
rived from Equations (23)-(27) as shown above, does not seem to be warranted. 
These issues deserve more attention and may need to be addressed. 
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Abstract 
The theory that gravitons lose energy by way of gravitational redshift while 
traveling in a gravitational field is applied to the expansion of the universe 
and to spiral and dwarf galaxy rotation curves using General Relativity. This 
is a graviton self interaction model which derives an expansion equation 
which is identical in form to the standard Lambda Cold Dark Matter model. 
In the domain of galaxies, spiral and dwarf galaxy rotation curves are matched 
using only baryonic mass. Thus, the requirement for dark matter and dark 
energy in the universe is replaced by this paradigm. 
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1. Introduction 

This paper describes a theory of gravitons acting in the universe and it supers-
cedes the theory expressed in [1] in regards to the expansion of the universe. We 
will also describe the action of gravitons in galaxies [2]. Assuming that gravitons 
are the agents of interaction in a gravitational field, then our goal is to describe 
how the gravitational redshift of gravitons shows up as what has traditionally 
been labeled as dark matter and dark energy. We will show how the redshift of 
gravitons can explain both of these phenomena using high precision data. 
Throughout this paper, all reference to sources of mass and test particles are as-
sumed to be of baryonic nature, unless otherwise specified. When we speak of 
the graviton mass mg, it is a relativistic mass. 

We assume gravitons are bosonic particles which travel at constant speed c in 
vacuum, where c equals the speed of light. Gravitons traveling in a gravitational 
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field between a source mass M and a test mass m, modeled by the equivalence 
principle as an accelerating system, should experience an average energy loss of 
δξ  due to motion in that field, over a short time period t r cδ δ= , where the 
acceleration a at a point r in the field is given by 2a GM r= − . The energy loss 
is expressed differentially as  

( ) ( )2
2 ,g

g g

GMmvm c m c a t r
c r
δδξ δ δ

 
= − = − = − 

 
            (1) 

where gm m n=  is the average relativistic graviton mass, n is the number of 
gravitons, m is the test mass, vδ  is the change in the free fall velocity of the 
system observed from an inertial reference frame, G is Newton’s gravitational 
constant, M is the baryonic mass of the field source, r is the distance between the 
center of the source and the location of the moving gravitons, tδ  is the short 
travel time of the gravitons at speed c over distance rδ . The energy change is a 
loss (negative), because the velocity change vδ  is in the same direction as the 
motion of the gravitons, so that for an inertial observer moving in the same di-
rection as the graviton, the energy of the graviton is redshifted. We call this ef-
fect of energy loss a gravitational redshift which, as we have described it resem-
bles a Doppler effect. Since gravitons are agents of the gravitational field, our 
model is essentially an attempt to describe the graviton-graviton interaction as 
in the self interaction of a quantum gravity theory [3]. 

Gravitons exist and travel in a gravitational field, which in principle is equiva-
lent to an accelerating system. Assume that the total graviton energy for a system 
of two masses is expressed by,  

,GMm
r

Ξ =                           (2) 

where gm nm=  is the total graviton mass associated with the test mass m, 
where mg is the average graviton mass and n is the number of gravitons. The to-
tal graviton energy decrease δ Ξ  due to its freefall in the gravitational field of 
mass M, when viewed from an inertial system, is expressed by  

2 2 ,v GMm v GMm GM r
c r c r c r
δ δδ δ    Ξ = −Ξ = − = −    

    
          (3) 

where, as in (1), ( )2v GM cr rδ δ=  is the velocity increase in the accelerated 
reference frame equivalent, according to the principle of equivalence, to the gra-
vitational field of mass M at the position r. 

2. Gravitons in an Expanding Universe 

Consider the universe as a sphere of interior baryonic mass M with a thin spher-
ical shell of mass m. The masses M and m are constants. The thin shell has a ra-
dius ( )r t  at time t. Only the mass interior to the shell has an effect on the shell. 
The total graviton energy ( )tΞ  within the shell at time t is given by (2), where 

( )r r t= . Assuming isotropic uniformity, the mass density ( )tρ  within the 
shell at time t is  
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( )( ) ( )3

3 .
4

Mr t
r t

ρ =
π

                        (4) 

At the present epoch of time 0t  the baryon mass density is bρ , which is 
given by,  

3

3 ,
4b

M
a

ρ
π

=                            (5) 

where ( )0a r t=  is the radius of the universe at the present epoch. 

2.1. Energy Loss Due to Gravitational Redshift 

Since the potential function ( )r GMm rΦ =  is defined as having zero energy at 
infinity and having a negative energy at position r, likewise we define the gravi-
ton energy loss to be zero at infinity and negative at position r. Applying (1) to 
the n gravitons in free fall in the expanding universe we have the energy loss,  

20
d ,

r
dm dm dm dm

GMm GMmK n K r K
rr

δξ
∆Ξ

∞

 ∆Ξ = = − − = −  
 ∫ ∫         (6) 

where dmK  is a coupling constant to be determined by observation and the ex-
tra minus sign accounts for an energy loss because the gravitons travel in the 
same direction as the free fall velocity change and appear redshifted to an iner-
tial observer also moving in the same direction. Substituting for M from (5) and 
simplifying yields,  

34 .
3

b
dm dm

mGaK
r
ρ

∆
 π
 


Ξ


= −                    (7) 

This component is the energy loss of the so called dark matter. 

2.2. Energy Loss Due to Expansion 

Gravitons traveling at speed c in the vacuum of the expanding universe undergo 
cosmological redshift in three dimensions on the way to interaction with the 
masses. We express this redshift by applying the 3-D velocity differential  
( 3

x y zv v v cδ δ δ ) to the total graviton energy Ξ  from (2), and applying (3) in 
the three spatial dimensions, given in the form,  

3 ,x y zv v vGMm
r c

δ δ δ
δξ

 
= −  

 
                   (8) 

where the negative sign is applied because the motion of the gravitons is in the 
same direction as the freefall in the field. We can convert the 3-D velocity diffe-
rential to a ratio of 3-D volume differential by the construction,  

3 3 ,x y z

x y z x y z

v v v x y z x y z
c t c t c tc c t t t

δ δ δ δ δ δ δ δ δ
δ δ δ δ δ δ

    
= =        

         (9) 

where x, y and z are Cartesian co-ordinates, xt , yt  and zt  are independent 
times and where x xv x tδ δ δ= , y yv y tδ δ δ=  and z zv z tδ δ δ= . Furthermore, 
we convert the volume differential in Cartesian co-ordianes to radial co-ordiates, 
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in the form  
24 .x y z r rδ δ δ δπ=                        (10) 

Now, applying the transformations (9) and (10) to (8), while also moving the 
volume differential 3

x y zc t t tδ δ δ  to the left hand side of the equation we get,  

( ) ( )3 24 .x y z
GMmc t t t r r

r
δξ δ δ δ δ= π−                (11) 

The left hand side of (11) is a quadruple differential whilst the right hand side 
is a single differential. Integrating both sides of (11) yields,  

( )
0

0

3
3 2

0 0 0 0

2
3 2

4

84 ,
3

T T T r
de x y z r

de

r
br

a mGMc t t t r r
r

GmGMr r a m r

δξ δ δ δ δ
σ

δ ρ

∆Ξ  − ∆Ξ = =   
  

=

π

π
− = −π

∫ ∫ ∫ ∫ ∫

∫
     (12) 

where the expansion time is taken to be  

,T a c=                           (13) 

where a  is the present radius of the universe and deσ  is a dimensionless coupl-
ing constant and where, in the final line we substituted for M from (5). Rearrang-
ing (12) we get the graviton energy loss due to the expansion of the universe, the 
so called dark energy component,  

2
28 .

3de de b
G m rσ ρ

 
∆Ξ = −  

 

π                    (14) 

We will subsequently show that the graviton energy losses dm∆Ξ  and de∆Ξ  
can account for the expansion rate of the universe without dark matter or dark 
energy which is required by the Lamda Cold Dark Matter cosmological model 
[4]. 

2.3. Equation of the Expanding Universe 

The total energy of the shell of mass m, where m M , having kinetic energy, 
gravitational potential energy and energy loss due to the cosmological redshift of 
gravitons (14), is expressed by  

2

3 3 2
2 2

2 2

1
2

1 4 4 8
2 3 3 3

1 ,
2

dm de

b b
dm de b

GMmmv
r

m mGa Ga Gmv K m r
r r

mc ka

ρ ρ
σ ρ



− + ∆Ξ + ∆Ξ

   
= − − −   

 

π π π






−




=


   (15) 

where the term on the far right is the total energy, where k is a constant (curva-
ture) with dimensionality [length]−2, a  is the present radius of the universe 
and M is the mass of the universe. Multiplying (15) by 22 mr  and simplifying, 
we get the expression for the expansion of the shell,  

3 3 22 2 2

2 3 3 3 2

8 8 161 1 .
3 3 3

b b b
dm de

Ga Ga Gv kc aK
r r r a r

ρ ρ ρ
σ

 π π π
 

 
= + + 

  
−     (16) 
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Note that the shell mass m can be made arbitrarily small compared to the un-
iverse mass M. 

Define the distance r by  

,r aa=                            (17) 

where the time varying scale factor a is dimensionless with 0 1a< ≤ . Using (17), 
the velocity v takes the form  

d d .
d d
r av a
t t

= =                         (18) 

Substituting (18) into (16) gives us,  

( )2 2 2

3 2

8 1 161 d .
d 33

dm b de bG K Ga kc
a t a a

ρ σ ρ+  = + −


π


π



           (19) 

Putting (19) in terms of the mass densities we have,  

( ) ( ) ( ) ( )( )
21 d 8 ,

d 3 m dm de k
a G a a a a

a t
ρ ρ ρ ρ  = + + + 

 

π          (20) 

where  

( ) ( )
3

1 dm b
m

K
a

a
ρ

ρ
+

=                      (21) 

is the mass density composed of baryons and graviton energy loss mass due to 
gravitational redshift (an apparent dark matter mass density),  

( ) 2de de baρ σ ρπ=                       (22) 

is the graviton energy loss due to the expanding universe (an apparent dark 
energy mass density) and  

( )
2

2

3
8k

kca
Ga

ρ −
=

π
                       (23) 

is the curvature mass density. 
Define the Hubble parameter ( )H t  by  

( ) 1 d ,
d
rH t

r t
=                         (24) 

where, by (17), r aa= . Equation (24) can also be written as  

( ) ( )d ,
d
rv H t r t
t

= =                      (25) 

which is the Hubble law for ( )0 0H H t=  where 0t  is the present epoch of cos-
mic time. Thus, ( )H t  defined by (24) is the general form of Hubble’s law [5]. 
Substituting ( )H t  for d da a t  in (20), with some manipulation, we get  

( ) ( ) ( ) ( ) ( )
23

,
8c m de k

H t
t t t t

G
ρ ρ ρ ρ= + +

π
=             (26) 

where ( )c tρ  is called the critical mass density at time t. Dividing (26) by 
( )c tρ  yields the parametric equation  
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( )
( ) ( ) ( ) ( )1 ,c

c m de k
c

t
t t t

t
ρ
ρ

= Ω = = Ω +Ω +Ω              (27) 

where ( ) ( ) ( )m m ct t tρ ρΩ = , ( ) ( ) ( )de de ct t tρ ρΩ =  and  
( ) ( ) ( )k k ct t tρ ρΩ = . At the present epoch 0t , the mass density parameter is  

( ) ( )0 1 ,m dm bt KΩ = + Ω                       (28) 

where bΩ  is the baryon mass density parameter, the graviton expansion energy 
loss mass density parameter is  

( )0 2de de bt σπΩ = Ω                        (29) 

and the curvature density parameter is  

( )
2

0 2
0

.k
kct
H

Ω = −                         (30) 

3. General Relativity for an Expanding Universe with  
Graviton Interaction 

The Friedmann-Lemaître-Robertson-Walker (FLRW) metric line element [6] [7] 
[8] [9] in terms of the scale factor ( )a t  is  

( ) ( )
2

2 2 2 2 2 2 2 2 2
2

dd d d sin d ,
1

rs c t a t r r
kr

θ θ φ
 

= − + + + − 
         (31) 

where the scale factor ( )0 1a t< ≤  and the curvature k has units of [length]−2 
where 0k < , 0k >  or 0k = . The Einstein equations [10] [11] in trace reverse 
form is  

1 ,
2

R T Tgµν µν µνκ  = − 
 

                     (32) 

where Rµν  is the Ricci tensor, Tµν  is the energy-momentum tensor, T is the 
contracted energy-momentum tensor, gµν  is the metric tensor defined by (31) 
and 48 G cκ = π . Define the energy-momentum tensor Tµν  of a perfect fluid,  

2 0 0 0
0 0 0

,
0 0 0
0 0 0

c
p

T
p

p

µν

ρ 
 
 =  
  
 

                   (33) 

where, referring to (21) to (23) for the mass densities, the total mass density ρ  
is given by  

,m de kρ ρ ρ ρ= + +                       (34) 

where  

( ) 3

3

1
,dm b

m

K a
r

ρ
ρ

+
=                      (35) 

2 ,de de bρ σ ρπ=                        (36) 
2 2

2

3 ,
8k

ka c
Gr

ρ
π

−
=                        (37) 
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and where the current baryon mass density is  
,b c bρ ρ= Ω                          (38) 

where bΩ  is the baryon mass density parameter. We have assumed the equa-
tion of state for the relativistic particles 2

de dep cω ρ= , with 1deω = − . We are 
neglecting the radiation density (photon and neutrinos) and we will justify this 
when we fit the model to SNe Ia data. 

Solving the Einstein Equations (32) given the mass-energy tensor (33), and 
simplifying the results, yields the equation for the rate of change of the scale fac-
tor,  

2

2

8 .
3

a G k
a a

ρ  =
π

− 
 



                    (39) 

Assuming 0k =  for no curvature, and the total mass density given by (34) - 
(38), the Hubble parameter ( )H a  is  

( ) ( )
0 3

1
2 ,dm b

de b

K
H a H

a
σ

+ Ω
= Ωπ+               (40) 

where 2
08 3b bG HρΩ π= . 

4. Fits to Type Ia Supernova Data and Comparison with the  
Standard Model 

The scale factor a has the relation to the cosmological redshift z expressed by  

1 .
1

a
z

=
+

                         (41) 

An increment of comoving distance cdδ  defined in terms of the scale factor 
is  

( )2

d d ,c
t ad c c

a a H a
δ = =                    (42) 

where we used the definition (24) of the Hubble parameter. In terms of the cos-
mological redshift z , the comoving distance is  

( )
d ,c

zd c
H z

δ =                        (43) 

where we used the fact that ( )2 2d d 1 da z z a z= − + = −  to transform (42), drop-
ping the minus sign. 

The flux 0Φ  from a distant light source at redshift z is defined in terms of 
the observed luminosity ( )21oL L z= + , where L is the luminosity of the emit-
ting source,  

( )0 2 2
,

4 1 p

L
z d

Φ =
+π

                      (44) 

where pd  is the proper distance. The luminosity distance, from (44) is  

( )
0

1 .
4p

Lz d =
π

+
Φ

                      (45) 
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The luminosity distance, from (43), is  

( ) ( ) ( ) ( )0

d1 1 ,
z

L c
c zD z z d z

H z
= + = + ∫               (46) 

where cd  is the co-moving distance and where  

( ) ( ) ( )3
0 1 1 2 ,dm b de bH z H K z σ+ π= + Ω + Ω             (47) 

and we changed the negative sign to positive by inverting the limits of integra-
tion. The form (47) of the Hubble parameter ( )H z  is identical to that of the stan-
dard model. Therefore, fitting to the SNe Ia data will be identical. The magnitude 
is defined, in the standard way,  

( ) ( )( )5log ,L B offMu z D z aµ= − +                 (48) 

where Bµ  is the source magnitude and offa  is an offset. Generally, the source 
magnitude is combined into offa . 

We applied (48) in a fit to 580 Type Ia supernovae (SNe Ia) magnitude data 
from the Super Nova Cosmology Project Union 2.1 data set [12]. With Hubble 
constant 1 1

0 70 km s MpcH − −= ⋅ ⋅ , densities 0.271mΩ = , 0.729deΩ =  [12] and 
offset 87.441offa = − , the fit to the SNe Ia data set obtained a two parameter 

2 0.9769χ = . Figure 1 shows the fit to the data. Regarding neglecting the radia-
tion density in our model, the radiation density parameter of photons, with 0.7h =  
is given by [13], ( )5 2 52.47 10 5.04 10r h− −Ω = × = × . At the maximum redshift  
 

 
Figure 1. Supernova cosmology project union 2.1 SNe Ia magnitude vs redshift data 
points with error bars. The solid line is the fit for the graviton model with 0.271mΩ =  

and 0.729deΩ =  with a two parameter 2 0.9769χ = . The dotted line is the fit for the 

LCDM model with the same parameters and the same 2χ . The graviton model and the 
LCDM model fits are (obviously) identical. 
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of max 1.5z =  for the SNe Ia data, the relative magnitude of the error radε  in 
comparing the radiation and matter densities is  

( )
( )

4
max 4

3
max

1
4.6 10 ,

1
r

rad
m

z

z
ε −Ω +

= = ×
Ω +

               (49) 

which justifies ignoring the radiation density in the fitting. 
Assuming that the curvature 0k = , so that 0kΩ = , then from (27) we have 

for the present epoch  

( )1 1 2 ,dm b de bK σ= + Ω + Ωπ                  (50) 

and from (29),  

.
2

de
de

b

σ
Ω

=
πΩ

                        (51) 

For example, for 0.721deΩ =  and 0.049bΩ =  which is in the big bang nuc-
leosynthesis (BBN) allowable range [14] we get a value of the coupling constant 

2.342deσ = . Also, from (28) we get ( ) 1 4.694dm m bK = Ω Ω − = . The expansion 
time, from (13) has the value 9

01 13.97 10 yrT H= = × . 

5. Gravitons in Galaxies 

Integrating (1) up to radial distance r we obtain the average energy change per 
graviton g∆Ξ  expressed by  

( )2
20 0

d d .
r r b

g g g
GMum c m r

c r
 ∆Ξ = − = −  
 

∫ ∫              (52) 

Equation (52) describes the gravitational redshift of the energy of the average 
graviton as it travels from a lower, more negative potential to a position r of higher, 
less negative potential and is consistent with energy conservation. 

Now, consider the energy for a galaxy of mass M interior of a small mass m in 
a circular orbit of radius r. The gravitons traversing the distance at lightspeed 
from the interior mass to the orbiting mass will experience a decrease in energy 
as described by (52), gn∆Ξ = ∆Ξ , where n is the number of gravitons. Taking 
the energy loss of the gravitons into account, the total orbital energy of the or-
biting mass m is  

21 ,
2 g g

GMmmv K n E
r

− + ∆Ξ =                   (53) 

where v is the rotational velocity of the orbiting mass, gK  is a coupling coeffi-
cient, a constant for each galaxy, and the total energy 2E GM r= − . Using (53) 
by expanding g∆Ξ  using (52), with gm nm= , multiplying by 2/m and moving 
all terms except 2v  to the right hand side, we obtain the expression for the or-
bital velocity,  

( ) ( )2
20

2 d .
r

g

GM r GM r
v K r

r r
 

= +  
 

∫                 (54) 

As an approximation, we model the mass distribution of a spiral galaxy by a 
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spherically symmetric distribution ( )rρ , even though a mass density distribu-
tion consisting of a spherically symmetric central bulge surrounded by an axially 
symmetric thin disk would be more realistic. Then the mass ( )M r  of the ga-
laxy within the radial distance r from the galaxy center is given by,  

( ) ( ) 2
0

4 d .
r

M r r r rρπ= ∫                     (55) 

Coupling Coefficient Kg 

Under our assumption that the coupling coefficient is constant for each galaxy, 
(54) can be solved for gK  at the galaxy edge, where fr r=  and fv v= , giving  

( )

( )

2

20

,
2 df

f
f

f
g

r

GM r
v

r
K

GM r
r

r

−

=
 
 
 

∫
                    (56) 

where ( )f bM r M=  is the total baryonic mass in the galaxy. By Newton’s gra-
vitational law, at the galaxy edge, the final velocity fv  is related to the total 
mass gM  contained within the radial distance fr  by,  

( )2 ,g b d
f

f f

GM G M M
v

r r
+

= =                    (57) 

where g b dM M M= + , where dM  is the total apparent mass due to the gravi-
ton energy loss, the mass of the so called “dark matter”. The total apparent dark 
matter in a galaxy is given at the galaxy edge by,  

2

.f f
d obs b

v r
M M

G
= −                        (58) 

Using the results from analyzing galaxy rotational data we can estimate the 
dark matter by (58) as dM , and substituting that and (57) into (56) we arrive at 
a formula for estimating gK  as,  

( )
20

.
2 df

d obs
g

r
f

M
K

M r
r r

r

=
 
 
 

∫
                    (59) 

6. The Einstein Equations for Galaxies with Gravitons 

Assuming a spherically symmetric mass distribution for a galaxy we will use the 
Schwarzschild metric to describe the motions within the galaxy. The Einstein 
equations for the region outside of a spherical mass distribution is  

0Rµν =                             (60) 

where Rµν  is the Ricci tensor. The metric element we use is defined in spheri-
cal coordinates,  

( )( )2 2 2 2 2 2 2d e d e d d sin d ,s c t r rν λ θ θ φ= − + + +             (61) 

where  
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( )
2

2
e 1 ,

GM r
c r

ν = −                        (62) 

( ) 1

2

2
e 1 ,

GM r
c r

λ
−

 
= − 
 

                      (63) 

and where ( )M r  is the mass within radius r. From the metric element (61) the 
metric tensor is  

( )

2

2 2

e 0 0 0
0 e 0 0

.
0 0 0
0 0 0 sin

g
r

r

ν

λ

µν

θ

 −
 
 =  
  
 

                (64) 

Since the metric (64) does not depend on time t and angles θ  and φ , it fol-
lows from Hamilton’s principle and the Lagrange equations1 that  

d de 0,
d d

tν

τ τ
  = 
 

                       (65) 

implying that the total energy E is  

2

de ,
d

t E
mc

ν

τ
=                         (66) 

from which we get  
2 2 2

2 2 2

de e .
d

c t E
m c

ν ν

τ
−   

=   
   

                   (67) 

And similarly for the φ  component, we have that  

( )2 2d dsin 0,
d d

r φθ
τ τ
  = 
 

                   (68) 

implying that the specific angular momentum is  

( )2 2 dsin ,
d

r hφθ
τ
=                       (69) 

from which we get,  

( )
2 2

2 2
2 2

dsin .
d

hr
r

φθ
τ

=                      (70) 

For motion in the plane defined by r and φ , d d 0θ τ = , where θ  is de-
fined as  

.
2

θ =
π                            (71) 

Equation of Motion 

We derive the equation of motion using the metric element (61), where  
2 2 2d ds c τ= −  where dτ  is the differential of proper time τ . Dividing the 

metric element by 2dτ  and substituting from (66)-(71) with the metric element 

 

 

1Wikipedia: Schwarzshild geodesics, https://en.wikipedia.org/Schwarzschild_geodesics.  
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we get, dropping the θ  term since d 0θ = ,  
2 2 2 2

2
2 2 2 2 2

d de e ,
d d

s E r hc
m c r

ν λ

τ τ
−= − = − + +               (72) 

Multiplying (72) by e λ−  and simplifying yields  

( )
2 2 2

2
2 2 2 2

d e e .
d

r E hc
m c r

ν λ λ

τ
− + −   

= − +   
   

               (73) 

Substituting for e λ−  from (63) into (73) and, since e eλ ν−=  from (62) and 
(63) so that ( ) 0e e 1ν λ− + = = , we get after simplification,  

( ) ( ) 22 2 2
2

2 2 2 2 2 3

2 2d .
d

GM r GM r hr E hc
rm c r c rτ

= − + − +            (74) 

We assume that the mass ( )M r  within distance r from the galaxy center is 
given by the sum of the baryonic mass ( )bM r  within r and the mass ( )gM r  
equivalent to the graviton gravitational redshift energy loss mass within r. The 
mass density of the baryons is given ( )b rρ . The total mass within r, which is 
the sum of baryonic mass and gravitonic energy loss mass, is expressed by  

( ) ( ) ( ) ,b gM r M r M r= +                     (75) 

where the baryonic mass is  

( ) ( )2
0

4 d ,
r

b bM r s s sρπ= ∫                     (76) 

where bρ  is the baryonic mass density and from (54) we express the gravitonic 
energy loss mass in terms of the baryonic mass density by,  

( ) ( )
20

2 d ,
r b

g g

M s
M r K r s

s
= ∫                    (77) 

where gK  is a constant coupling coefficient which is peculiar to each galaxy. For 
circular motion the specific angular momentum term in (74) is  

( )2

2 .
GM rh

rr
=                          (78) 

Dropping the constant terms in (74) and substituting with (78), the velocity of 
a particle in orbit in the galaxy is expressed by  

( ) ( ) 22
2 2

2 2

d 2 .
d

GM r GM rrv c
r c rτ

 
= = +  

 
               (79) 

7. Results for SPARC Galaxies  

We use the velocities from the Spitzer Photometry and Accurate Rotation Curves 
(SPARC) data base [15] [16], derived from near-infrared (NIR) surface photo-
metry at 3.6 μm. We select the spiral galaxies NGC 2403, NGC 2841 and dwarf 
galaxies DDO 154 and NGC 2915. From the photometric data which has been 
reduced to the equivalent velocities for the galaxy bulge, disk and gas mass con-
tent, we approximate the baryonic mass as due to a spherically symmetric dis-
tribution, which is given by the Newtonian relation for the velocity to mass con-
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tained within the radius r from the galaxy center, expressed by  

( ) ( ) ( ) ( ) ( ) ( )(
( ) ( ) ( )) ,

b gas gas dsk dsk dsk

bul bul bul

rM r v r v r r v r v r
G

r v r v r

 = + ϒ 
 

+ ϒ
        (80) 

where ir r= , 1,2, ,i N=  , 1N > , N the number of radial distances observed, 
and the absolute values of the velocities are needed because they can sometimes 
be negative (Ref. [16], p. 5) . The velocities for the disk and gas from Table 2 of 
[15] are taken with * 1ϒ = . In our Table 2, dskϒ  and bulϒ  are the M L

 

 
used in (80) to make the fits. Using the SPARC results for the mass at r in terms 
of the gas, disk and bulge velocities, where the mass internal to r is given by 

( )bM r  of (80), the equivalent graviton energy loss mass is  

( ) ( )
( )

( ) ( )2

11 22 d .j j

j j

rn b
g rjg

M s
M r K r s

s
+ <

− >
=

  
=      

∑ ∫             (81) 

The predicted velocity (79) is expressed in the form  

( )
( ) ( )( ) ( ) ( )( ) 2

2 2
22 ,b n g n b n g n

n
n n

G M r M r G M r M r
v r c

r c r

 + +
 = +
 
 

     (82) 

where 1, 2, ,n N=  , 1N > . 
We strived to obtain good fits to the velocity ( )obs kv r  at each radial distance 

kr  by minimizing the mean absolute error MAE between ( )kv r  and ( )obs kv r  
while iterating ( )dsk krϒ  for the disk and, when available, ( )bul krϒ  for the 
bulge. We constrained the mass to agree with the baryonic Tully-Fisher relation 
(BTFR) [17] [18] mass for each galaxy. Table 1 lists for each galaxy the baryonic 
mass bM  determined by the velocity profiles used in (80), the BTFR estimated 
galaxy mass, the mean data rotation velocity error errV , the mean absolute fitted 
error MAE and the coefficient gK . 

Table 2 lists the average values for disk dskϒ  and bulge bulϒ  mass to light 
ratios which were used in making each galaxy fit. Also listed in the table are 
minimum and maximum dskϒ  taken from Table 4 and Table 5 of [19] for  
 
Table 1. Results of fits to SPARC galaxy data using the graviton model (82) with masses 
from (80) and (81). The errV  are the mean error of the reported stellar velocities. The 
MAE errors are the average absolute error for the fits.  

Galaxy bM  

( 10M 10×


) 

† bM  BTFR 

( 10M 10×


) 
errV  

(km∙s−1) 
MAE 

(km∙s−1) gK  

NGC 2403 1.612 1.612 2.421 0.528 0.424 

NGC 2841 37.277 37.356 7.67 1.476 0.189 

DDO 154 0.06474 ‡ 0.02143 0.625 0.225 0.578 

NGC 2915 0.2810 0.2799 8.064 0.814 0.653 

† Using final velocity as flat velocity. ‡ Rotation curve does not flatten. 
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Table 2. Results of fits to SPARC galaxy data using the graviton model (82). The columns 
for dskϒ  and bulϒ  are the averages for the disk and bulge mass to light ratios deter-
mined by modeling the rotation velocity curve. 

Galaxy Avg dskϒ  Avg bulϒ  † min dskϒ  † max dskϒ  

NGC 2403 0.579 0 1.3 1.8 

NGC 2841 1.039 0.833 2.0 5.1 

DDO 154 6.183 0 1.1 1.2 

NGC 2915 1.874 0 na na 

0 in the bulϒ  column means the bulge velocity is zero in the data. † Min and max dskϒ  
values for high surface mass galaxies from [19]. NA means the result is not available. 
 
comparison. The fitted spiral galaxy disk mass to light ratios are 1.0dskϒ <  ex-
cept for NGC 2841 which fitted with 2.0dskϒ < . A good reference for fits to 
SPARC data can also be found in [20], especially for spiral galaxy NGC 2841, 
where from our Table 2 we have an average of 0.856 M Ldskϒ =

 

 and 
1.254 M Lbulϒ =

 

, each of which is of the same order of magnitude as the 
fitted values 0.81 0.05 M Ldiskϒ = ±

 

 and 0.93 0.05 M Lbulϒ = ±
 

, re-
spectively, from Figure 1 of [20]. For each plot of the galaxy rotation velocity, 
the Newtonian velocity curve is also displayed. Plots for the results of the SPARC 
galaxies can be found in Figure 2 and Figure 3. 

SPARC Galaxies DDO 154 and NGC 2915 

Two dwarf galaxies that have been difficult to understand in terms of missing 
mass are DDO 154 and NGC 2915. Figure 3 shows the results for the fits using 
the graviton model. The upper curve shows the mass density, the middle curve 
displays the M/L ratios and the lower plot shows the observed and predicted ro-
tation velocities. With the graviton model for DDO 154 we obtained a total ba-
ryonic mass of 86.47 10 MbaryM = ×



, which is less than 2× the detected lumin-
ous mass [21] of 8

* 3.65 10 MHI HeM M ++ = ×


. Significantly, it is only one-fifth 
of the estimated dark plus luminous matter of 93.1 10 Mdark lumM + = ×



. Our fit-
ted disk mass to light ratios have an average of 6.183 M Ldskϒ =

 

 which is 
3× the published value of 2 M Ldskϒ ≈

 

. 
For NGC 2915 we obtained a total baryonic mass of 92.81 10 MbaryM = ×



, 
where the stellar mass and luminous HI mass [22] [23] 9

* 1.06 10 MHIM M+ = ×


. 
This compares with the total dynamical mass 921 10 MTM = ×



 which is 7× the 
total baryonic mass derived by the graviton model. 

8. Discussion 

Regarding the baryon acoustic oscillations (BAO) in the primordial plasma and 
the resulting cosmic microwave background radiation (CMB), if the energy loss 
in the gravitational field due to the gravitational redshift of graviton energy is 
the cause of the apparent dark matter in the universe, implying that dark matter  
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Figure 2. NGC 2403 and NGC 2841. Fits with SPARC data, the masses derived from (80) 
and (81) with velocity profiles for gas, disk and bulge. For mass to light curves, dskϒ  is 
the solid line and filled circles, bulϒ  is the solid line and open squares. For rotation ve-
locity curves, the solid line is the minimised fit to the data with the graviton model (82) 
and the dashed line is the Newtonian velocity. Top Half: Upper: Mass density. Middle: 
Mass to light ratio. Lower: The model velocity vs. radial distance from the galactic center 
and the Newtonian velocity. Bottom Half: Upper: Mass density. Middle: Mass to light ra-
tio. Lower: The model velocity vs. radial distance from the galactic center and the Newto-
nian velocity. 
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Figure 3. DDO 154 and NGC 2915. Fits with SPARC data, the masses derived from (80) 
and (81) with velocity profiles for gas, disk and bulge. For mass to light curves, dskϒ  is 
the solid line and filled circles. For rotation velocity curves, the solid line is the minimised 
fit to the data with the graviton model (82) and the dashed line is the Newtonian velocity. 
Top Half: Upper: Mass density. Middle: Mass to light ratio. Lower: The model velocity vs. 
radial distance from the galactic center and the Newtonian velocity. Bottom Half: Upper: 
Mass density. Middle: Mass to light ratio. Lower: The model velocity vs. radial distance 
from the galactic center and the Newtonian velocity. 
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particles do not exist, then in density perturbations of the primordial plasma just 
before recombination, the baryons, photons and gravitons are synchronized and 
there is not a central region of dark matter particles as theorized in the standard 
model [24], so that when recombination begins the photons dissociate from the 
electrons and the resultant hydrogen atoms begin to attract and form dense re-
gions in the perturbation. Just how the graviton redshift energy loss affects the 
density formations in the primordial plasma and how this affects the determina-
tion of the Hubble constant from the BAO and CMB modeling [25] is an area 
which needs to be studied. 

Regarding galaxy dynamics, with the modified Newtonian dynamics (MOND) 
[26] [27] there may be a way to compare it with the graviton gravitational red-
shift theory. MOND takes effect in galaxies at a distance where the central acce-
leration is around 1.2 × 10−10 m∙s−2 by effecting a transition in the gravitational 
attractive force from a 2r−  to a 1r−  form. On the other hand, the graviton 
gravitational redshift theory augments the Newtonian rotational velocity begin-
ning from the galactic center, which allows to distinguish it from MOND. Refer-
ring to Figure 2, at a radius of 24.59 kpcr =  the spiral galaxy NGC 2841 has 
an observed velocity of 1298.0 km sV −= ⋅  and we calculate the Newtonian ve-
locity of 1191.5 km sNV −= ⋅  using the SPARC data. The radial acceleration at 
this distance is 2 10 21.171 10 m sAcc V r − −= = × ⋅  which is at the beginning of the 
MOND regime and, assuming we have the correct baryon mass within that ra-
dius, MOND would predict an orbital velocity smoothly connected to the New-
tonian value NV  but we see that it would be smaller than V by 106.5 km∙s−1. 

Another interesting alternative approach to modified Newtonian dynamics is 
given in [28] which, by way of an additive inverse Yukawa-like term to Newto-
nian gravitation, purports to account for gravitational dynamics from solar sys-
tems to galaxies and galaxy clusters and to the large scale universe expansion. 
There is an analogy between (Ref. [29] Equation (19)) and our (54) which can to 
be further explored. 

9. Conclusions 

The graviton self interaction model describes the effect of gravitons in free fall in 
the gravitational field, losing energy by way of gravitational redshift and cosmo-
logical redshift without emitting any radiation. General Relativity was applied 
for both the universe expansion and for spiral galaxy rotation curves. By assum-
ing a coupling coefficient dmK  for the graviton redshift in free fall, the graviton 
model can account for the apparent dark matter in the universe being related to 
the baryon density. Likewise, the dark energy depends on the coupling constant 

deσ  and the baryon density. Thus, the apparent dark matter and dark energy are 
replaced by two constants and the hypothesized redshift of graviton energy. 

In the case of the rotational characteristics of spiral galaxies, the graviton 
theory well explains the greater than expected galaxy rotational velocities in the 
SPARC data with only the baryonic mass derived from the gas, disk and bulge 
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velocity data with fitted *ϒ  ratios, with a galaxy dependent coupling coefficient 

gK  and with the total baryon mass conforming to the BTFR. 
It is apparent that the fundamental aspect of graviton redshift points to the 

need to include this in the General Relativity field equations. 
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Abstract 
Previous theories of quasicrystal diffraction have called it “Bragg diffraction 
in Fibonacci sequence and 6 dimensions”. This is a misnomer, because quasi-
crystal diffraction is not in integral linear order n where nλ = 2dsin(θ) as in 
all crystal diffraction; but in irrational, geometric series τm, that are now 
properly indexed, simulated and verified in 3 dimensions. The diffraction is 
due not to mathematical axiom, but to the physical property of dual harmony 
of the probe, scattering on the hierarchic structure in the scattering solid. By 
applying this property to the postulates of quantum theory, it emerges that 
the 3rd postulate (continuous and definite) contradicts the 4th (instantaneous 
and indefinite). The latter also contradicts Heisenberg’s “limit”. In fact, the 
implied postulates of probability amplitude describe hidden variables that are 
universally recognized, in all sensitive measurement, by records of error bars. 
The hidden variables include momentum quanta, in quasicrystal diffraction, 
that are continuous and definite. A revision of the 4th postulate is proposed.  
 

Keywords 
Quasicrystal, Icosahedra, Hierarchic, Periodic, Harmonic, Irrational,  
Geometric Series, Metric, Resonant Response, Dispersion Dynamics 

 

1. Introduction 

Einstein claimed Bohr’s theory is incomplete: “the wave function does not pro-
vide a complete description of the physical reality” [1]. Their views represented 
two physics in schism [2]. Quanta are fundamental. Our theory of diffraction in 
quasicrystals is falsifiable and verified [3].  

The quanta are not only harmonic; but harmonic in dual series: geometric and 
linear. Many have believed the quantum is real, rather than conceptual and axi-
omatic. The quasicrystal proves its reality. The formula for the free electron or 
photon probe, that consistently and realistically describes interactions by the 
dual wave-particles, can be further used to describe the reduction of the wave 
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packet in space and time. The real probe bridges a short-cut that is taken by the 
method of mathematical probability amplitudes. The quantum finds new ex-
pression in the peculiar diffraction that we observe in quasicrystals [3].  

Consider the quantum wave-packet in momentum space: in a scattering crys-
tal, both the probe wave-packet and Bragg diffraction are periodic, while their 
interaction is harmonic in space and time, by linear, integral orders. By contrast, 
diffraction from quasicrystals occurs in geometric series of irrational orders [4]. 
This scattering corresponds to hierarchic structure in the quasicrystal. It turns 
out that the quasi-Bloch waves—that are generated by the hierarchic scatterer and 
that mediate the quasi-Bragg diffraction—are dual harmonic in both geometric 
and linear series: the periodic probe scatters into geometric space.  

How, we ask, does this realistic, dual harmony in the quasicrystal compare with 
the following 4 postulates of orthodox quantum mechanics [5]: 

1) Representational completeness of ϕ. The rays of Hilbert space correspond 
one-to-one with the physical states of the system. 

2) Measurement. If the Hermitian operator A with spectral projectors {Pk} is 
measured, the probability of outcome k is kPφ φ . These probabilities are ob-
jective, i.e. indeterminate. 

3) Unitary Evolution of isolated systems: 

( )1expU Htφ φ φ−→ = −  

and therefore deterministic and continuous. 
4) Evolution of systems undergoing measurement.  
If Hermitian operator A with spectral projectors {Pk} is measured and out-

come k is obtained, the physical state of the system changes discontinuously:  

( )k k kP Pφ φ φ φ φ→ =  

Notice the opposites in the 3rd and 4th postulates: the unitary evolution is con-
tinuous and deterministic; the measurement is discontinuous and indeterminate. 
Heisenberg’s uncertainty “limit” seems to have been arbitrarily discarded. The 
examination of dual harmonies in the wave-packet, preserves his limits. 

In this paper, we consider first the probe, with group velocity and phase ve-
locity variables; then illustrate dual quanta in quasicrystals; and finally describe 
the evolutionary reduction of the wave-packet using the known variables. The 
treatment is not so much probabilistic as classically crystallographical. Wherever 
measurement predictions are calculated to be the same in realistic theory as in 
probabilism, the theories are, in logic, equally “true”; however, the dual harmonics 
in quasicrystals demand redefinition of the quantum, and they are consistent with 
continuous change during measurement.  

2. Wave-Packet 

Consider the interaction, in time and space, between an X-ray or electron wave- 
packet and a quasicrystal. This stable wave-packet [6] is deduced from the com-
bination of wave-particle duality, Maxwell’s electromagnetism, special relativity, 
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Planck’s law, and the de Broglie hypothesis, all expressed in simplified units with 
unified reduced Planck constant 1 c= = , the speed of light. The rest mass 
(zero for the photon) of the probe is given by: 

( )( )2 2 2
om k k kω ω ω= − = + −                     (1) 

where ω is its angular frequency; k its wavevector; and mo its rest mass (zero for 
the photon). The equation is separable into conservative and responsive parts. 
For a normal free particle, the wave function may be expressed1: 

( )
2

2, exp
2
Xt x A Xϕ
σ

 
= + 

 
 with imaginary: ( )X i t kxω= −        (2) 

where uncertainty σ depends on initial conditions that determine coherence of a 
packet in space and time (in manifold rank ℜ4) and where A2 is a normalizing 
constant2. The variables ω  and k  are mean values. The Gaussian envelope func-
tion is conservative and contains energy, momentum, mass density, intrinsic spin 
etc. The imaginary factor in exp(X) is responsive as an infinite wave with uni-
form density for all x and t: (eX) * (eX) = 1. It describes interference, superposi-
tion, entanglement, creation, annihilation, harmony, resonance, etc. Equation (2) 
is not only stable mathematically with energy and momentum conservation; but it 
represents stable photons from the microwave background that have travelled 13 
billion light years (cf. [7]). 

The packet has many special properties. Differentiation of Equation (1) pro-
vides the equations for dispersion dynamics [6] in simplified units, including: 

d
d 1

k k
ω ω
⋅ =                             (3) 

where the normalized phase velocity of the wave vp/c = ω/k. Notice this phase 
velocity, in vacuo, is—for particles with mass mo > 0—faster than the speed of 
light c. It does not conflict with relativity because the phase does not carry ener-
gy and is not measurable directly, but it is a real part of physics and we apply it 
below. The beat velocity is the normalized group velocity, vg/c = dω/dk [3] [6]. 
Notice that the group, velocity vg/c = (dω/dk)−1 = energy/momentum, and is the 
velocity of the reference frame in relativity, i.e. less than the speed of light. For a 
free particle, vg/c = k/m', i.e. momentum/relativistic mass. 

The phase velocity vp is the ratio of the two most measured variables in atomic 
physics and is very easily derived from the free particle wave equation eX, while it 
is totally ignored in texts about quantum theory and even denied [7]. Its inverse 
vg by comparison, that is theoretically derived with comparative difficulty as beat 
velocity, is the dominant variable in special relativity and even in quantum me-
chanics. As we illustrate below, the neglect of vp causes major confusion, e.g. in 
collapse.  

The probe is uncertain in space and time [8]: 

 

 

1We let ϕ stand for a density function of either photon or electron. 
2In the simplest case with k linear, ( )( )* 2 22 exp dA A X σ τ= ∫ . 
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8; 8, , ,it k i i x y zω∆ ⋅∆ = ∆ ⋅∆ = =                    (4) 

since σ (in Equation (2)) cancels after Fourier transformation. We shall consider 
uncertainty in collapse after reporting on the reality of dual harmonics in quasi-
crystals.  

Notice that this physical result is sharply distinguished from signal processing 
of electromagnetic waves: in the latter case, c depends on physical laws that are 
invariant in all inertial reference frames, so that, wherever mo = 0, vp = c = vg. 
The speeds may be measured by reflections of signals into space, or from inter-
ferometry. However, in the former case, as applied to electron microscopy, gv c  
so that pv c . We will apply this internal motion of the wave packet in double 
slit interference. 

Moreover, the wave-packet has remarkable properties that have been over-
looked in standard quantum mechanics. The packet enables spatial entanglement 
in the propagation direction as in the transverse directions, and also enables ac-
tion at distances, with speeds faster than c, in waves representing massive par-
ticles. We shall return to this property in the context of Young’s double slit ex-
periment, but are uncommitted regarding and Bell’s inequalities and observa-
tions from crossed polarizers. 

3. Hierarchic Structure 

The probe just described diffracts off a hierarchical quasicrystal (QC) with ico-
sahedral symmetry in its diffraction pattern. Not only is the pattern forbidden in 
Bragg diffraction from crystals, but so also are the diffraction orders which are in 
geometric series that is emphatically inconsistent with the integral orders n in 
Bragg’s law: nλ = 2dsin(θ), where λ = 2π/k is the probe wavelength; d is the in-
terplanar spacing for a particular diffraction beam; and θ is half the scattering 
angle. The law is very well understood in terms of harmonic reflections of the 
periodic probe from atomic sites that are periodic and crystalline. By contrast, 
quasicrystal diffraction is often misnamed “Bragg diffraction in Fibonacci se-
ries”, which is a contradiction in terms for reasons already given. A priori, rela-
tionships between n, λ, d and θ are undefined. We had to work out both the law 
of quasicrystal diffraction and to understand the harmonies that are required 
between the periodic probe and the geometric series diffraction. It is obvious 
that the quasicrystal is structured from hierarchically arranged icosahedra be-
cause—especially after the unit cell is identified and measured—this introduces 
the geometric series with the point group symmetry of the pattern. Moreover, 
the unit cell is icosahedral and is extremely dense owing to the precise diameters 
not only of Mn and Al atoms in the first quasicrystal observed [4] but of all of 
the diatomic 1:6 quasicrystals subsequently reported. The structure is therefore 
uniquely icosahedral. 

Furthermore, complete indexation in three dimensions was developed from a 
stereogram of the icosahedral structure, both for the principal axes as for the 
diffraction planes that are normal to them. The indexation was three dimension-
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al and geometric, which excludes the prior usage of six dimensions. Dimensions 
should not be multiplied without necessity. The indexation of the diffraction 
pattern is complete [4].  

From the hierarchic structure, quasi-structure factors could be calculated by 
formulae [4] that are modified from classical structure factors for crystals. The 
modifications included, firstly a scaling factor cs to compensate for the (linear) 
aperiodicity of the structure that causes surprisingly sharp diffraction; and se-
condly an iterative procedure that summed quasi-structure factors over a large 
quasicrystal of selected order so as to account for the aperiodicity of the unit cell. 
By numerically scanning values for cs, it was found to maximize at a unique val-
ue for all quasi-Bragg reflections. Applying this value, the calculations provided 
a range of intensities that matched very well the wide range of experimental val-
ues observed in the diffraction patterns. Not surprisingly, the structure factor 
intensities were all close to zero at Bragg scattering angles, but consistent with 
experimental line intensities at scattering angles that were larger than defined by 
Bragg’s law3. The divergence from the Bragg condition depends on the cohe-
rence factor, cs = θ/θ': the Quasi-Bragg law was therefore deduced: 

( )2 sinm dτ λ θ′ ′=                         (5) 

for the simplest index (h, 0, 0) with ( )1 5 2τ = + , i.e. the golden section, and 
with interplanar spacing:  

( )2 2 1 22d a h k l
−

′ ′= + +                       (6) 

having generally irrational values h, k, l, for each a member of the series 0, τ−1, 1, 
τ, …, τm, …, and having quasi-lattice parameter a′ , which was consistently 
measured in the conventional way [9]. The primes indicate modified versions of 
Bragg variables as they apply to QC diffraction (Equation (5)). 

4. Summary of the Analytic Derivation 

Whether the QC diffraction series is Fibonacci or geometric is nominal, since 
the following identities can easily be demonstrated by mathematical induction: 
[9]: 

( ) ( ) ( ),11, 0,1 0,1m
m m m mF F Fτ τ δ τ= = + +              (7) 

where the brackets define the bases for the mth term of the Fibonacci series Fm 
and δm,1 is the Kronecker delta. The geometric series is irrational, but Equation 
(7) shows how it can be separated into a natural part, δm,1 + Fm(0, 1), and irra-
tional part, Fm(0, 1)τ. By substituting the last τ by 3/2, an approximate natural 
value for τm is obtained, and subtraction of this approximate natural value from 
the original irrational geometric number, yields an extraordinary and exact value 

 

 

3In crystals, structure factors are calculated from atoms in a unit cell, and the number of values is 
therefore restricted. In pure Al, for example, there are only two values: 0 (when half the atoms scatter 
in antiphase) or 4. In quasicrystals, the quasi-structure factors are calculated over all the scattering 
atoms in selected structural orders of clusters, superclusters etc. This calculation is performed itera-
tively. 
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1/cs,. which we will call also the metric function (Equation (8)). The match is 
emphatically extraordinary because the comparison is between numeric and ana-
lytic answers, that are the same for all m, i.e. τ − 0.5. 

The exact match clarifies the nature of cs. The irrational part of the index pro-
vides a scaling factor for the scattering of probe by specimen, that results in dual 
harmonics in the diffraction (Section 4). The scaling factor describes a ratio be-
tween a Bragg angle from a cubic crystal having lattice parameter a  and integral 
indexation, from a corresponding quasi-Bragg angle in quasicrystals with qua-
si-lattice parameter a′  and geometric indexation. The ratio results from path 
differences between neighboring rays in the quasi-Bragg scattering [10]. The ir-
rational part, phase shifts the ray paths that are longer than in Bragg diffraction. 
The result is that corresponding quasi-Bragg diffraction angles are not only 
sharply defined; but are fractionally larger by ~11.18… % after allowing for dif-
ferent indexations in electron microscopy where sin(θ)~θ. The fraction is the 
peculiar consequence of the ideal icosahedral, hierarchic structure. The diffrac-
tion pattern is a map of quantized momentum transfers. The dual harmonics de-
termine the momentum quanta that define quasicrystal diffraction patterns. The 
following illustration is by quasi-Bloch waves that are stimulated by the interac-
tion of the probe that scatters inside the quasi-lattice.  

5. Dual Harmonies That Occur in Irrational, Geometric 
Order 

The diffraction mechanism by quasi-Bloch waves in QCs at the quasi-Bragg 
condition, illustrates consequences of the irrational QC diffraction. In a crystal 
oriented to a first order Bragg condition, an advancing high-energy electron- 
beam interacts with the reflecting lattice to form two momentum dispersed Bloch 
wave bands [11]. Relative intensities of the zeroth order and first order beams 
depend on specimen thickness and on specimen orientation, and they form reg-
ular fringes in wedge foils; and lattice images in high resolution imaging [12]. 
The images are commensurate with the unit cell and with all cells periodically 
repeating. This is represented in the blue wave of Figure 1. However, these pe-
riodic Bloch waves are incommensurate with the hierarchic quasi-lattice that is 
geometric and irrational. However if their scale is multiplied by the metric func-
tion (Equation (8)) [3] [9];  

4

1

21 11
0.894

m
m

s m

F
c F

τ +

+

−
= + =                    (8) 

the (red) wave becomes commensurate with the geometric quasi-lattice both 
long-range, and simultaneously at linear short-range on each geometric inter-
cept, i.e. for all m. In Equation (8), Fm represents the Fibonacci sequence, base 
(0, 1). The quasi-Bloch wave is translationally invariant about all geometric in-
tercepts a'τm. Notice that the spacings between intercepts are in Fibonacci series 
that are represented by the denominator in Equation (8), Fm+1. 
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Figure 1. Crystalline Bloch waves (blue) are commensurate with their unit cell and corresponding periodic crystal 
lattice at the Bragg condition. When this wave is stretched horizontally by the inverse coherence factor 1/cs , the qua-
si-Bloch-wave (QBW in red) commensurates with the irrational, geometric and hierarchic, quasi-lattice. Its geome-
tric order is represented by the intercepts on the horizontal line above it. The digitized number of periodic cycles 
between successive intercepts is in Fibonacci sequence (denominator in equation 8), and the diffraction is logarith-
mically periodic. The natural and irrational parts of the indices are separable: the irrational part is expressed by the 
metric stretch; the natural part scatters with sharp, coherent diffraction [3]. 

 
Most Important is the fact that the quasi-Bloch wave is dual harmonic. The 

irrational part of any index is represented by the metric function (Equation (8)) 
and this digitizes the periodic probe, which commensurates with the hierarchic 
lattice. The fractional increase in ray paths causes an 11.18… per cent increase in 
scattering angle. The dual harmony enables the periodic probe to scatter cohe-
rently from the hierarchic lattice onto a geometric reciprocal lattice with a pecu-
liar and precise quasi-lattice constant a′  [3]. 

It is obvious that the dual harmony forces the quantization of the momentum 
that is evident in the diffraction pattern. It is reasonable to make the hypothesis 
that all quantization is the result of—not the cause of—harmonic dynamic va-
riables. Further confirmation may, in future, be found from multi-slice calcula-
tions of quasi-Bloch wave intensities as probe interacts with specimen. This be-
comes more feasible now that cs is known, understood and applied with geome-
tric band-gaps in momentum space [11]. 

Notice that this discovery of dual harmony in QC diffraction is realistic rather 
than mathematical: the solution is three dimensional, geometric, and classical 
with harmonies in space and time. By contrast mathematicians have digressed 
with six dimensions for “Fibonacci sequences” in abstruse tiling and unexplained 
diffraction [13].4 

6. Hidden Variables 

“It was [Einstein’s] almost solitary conviction that quantum mechanics is 
logically consistent but that it is an incomplete manifestation of an under-
lying theory in which an objectively real description is possible—a position 
he maintained until his death” ([14] p. 433). 

Einstein’s EPR thought experiment has not resolved his differences with 

 

 

4Incidentally, another example of dual harmony is the 12 point chromatic scale in Western music, 

which is, conversely, irrational short range ( 12 2× ) and linear long range (×2). 
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Bohr5: the former realistic, the latter probabilistic. The difference is partly no-
minal because a realist variable that is truly hidden can be represented, in epi-
phenomenal mathematics, by a probability amplitude. That is why mathemati-
cians have been content to “choose” their lattice parameter [3] [4], instead of 
measuring it, and thereafter to “apply” Bragg’s law in six invented dimensions. 
By contrast, the metric function is derived, observed and verified in three di-
mensions. The derivation occurs by applying observed, irrational indices to a 
modification of the classical theory, and the derivation is therefore realistic. 

This is not to deny that the probability amplitude, that is used for example in 
elementary particle interactions, has been extraordinarily successful. However, 
the standard theory is indistinguishable from a realist theory when the probabil-
ity amplitude expresses hidden variables. This is consistent with “mad-dog Eve-
rettianism” [5]: we have the Schrödinger equation and a wave function and that 
is all, with no metaphysics and no phenomenalism. 

Sometimes a “hidden variable”, such as phase velocity, becomes useful to ex-
plain a long-known property such as intrinsic spin, and to discover new depen-
dent properties such as its magnetic radius [15]. As another example, the hidden 
variable that determines the direction of spontaneous emission is, by momen-
tum conservation, atomic recoil, the same recoil as is acknowledged in the Schro-
dinger eigenvalues by reduced mass on the electron. In this paper, we use phase 
velocity that derives directly from special relativity and can be used to describe 
the otherwise instantaneous and problematic collapse of the wave packet when a 
measurement is made (Section 6). The phase velocity is hidden because it is fast-
er than the speed of light, and because it does not carry energy; this is carried by 
conservation in the group velocity. However, when the angular frequency and 
wavelength of an interacting particle is known, the phase velocity is sometimes 
informative. It is simpler in concept (ω/k) than the more easily measured group 
velocity dω/dk. For many such reasons, the wavefunction cannot be complete. 
The realistic quantum that we have described implies continuity in the final rea-
listic collapse upon measurement (cf. postulate 4). 

7. Operators and Reduction of the Wave-Packet 

Equations (1) and (2) describe a stable wave-packet because ω  and k  are con-
served. They represent photons that are more than 13 billion light years old, when 
measured in the microwave cosmic background, to an accuracy of 1:105. They 
are mathematically conserved by mean energy and momentum; so can hardly be 
unstable (cf. [7]). The equations also apply to free electrons in high energy elec-
tron diffraction. 

To show that the photon is consistent with mainstream quantum mechanics, 
we need to show that it responds consistently with known operators. Consider 
firstly, the energy operator in Schrödinger’s equation: 

 

 

5Though it is obvious that if reference frames are not held stable, Einstein could not measure, by 
conservation laws, the momentum on Bohr’s electron. 
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ˆ i tε φ= − ⋅∂ ∂                          (9) 

Then by applying to Equations (2) with the chain rule:  

( )2 1i X
t

φ φ φ ω φ∗ ∗∂
− = +

∂
                 (10) 

the integral over X, in the antisymmetric first term of the bracket operating on 
symmetric ϕ is zero. The second term provides the expectation ε ω= , in ab-
sence of Schrödinger’s central potential etc. 

Similarly, 

x= −k k                          (11) 

With this consistency, we proceed to consider the reduction of the wave- 
packet in space and time. Particularize with observations on a Young’s slit expe-
riment in strong beam and weak beam (Figure 2) ([16] p. 262). After taking ac-
count of different λ and mo, electrons produce corresponding interference pat-
terns to Young’s. Suppose an electron is a point particle that may be incident on 
slit B as a single time-resolved event. In weak beam, individual scintillations are 
observed in the image plane (green pattern), but the pattern is different if slit A 
is open (upper red pattern) or closed (lower red pattern). Bohr claimed that the 
calculated wave function is a probability amplitude. He held no way of predict-
ing precisely where an individual event would be recorded on the image plane. 
Einstein objected that his interpretation of probability amplitudes implies 
“spooky action at a distance”, which is unsatisfactory as an explanation because 
information about the state of A would be needed at B by a speed faster than 
light.  
 

 

Figure 2. A bright incident beam, transmitted by Young’s double slit, forms a regular in-
terference pattern in the image plane (upper red). When the beam intensity is weak, scin-
tillations may be counted on the plane (green) while, after a long time, the pattern ap-
proximates to the strong beam pattern. A single electron passing through slit B would 
require “spooky action at a distance” to respond to either slit A open (upper red) or A 
closed (lower red). 
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However, when we consider the wave function to be a probability amplitude 
that is due to hidden variables, including vp, then the information at A (whether 
open or closed) may be carried to B through those variables in the following 
way.  

The wave-packet described by Equation (2) is extended by σx in both time and 
x-space so that transverse waves have time Δt to interact after passing through 
the slit(s), and the interference is as Young observed it (Figure 2) with the 
transverse uncertainty σy that can be estimated. There is no spooky action at a 
distance, and no instantaneous collapse: Notice that across the wavefronts in 
Figure 2, time is constant and locally Newtonian. The waves, as they advance, 
interact long range with scintillator atoms in their general path: some will reso-
nate in phase causing the transverse density function to accelerate across the 
front in response, further exciting a scintillating molecule. Any resonant mole-
cule will compete with other molecules to absorb energy from the electron, so 
that energy will eventually be captured when the wave front becomes localized. 
Subsequently decay occurs by photo-emission.  

Electron-scintillator resonance corresponds to photon resonance, which is 
simple since in vacuo, the components i

p gv v c= = . Absorption depends on the 
oscillator strength |<|er/4πe0|>|2 around the excited molecule. Typically, since 
the scintillation energy of de-excitation is similar to the probe photon energy, its 
absorption is an all-or-nothing event.  

Consider the “collapse” of Bohr’s wave-packet that is supposed to occur when 
an event is recorded by scintillation or chemical reaction on photographic emul-
sion. In the standard theory, by definition of the wavefunction, the event is only 
probable and never predictable for particular quanta. However, as with the in-
terference pattern, a realistic wavefunction undergoes a different sequence. The 
real interference occurs throughout the space between slits and image plane, as a 
superposition of excitations from the double slit. Moreover, this pattern extends 
in both time and space (Equations (2)). As the superposition approaches the image 
plane it interacts, in time and space, with the chemicals on the image plane, some 
of which will—depending on hidden variables—resonate, typically through elec-
tric permittivity. Resonances will appear and there may be a mutual forward- 
backward response through the extended wave-packet, leading to concentration 
of the wave-packet near a molecule and localization as the excitation grows. Fi-
nal absorption will occur in time Δt~8/Δω, within typical scattering angle of 
<45˚ from the axial line through the slits. The absorption event is, within this 
time scale, all-or-nothing, and contrasts with the gradual decay of energy when 
the probe is a high energy electron beam. The resonance occurs continuously.  

High-energy electron diffraction may scintillate more than one atom sequen-
tially with small energy losses, so that the absorptive beam spread is small across 
a thin detector. Furthermore, over a short decay path, multiple excitations, if 
they occur, will result typically in a single recorded pulse owing to the uncer-
tainty in time σ (in Equation (2)) controlling the resonant interaction. 

Because the quantum has finite uncertainty, and because the electron has in-
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trinsic magnetic moment with dimensions L3T−1Q in length, time and charge 
respectively [15], we can drop the supposition that the quantum is a point par-
ticle. Instead, Huyghens’ wavelet is real and is described mathematically in the 
ℜ4 complex space. Consider further, the phase velocities that are described in the 
wave-packet (Section 2) in all three spatial dimensions. On the photon they are 
all equal to c: vp = vg. However in the electron with finite mo, vp > c, and the 
transverse velocities are greater than the velocity in the propagation direction, 

,y z x
p p pv v v , since transverse momenta are small: 1 i i i i

p gv v p m′= = ; i = x, y 
or, z (momentum/relativistic mass m', in simplified units). Applications of these 
principles to Bell’s inequalities and to crossed polarizers will be described in fu-
ture work [17]6. 

8. Conclusions 

Easy it is for a mathematician to invent axioms that describe an infinite wave 
that is attached to a quantum as if the wave were a probability amplitude for the 
positions and momenta of atoms in an ideal gas. The invention was disconti-
nuous and indefinite during measurement, and therefore not subject to the laws 
of physics. It is lucky that such an invention should have been useful in devel-
oping the standard model for elementary particles. 

However, it is difficult for a physicist to discover the continuous and definite 
laws in physics that can be used to predict future measurements on such com-
plicated systems. This is done here by employing the reality of the wave func-
tion, including its physical properties of phase velocity that is measured by real 
components ω, ki, ν, λ etc. 

We propose a change in postulate 4 of quantum theory (in the Introductory 
section above) to account for physical variables that can always be described, 
even if not actually measured on individual atoms: 

4. Evolution of systems undergoing measurement. 
If Hermitian operator A with spectral projectors {Pk} is measured and out-
come k is obtained, the physical state of the system changes continuously: 

( )k k kP Pφ φ φ φ φ→ =  within time Δt~8/Δω. 

The notions, that the probability amplitude is extended in time and space, 
while that the quantum is a point particle, are multiplication of entities. By con-
trast, we have shown how the real wave-packet describes the effects of Young’s 
slits completely, as it does indeed for other diffraction effects: Quasicrystal dif-
fraction has proved the quantum to be dual harmonic and real in this instance. 
We understand that phase velocity vp = ω/k is hidden in the sense that it is 
measured through its inverse, vg = dω/dk. Independently, the constituent va-
6The following identities, that are used in this paper, are consistent. Relativity: 2 2 2 2 4

oE p c m c= + ; 
2 4 2 4 21 ;o gE m c m c v cω β β′= = = − = ; 21g o gp k m v m v β′= = = − . Corrollary: Frequency ν, 

angular frequency ω, wavelength λ, and wavector k are all relativistic; moc2 is normally constant. On 
the analysis used, after massive annihilation, energy conservation would require the rate of increase 
in c is half the rate of decrease in rest mass mo: dc/dmo = −c/2mo. 
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riables are also measurable.  
In physical quantum mechanics, reduction of the packet is continuous in time, 

having typical uncertainty, Δt = 8/dω. This contradicts postulate 4 in mathemat-
ical quantum theory, where the evolution is instantaneous. On their hypotheses, 
arbitrary change in reference frame is a mathematical option for Bohr in the 
EPR experiment [1]; but is confusing in the wider scope of physics. 

In other words, the fact of real quanta in quasicrystals implies that extreme 
probabilism is an analytic theory of math. If Probabilism expresses the effects of 
hidden variables in measurement, then it is indistinguishable from real physical 
theory since they describe the same experimental results.  

9. Postscript on Intuition 

Many, from freshman undergraduates to seasoned mechanists, have been mysti-
fied by physical quanta. Einstein famously objected, “God does not play dice 
with nature”. 

“[Einstein] was said to reject the idea of a personal God, but I am fairly sure 
he meant by that the anthropomorphic figure of the Blake pictures—God 
with a great beard. He accepted the idea of a spirit of righteousness and for 
one who had not fed on the Gospels that is surely a just paraphrase of what 
the true idea of God might mean.” [18] 
Dirac on Einstein: “He wasn’t merely trying to construct a theory to agree 
with observation. So many people do that. Einstein wrote quite differently. 
He tried to imagine, ‘If I were God, would I have made the world like this.’ 
And according to the answer to that question, he would decide whether he 
liked a particular theory or not.” [19]  
Pauli quipped, “Dirac has a religion, ‘There is no God and Dirac is his 
prophet’” [20]. 

All science begins with intuition. One intuition need not depend on another. 
Einstein’s calculation of the perihelion of Mercury and concern for light bending 
during the 1917 total eclipse show Dirac mistaken on the necessity for evidence, 
at least for general relativity. Intuition belongs not to the core logic of science 
that has been described by Popper [21]; but to the psychology of scientists before 
they formulate a law and begin to systematize and verify it. Einstein’s profound 
belief in objective reality for the wave function [1] ([22] ch.25c) has been de-
bated over a long time e.g. ([14] p. 433).  
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Abstract 
The creation of the theory of relativity, which discovered the equivalence of 
mass and energy, showed that the concept of a point charge, used in the for-
mulation of Coulomb’s law, one of the basic laws of classical electrodynamics, 
contradicts the famous formula establishing the equivalence of mass and ener-
gy. But the discovery of quarks makes it possible to present classical electro-
dynamics in a form free from the indicated contradiction. In the article, hav-
ing considered the electromagnetic field in a curvilinear coordinate system, a 
theory has been created that expands our understanding of the electromag-
netic field, the nature of quarks, the nature of strong interaction, and the 
connection between strong interaction and electromagnetic interaction. This 
theory is based on the principle of equivalence of an electromagnetic field to a 
free material particle formulated in the article and the law of formation of 
elementary particles from an electromagnetic field that follows from it.  
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1. Introduction 

In the theory of relativity, every elementary particle must be considered as a 
point particle. Therefore, according to classical electrodynamics, any elementary 
particle would have to have an infinite “intrinsic” energy, and, consequently, 
mass. To solve this problem, people tried in many ways. For example, the finite-
ness of the mass of an elementary particle can be interpreted by introducing an 
infinite negative mass of non-electromagnetic origin. This mass compensates for 
the infinity of the electromagnetic mass. This method is known as “renormaliza-
tion” of the mass. But this method does not eliminate all the internal contradic-
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tions of classical electrodynamics. The main problem of such solutions is that, 
when passing to sufficiently small distances, classical electrodynamics becomes 
an internally contradictory theory. It became possible to overcome these contra-
dictions only after the discovery of quarks. This allows us to speak not only about 
the electromagnetic interaction but also about the strong interaction in the tran-
sition to sufficiently small distances. Therefore, in this article, the solution of the 
problem is achieved by combining the electromagnetic and strong interactions. 

Classical theories, such as Newtonian Mechanics, Maxwell’s Electrodynamics 
are theories that do not have complete generality. So, Classical Mechanics can-
not describe mechanical systems in the entire range of speeds with which these 
systems can move. It describes mechanical systems that move at speeds, the 
magnitude of which is so much less than the speed of light that the speed of light 
can be considered an infinitely large value. As you know, mechanics, which have 
complete generality, since it describes mechanical systems over the entire range 
of speeds with which these systems can move, are called relativistic mechanics, 
and were created by Einstein. Classical Electrodynamics does not have complete 
generality, since it cannot describe the electromagnetic field in the entire four- 
dimensional space. It becomes an internally inconsistent theory in the field sur-
rounding a point elementary charged particle. Indeed, when tending to the point 
at which a point charged particle is located, the electric field according to Cou-
lomb’s Law will tend to infinity. Consequently, the field energy, and hence the 
mass corresponding to this energy, will also tend to infinity. The physical mea-
ninglessness of this result is the essence of this contradiction. This immediately 
implies the need to create electrodynamics with complete commonality. Howev-
er, before creating such electrodynamics, one should get rid of the contradiction, 
which can be done only by refusing to consider elementary particles as point par-
ticles. Moreover, we now know that elementary particles are not so elementary; 
they have a very complex internal structure. So, protons, neutrons, and a num-
ber of other particles consist of quarks; then, if they are considered point par-
ticles, not only do we neglect their size, but also their complex internal structure. 

Refusing to consider elementary particles to be point particles, we must con-
sider them particles having finite sizes. But if we consider them particles having 
finite sizes, then we must know the law by which the shape of the surface of the 
particles will change, because we cannot consider particles to be absolutely solid 
bodies, which is prohibited by the basic principles of the theory of relativity, 
working for electrodynamics. And we will know this law if we know the nature 
of the mass of elementary particles. To reveal the nature of the mass of elemen-
tary particles, we will use a hint. During the interaction of a particle and its an-
tiparticle that is during the annihilation reaction, the particle and antiparticle 
disappear and gamma quanta appear, which are electromagnetic waves. Elec-
tromagnetic waves, in their turn, are vibrations of electric and magnetic fields. 
Therefore, it is natural to assume that the nature of the mass of an elementary 
particle and its antiparticle also has an electromagnetic character. In other words, 
this means that the electromagnetic field is equivalent to an elementary particle. 
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For the entire subsequent presentation, this conclusion is of fundamental im-
portance. It lays down the mathematical foundations. Therefore, let’s call it the 
Principle of equivalence of an electromagnetic field to a free material particle. 
Here, we need to make the following clarifications. The article will show that the 
use of curvilinear coordinates makes it possible to represent the electromagnetic 
interaction and the strong interaction as two manifestations of one single inte-
raction. And in order not to come up with a name for it, we will call it electro-
magnetic interaction. Well, the field of this interaction will be called the elec-
tromagnetic field. It is this electromagnetic field (which includes the “ordinary” 
electromagnetic field and the field of strong interaction) that is equivalent to the 
mass of an elementary particle. An elementary particle can be a free material 
particle. This equivalence principle makes it possible to create electrodynamics 
capable of describing the electromagnetic field in the entire four-dimensional 
space. 

2. Method 

Obviously, such electrodynamics should be created using curvilinear coordi-
nates. But here we have a problem of how to connect the electromagnetic field 
with some curvilinear coordinate system. Unlike the gravitational field, which is 
directly related to the space-time metric, the electromagnetic field does not have 
such a direct connection. To overcome this problem, we will use one more hint. 
We know that electric and magnetic fields can be represented in the form of 
force lines, and if we direct the coordinate axes of a curvilinear coordinate sys-
tem along the force lines of an electromagnetic field, then this problem can be 
solved. But this is only an idea; to make it work, it is necessary to find a mathe-
matical expression of this idea. And here we have a clue—we know that if a vec-
tor field is specified in three-dimensional space, then the equations describing 
the lines of a given vector field can be found as follows: taking the vector of a 
given vector field at an arbitrary point of this field, and multiplying it vectorially 
by the radius vector element and equating the result to zero, we obtain a system 
of equations describing the lines of this vector field. Moving on to four-dimensional 
space, if we consider electromagnetic fields in four-dimensional space, and if the 
magnitude of the electromagnetic field is determined by the second-rank anti-
symmetric tensor and, using the analogy with three-dimensional space, we must 
therefore find another antisymmetric second-rank tensor in four-dimensional 
space that would describe some geometric object defined in this space. And we 
do have such an antisymmetric tensor of the second rank which describes a two- 
dimensional surface defined in four-dimensional space. Based on these two an-
tisymmetric second-order tensors, a number of quantities can be compiled, 
starting from a scalar, that is a zero-rank tensor, and ending with two second- 
rank tensors. Considering these two second-rank tensors in rectangular coordi-
nates (in four-dimensional non-curved space they are called Galilean Coordi-
nates), we see that each of these two tensors can be represented as the sum of a 
symmetric and antisymmetric tensor. The importance of this result is that the 
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symmetric tensor for each of these two tensors of the second rank is the metric 
tensor of the four-dimensional non-curved space. Thus, we have found the con-
nection of the electromagnetic field with the space-time metric using two tensors 
of the second rank compiled on the basis of two antisymmetric tensors of the 
second rank, one of which describes the electromagnetic field, while the second 
describes a two-dimensional surface. 

The main method, which is the basis of many mathematical calculations per-
formed in the article, is as follows. The article deals with four-dimensional vec-
tors and four-dimensional tensors and their “changes” caused by transforma-
tions from one coordinate system to another. In this case, transformation laws 
are used, which are a natural generalization to curvilinear coordinates of the de-
finitions of four-dimensional vectors and four-dimensional tensors made in Ga-
lilean coordinates. 

3. Harmonized Electromagnetic Field 

The trace of the stress-energy tensor of the electromagnetic field is zero: 0i
iT = , 

therefore, the scalar curvature of space-time R in the presence of a single elec-
tromagnetic field is also zero [1]. Thus, it may be concluded that the electro-
magnetic field has no connection with the space-time metric, in contrast to the 
gravitational field, where the metric tensor ikg  plays the role of “potentials”. 
Therefore, to describe the electromagnetic field in curvilinear coordinates, we 
must first match the electromagnetic field with a system of curvilinear coordi-
nates. Coordination is an operation that resembles the introduction operation 
for a vector field F, defined in three-dimensional space, of vector lines using dif-
ferential equations describing these same vector lines: d 0× =F r , where r is a 
radius vector. Moving to a four-dimensional space and having an antisymmetric 
tensor of the second rank ikF , describing an electromagnetic field, we take an 
antisymmetric tensor of the second rank 

d d d d dik i k k if x x x x′ ′= − ,                     (1) 

describing an infinitesimal element of a two-dimensional surface ( ),i ix x u v= , 
where u and v will be considered as curvilinear coordinates on the specified sur-
face. We choose these coordinates so that the four-dimensional vectors d ix  and 
d ix′  are tangent vectors to the coordinate lines u and v, respectively. This allows 
writing expression (1) as follows:  

d d dik ikf f u v= , 

where 

.
i k k i

ik x x x xf
u v u v

∂ ∂ ∂ ∂
= −
∂ ∂ ∂ ∂

                     (2) 

Using the tensors ikF  and ikf , we construct two tensors of the second rank
ikA  and ikB : 

      
ik i kl i kl

l lA F f F f∗ ∗= − ,                      (3) 
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ik i kl i kl

l lB F f F f∗ ∗= + ,                      (4) 

where the pseudo-tensors ikF ∗ , ikf ∗  and accordingly the tensors ikF  and 
ikf  are dual to each other. We show that tensors (3) and (4) can be written as 

the sum of a symmetric tensor and an antisymmetric tensor. To do this, we write 
them in the Galilean coordinate system [1]. The quantities considered in the Ga-
lilean coordinate system will be denoted by the index Γ. Thus, in the Galilean 
coordinate system we have: 

1
4

ik ik ikA A g aΓ Γ Γ Γ= + ,                      (5) 

1
4

ik ik ikB B g a∗
Γ Γ Γ Γ= +                       (6) 

where i
iA AΓ Γ= , i

iB BΓ Γ= . The tensor ikaΓ  and pseudo-tensor ika∗
Γ  are dual to 

each other. The correctness of the equalities (5) and (6) can be verified by direct 
calculation, which gives the values to which are included in these equalities: 

( )Γ Γ Γ Γ Γ4A = −E f H s ,                     (7) 

( )Γ Γ Γ Γ Γ4B = +E s H f ,                     (8) 

where ΓE  and ΓH  are electric and magnetic field tension vectors, 

( )01 02 03
Γ f , f , f=f ,                       (9) 

( )23 31 12
Γ f , f , f=s ,                      (10) 

where, for instance,  

01f ct x x ct
u v u v

∂ ∂ ∂ ∂
= −
∂ ∂ ∂ ∂

,                     (11) 

and so on; 0
Γct x= , 1

Γx x= , Γ
ix : Galilean coordinates. 

The components of the antisymmetric tensor of the second rank Γ
ika  are 

components of the two vectors: 

Γ Γ Γ Γ= × + ×a E s H f ,                     (12) 

Γ Γ Γ Γ= × − ×b E f H s ,                     (13) 

where 

Γ

0
0

0
0

x y z

x z yik

y z x

z y x

a a a
a b b

a
a b b
a b b

 
 − − =  − −
  − − 

.                 (14) 

The connection of the tensor component ikA  written in curvilinear coordi-
nates ix  with the tensor component Γ

ikA  written in Galilean coordinates is given 
by the law of transformation: 

.
i k

ik lm
l m

x xA A
x x Γ
Γ Γ

∂ ∂
=
∂ ∂

                       (15) 

Substituting the right side of the Equation (5) instead of the tensor lmAΓ , we 
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take into account that the components of the tensors ikg  and Γ
ikg , ika  and 

Γ
ika  are also connected by the same transformation law (15) as the components 

of the tensors ikA  and Γ
ikA . Thus, after the substitution, we obtain that the 

tensor ikA  can be represented as a sum of symmetric and antisymmetric ten-
sors: 

Γ
1 .
4

ik ik ikA A g a= +                       (16) 

Simplifying this equation and taking into account the antisymmetric nature of 
the tensor ika , we find: Γ

i
iA A= . Denoting i

iA A= , we have a relation stating 
that the value of A remains unchanged in any coordinate system: ΓA A= . From 
here we finally obtain the following for the equation considered: 

1 .
4

ik ik ikA Ag a= +                       (17) 

Similarly, we find: 

1
4

ik ik ikB Bg a∗= + .                     (18) 

where Γ
i
iB B B= = . 

3.1. Equations of Motion 

Starting to find the equations to which the values under consideration are sub-
jected, we pay attention to the antisymmetric character of the tensors ika  and 

ika∗ . It implies the equation to zero of the double covariant derivatives of the in-
dicated tensors: 

; ; 0ik
i ka = ,                        (19) 

; ; 0ik
i ka∗ = .                        (20) 

In this article, we consider only the electromagnetic field, which, as mentioned 
above, is not related to the space-time metric, therefore, any coordinate trans-
formations considered in the article should not change the space-time metric. 
Such infinitesimal coordinate transformations are determined by the so-called 
Killing equations [1] ; ; 0i k k iξ ξ+ = , where iξ  are small values that describe 
the transformation from the coordinates ix  to coordinates i i ix x ξ′ = + . Killing 
equations mean that with the specified coordinate transformations the variation 
of the metric tensor is zero: 0ikgδ = . From here it is easy to get that the Jaco-
bians of such coordinate transformations are equal to one. To do so, we consider 
the indicated transformation from the Galilean coordinates Γ

ix  to the curvili-
near coordinates Γ

i i ix x ξ= + . With this coordinate transformation, the com-
ponents of the metric tensor are transformed according to the law: 

.
i k

ik lm
l m

x xg g
x x Γ
Γ Γ

∂ ∂
=
∂ ∂

                     (21) 

We first find the determinant from the left and right side of this transforma-
tion law, which leads to the following relation: 
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,
1 1 ,

i
i
il

x
xg

ξ
Γ

∂
= ≈ +
∂−

                    (22) 

where ikg g=  is a determinant of the metric tensor ikg . Killing’s equations 
in Galilean coordinates are as follows: , , 0i k k iξ ξ+ = . Simplifying them, we get 
the following: , 0i

iξ = . Thus, in Galilean coordinates we have 1g− = , as it 
should be. It will be proved below that this equality holds not only in Galilean 
coordinates, but also in curvilinear coordinates describing spherically symmetric 
systems (80). 

Taking into account this condition, twice covariantly differentiating between 
the left and right parts of Equations (17) and (18) and considering Equations 
(19) and (20), we obtain equations resulting from the matching of the electro-
magnetic field and the curvilinear coordinate system ( )0 1 2 3, , ,x x x x : 

; ;4 ,ik ik
i ki k

Ag A
x x
∂ ∂  = ∂ ∂ 

                    (23) 

; ;4 .ik ik
i ki k

Bg B
x x
∂ ∂  = ∂ ∂ 

                    (24) 

In electrodynamics, considered in curvilinear coordinates, the Equations (23) 
and (24) play the role of equations of motion. 

3.2. Variational Problem 

Let us consider an electromagnetic field that is not limited in space or time and 
does not experience any influences. 

We write the law of transformation connecting the components of the tensor 

  
i kl
lF f , given in the curvilinear coordinates ix , and the components of the ten-

sor Γ Γ
i kl
lF f , given in the Galilean coordinates Γ

ix . We write the law of transfor-
mation connecting the components of the tensor ( ) ( )1 1

i kl
lF f , given in the curvili-

near coordinates ( )1
ix , and the components of the same tensor Γ Γ

i kl
lF f , given in 

the Galilean coordinates Γ
ix . Since the left sides of the relations obtained are 

equal, we equate the right sides of these relations and then, simplifying them, we 
get [2]: 

( ) ( )1 1 .ik ik
ikikF f F f=                        (25) 

We multiply the left and right sides of Equation (25) by dudv. Then, integrat-
ing over an arbitrary domain S lying on a two-dimensional surface ( ),ix u v , we 
get the following equation: 

( ) ( )1 1 d d d d .ik ik
ikikS S

F f u v F f u v=∫∫ ∫∫                  (26) 

We transform from the curvilinear coordinates ix  to the curvilinear coordi-
nates ( )1

i i ix x ξ= + , where iξ  means small values. Substituting ( )1
i i ix x ξ= +  

in left part of the Equation (26) and decomposing the integrand in a series of 
powers iξ , we get after reduction:  

d d 0.ik
ikS

F f u vδ =∫∫                       (27) 
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When matching the electromagnetic field with a curvilinear coordinate sys-
tem, the components of the tensor ikF  should be considered as functions of the 
coordinates ix : ( )i

ik ikF F x= . Thus, from the Equation (27) we get the follow-
ing variational problem: 

( ), ,Λ , , d d 0,i i i
u vS

x x x u vδ =∫∫                   (28) 

where , , , ,
1Λ , ,
2

i i
ik i k i i

ik ik u v u v
x xF f F x x x x
u v

∂ ∂
= = ≡ ≡

∂ ∂
. 

Performing the variation in the left-hand side of the Equation (28), we arrive 
at the Euler equation and the natural boundary conditions 

2 2

, ,

Λ Λ Λ 0,i i i
u vx u x v x

∂ ∂ ∂
− − =

∂ ∂ ∂ ∂ ∂
                   (29) 

, ,

Λ Λ d d 0i i
i iS
u v

x x u v
u vx x

δ δ
    ∂ ∂ ∂ ∂

+ =       ∂ ∂∂ ∂     
∫∫             (30) 

Substituting the value Λ in the Euler equation and performing differentiation, 
we find: ; ; ; 0ik l kl i li kF F F+ + = . This is the first pair of Maxwell’s equations. It 
follows that the Euler equation is carried out automatically. 

Since the region S is arbitrary, therefore, it can be chosen so small that it is 
close to the plane. Let’s designate this region as ∆S. Consider the natural boun-
dary conditions for the region ∆S of a two-dimensional surface. Let us apply to 
the integral (30) written for the region ΔS the Green formula. Thus we get:  

, ,

Λ Λd d 0i i
i iC
u v

x v x u
x x

δ δ
∆

 ∂ ∂
− =  ∂ ∂ 

∫                 (31) 

where ∆C is a closed loop enclosing ∆S.  
We introduce another system of curvilinear coordinates 0 1 2 3, , ,x x x x′ ′ ′ ′ , the 

first two coordinates of which are coordinates on the two-dimensional surface 
under consideration 0 1,x u x v′ ′= = . The two remaining coordinates will be 
denoted as 2 3,x w x n′ ′= = . The (') sign was used only once in the Formula (1), 
so its new use should not cause any confusion. The tangent vectors to the coor-
dinate lines w and n are denoted by: ,

i i
wx x w≡ ∂ ∂ , ,

i i
nx x n≡ ∂ ∂ .  

Let ΔS tend to zero and reach zero at some point M. Let us place the origin of 
coordinates ix  at the point M. Thus, at point M we have: 0ix = . Let us pass at 
the point M to the locally geodesic coordinate system. To do this, we use the ex-
pression [1]: 

( )1 Γ
2

i i i k l
kl M

x x x x′ = +                   (32) 

From here at point M we have:  
i

i
kk

M

x
x

δ
 ′∂

= 
∂ 

; ( ) ( )i i

M M
x xδ δ′ = .              (33) 

Therefore, at point M, we can write: 
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0 2 3
, 1 01 21 31

,

Λ l
i k i i

ik v li i
u

xx F x x F x F x F x F x
x x

δ δ δ δ δ δ
′∂ ∂′ ′ ′ ′ ′ ′ ′= = = + +

∂ ∂
;   (34) 

1 2 3
, 0 01 02 03

,

Λ l
i k i i

ki u li i
v

xx F x x F x F x F x F x
x x

δ δ δ δ δ δ
′∂ ∂′ ′ ′ ′ ′ ′ ′= = = + +

∂ ∂
.   (35) 

We substitute the value of Λ into the integral (31) and after differentiation we 
substitute the right side of expressions (34) and (35), we obtain: 

( )0 1 2 3
01 21 31

2 3
02 03

d d d d

d d 0
C

F x v x u F x v F x v

F x u F x u

δ δ δ δ

δ δ
∆
 ′ ′ ′ ′ ′ ′ ′− + +

′ ′ ′ ′− − =

∫
         (36) 

We choose natural boundary conditions (36) so that the variational problem 
has a solution. This variational problem has three solutions. First decision: all 
components of the antisymmetric tensor ikF ′  are equal to zero, except for the 
component 23F ′ . Let’s call this solution a neutron. Second solution: all compo-
nents of the tensor ikF ′  are equal to zero, except for 01F ′  and 23F ′ . Let’s call 
this solution a proton. Third solution: all components of the tensor ikF ′  are 
equal to zero, except for 01F ′ . Let’s call this solution electron. The meaning of 
these decisions will become clear below. Here it is necessary to say the following. 
When 01 0F ′ ≠ , in order for the variational problem to have a solution, the fol-
lowing natural boundary conditions must be satisfied:  

0 1 0x xδ δ′ ′= =                         (37) 

and 

02 03 12 13 0.F F F F′ ′ ′ ′= = = =                      (38) 

Taking into account the arbitrary choice of the ΔS region on the surface 
( ),ix u v , we can say that condition (37) must be satisfied at any point of the sur-

face ( ),ix u v . Variations 0xδ ′  and 1xδ ′  occur in the tangent plane to surface 
( ),ix u v . Therefore, condition (37) means that the distances between infinitely 

close points on the surface ( ),ix u v  remain unchanged. Thus condition (37) 
means that the two-dimensional surface ( ),ix u v  behaves like an incompressi-
ble and inextensible film. Variations 2xδ ′  and 3xδ ′  lead to such consequences 
which in mathematics are called bendings. They do not change anything on sur-
face ( ),ix u v . Therefore, they can be different from zero. 

Let’s make an important remark. In [1] it is said: it can be shown that a locally 
geodesic system can be obtained not only at a point, but also along the world line 
[3]. Therefore, the solutions obtained are valid not only at the point M, but also 
along the world line. Therefore, we do not write the letter M in the obtained so-
lutions of the variational problem. The obtained solutions are achieved by ap-
plying the following transformation law:  

.
i k

ik lml m

x xF F
x x
∂ ∂ ′=
′ ′∂ ∂

                       (39) 

It follows from (38) that the tensor ikF ′  has only two non-zero components 

01F ′  and 23F ′ . For them, the transformation law (39) can be written as follows, 
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for example: 

01
1
2

ik
ikF f F ′=  or Γ Γ 01

1
2

ik
ikF f F ′= ,                (40) 

if we write the transformation law (39) connecting the components of the ten-
sors ΓikF  and ikF ′ , considered in the Galilean coordinates Γ

ix  and the curvili-
near coordinates ix′ , respectively. From the obtained equations we find: 

01
1 .
4

F A′ =                           (41) 

Now we consider the value Γ
1
4

B . Since Γ
i
iB B B= = , we will do all calcula-

tions in Galilean coordinates. It is easy to verify that 

Γ Γ Γ Γ
ik ik

ik ikF f F f∗ ∗= ,                      (42) 

but 

Γ Γ
Γ Γ Γ 010 1

1 .
2

i k
ik

ik ik
x xF f F F
x x

∗ ∗ ∗∂ ∂ ′= =
′ ′∂ ∂

                (43) 

Thus, we get: 

01
1 .
4

F B∗′ =                          (44) 

3.3. Two-Dimensional Spaces 

Let us return to condition (37) and its corollary: the surface ( ),ix u v  is an in-
compressible and inextensible film. All this suggests that the surface ( ),ix u v  
can be considered a two-dimensional space, which has certain properties and 
preserves them with variation. Indeed, with variation, the distances between any 
two points of the surface, and hence the two-dimensional space, remain constant. 
When bending, the Gaussian curvature at each point of the surface ( ),ix u v , and 
therefore at every point of two-dimensional space, remains unchanged. Addi-
tional confirmation of the above can be obtained by considering the following 
calculations. We write the first pair of Maxwell’s equations in curvilinear coordi-
nates ix′  taking into account the condition (38): 01,2 01,3 23,0 23,1 0F F F F′ ′ ′ ′= = = = . 
It follows there from that ( )0 1

01 01 ,F F x x′ ′ ′ ′= , i.e. this component is a function of 
the coordinates 0x u′ =  and 1x v′ = , and ( )2 3

23 23 ,F F x x′ ′ ′ ′= , i.e. this compo-
nent is a function of the coordinates 2x w′ =  and 3x n′ = . Thus, we find that 
in the curvilinear coordinates ix′  each of the two nonzero components of the 
electromagnetic field tensor depends on a strictly individual set of coordinates 
consisting of only two curvilinear coordinates. This fact is another confirmation 
of the fact that we are dealing with two two-dimensional spaces. One of them is 
formed by a two-dimensional surface ( ),ix u v ; the second two-dimensional space 
is formed by a two-dimensional surface ( ),ix w n . Since these surfaces are coor-
dinate surfaces of four-dimensional curvilinear coordinate system (u, v, w, n), 
therefore, their geometry, and hence, the geometry of two-dimensional spaces, is 
determined by metric tensors [3]: 
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Γ Γ
Γ ,

i k

ikab a b

x xg g
x x
∂ ∂′ =
′ ′∂ ∂

                      (45) 

Γ Γ
Γˆˆˆ ˆ ,

i k

ikaab b

x xg g
x x
∂ ∂′ =
′∂ ′∂

                      (46) 

where , , 0,1a b = ; ˆˆ, , 2,3a b = . 
Each of these tensors is obviously connected with the metric tensor of a curvi-

linear coordinate system (u, v, w, n): 

.
l m

ik lmi k

x xg g
x x
Γ Γ

Γ
∂ ∂′ =
′ ′∂ ∂

                      (47) 

Using the calculation of Riemannian spaces [3], it is arguable that the surface 
( ),ix u v  is a two-dimensional space with a metric tensor (45). It is clear that all 

this can be repeated for a two-dimensional space with the metric tensor ˆâb
g ′ . In 

each of these two-dimensional spaces, respectively, one can enter the tensor of 
the electromagnetic field: 

01

01

0
0ab

F
F

F
′ 

′ =  ′− 
, 23

ˆ
2

ˆ
3

0
0ab

F
F

F
′ 

′ =  ′− 
              (48) 

and write accordingly the following tensor equation: 

( )1
2

cd
a

cd
ac bdb ac bd ad bcF g g F g g g g F′ ′ ′ ′ ′ ′ ′ ′ ′= = − ,            (49) 

( )ˆ ˆˆ
ˆ ˆ ˆ ˆ

ˆ
ˆ ˆ ˆ ˆˆˆ ˆ ˆˆ ˆ

1
2

c
ac ac

d
a

cd
bd db b ad bc

F g g F g g g g F′ ′ ′ ′ ′ ′ ′ ′ ′= = − .            (50) 

From here we get: 
01

01 ,F qF′ ′=                          (51) 

23
23 ˆ ,F qF′ ′=                          (52) 

where 

[ ]2
00 11 01 det ,abq g g g g′ ′ ′ ′= − =                   (53) 

2
3 ˆˆ22 3 23ˆ det .

ab
q g g g g ′ ′ ′ ′= − =                     (54) 

The Formulas (51) and (52) establish a connection between the covariant and 
contravariant components of the electromagnetic field in the corresponding 
two-dimensional space. We note that if two-dimensional surfaces are represented 
as planes and viewed in Galilean coordinates, then for the values (53) and (54) 
we will have the following values: 1q = −  and ˆ 1q = . Substituting these values 
in (51) and (52) we arrive at a well-known connection between the various types 
of components of the tensor of the electromagnetic field, given in Galilean coor-
dinates.  

3.4. The Law of Stress-Energy Tensors Equality 

For further calculations, we consider the stress-energy tensor of the electromag-
netic field, and then we write it in Galilean coordinates as follows: 

https://doi.org/10.4236/jmp.2022.1311086


A. V. Parfyonov 
 

 

DOI: 10.4236/jmp.2022.1311086 1393 Journal of Modern Physics 
 

   14 .
4

l lm
ik il k ik lmT F F g F FΓ Γ Γ Γ Γ Γπ = − +                  (55) 

We prove that for a given tensor the equation is true: 
( )

Γ Γik ikT T ∗= ,                         (56) 

where 

( )  14 .
4

l lm
ik il k ik lmT F F g F F∗ ∗ ∗ ∗ ∗

Γ Γ Γ Γ Γ Γπ = − +                 (57) 

To do this, we substitute the right-hand sides of the calculations (55) and (57) 
in the Equation (56), after multiplying the left and right sides of Equation (56) 
by 4π. Considering that  

2 2
Γ Γ

1 1
2 2

lm lm
lm lmF F F F∗ ∗

Γ Γ Γ Γ− = = −H E ,               (58) 

we get: 

( )     2 2
Γ Γ Γ Γk Γ Γ Γ .l l

il k il ikF F F F g∗ ∗− = −H E                 (59) 

The validity of tensor Equation (59) can be checked directly for each of its 
components. That proves the validity of the Equation (56). Next, applying the 
transformation law connecting the components of the tensor lmTΓ , given in the 
Galilean coordinates Γ

ix , with the components of the tensor ikT , given in curvi-
linear coordinates ix , and applying the same law respectively for the tensors 

( )
lmT ∗

Γ  and ( )
ikT ∗ , to the left and right sides of Equation (56), we obtain:  

( ) .ik ikT T ∗=                          (60) 

The validity of this equation follows from the validity of Equation (56). The 
form of the stress-energy tensors of the electromagnetic field, which are in the 
Equation (60), can be established by using the laws of transformation given above. 
Substituting in their right-hand side, respectively, the values of ΓikT  or ( )

ΓikT ∗ , 
found from the calculations (55) and (57), and taking into account that their 
values are related by the same transformation laws, we get:  

 14
4

l lm
ik il k ik lmT F F g F FΓ Γπ = − + , ( ) 14

4
l lm

ik il k ik lmT F F g F F∗ ∗ ∗ ∗ ∗
Γ Γπ = − + .  (61) 

Simplifying these calculations and taking into account that the trace of the 
stress-energy tensor of the electromagnetic field is zero, and from (60) it follows 
that ( ) 0i

iT ∗ = , we find: ik lm
ik lmF F F FΓ Γ= , ik lm

ik lmF F F F∗ ∗ ∗ ∗
Γ Γ= . Considering these 

equalities, we can write down the calculations of the stress-energy tensors of the 
electromagnetic field in the system of curvilinear coordinates ix  in the follow-
ing form:  

 14
4

l lm
ik il k ik lmT F F g F Fπ = − + , ( ) 14

4
l lm

ik il k ik lmT F F g F F∗ ∗ ∗ ∗ ∗π = − + ,     (62) 

where all members of these calculations are expressed in the same coordinate 
system ix . Once again applying the transformation law now to the left and right 
side of the tensor Equation (59), we get: 
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( ) 2 2
Γ Γ .l l

il k il k ikF F F F g∗ ∗− = −H E                   (63) 

The validity of this formula follows from the validity of Formulas (59) and 
(60). Note that Formula (63) can also be obtained by substituting the calcula-
tions of the stress-energy tensors of the electromagnetic field in the Equation 
(60), considered in the curvilinear coordinates ix . The Equation (60) extends 
our understanding of the properties of electromagnetic fields, therefore, to em-
phasize this, it can be called the law of stress-energy tensor equality, composed 
of the electromagnetic field tensors dual to each other.  

3.5. Field in Two-Dimensional Spaces 

Since the Formula (63) is another form of writing the law the law of stress- 
energy tensor equality of an electromagnetic field, therefore, writing down the 
Formula (63) in curvilinear coordinates ix′  and taking into account 

il i
kl kg g δ′ ′ = ,                          (64) 

we write the Formulas (63) and (64) in the components. In order not to give all 
thirty-two equations, which are obtained by writing the Formulas (63) and (64) 
in the components, we restrict ourselves to the minimum number of equations 
necessary to demonstrate the method of calculations. From (63) we have in cur-
vilinear coordinates ix′ :  

( ) ( )00 2 2 2
01 01 Γ Γ 11

2g F F g∗′ ′ ′ ′− = −H E , ( ) ( )01 2 2 2
01 01 Γ Γ 01

2g F F g∗′ ′ ′ ′− = − −H E ,   (65) 

( ) ( )02 2 2
01 23 01 23 Γ Γ 13g F F F F g∗ ∗′ ′ ′ ′ ′ ′− = −H E ,                 (66) 

( ) ( )03 2 2
01 23 01 23 Γ Γ 12g F F F F g∗ ∗′ ′ ′ ′ ′ ′− = − −H E .                 (67) 

Multiply the first equation by 00g ′ , the second equation by 01g ′ , the third eq-
uation by 02g ′  and the fourth equation by the value 03g ′ . From (64) we have: 

00 01 02 03
00 01 02 03 1.g g g g g g g g′ ′ ′ ′ ′ ′ ′ ′+ + + =                   (68) 

We substitute here the values of the components from the left-hand side of 
this equation, which can be found from the four equations obtained after mul-
tiplying by the components of the metric tensor. Performing similar calculations 
for the other components of the Formulas (63) and (64) and taking into account 
the calculations (53) and (54), we arrive at the following equation:  

( ) ( )22 2
01 0

2
1 23 23q̂ F F q F F∗ ∗′ ′ ′ ′− = − ,                     (69) 

Considering the condition 1g ′− = , we can write for a pseudo-tensor given 

in curvilinear coordinates, 1
2

lm
ik iklmF e F∗′ ′= . Hence, using the Equations (51) 

and (52), we find: 

23
01 ,

ˆ
F

F
q

∗ ′
′ = −                            (70) 

01
23 .

F
F

q
∗ ′
′ = −                            (71) 
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Substituting (70) and (71) in (69), we finally get:  
2 2

01 23 .
ˆ

F F
q q
′ ′
=                           (72) 

From (38) it follows that 

01

01

23

23

0 0 0
0 0 0

0 0 0
0 0 0

ik

F
F

F
F

F

′ 
 ′− ′ =
 ′
 

′− 

.                 (73) 

The components of the tensor (73) ˆ 0
ba

F ′ =  that are equal to zero are con-
nected with the components b̂aF ′  of the tensor ikF ′  by the relation:  

ˆ
ˆ ˆˆ 0cd

aca bdb
F g g F′ ′ ′ ′= = , from which it follows that ˆ 0baF ′ = , therefore 

1
01

1
01

1
23

1
23

0 0 0
0 0 0

ˆ0 0 0
ˆ0 0 0

ik

q F
q F

F
q F

q F

−

−

−

−

 ′
 ′− ′ =  ′
  ′− 

.           (74) 

From (72), (73) and (74) we find: 

01
1 0,
2

ik
ikF F F q′ ′ ′− =                     (75) 

23
1 ˆ 0.
2

ik
ikF F F q′ ′ ′− =                     (76) 

These equations determine the electromagnetic field in two-dimensional spaces. 
The Equations (75) defines an electromagnetic field in a two-dimensional space 
(u, v), and the Equation (76) defines a field in a two-dimensional space (w, n), 
and establishes a relationship between the electromagnetic field and determi-
nants of the metric tensors (45) and (46) that define the two-dimensional spaces. 

3.6. Spherically Symmetric Systems 

We show that the Formula (75) is the Coulomb law written in curvilinear coor-
dinates. To do this, we write the Formula (75) in three-dimensional space in or-
thogonal coordinates. Using the formulas [1]: 

0 0

00

, , 1, 2,3,
g g

g
g
α β

αβ αβγ α β
′ ′

′= − + =
′

                (77) 

00 ,g g γ′ ′− =                           (78) 

where det αβγ γ =    is the determinant, and αβγ , is three-dimensional metric 
tensor. Considering that 1g ′− =  from (78) we find: 00 1g γ′ = . From (77) we 
find: 2

11 11 01 00g g gγ′ ′ ′= − + . Substituting instead of 00g ′  and 11g ′  the right parts 
of these equalities in (53) and taking into account that in orthogonal coordinates 

11 22 33γ γ γ γ=  we get: 

22 33

1 .q
γ γ

= −                          (79) 

The electric field, which is considered in the Coulomb law, is spherically 
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symmetric. Such a field is most conveniently viewed in spherical coordinates. 
Therefore, to determine 22γ  and 33γ , we write the square of the element of 
length in spherical coordinates 2 2 2 2 2 2 2d d d sin dS r r rϑ ϑ ϕ= + + . But in this 
form it is impossible to use this equation to determine the components of the 
three-dimensional metric tensor. The fact is that the spherical coordinates ϑ  
and ϕ  enter it non-symmetrically and, moreover, they are dimensionless.  

To eliminate these shortcomings, one should consider an infinitely small 
neighborhood of a point with the spherical coordinates ( )0 0 0, ,ρ ϑ ϕ . Then we 
draw through this point a tangent plane to a sphere of the radius 0ρ . Let us in-
troduce on this plane a rectangular coordinate system ( x , y ) with the origin at 
a point ( )0 0 0, ,ρ ϑ ϕ  so that the coordinate axis x  is tangent to the coordinate 
line ϑ , and the coordinate axis y  is tangent to the coordinate line ϕ . In an 
infinitely small neighborhood of the point, we have: 0d dx ρ ϑ≈ ;  

0 0 0d sin d sin dy ρ ϑ ϕ ρ ϑ ϕ≈ ≈ . From here, we get:  
2 2

2 2 2 2
2 2
0 0

d d d dS r xr yr
ρ ρ

= + +  .                   (80) 

From (80), we have the following values for the components of the three- 
dimensional metric tensor in an infinitely small neighborhood of the point ( 0ρ , 

0ϑ , 0ϕ ):  
2

22 33 2
0

.rγ γ
ρ

= =                          (81) 

For the transformations considered in the article from (37) we have  
0 1 0x xδ δ′ ′= = . Consequently, for the variation of the metric tensor, we obtain, 

further omitting the prime sign ('): 

2 3
2 3

lik ik ik
ik l

g g g
g x x x

x x x
δ δ δ δ

∂ ∂ ∂
= = +
∂ ∂ ∂

.               (82) 

Hence, if the components ikg  depend only on the coordinates 0x , 1x , for 
example, as in the spherically symmetric system (80), then in this system 

0ikgδ = . Let us construct a tensor ikg , satisfying the above conditions. We find 
the component 00g  from (78). The components gαβ  are determined from  

(77). They will depend on 
2

2
0

r
ρ

 (81) and on the components ( )0 1
0 0 ,g g x xα α= .  

It is easy to check that the determinant of this tensor is −1. Let us find the values  
of the diagonal components of the metric tensor ikg  given in curvilinear coor-

dinates ix . We neglect the terms 
4

2
04

0

r g αρ
, which have a higher order of smallness.  

Using Γ
i i ix x ξ= − ,  we get:  0

00 ,01 2g ξ= − ;  1
11 ,11 2g ξ= − + ;  2

22 ,21 2g ξ= − + ; 
3

33 ,31 2g ξ= − + . In Galilean coordinates, the values of the diagonal components 
of the metric tensor on the left side of these equalities will be as follows: 1, −1, 
−1, −1. Hence, we obtain that the derivatives on the right-hand side of these 
equalities will be equal to zero. This is one more proof that the equality , 0i

iξ =  
holds in Galilean coordinates. Now let us consider the curvilinear coordinates 
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ix  describing a spherically symmetric system. As mentioned above, such a sys-
tem should be considered in the tangent plane to a sphere of radius 0ρ  in an 
infinitesimal neighborhood of the point of tangency ( )0 0 0, ,ρ ϑ ϕ  of the plane 
with the sphere. In an infinitely small neighborhood of this point, we can write  

0

1r δ
ρ

≈ + , where δ  is a small quantity, therefore, for the diagonal compo-

nents of the metric tensor of a spherically symmetric system, we have: 00 1 4g δ= − ;  

11 1g = − ; 22 33 1 2g g δ= = − − . Comparing these values with the previously ob-
tained ones, we find: 0

,0 2ξ δ= ; 1
,1 0ξ = ; 2 3

,2 ,3ξ ξ δ= = − . From this, we see that 
for a spherically symmetric system , 0i

iξ = . 
Substituting (81) into (79) and the result of this substitution into (75), we ar-

rive at the formula:  
2
0

01 2

1 .
2

ik
ikF F F

r
ρ′ ′ ′= −                     (83) 

Considering that ΓA A= , the Equation (41) and the calculation (7), we find 

01 Γ Γ Γ ΓF ′ = −E f H s . But we consider only the electric field, therefore Γ 0=H . In 
the absence of any movement and change, time remains unchanged, therefore

0 0
Γu x x ct′≡ = ≡ . Thus, everything comes down to the transformation of spatial 

coordinates: the rectangular Cartesian coordinates , ,x y z  and the curvilinear 
coordinates , ,v w n , which naturally should be taken as spherical coordinates. 
So, for instance, v r= , and for the electric field we have rE E= ; 0E Eϑ ϕ= = . 
It follows that [ ]Γ sin cos ,sin sin ,cosE ϑ ϕ ϑ ϕ ϑ=E . From (9), (11), etc., we ob-
tain: [ ]Γ sin cos ,sin sin ,cosϑ ϕ ϑ ϕ ϑ=f . Considering the above, we arrive at this 
value 01 Γ ΓF E′ = =E f . Now the Formula (83) can be written as follows: 

2
0
2

1 .
2 ik

ikE F F
r
ρ′ ′= −                     (84) 

From this formula it follows that a physical value equal to 
2

0 02 ,ik
ikF Fε ρ ′ ′π −                      (85) 

is an electric charge e, where 0ε —electric constant. Thus, we get the formula 

2
04

eE
rε

=
π

, which completely coincides with Coulomb’s law. 

Now we will consider the Formula (76) in a three-dimensional space in 
spherical coordinates. To do this, we again use the Formulas (77), (78) and again 
we take into account that 1g ′− = . Thus, after the transformation, we obtain 
the determinant (54): 

22
32

22 33
11 22 11 33

ˆ ,
ggq γ γ

γ γ γ γ
= − −                  (86) 

where 0

00

g
g

g
α

α

′
= −

′
 [1]. Substituting in this expression the values of the compo-

nents of the three-dimensional metric tensor (81), as well as 11 1γ = , see (80), we 
arrive at the following formula: 
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( )
24

2 20
2 34 2

0

ˆ .rq g g
r
ρ

ρ
= − +                       (87) 

We multiply the left side and the right side of the Formula (87) by the value
2

2
0

r
ρ

. Then, denoting 
2

2
0

rχ
ρ

= , we represent (87) as a cubic equation  

3 2 2
2 3ˆ 0.q g gχ χ− − − =                       (88) 

Its solution is three roots: 
22 2

31 2
1 2 32 2 2

0 0 0

; ; .
rr r

χ χ χ
ρ ρ ρ

= = =                     (89) 

These roots satisfy the following relations: 

1 2 3 0.χ χ χ+ + =                          (90) 

1 2 2 3 3 1 ˆ.qχ χ χ χ χ χ+ + = −                       (91) 

2 2
1 2 3 2 3 .g gχ χ χ = +                          (92) 

Raising the left side of the Equation (90) to the square and taking into account 
(91), we get: 

4 4 4
1 2 3

4
0

ˆ .
2

r r r
q

ρ
+ +

=                          (93) 

We divide the left side of the Equation (91) by the left side of the Equation 
(92) and, accordingly, the right side of the Equation (91) by the right side of the 
Equation (92), and thus, we find: 

( )2 2 2
0 2 32 2 2

1 2 3

1 1 1ˆ .q g g
r r r

ρ
 

= − + + + 
 

                  (94) 

From (94) it follows that the value q̂  is formed by three separate “particles” 
with relative charges as follows: 

2 2 2
0 0 0
2 2 2

1 2 31 2 3

1 1 1; ; .
r r r
ρ ρ ρ

χ χ χ
= = =                     (95) 

Their total relative charge is equal to the relative charge of the proton. Taking 
the relative charge of the proton equal to unity, from (94) we obtain the rela-
tionship between the coefficient and the free term of Equation (88): 

2 2
2 3q̂ g g= − − . Obviously, only quarks can be such “particles”. It is easy to verify  

as for quarks forming a proton and having charges of 2 2 1; ;
3 3 3

−  the relation 

(90) is really fulfilled: 3 3 3 0
2 2 1
+ − = . From these simple considerations, it follows  

that the two-dimensional space ( ),w n  has finite dimensions and it, in fact, is 
what we call an elementary particle, for example, a proton. 

Here is one more proof of the correctness of the theoretical calculations and 
the conclusions made on their basis. From (75) and (76), we find: 
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23

01

ˆ
.

F q
F q
′
=

′
                           (96) 

For the proton 2 2
2 3q̂ g g= − − , and from (78) and (79) we have 00q g ′= − . If we 

use these values, by means of (87), we obtain: 
5

5
23 0

2
01

2
0

.

1

r
F
F r

ρ

ρ

′
=

′
−

                        (97) 

At 
2

2
0

0r
ρ

→ , 23

01

0
F
F
′
→

′
; at 

2

2
0

1r
ρ

→ , 23

01

F
F
′
→ ∞

′
. This result proves that  

Formula (76) describes a strong interaction acting in a finite region of space, the 
magnitude of which is determined by the radius 0ρ . And in this region of 
space, the magnitude of the strong interaction grows with the increasing radius 
r. 

3.7. Evidence 

The solution to Equation (88) was obtained for ˆ 0q > . This inequality is fulfilled 
in the region of four-dimensional space, which in spherical coordinates is de-
fined as follows: 0 rρ < ≤ ∞ . It is in this region that the quark nature of an ele-
mentary particle is manifested. This can be explained by the fact that two inva-
riants q̂  and ik

ikF F′ ′  (their invariance follows from the equality to unity of the 
Jacobian transformation, since 1g− = ) in Galilean coordinates decompose 
into three invariants of Lorentz transformations [2]. For example, 2 2

Γ Γx xH E− ; 
2 2
Γ Γz yH E− ; 2 2

Γ Γy zH E−  which behave like independent entities. But in curvilinear 
coordinates, these three invariants will no longer be invariants. Therefore, their 
complete independence is impossible. Because of this, quarks are not particles in 
the usual sense. In the absence of a magnetic field 2

Γ2 0i
ik

kF F′ ′ = − <E , and in 
the indicated region of space, a complex quantity appears in equality (76), which 
is unacceptable. Therefore, Equality (76) is inapplicable in this region of four- 
dimensional space. Equality (76) will consist of real values for ˆ 0q < . This in-
equality holds in the region defined as 00 r ρ≤ < . This is easy to prove if we 
notice that it is in this region of the four-dimensional space that Equation (88) 
has one more solution. Substituting the equal value 2 2

2 3q̂ g g= − −  into Equation 
(88) instead of the free term, we find 

3

ˆ .
1

q χ
χ

=
−

                        (98) 

Hence it follows that for 1χ ≤  we have q̂ ≤ −∞ . It can be seen that the in-
dicated solution is obtained for ~ 1χ , when 3q̂ χ , therefore 3χ  in the 
equation can be neglected. Note, that in the region 00 r ρ≤ <  the electromag-
netic field radically changes its dependence on the spatial coordinates (76) and 
completely coincides with the dependence that is observed for the strong inte-
raction.  
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4. Geodesic Line Equation 

The principle of equivalence of an electromagnetic field and a free material par-
ticle allows us to apply the principle of least action to an electromagnetic field. 
As is known, the principle of least action establishes the law of motion of a free 
material particle. Application of the principle of least action to an electromag-
netic field allows us to find a law explaining how an elementary particle is 
formed from an electromagnetic field. 

Thus, the geometry of the electromagnetic field, determined by the field lines 
of force, must obey the principle of least action, which determines the motion of 
a free material particle [1]: 

d 0mc sδ− =∫ .                        (99) 

The following physical quantities were used here: m-mass of a free material 
particle; c-speed of light; ds-interval, equal: 2d d di k

iks g x x= , ( , , 0,1, 2,3i k = ); 
d ix -differential of curvilinear coordinates ix . 

Let us vary the integral on the left side of expression (99). At the same time, 
we take into account that the variations 0xδ ′  and 1xδ ′  are equal to zero (37). 
Taking into account the above, the result of the variation is the equation: 

ˆ
ˆ

d 1 0
d 2

i kia
a
ku g

u u
s x

∂
− =

∂
,                   (100) 

d
d

i
i xu

s
=  is the four-dimensional speed; ˆ 2,3a = . In Equation (100), the 

prime sign is omitted. 
Equation (100) is the equation of a geodesic line for an electromagnetic field. 

The field is not limited by anything, does not experience any influences and is 
completely equivalent to a free material particle. 

Let us consider Equation (100) in more detail. We write the second term in 
Equation (100) using the three-dimensional metric tensor αβγ  (77) and the 
three-dimensional vector: 0 00g g gα α= − . Considering transformations: 

0
0 00 0 0 0

00 00 00

d d d d
d d d

i
ig x g x g x x

u g u
g s g s g s

α
α α

α
+

− = = = ,         (101) 

the second term in Equation (100) can be rewritten as follows: 
2

00 0 0
ˆ ˆ ˆ2

00

d d1
d d2 a a a

g x g x
u u u

s sg x x x
αβα α βα γ∂∂ ∂ − + + ∂ ∂ ∂ 

.         (102) 

Let us represent the third term of the sum (102) in the following form: 

ˆ, au uα β
α βλ .                        (103) 

To do this, we use three-dimensional Christoffel symbols: 

,
1
2 x x x

αβ αγ βγ
α βγ γ β α

γ γ γ
λ

∂ ∂ ∂ 
= + − ∂ ∂ ∂ 

.               (104) 

Consider the electric field of an immobile and non-interacting elementary 
charged particle. Such a field will be spherically symmetrical. Therefore, in 
three-dimensional space we will use spherical coordinates ( , ,r ϑ ϕ ). In three- 
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dimensional space in spherical coordinates, non-zero Christoffel symbols are 
equal to the following values: 1,22 rλ = − ; 2,12 rλ = ; 2

1,33 sinrλ ϑ= − ;  
2

3,13 sinrλ ϑ= ; 2
2,33 sin cosrλ ϑ ϑ= − ; 2

3,23 sin cosrλ ϑ ϑ= . These values turn 
expressions (103), and hence the third term of the sum (102), to zero: 

ˆ,ˆ
1 0
2 aa u u u u

x
αβ α β α β

α β

γ
λ

∂
= =

∂
.                 (105) 

Let an elementary charged particle move at a constant speed. As a result of the 
Lorentz contraction of the length along the direction of motion, the electric field 
of the elementary particle will be cylindrically symmetrical. Let’s consider this 
field in three-dimensional space in cylindrical coordinates ( , , zρ ϕ ). In three- 
dimensional space in cylindrical coordinates, non-zero Christoffel symbols are 
equal to the following values: 1,22λ ρ= − ; 2,12λ ρ= . These values also satisfy 
equality (105). Thus, equality (105) is also fulfilled in a cylindrically symmetric 
electromagnetic field. 

Now let’s find the conditions under which the first two terms in expression 
(102) are equal to zero. This becomes possible if the clocks in the system under 
consideration are synchronized. The clock synchronization condition means 
that expression (101) is equal to zero. This is possible if 

0d 0x = .                         (106) 

Clock synchronization is not possible along a line whose ends converge at one 
point. An example of such a line is a circle. In spherical coordinates, such a line 
is the coordinate line of the φ (i = 3) coordinate. Therefore, condition (106) is 
not applicable along this coordinate. But the components of the metric tensor, 
which describes a spherically symmetric system, do not depend on the coordi-
nate φ. It means that 

00
3 3 0

g g
x x

α∂ ∂
= =

∂ ∂
.                     (107) 

Therefore, in a spherically symmetric system, expression (102) is equal to ze-
ro. 

In cylindrical coordinates, the coordinate line coordinates (i = 2) φ is also a 
circle. Therefore, condition (106) is not applicable along this coordinate. But the 
components of the metric tensor describing a cylindrically symmetric system do 
not depend on the coordinate φ. It means that 

00
2 2 0

g g
x x

α∂ ∂
= =

∂ ∂
.                    (108) 

Therefore, in a cylindrically symmetric system, expression (102) is also equal 
to zero.  

The equality to zero of expression (102) means that the second term in Equa-
tion (100) is equal to zero. Therefore, the equation of the geodesic line (100) for 
an electromagnetic field with spherical or cylindrical symmetry will be as fol-
lows:  

ˆd
0

d
au
s
= .                      (109) 
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But the same equation of a geodesic line will have an electromagnetic field in 
the Galilean four-dimensional coordinate system. This means that we have found 
two types of curvilinear coordinates (spherical and cylindrical) for which Equa-
tion (109) coincides with the equation obtained in Galilean coordinates. This 
means that the transition from spherical (and cylindrical) coordinates to Gali-
lean coordinates does not change the electromagnetic field. Since Equation (109) 
does not change during this transition. Summarizing the above, we can formu-
late a law explaining how an electromagnetic field turns into an elementary par-
ticle. It follows from the principle of least action that it is the spherically (cylin-
drically) symmetric configuration of the electromagnetic field that provides the 
minimum for the action integral. This law explains that the mass and charge of 
an elementary particle is a consequence of the spherical configuration of the 
field.  

An experimental confirmation of this law can be considered the creation of 
particle-antiparticle pairs from a gamma-ray quantum. This process was first 
observed in 1933 by the Joliot-Curies.  

5. Conclusions 

Summing up, it must be said that in electrodynamics, considered in curvilinear 
coordinates, the second pair of Maxwell’s equations can be obtained using the 
antisymmetric character of the electromagnetic field tensor. From this antisym-
metry, it follows: ; ; 0ik

i kF = . If we mark  

;4
ik
k

c F−
π

                       (110) 

as a four-dimensional vector of current density, we obtain the second pair of 
Maxwell’s equations in a known form, and from the equation ; ; 0ik

i kF = , taking 
into account the introduced notation, we get the continuity equation. So, classic-
al electrodynamics which neglects the internal structure of elementary particles 
can be called a macroscopic theory that considers electromagnetic fields on the 
scale of the macro-world.  
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Abstract 
Generalized Yang-Mills theory has a covariant derivative which contains both 
vector and scalar gauge bosons. Based on this theory, we construct an SU(3) 
unified model of electromagnetic and weak interactions to simplify the 
Weinberg-Salam model. By using the Nambu-Jona-Lasinio mechanism, the 
symmetry breaking can be realized dynamically. The masses of W±, Z0 are 
obtained and interactions between various particles are the same as that of the 
Weinberg-Salam model. At the same time, 2sin 1 4wθ =  can be given.  
 

Keywords 
Yang-Mills Theory, Dynamical Symmetry Breaking, Nambu-Jona-Lasinio 
Mechanism 

 

1. Introduction 

Up to now, many experimental results have proved that the Weinberg-Salam 
(WS) model [1] [2] is correct in the current energy range, but as Weinberg him-
self pointed out, the WS model still has some unsatisfactory points [3]. The WS 
model describes the weak and electromagnetic interactions in the energy range ≤ 
102 GeV with two different coupling constants g and g' for the gauge groups 
SU(2) and U(1), respectively. Thus, there is no real explanation of the different 
strengths displayed by the two interactions. For example, the experimentally de-
termined Weinberg angle is approximately equal to 30˚, which cannot be direct-
ly obtained by WS model itself. On the other hand, although the 125 GeV Higgs 
boson has been discovered in 2012 [4] [5], there is still no evidence that Higgs 
particles are basic or compound particles and the number of Higgs particles is 
without theoretical guidance. Therefore, the improvement of the WS model is 
still necessary. 
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There have been different types of ideas to improve these situations. The most 
widely accepted one by far has been to use a large group of which ( ) ( )2 1SU U⊗  
is just a small subgroup. The original work is an old idea proposed by Fairlie [6] 
and Ne’eman [7], of using supergroup SU(1/2) as the unification group and 
putting the Higgs fields in the adjoint along with the vector fields. But it increas-
es the dimensions of space-time; meanwhile, the number of the Higgs bosons 
increases, which is not expected to be seen in theory. In Ref. [8], the authors 
have constructed an SU(3) unified model of electroweak interaction; by using 
different realizations of SU(3) algebra, the correct quantum numbers of the lep-
tons and the Weinberg angle can be given. However, since SU(3) group has eight 
generators, there are four more vector gauge fields V± and U± than the WS mod-
el, as well as some heavy fermions and scalar particles in the model. 

Then, is there a more natural way for us to introduce the Higgs fields to phys-
ical theories? Many scholars have taken efforts to solve this problem. In Ref. [9], 
the authors have constructed a unified U(3) model of electroweak interaction 
using a generalized Dirac covariant derivative, that contained both vector and 
pseudo-scalar fields. However, since U(3) group has nine generators, it will have 
a extra field that does not interact with other particles than the WS model. And 
what’s more, there is no the Higgs potential ( )V ϕ  in the model; thus the spon-
taneous symmetry breaking cannot be applied, and the particles in the model 
cannot obtain masses. Recently, some authors have attempted to construct the 
so-called generalized Yang-Mills theory (GYMT) [10] [11] [12] [13] [14], which 
the generalized Dirac covariant derivative D is besides the vector part Aµ ; it can 
also contain a scalar part ϕ , a pseudo-scalar part P, an axial-vector part Vµ  and a 
tensor part Tµν . In Ref. [12], by using a covariant derivative with both vector 
and scalar gauge fields, the authors have constructed a generalized Yang-Mills 
model, which is invariant under local gauge transformations of a Lie group. 
Since the GYMT does not involve the potential energy term about the scalar 
fields, it is difficult to realize the Higgs mechanism [15] directly. It is shown, in 
terms of the Nambu-Jona-Lasinio (NJL) mechanism [16], that the gauge sym-
metry breaking can be realized dynamically. 

Based on the GYMT given in Ref. [12], the work of the present paper is to 
construct an SU(3) gauge-invariant unified model of electroweak interaction and 
that it naturally assigns the correct quantum numbers to the leptons and Higgs 
bosons. By using the GYMT, we introduce vector fields and scalar fields as the 
gauge fields into the model by the requirement of localization gauge invariance. 
We will show that, in terms of the NJL mechanism, the symmetry breaking can 
be realized dynamically and the masses of W± and Z0 particles are obtained. 
Meanwhile, interactions between various particles are the same as that of the WS 
model.  

2. Generalized Yang-Mills Theory 

The main idea of the GYMT in Ref. [12] is as follows: Corresponding to each 
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generator of the Lie group there is a gauge field, it does not matter whether vec-
tor fields or scalar fields. The generalized Dirac covariant derivative D can be 
constructed by taking each of the N generators and multiplying it by one of its 
associated gauge fields and summing them together  

,D i Aµ µ µ µγ γ ϕ= ∂ − +                      (1) 

where  

, ,a b
a bA gA T g Tµ µ ϕ ϕ= =                     (2) 

with the subscript a varies from 1 to AN , b varies from 1AN +  to N. Define 
the transformation for the gauge fields as  

( ) ( )1 1,i A U i A U U Uµ µ µ µ µ µγ ϕ γ ϕ γ− −− + → − + − ∂           (3) 

from which we can obtain that the covariant derivative must transform as 
1D UDU −→ . When the covariant derivative acts on the matter field ψ , its 

gauge fields Aµ  and ϕ  will acquire certain coefficients called the charges AQ  
and Qϕ  of each gauge field with respect to ψ  with the result  

.AD iQ A Qψ µ µ µ µ ϕγ γ ϕ= ∂ − +                   (4) 

From our knowledge of the standard model we can only conclude that 
1AQ = . As for Qϕ , it is only known that parameter gQϕ  is related to the mass 

of the matter field. If 1AQ Qϕ= = , the expressions of covariant derivatives D 
and Dψ  will be the same form, which is a considerable question that will be 
discussed in the next part. 

The Lagrangian density of the GYMT contains only covariant derivatives and 
matter fields, and that it possesses both gauge and Lorentz invariance:  

 ( )22 4
2

1 1 1 ,
8 22

L D Tr TrD TrD
gψψ ψ  = − + − 

 
           (5) 

in which the trace with the tilde is over the matrices of the Lie group and the one 
without tilde is over the matrices of the spinorial representation of Lorentz 
group.  

3. The SU(3) Unified Model of Electroweak Interaction 

In this section, in terms of the above GYMT, we will construct an SU(3) unified 
model of electromagnetic and weak interactions of electron-type leptons. By 
considering an SU(3) gauge invariant GYMT, it will be naturally assign the cor-
rect isospin T3 and hypercharge Y quantum numbers to the neutrino and the 
electron, so long as we place them in SU(3) fundamental representation  

.
L

L

R

e
e

ν
ψ

 
 =  
 
 

                           (6) 

In the Lagrangian density (5), the covariant derivative D will be of the form 
Equation (1) where ( )1,2,3,8a

aA gA T aµ µ= =  is the vector gauge field,  
( )4,5,6,7b

bg T bϕ ϕ= =  is the scalar gauge field, and g is the coupling constant, 
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we have  

,a b
a bD i gA T g Tµ µ µ µγ γ ϕ= ∂ − +                   (7) 

in which ( )1 2i iT λ=  are the generators of SU(3) group in three-dimensional 
representation, the iλ  are 3 3×  traceless Hermitian matrices, which can be 
chosen to have the form  

1 2

3 4

5 6

7 8

0 1 0 0 0
1 0 0 , 0 0 ,
0 0 0 0 0 0

1 0 0 0 0 1
0 1 0 , 0 0 0 ,
0 0 0 1 0 0

0 0 0 0 0
0 0 0 , 0 0 1 ,

0 0 0 1 0

0 0 0 1 0 0
10 0 , 0 1 0 .
30 0 0 0 2

i
i

i

i

i
i

λ λ

λ λ

λ λ

λ λ

−   
   = =   
   
   
   
   = − =   
   
   

−   
   = =   
   
   

−   
   = − = −   
   
   

             (8) 

One can see that the matrices from 1λ  to 7λ  are still the usual Gell-Mann 
matrices. Meanwhile the last one 8λ  takes the minus sign. Correspondingly, 
the components containing indices 8 in the structure constants ijkf  and ijkd  
of SU(3) group will take the minus sign too. 

Next, we will give the specific form of the covariant derivative Dψ  in Equa-
tion (5). Following from Ref. [8], in order to obtain the correct hypercharge of 

Re , we choose one of the four realizations of SU(3) algebra. Then the above 
eight generators iT  can be divided into two groups ( )2,4,6nT n =  and  

( )1,3,5,7,8sT s =  respectively. Define ( ) ( )5 1, ,8iT i =   as  
( ) ( )5 5

5, .n n s sT T T T γ= =                     (9) 

It can be easily proved that ( )5
iT  satisfy the same commutation rules as iT   

( ) ( ) ( )5 5 5, .i j ijk kT T if T  =                     (10) 

Here, ( )5
iT  is the one of the four realizations of SU(3) algebra. 

Following the above discussion we can give the covariant derivative Dψ  as  

( ) ( )5 5 ,D i A Qψ µ µ µ µ ϕγ γ ϕ= ∂ − +                (11) 

where ( ) ( ) ( ) ( ) ( ) ( )5 5 5 51, 2,3,8 , 4,5,6,7a b
a bA gA T a g T bµ µ ϕ ϕ= = = = . By using  

5L Lγ = , and 5R Rγ = − , we can obtain  

( ) ( )5 1 3 8 2
5 1 3 8 2

1 2 3 8
1 2 3 8 ,

i A ig A T A T A T A T

ig A T A T A T A T

µ µ µ µ µ µ µ

µ µ µ µ µ

ψγ ψ ψγ γ ψ

ψγ ψ

 = + + + 
 ′= + + + 

      (12) 

in which ( ) ( )8 1 2 3 1, 1, 2T diag′ = − − − . This means that the hypercharges of 
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,L Leν  and Re  are 1, 1, 2− − − , respectively. 
Substituting Equation (12), Equation (11) and Equation (7) into Equation (5), 

the Lagrangian density changes to be  
( ) ( )

 ( )  { }( )

5 5

22

2 2

1 1, , .
2

L i A Q

Tr A A i A A Tr i A
g g

µ µ µ µ ϕ

µ ν ν µ µ ν µ µ

ψγ ψ ψγ ψ ψϕ ψ

ϕ ϕ

= − ∂ + −

 − ∂ − ∂ − − ∂ − 
  (13) 

By using the Pauli matrices ( )1,2,3a aσ ′ ′ = , Equation (6) and Equation (12), 
one can give the expansion of the Lagrangian density (13) as  

( )
( ) ( )

8 8

5 5 8 8

2
8

1 1
2 2

1 1
4 42 2

1 1 ,
2 2

a
L a L R R

a aF F
R L L R

a
a

L igA ig A e ig A e

G Ge e F F F F

igA ig A

µ µ µ µ µ µ µ

µν µν µν µν

µ µ µ

θ γ σ θ γ

φ θ θ φ

σ φ

′
′

+ ′ ′

′
′

 ′ ′= − ∂ − + − ∂ + 
 

− − − −

 ′− ∂ − − 
 

    (14) 

where, ( ), , 1, 2,3a a a b c
a b cF A A gf A A a b cµν µ ν ν µ µ ν

′ ′ ′ ′ ′
′ ′ ′ ′ ′ ′= ∂ − ∂ + = , 8 8 8F A Aµν µ ν ν µ= ∂ − ∂ , 

FG gQϕ= , ( )T4 5 6 7, 2i iφ ϕ ϕ ϕ ϕ= − − , ( ) ( )T5 4 5 6 7
5 5, 2i iφ ϕ γ ϕ ϕ γ ϕ= − − , 

( )T,L L Leθ ν=  and 3g g′ = . By considering 3g g′ = , one can conclude 
that 2sin 1 4wθ =  easily. Seeing from Equation (14), one can obtain the correct 
hypercharge 1Y =  of the scalar field (the Higgs field) as in the WS model. 

In Equation (14), the factor 2 2FG gQϕ=  is the Yukawa coupling con-
stant for the coupling between the scalar gauge field and the fermion field. The 
fermion masses are proportional to 2gQϕ  after electroweak symmetry break-
ing. And the different masses of all elementary fermions are determined by the 
different values of Qϕ . If 1Qϕ = , as we have mentioned above, is there any 
possibilities that the elementary fermion mass spectrum can be obtained as 
usual? In Ref. [17], the authors have discussed this problem and proposed a 
possible way to solve it. 

4. Dynamical Breaking of SU(3) Gauge Symmetry 

As is known to us, Equation (14) is almost the Lagrangian density of the WS 
model, except that no the Higgs potential ( )V ϕ , which means that the sponta-
neous symmetry breaking mechanism cannot be utilized directly. In this section, 
we will show that by using the NJL mechanism, the SU(3) gauge symmetry 
breaking can be realized dynamically. 

Substituting Equation (13) into Euler equation, one can obtain the equations 
of motion for the fermion field ψ , the scalar gauge fields bϕ , and the vector 
gauge fields aAµ

′   
( )( ) ( )5 5 0,a b

a F bigA T G Tµ µ µγ ψ ϕ ψ∂ − + =              (15) 

( ) ( )52 2 0,a a b
F bg dA A G Tµ µ µ ϕ ψ ψ∂ − − =               (16) 

( ) ( ) ( )2 52 0.a b c b a
a b c aF gf A F g d A ig Tµ µν µ µν ν νϕ ψγ ψ′ ′ ′ ′
′ ′ ′ ′∂ + + − =        (17) 
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With ( )1,2,3,8, 4,5,6,7abc abcd d d a b= = = . Multiplying aAν
′  on both sides of 

Equation (17), we obtain  

( ) ( ) ( )2 52 0,a b c b a a
a b c aF gf A F g d A ig T Aµ µν µ µν ν ν νϕ ψγ ψ′ ′ ′ ′ ′
′ ′ ′ ′

 ∂ + + − =  
     (18) 

after taking the vacuum expectation value of Equation (18), to the lowest-order 
approximation in  , we obtain a simple formula  

( )2
,a a bf A A dµ µ ϕ′ ′ =                    (19) 

where ( ), , 1, 2,3a b c a b cf f f a b c′ ′ ′ ′ ′ ′ ′ ′ ′= = . We can see that in the ground state, Eq-
uation (19) gives an important relationship between the vector gauge fields and 
the scalar gauge fields. One can denote the vacuum expectation of the scalar 
fields as  

6 0,bϕ ϕ υ= = ≠                     (20) 

which means  

( )5 01 .
2

φ φ
υ
 

= =  
 

                   (21) 

Substitute Equation (21) into Equation (14), we can give the masses of the 
neutrino and the electron  

, 0.
2
F

e
Gm mν

υ
= =                      (22) 

Let us now take the vacuum expectation value of Equation (16). To the low-
est-order approximation in  , by using Equation (19), the self-consistency eq-
uation can be given as  

32 2 1 6 1 .
2 Fg d f G eeϕ− = −                 (23) 

In Equation (23), with an invariant momentum cut-off at 2p = Λ  in the 
momentum integral, ee  will be finite value as  

( )
( )

4
6

4 22 2 6

26 2 6 2
2

2 22 6

d0 2
2 4

4ln 1 .
44

F F

F

F F

F

p iee TrS G
p G

G G

G

ϕ
ϕ

ϕ ϕ

ϕ

= − =
+

  Λ  = − Λ − +     

π

π


∫

       (24) 

Substituting Equation (24) into Equation (23), we have 
22 62 226 2

2 2 2 22 6

4ln 1 .
48

FF

F

GG f
d g G

ϕ
ϕ

ϕ

  Λ  = Λ − +      
π

       (25) 

From Equation (25), one can finally obtain the non-vanishing vacuum expec-
tation value 6ϕ  of the scalar field, which is determined by the self-energy of 
the fermion field. And then the SU(3) gauge symmetry is broken down dynami-
cally. 
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Substituting the definition  

( ) ( ) ( )1 2 3 8 3 81 1 1, 3 , 3 ,
2 22

W A iA Z A A B A Aµ µ µ µ µ µ µ µ µ
± = = − + = +   (26) 

and Equation (21) into Equation (14), we can obtain the masses of the vector 
gauge particles  

2 2 2 2 2 21 4, , 0.
4 3W Z W Bm g m m mυ= = =                (27) 

This result is exactly the same as that of the WS model. 

5. Summary and Remarks 

In this paper, based on the generalized Yang-Mills theory, we have constructed 
an SU(3) unified model of electromagnetic and weak interactions. By using the 
NJL mechanism, the SU(3) gauge symmetry breaking can be realized dynami-
cally, although there is no the Higgs potential ( )V ϕ  in the GYMT. The masses 
of W± and Z0 particles are obtained. Interactions and quantum numbers of vari-
ous particles are the same as that of the WS model. Compared to the WS model, 
the present model has several advantages. Firstly, since the present model is 
based on SU(3) gauge group, there is only one coupling constant, and 2sin 1 4wθ =  
can be obtained directly. Secondly, the scalar fields are considered to be as gauge 
fields in the present model, then the introduction of the scalar fields becomes 
natural, and the number of the scalar fields can become certain too. 
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Abstract 

Earth Science observations and the Borexino and KamLAND geoneutrino 
experiments provide clues on the role of aether in the evolution of the Earth, 
planets, and all other universal structures. Analysis of the problem of storage 
of aether entering celestial bodies led to a hydrodynamic explanation of gravi-
tation which in turn was found to be closely related to the expanding Earth 
and to several other phenomena. Variable radius paleogeography provides an 
approximate assessment of the quantity of ordinary matter added to the pla-
net per time unit, and some inferences about the Earth’s inner energy bal-
ance. The aether density, flow rate, and velocity are computed with the help 
of astrophysics. The origins of cosmological and gravitational redshift are 
unified under the single cause of gravitation. This is linked to the similar but 
not interchangeable concept of tired light, which was considered very plausi-
ble by cosmologists like Edwin Hubble and Fritz Zwicky. A superluminal speed 
was calculated for aether at the Earth’s surface. INFN experiments confirm 
hydrodynamic gravitation and superluminal velocities, and it is possible to 
identify interrelations of aether parameters with the currently known cosmo-
logical parameters H0, G, and c. Unification of hydrodynamic gravitation and 
the expansion of the celestial bodies through the existence of a minor dissipa-
tive force, a non-Newtonian concept, involves a revision of the theories of 
physics and cosmology, in which the currently accepted laws of physics will 
be only considered good approximations of a more complex reality.  
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1. Historical Perspective of the Central Torrent  

Newton’s research into gravity was never without the conviction that gravitation 
should be explainable by physical mechanisms. Newton (1642-1727) admitted 
the existence of aether pervading everything [1], and he was surrounded by 
scientific peers who proposed mechanical explanations of gravitation. One of his 
good friends and confidants, Fatio De Duillier (1664-1753; on 1690) believed 
gravity was caused by mechanical collisions of infinitesimal particles wandering 
in random directions and velocities in space. This mechanism was further de-
veloped some time later by George Le Sage (1724-1803; on 1750) [2] [3]. How-
ever, Newton preferred other hypotheses about the nature and dynamics of the 
aether. He defined an initial hypothesis in 1675 in a communication [4] to the 
Royal Society: 

The vast body of the earth, which may be everywhere to the very centre in 
perpetual working, may continually condense so much of this spirit as to cause it 
from above to descend with greater celerity for a supply; […] nature making a 
circulation by the slow ascent of as much matter out of the bowels of the earth in 
aerial form, which, for a time, constitutes the atmosphere; […] And, as the earth, 
so perhaps may the sun imbibe this spirit copiously, to conserve his shining, and 
keep the planets from receding further from him. And they, that will, may also 
suppose that … the vast aetherial spaces between us and the stars are for a suffi-
cient repository for this food of the sun and planets. (Newton, 1675; text repro-
duced in [5], p. 181). 

This was possibly the first proposal of a central torrent and an explanation for 
the rapid flow of aether towards the interior of celestial bodies. Aether as food 
for the Sun and planets is also a first vague prelude to the Expanding Earth con-
cept. A few years later, he conceived a second possible mechanism for gravity. 
This was: an aether of increasing consistency and particle size as you moved 
away from the Earth [6], which started another line of research at the time by 
Euler (1707-1783) on a similar basis (increasing pressure instead of density). 
Despite conjecture on possible flows of aether towards the Earth’s interior as the 
cause of weight, Newton and many of his successors could not accept a progres-
sive accumulation of matter in the planet due to their philosophical and religious 
beliefs, instead conceiving improbable mechanisms for the elimination of aether. 
Newton thought that it must return to outer space, and the problematic contrast 
between the arrival and return mechanisms was one of the reasons that led him 
to give up trying to establish further hypotheses. 

The Swiss scientist Johann Bernoulli (1667-1748), although well aware of the 
De Duillier-Le Sage-like mechanism (since he had translated De Duillier’s text), 
proposed a true hydrodynamic flow of aether penetrating perpendicularly to the 
Earth’s surface towards the center of the planet—which he called the central 
torrent [7]. He wrote: 

The gravitation of the planets toward the center of the sun, and the weight of 
bodies toward the center of the earth, are not caused either by the attraction of 
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Newton, or by the rotary force of the vortex medium of Descartes, but by the 
immediate impulsion of a substance which under the form of what I call a “cen-
tral torrent”, is continually thrown from the whole circumference of the vortex 
to its center, and consequently impresses on all bodies encountered by it in its 
path the same tendency toward the center of the vortex. … And all that Newton 
has derived from his “attractions” are by my theory, derived from the impulsions 
of the central torrent (Bernoulli, 1735 [7]; translated and quoted in [8]). 

Although not without contradictions and incompleteness, Bernoulli believed 
he was blending the best of the (incompatible) concepts of Newton (spherical 
symmetry of gravity) and Descartes (axial symmetry), convinced that this re-
produced all aspects of Newtonian gravity, but without a rigorous formal dem-
onstration [7] [8]. The problem of whether or not the incoming aether was 
stored in celestial bodies remained vague. 

Pierre Simon Laplace (1749-1827), who considered hydrodynamic gravity plaus-
ible, calculated that the propagation speed of gravitation fluid had to exceed the 
speed of light by many orders of magnitude to make the effect of gravitational ab-
erration negligible: 

If gravitation were produced by the impulse of a fluid towards the center of 
the attracting body; the previous analysis, relating to the impulse of sunlight, 
would give the secular equation due to the successive transmission of the attrac-
tive force. […]; we must suppose that the gravitational fluid has a speed at least a 
hundred million times greater than that of light […]. Geometers can therefore, 
as they have done hitherto, suppose this speed to be infinite (Laplace, 1802 [9]; 
pp. 325-326; translated from French). 

Otherwise, with aether flowing at speeds comparable to c, the planetary orbits 
would have destabilized within a few thousand years. Laplace does not express 
an opinion on the issue of final storage of aether. However, the superluminal 
properties of gravific fluid within the solar system seem to have been confirmed 
in very recent experiments (see Section 7 of the present paper). 

In the nineteenth century at least two scientists again addressed the issue, 
James Clerk Maxwell (1831-1879) and Bernhard Riemann (1826-1866). Starting 
from the field of electrostatics, Maxwell offered a hydrodynamic interpretation 
of Faraday’s lines of force, describing them as tubes within which a fluid (but 
imaginary!) flowed at speeds decreasing as 1/r2 relative to charge [10]. The anal-
ogy between electromagnetism and gravitation was later elaborated by Oliver 
Heaviside (1850-1925) [11]. Riemann’s 1853 work (published posthumously) 
called New Mathematical Principles of Natural Philosophy, postulated a hydro-
dynamic model for an incompressible fluid aether [12], but again without sug-
gesting where the incoming stream of aether might be stored. He wrote: 

I make the hypothesis that space is filled with a substance which continually 
flows into ponderable atoms, and vanishes there from the world of phenomena, 
the corporeal world. Both hypotheses may be replaced by a single one, that in all 
ponderable atoms, a substance perpetually appears from the corporeal world in-
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to the mental world (Riemann, 1853 [12]; pp. 505-517).  
Maxwell and Riemann thus solved the storage problem in an idealistic way. 
A place for aether to settle in our real world was found a few decades later in a 

rather obvious solution proposed by the Russian-Polish engineer and astrono-
mer Jean O. Yarkovsky (1844-1902), best known in astronomy for a thermody-
namic effect on the rotation of small celestial bodies [13] [14]. He suggested that 
incoming aether formed new atoms in the depths of the Earth, giving rise to 
various phenomena like planetary expansion, internal heat and earthquakes [15]. 
In the early 1900s he published a short pamphlet in Russian regarding the den-
sity of aether, giving a value eleven orders of magnitude greater than the one 
calculated here [16]. Without providing a bibliographic reference, he cited the 
value published by Lord Kelvin as erroneous (which instead is near to the order 
of magnitude deduced here in section 4). Yarkovsky’s ideas had an affinity with 
those of De Duillier-Le Sage, from which it was possible to deduce the existence 
of a gravitational shielding effects sought without positive results during 1900s 
[17] [18] [19]. 

Ott Hilgenberg (1896-1976) was a well-known scientist and Expanding Earth 
sustainer in Berlin from the early 1900s [20] [21]. At a late stage in his career he 
resumed his youthful interest in flowing aether [22] [23]. Setbacks prevented his 
oral presentation on hydrodynamic gravity as the cause of expansion at a confe-
rence organized by the British geophysicist Keith Runcorn in Newcastle upon 
Tyne. Shortly afterwards he published the text of his talk in a 16-page booklet 
[22] criticizing Riemann for his idealistic idea of aether simply disappearing fol-
lowing penetration into material bodies, and he tried to derive the density of 
aether with the help of the red shift of solar light. The data available at the time 
did not allow him to succeed, but it is notable that he followed a path that was in 
principle correct. 

The concept of aether has never been abandoned [24] [25] [26] [27] and nu-
merous groups or individual researchers have considered hydrodynamic gravita-
tion [28] [29] [30] and various other concepts (a short review in [31]) but many 
of these studies fell within the theoretical ambit of general relativity, without 
considering the Expanding Earth concept. Only Wang, without considering ex-
pansion of celestial bodies as really plausible, is acknowledged that if gravity is 
formulated hydrodynamically, there is an implied increase in mass and a varia-
tion in G [32]. In his master thesis Ngucho observed that the existence of a thin 
material field leads to a slow kinetics energy loss by planets along their orbits 
[33]. In his long scientific activity Blinov offers a concept of gravity as a form of 
energy transfer from space to objects [34], a concept similar to that proposed [35] 
by Petry. Cahill identifies aether with flowing space [36], while Consoli and 
coauthors prefer a flowing aether in the form of a Bose-Einstein condensate [37]. 
Even Euler’s idea of aether causing gravity from a pressure gradient is sustained 
today [38]. 

However, for the vast majority of the scientific community, the situation to-
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day does not differ substantially from that described clearly by Riemann: 
Rather, we should look to the circumstance that Newton’s law of attraction 

has operated so long on the notions of researchers that they seek no further for 
explanations (Riemann, 1853 [12]; pp. 505-517). 

Finally, in modern manuals and treatises on hydrodynamics, the sink and 
source entities are considered with dismay because of the singularities present at 
their centers, defined as pure theoretical abstractions. In none of these manuals 
is formal proof provided that singularities are eliminated by Newton’s laws (see 
section 8 in the present paper). 
 

 
Figure 1. Cartographic experiment performed in [64] (pag. 50, Figure 3). (a) Reference 
Pangaea. The supercontinent reconstructed following the classic works [39] [40] [41]. (b) 
Circumpacific continental scarps (bold line) and coastlines in their modern position 
showing all the conformities between continents and basins [64] together with the out-
lines of Australia, Laurentia and South America (dotted lines) in the positions which they 
assume in (a) in the reference Pangaea. It is impossible to imagine how the conformities 
could be formed by convergence of Laurentia, South America and Australia coming from 
Pangea and drifting towards their modern position and towards the Pacific. The circum-
pacific conformities overlap adequately with the relative basins and there is reciprocal 
juxtaposition if the mutual position of continents is reconstructed on a half radius globe 
as in the next Figure 2. 
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2. The Earth’s Heat Flux Budget Is Not Balanced 

The Earth Sciences provide plentiful evidence for planetary expansion [21] [22] 
[23] [42]-[80]. All the preceding quoted papers derive from the diverse spheres 
of geology, paleontology, geomorphology, paleogeography, paleomagnetism, geoch-
ronology, geodetics etc. However none of them necessarily implies a link between 
Expanding Earth and hydrodynamic gravitation with a central torrent. Recently, 
from some more refined experiments including the Borexino at Gran Sasso in 
Italy, and KamLAND on the island of Honshu in Japan, designed to measure the 
radiogenic heat of the Earth from neutrino flux [81] [82] and from a series of 
cartographic experiments (see Figure 1 and Figure 2) awareness has grown that 
the cause of expansion could be a flow of aether converging into the planet and 
transforming into ordinary structured matter (first particles and then atoms) 
along the journey from surface to geocenter [21]. 

The problem of the Earth’s energy balance has been extensively debated [83] 
[84] without reaching a definitive solution. Today we can re-examine the issue 
from the new perspective of a centripetal flow of constitutive matter. To resolve 
the Earth’s heat balance the total of 45 - 47 TW, as measured in wells and mines, 
should equal the sum of primeval heat—generated during the formation of the 
planet, which has slowly dissipated down to the modern residual heat, estimated 
to be between 5 TW and 15 TW—plus radiogenic heat. However, this is not the 
case. The exiguous tidal dissipation (≈0.1 TW) and gravitational potential energy 
released in the differentiation of crust from mantle (≈0.2 TW) can be neglected 
[85]. The geodynamic approach with its hypothesis of convective currents in the 
mantle would imply a faster dissipation of primordial heat, estimating values 
below the average of ≈10 TW. For the three radiogenic heat flux values predicted 
by the models (Table 1) the Borexino and KamLAND experiments [81] [82] 
provide result of 8 - 16 TW (best value) and 18-28 TW (best value) respectively 
(Table 1). With these values, the sum of radiogenic (average KamLAND-Borexino 
≈ 18 TW, average Borexino ≈ 24 TW, maximum Borexino ≈ 28 TW) and pri-
mordial heat (mean ≈ 10 TW) differs more markedly from the surface heat flux 
value. Some geophysicists ([84], among others) suggest the possibility of applying 
the highest values allowed by standard deviations, but the problem persists and 
should not be underestimated. 

It has been hypothesized that the missing heat could be provided by an exo-
thermic process of fission in a nuclear reactor generated by the gravitational mi-
gration of the radioactive elements towards the region near the Earth’s center 
[86]. This would produce no more than 5 - 7 TW, but some researchers reject it 
for various reasons, including geochemical considerations [87]. The same doubts 
arise for the possibility of nuclear reactors in the D” layer, a thin shell enclosing 
the liquid core. Both these nuclear fission reactors hypotheses suffer from the 
major problem of the lack of an efficient mechanism for elimination of the nuc-
lear fission waste that would inexorably contaminate and halt the reaction. 
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Table 1. Decay of radioactive elements: comparison between models and experimental 
results. 

Cosmochemical 
approach 

The composition of the Earth is 
based on the enstatite chondrites, 
which show a closer 
isotopic similarity with the mantle 
and an iron content high enough 
to explain the terrestrial 
metallic core 

11 ± 2 TW 

Geochemical 
approach 

For the relative abundances of the 
lithophile refractory elements 
it adopts a chondritic composition, 
then placing limits on the 
absolute abundances from 
terrestrial samples 

20 ± 4 TW 

Geodynamical 
approach 

It is based on the hypothetical energetics of 
mantle convection and on the observed 
heat flux on the surface 

33 ± 4 TW 

Borexino 
experiment 

Observed best value 18 - 28 TW 

KamLAND 
experiment 

Observed best value 8 - 16 TW 

 
The neutrino experiments suggest that the terrestrial radiogenic heat flux pre-

dicted by the convective cell geodynamic model (33 ± 4 TW) is not confirmed 
[21] [81] [82] (Table 1) and cannot be correct. Even taking the Borexino mean 
value of ≈23 TW, it is necessary to add a primeval heat value taken from the 
lower end of its estimated range, due to the higher dissipation caused by convec-
tive motions, but even conservatively adding a mean of ≈10 TW would be far off 
the 45 - 47 TW total. 

Furthermore, it is important to consider that the feedback from an Expanding 
Earth on primeval heat evaluation would lead to a primitive heat re-evaluation 
much lower than 5 - 15 TW, making the lack of a plausible heat source more 
dramatic. This serious question of the Earth’s actual evolution skews all esti-
mates of the Earth’s primordial heat, without the authors being aware since they 
are mainly interested in balancing the Earth’s heat budget within the framework 
of current knowledge, in which the expansion of celestial bodies is not consi-
dered [83] [84] [85]. The budget can only be balanced by arguing the existence 
of an unidentified source of heat possibly linked to the unknown physical phe-
nomenon that drives terrestrial expansion. It is therefore necessary to ask whether a 
part of the neutrinos detected by Borexino and KamLAND were produced by 
matter-genesis, and whether the unexplained missed fraction of the heat flux is 
due to an increase in the kinetic (thermal) energy of the Earth’s core materials 
not due to radioactive decay but rather to the convergence of aether and its 
transformation into ordinary matter. 
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Figure 2. Paleogeographic reconstructions performed for the Triassic [21] [88], assisted by the GPMDB (Global Paleomagnetic 
Database) [89]. Paleopoles were traced as Fisher averages. The beige color defines the Paleozoic shields; olive green the mainland 
of the current continents; and light blue the modern continental shelves. More details and the lists of GPMDB data used, can be 
found in the Supplementary Materials file accompanying [21]. This is a typical cartographic experiment enabling estimation of the 
Earth’s annual mass growth. It constituted also evidence for an Expanding Earth because the same selection of poles (see data lists 
in [21], supplementary materials) enables reconstruction of both the classical Pangea with all its exaggerations (Tethys Sea too 
vast, pre-Triassic Pacific crust more than hemispherical and today completely disappeared, India too isolated from Asia, etc.) and 
the globe of 3200 km, the Triassic terrella without oceans. If the pole selections were incorrect or biased for the 3200 km globe, 
then the reconstruction of Pangea with the modern radius would also be wrong, and/or the GPMDB catalog would be useless. 

3. Geological Quantification of Incoming Aether 

What we call the gravity field, the intensity of which decreases as 1/r2, is nothing 
more than the force exerted on a unitary mass m positioned at a given point. 
The force does not exist at any other point without the presence of a unitary 
mass m. The field is therefore a point-by-point mapping of what a unit mass m 
would experience if located at an infinite numbers of points in the space sur-
rounding the central massive body with M m . There is no perception of 
what really exists at all the infinite points in which m could be located, which is 
what exerts physical action on m (something present even without the presence 
of the test mass m). The Newtonian gravitational field is therefore an incomplete 
phenomenological description of physical reality (also true for the electromag-
netic field). 

We can thus start interpreting gravitation as resulting from the material field 
of an incompressible perfect fluid aether of density ρ, converging towards the 
Earth at a speed depending on 1/r2 (above the surface of the planet; r = distance 
from the geocenter). Starting from the known relationship for the force f Qρ υ=  
(known as the dissipative term) exerted by a fluid current of uniform flow of ve-
locity υ  on a sink singularity with flow rate Q, we arrive at an expression of the 
attractive force between two static sinks (or even between two sources) analog-
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ous to the expression of Newtonian gravity [90]:  

1 2
2 ,

4
Q Qf
R

ρ
⋅

π
=  

which can be compared with the force of gravity between two masses:  

2 .mMF G
R

= ⋅  

Obvious dimensional problems do not allow identification of G with ρ/4π. 
What makes this (only apparently old) conception very attractive is that it is not 
a Newtonian conception, since the expression of force in the non-static case de-
pends on the speed of the sinks or sources. 

The same attractive force would be obtained either with high flow rates iQ  
and low density ρ, or low flow rates and increasing ρ, and the velocity field υ  
also plays a part in the dissipative term. There are only clues that the density of 
aether must be very low [21] [32] [90], otherwise the dissipative term would be 
too important and the founding fathers of modern science could not have po-
sited the principle of inertia, the concept of conservative field, of escape velocity, 
etc. as good approximations. 

From the sciences of the Earth, using paleogeography (Figure 1 and Figure 2) 
with awareness of its precision limits [21], the mass in the spherical shell added 
up to now to our globe can be evaluated and thus it is possible to approximately 
calculate the rate of transformation of aether into ordinary matter as energy 
transferred to the planet per unit of time (per second; averaging from the Trias-
sic to Recent, 250 My; assuming a conservative terrestrial radius at the Triassic 
time 3400 kmTriasR ≈ ) [21]. The volume of the Earth (today TV ) in the Triassic 
was 0.152Trias TV V≈ ⋅ . So the volume acquired over 250 My would be  

( )1 0.152 0.848acq T Trias T TV V V V V= − ≈ − ⋅ = ⋅ . 
This does not guarantee that the acquired mass was 0.848acq TM M≈ ⋅  (with 

MT = Earth’s current mass), because a poorly known process of differentiation of 
materials may have been taking place in the deep planet with phase changes and 
large volume increases. Therefore, assuming very crudely that the acquired mass 
is only ( )0.5 0.848 0.424acq T TM M M= ⋅ ⋅ = ⋅  and linear growth (in reality it is 
exponential) we can evaluate the approximate amount of energy per second ab-
sorbed at the expense of the constituent matter:  

( ) ( )2 8 7 252.5 10 y 3.1557 10 s 2.889 10 J s.s acqE M c= × × × = ×  

The Earth Sciences alone cannot uniquely solve the problems of establishing 
the density ρ of aether, aether flow rates, or its velocities ( ), ,x y zυ  around 
sinks (celestial bodies). Perhaps this lack of definitiveness prevented Bernoulli 
and his successors’ conception of gravity from spreading and gaining acceptance 
in the scientific community. 

4. Help from Astrophysics 

In order to establish at least an approximate value for ρ, assistance was sought 
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from astrophysics, an option not available in the times of Yarkovsky and Hil-
genberg [16] [22]. We hypothesize that the velocity-dependent dissipative hy-
drodynamic term, the force f qcρ= , is responsible for the phenomenon of 
redshift ( )0 1 1z ν ν ν= −  of electromagnetic radiation coming from celestial bo-
dies, which gives rise to Hubble’s law ( )0z H D c= . This idea is similar, but not 
identical, with that of tired light, considered as much more plausible than the 
Doppler effect by cosmologists such as Edwin Hubble, Fritz Zwicky, and other 
colleagues who first worked on the redshift-distance relationship [91] [92]. 

Today it can be argued that the energy variation E of each photon emitted 
with frequency 0ν  and received with frequency 1ν , ( )0 1E h ν ν= − , is caused 
by the work L E fD qcDρ= = =  of the dissipative term on the motion of a sink 
with flow rate q (the photon), over the distance D between the emitter and the 
observer. It can be written as follows: q E Dcρ = . The same quantity qρ  can 
be obtained from the hydrodynamic force (equal to the Newtonian F) between a 
black hole of flow rate BHQ  and a photon of flow rate q forced to orbit around 
it circularly at our set distance R: ( ) ( ) 24I BHF f qQ Rρ π= = ⋅ ; from which we 
have: ( )24 BHq F R Qρ π= . 

By combining the previous relations, the aether flow rate of the black hole can 
be determined: ( )24BHQ F R EDcπ= . Knowing that the circular orbital veloci-
ty for negligible masses relative to the central one is 0 GM rυ = , we can ob-
tain the mass of the black hole that causes the photon to orbit around it at veloc-
ity 0 cυ =  at our set distance R: ( )2

BHM c R G= , and then:  

2 2 2 .BH BHmM M h hF G G
RR R c

ν ν
= = =                     (1) 

Equation (1) and Hubble’s law can be used to derive the constant ratio be-
tween any flow rate Q and its associated mass M, in this case between BHQ  and 

BHM :  

0 0

4 4 4 ,BH

BH

Q Q R h R zc GGF D G
M M Ec R h c H H

ν
ν

π
π π= = = = =

∆
         (2) 

with ( )8 33.6 10 m kg s= × ⋅ , a universal constant, at present time, of “transfer” 
from the phenomenological world of masses to the real hydrodynamic world of 
flow rates. Finally, applying some algebra to (2) gives ρ  starting from the con-
stant ratio between flow rates and masses of black holes and photons:  

,BH

BH

Q q
M m

= =   

from which:  

2 2 2
0

4 ,BH

BH

Q G h kq m h
M H c c c

ν ν ν= =π= =
  

or, following a different more direct way:  

2, ,q q m h
m c

ν= ⇒ = =


   
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which has a degree of analogy, in the flow rates world, with Plank quantization. 
Reordering the Newtonian force: ( )2

BHm FR GM= , we obtain the flow rate of 
photons:  

2
2 ,BH

BH

Qq F R
GM

=  

and finally, from the latter, recalling the dissipative term, the force of the black 
hole on the photon and Hubble’s law, we obtain the long-sought after funda-
mental parameter:  

2
01

4
H
G

ρ
π

=                           (3) 

with the value 2 360.647 10 kg mρ −= × . 

5. Two Roads That Should Converge 

With (3) it is possible to define the velocity field ( ), ,x y zυ  of the fluid (with QT 
= Earth’s flow rate; RT = Earth’s radius):  

2 2 2
0

,
4 4

T T T

T T T

Q M M G
R R H R

υ
π π

= = =


                   (4) 

with the value 190.42 10 m sυ = ×  at the Earth’s surface, 10 orders of magnitude 
greater than c, decreasing as 1/r2 similarly to the classical field of gravity g. 

The value (4) obtained from astrophysics must be compatible with the value 
of energy per unit of time injected into the Earth by the aether and transformed 
into mass of ordinary matter 252.889 10 J ssE = × , already obtained as the av-
eraged value over 250 My from paleogeographic reconstructions. This gives: 

2
2

d d4 ;
d d

s
T

EV xR
t t c

ρ ρ =π=                       (5) 

and:  

2 2

d
d 4

s

T

Ex
t R c

υ
ρ π

= =                          (6) 

with the value 199.72 10 m sυ = ×  at the Earth’s surface. Although different, the 
values (4) and (6) are in adjacent order of magnitude (there would be no reason 
for this if terrestrial expansion, or hydrodynamic gravitation, or both were false) 
confirming their link with physical reality. The value (4) should be considered 
closer to true, with H0 the most uncertain parameter. 

The value of υ  derived from geology is however higher than that derived 
from astrophysics and various approaches could be hypothesized to make them 
converge. 

1) The importance of volume increases due to phase changes in the crystal lat-
tice may be greater. For example, it could be assumed that additional dilation 
phenomena occur related to a hydridic Earth [53]. 

2) The radius of the Triassic globe could be further increased—albeit only 
slightly. 

https://doi.org/10.4236/jmp.2022.1311088


G. Scalera 
 

 

DOI: 10.4236/jmp.2022.1311088 1422 Journal of Modern Physics 
 

3) Finally, additional special properties of aether could also be hypothesized: 
e.g. the “gravific” aether, of density ρ  expressed in (3), may be just a component 
of the central flow of aether transforming into new mass within the planet. If this 
is really the case, then the total density of the aether flux mρ ρ>  should appear 
in (6), with a consequent lower value for velocity υ . Alternatively a “non-gravific” 
aether could constitute a stationary background on which the central torrent acts 
germinating new ordinary matter. 

All of these three possibilities could apply simultaneously, but currently there 
is no way to confirm or reject them. 

6. Additional Improvements 

As previously mentioned, while the Earth’s mass and flow rate increase with ex-
ponential regularity (ignoring depletion of aether from the space reservoir), the 
same cannot be said for volume, which could grow according to an irregular and 
even non-monotonic function. Assuming therefore an exponential increase in 
mass or terrestrial flow rate ( ) ( )0 et

TM t Q τ= ⋅ , it is possible to derive the 
value of τ  (time of increase of TM  by a factor e). Initially, we proceed start-
ing from a Triassic Earth mass equal to about 0.5Trias TM M≈  of the current 
value (and not 0.1 as would be the case following volume increase), taking into 
consideration the additional processes of volume variation caused by reorgani-
zation of the crystal lattice. 

This gives: 
Using 

( ) 0 etQ t Q τ= ⋅  and ( )0
d TQ t t Mρ

−∞
⋅ =∫  

With the values 

( ) 0Q t =  when t = −∞ ; 

( ) 0.5 TQ t Q= ⋅  when 250 Myt = − ; 

( ) TQ t Q=  when 0t = ; 

then: 

( ) 250250 1 2 eT TQ Q Q τ−− = ⋅ = ⋅  

and then: 
250 250e e 2 250 01 2 .7τ τ τ− = ⇒ = ⇒ ≈ , 

and finally: 

250 0.7 357 Myτ = ≈ . 

All this will help to calibrate paleogeographic reconstructions and estimate the 
terrestrial paleoradius. 

The effect of decreasing density of aether ρ  over time due to its transfer 
from space to celestial bodies must be carefully evaluated in the future. 
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7. Old and Recent Experiments 

An old experiment: as we have seen in this view of the universe, light cannot 
propagate engaged to aether. The speed cυ   of aether entering celestial bo-
dies would make it impossible for light to move away from them. Light rays 
propagate by self-induction phenomena, and are only weakly influenced by aether, 
giving rise to cosmological and gravitational redshift, and the deflection of light 
by hydrodynamic gravity. Michelson and Morley’s attempt to reveal the aether 
wind was a poorly conceived concept. Only one type of aether wind acting on 
light in one of the possible ways was studied, ignoring the others and in particu-
lar the central torrent that causes gravity. 

Recent experiments: if gravitation propagated at finite speed g cυ = , it could 
be shown that planets feel the force of the sun as it was some minutes before 
(depending on the distance of the planet). The planets would accelerate in the 
direction of motion, and the orbits would expand rapidly, as forecast by Laplace. 

Recently Van Flandern [93] confined the values gυ  to a range greater than 
102.0 10 c×  which are in the order of those estimated here—Equations (4) and 

(6), for near the Earth. An INFN experiment (in Frascati, Italy) proved that the 
Coulomb field of charges in motion behaves rigidly [94], a result that can be in-
terpreted as a very high speed of propagation of the fields within their hydrody-
namic formulation (more complete than the classical theory). The unrealistic ex-
clusion of the dissipative hydrodynamic term (small but not negligible if 0ρ ≠ ) 
leads to theoretical results that are again unrealistic, with instantaneous propa-
gation of the Coulomb field (the delayed potentials of Liénard-Weichert are 
cited in [94]), generating misleading interpretations that would justify both ac-
tion at a distance and non-locality. 

However, the existence of gravitational aberration is not excluded for very 
large distances. For example, a field velocity of 1.0 m/s is reached for the Earth at 
about 1.3 × 1016 m (1.4 light years), for the Sun at 7.55 × 1018 m (163 light years), 
for the galaxy—assuming a galactic mass of 1012 solar masses, at 7.55 × 1024 m (8 
× 108 light years). Gravitational aberration is therefore probably important for 
galactic dynamics, and its contribution to the unsolved problem of the anomal-
ous flattening of the galactic rotation velocity curve with increasing distance 
should be considered. 

8. Aether Velocity Field into the Earth’s Interior 

Given the analogy between the 1/r2 trend of the Newtonian gravity field and the 
hydrodynamic velocity field moving away from the surface of the Earth, and 
given that it is precisely the speeds of the omnipresent fluid that produce forces 
identifiable with those of gravity, the same analogy must be considered for the 
terrestrial interior. In fact, given that g and υ  under the Earth’s surface are 
both obtained as an integration of the contributions of all the elements of mass 
dm or flow rate dQ, the result of the integrals will have the same trend but on 
different scales (Figure 3). 
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Figure 3. Variation of the acceleration of gravity (g, solid line) in the Earth’s interior. 
 

The value of both the g and υ  fields from the surface to the geocenter do not 
increase without limits towards infinite singular values (as in hydrodynamic 
sinks) but, starting from the core-mantle boundary, an almost linear decrease 
begins towards zero in the terrestrial center (Figure 3). The accumulation of a 
small amount of matter in the center is sufficient for Newton’s laws to prohibit 
the existence of the singularities so feared by Riemann and the authors of mod-
ern fluid dynamics treatises. 

In this region of the core, with the deceleration of the incoming flux, a more 
efficient transformation from aether to ordinary matter must be expected, with 
probable exothermic reactions which would constitute the unknown source of 
heat in the Earth’s energy balance. A second zone of self-overlapping flow, which 
maintains an almost constant speed from depths of 700 km to about 2000 km 
(Figure 3), could be related to the maximum observed depth of earthquakes, 
which in the Wadati-Benioff regions is 700 km. These regions are interpreted in 
plate tectonics theory as lithospheric subduction zones, but in an Expanding 
Earth interpretation they are areas of material extrusion [21] the origin of which 
is now identifiable. 

9. Discussion of Alleged Problems 
9.1. Criticisms of Matter-Genesis within the Earth 

Some criticisms of the matter-genesis process have already been made explicit. 
The most frequent is that aether would generate subatomic particles that would 
combine to form protons, neutrons and electrons, finally producing hydrogen. 
However, our planet is not made of hydrogen, while heavy elements require spe-
cific conditions for synthesis from hydrogen, conditions that do not exist inside 
planets like the Earth and are only found in stars and supernovas. 
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The reply is that the chemical constitution of the Earth’s core is still under 
debate and the possibility that a small or even large part of it comprises hydro-
gen (whether in a metallic state or not) has never been ruled out (see [95] [96]). 
In addition, an erroneous logical assumption is committed when claiming that 
the conditions for formation of heavy elements only occur inside stars and su-
pernovae. This is based on an incomplete theory of stars that erroneously ex-
clude a main actor: the convergent flow of aether towards the center of bodies. 
This flow is subject to extreme deceleration and accumulation, creating condi-
tions and processes the details of which are unknown (see also point 3) in sec-
tion 5). The specific environment (chemical, static, dynamic) in the interior of 
real planets is still without a complete theoretical description (see a review of the 
Earth’s core problems in [97]). The two matter-genesis theories (stellar and 
aether central flow) are not incompatible but simply regard different environ-
ments and conditions. 

It should be clear from the above that Expanding Earth is compatible with 
Laplace nebula cosmogonies, in which heavy elements have already been pro-
duced in processes described by the theory of stars and supernovae. This theory 
of precursory matter-genesis could be seen as producing additional and cumula-
tive effects together with central aether flow matter-genesis, a concept that 
should be developed in the future. 

9.2. Criticisms about Neutrino Generation within the Earth 

Again it is supposed that generation of heavy elements from elementary particles 
implies fusion reactions that would generate emissions of geoneutrinos. The 
geoneutrino flows detected in the Borexino and KamLAND experiments were 
not even close to what could be expected from large amounts of new matter be-
ing generated inside the Earth. 

It must be recalled once more that this kind of objection is raised within a 
stellar and supernovae creation context, while a theory for matter-genesis from a 
“central torrent” of aether does not yet exist. There is thus no clear basis for the 
objections of critics who compare the experimental results with non-existent 
theoretically predicted values. 

A final criticism is that neutrinos are generated in both nuclear fusion and 
nuclear fission reactions. Geoneutrinos are generated by nuclear decay of ra-
dioactive elements in the crust, mantle and core of the Earth. Therefore, the abil-
ity of detectors to measure the flux of geoneutrinos means they can discriminate 
neutrinos generated from different sources. If new matter was being generated 
inside the planet, we would expect a strong emission of neutrinos from nuclear 
fusion of terrestrial origin greatly in excess of the flux of geoneutrinos from nuc-
lear decay. 

Nuclear fission generates many neutrons, which then decay by emitting anti-
neutrinos eν  according to the reaction:  

n p e .eν
+ −→ + +                        (7) 
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During matter-genesis inside stellar matter, neutrinos are produced by the fu-
sion of 4 hydrogen atoms according to the reaction (99.77% prevalent compared 
to other reactions):  

44H He 2e 2 .eν
+→ + +                     (8) 

However, if new matter was generated inside the planet from convergence of 
aether, the process of creation could be assumed to act on a more microscopic 
level than the known particle level (quarks, fermions, bosons) in a chaotic envi-
ronment that might partially resemble the primordial soup hypothesized during 
the initial phases of the expanding universe theory. The presence of this active 
germinating soup could constitute an as yet unknown and highly complex phys-
ical environment able to activate different processes and reactions from (7) and 
(8) while inhibiting or screening others, without excluding possible catalyzing 
effects. 

9.3. Some Controversial Topics 

What is certain today is just that the experimental outcomes of Borexino and 
KamLAND were different from those expected, and that the speculations re-
garding the specific provenance of neutrinos remain far short of a final stable 
theoretical description traceable back to physical reality. The observed discre-
pancy provides a further piece of evidence in the known anomalous energy 
emission of the giant planets (like Jupiter and Saturn, which emit 150 and 50 
times the Earth’s emission respectively). On 1990 this phenomenon was genera-
lized and explained by Wang as the effect of specific thermonuclear fusion reac-
tions [98]. 

While the subject is still controversial, many researchers have followed Wang 
[98] proposing a geo-fusion process catalyzed by heavy metals in the depths of 
the Earth’s core [99] or thermonuclear fusion in the deep Earth as the cause for 
formation of nitrogen, oxygen, and water over geological time [100] [101]. Also 
the surface degassing from volcanic vents and lakes of 3He and 3H (tritium only 
has a 12 year half-life, and, if not replenished fed from the atmosphere, must be 
produced in situ in the depths of the mantle or beyond) have been ascribed to 
nuclear reactions in the Earth’s interior [102] [103]. Finally, Makarenko [104] 
agreed with [98] when noting anomalous heat emission from the planets, pro-
posing an as yet unidentified cause of cosmic origin for this surplus energy. 

The presence of a stream of aether decelerating towards the Earth’s core could 
therefore be an important missing element to help explain experimental obser-
vations or to improve modeling for catalysis of “juvenile” elements, and genera-
tion of excess heat. Critics should reflect that if aether does not reach the center 
of the Earth (where its velocity 0υ = ) it must necessarily be transformed along 
the way. 

9.4. Criticisms Regarding Terrestrial Energetics 

Some papers [105] [106] [107] [108] [109] indicate that expansion with a 
marked increase in radius would be impossible due to the lack of sufficient 
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energy sources to produce the necessary variation in potential energy of the ma-
terials gradually moving away from the geocenter. This argument is referenced 
and adopted by followers of the “slow” version of Expanding Earth [110]. The 
necessary energy that cannot be accounted for is equal to 3110 JE ≈  over about 
400 Ma. Such an enormous quantity of energy was considered impossible to jus-
tify within the framework of commonly accepted physical theories, and consti-
tuted a crucial argument against the expansion of celestial bodies without a cen-
tral aether torrent. 

However, assuming the physical reality of a central flow of aether as the cause 
of gravitation and expansion completely overturns any such objections [105]-[110]. 
Indeed, the energy injected by aether into our planet from the Triassic to the 
Recent era is: 

4110 JE ≈ . 

This is many orders of magnitude higher than that estimated (for a longer pe-
riod of time! From 400 Ma to the Recent) by critics of Expanding Earth. The 
smallness of the variation in potential energy in the expansion models without 
convergent flow of aether can be compared to the tiny amount of energy that 
our arms require to lift a load of one kilogram, relative to the total energy con-
tained in the matter of the pack according to the formula 2E mc= . In his paper 
of 1961 Beck was aware that if Earth had doubled its radius then different 
sources of energy must exist [106]. He wrote: 

But even here the maximum expansion that can plausibly be expected is less 
than 1500 km. For the approximate doubling of the Earth’s radius implicit in the 
ideas of Carey and Heezen a completely unknown source of energy must be 
postulated. (Beck, 1961 [106]; p. 1489) 

9.5. Criticism Regarding the Stability of the Orbits of Celestial  
Bodies Due to Mass Increase 

The Universe described in the present paper is evolutionary and stability of pla-
netary orbits is not foreseen. Stars and planets (also galaxies etc.) are increasing 
in mass, and the Earth’s mass is increasing exponentially with 350τ ≈  Ma. 
The orbits of the Earth and other planets could be strongly affected in the ab-
sence of compensating influences. 

However, the laws that regulate the transformation of aether into matter (or 
rather into additional sinks) are not know, and it is not known if the new mass is 
created having already a speed equal to that of the mass of the planetary body. 

The process could be analogous to placing a heavy brick on a small light car-
riage already loaded with an identical brick, and already traveling by inertia at a 
constant speed with respect to the laboratory. If you put the brick down—when 
it is stationary with respect to the laboratory—by dropping it on the carriage the 
speed of the carriage is approximately halved. Conversely, if the brick’s speed is 
first raised to that of the carriage, the carriage speed does not change when the 
brick is added. At the moment we have no way distinguishing between the two 
modes of action, although invariance of speed (the second mode) seems more 
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likely, otherwise the galactic (or even more general) reference system would 
come into play, with disastrous effects. 

However, the increase in solar mass certainly causes a shrinkage of planetary 
orbits which becomes significant over periods in the order of hundreds of mil-
lions of years. 

9.6. Criticism Regarding the Stability of the Orbits Due to the  
Dissipative Term 

The current kinetic energy of the Earth (disregarding spin) is: 
3226.87 10 JcE ≈ × . 

While, not considering an increase in mass, the work Ew of the dissipative 
term on the length Do of a current Earth’s orbit (for a current year) is: 

2239.48 10 Jo wf D E⋅ = ≈ × . 

The ratio between the annual friction work of the aether and the Earth’s ki-
netic energy (excluding that of rotation) is: 

101.47 10w cE E −= ×  

Thus the kinetic energy of the Earth could be significantly decreased (halved 
for example) in a time of the order of 10 billion years. The dissipative term alone 
has a negligible influence on the shortening of orbits compared to the effect of 
the increasing mass of the Sun. 

10. No Relationship between the Dissipative Term and  
Pioneer Anomaly 

A possible relationship between the dissipative term and the Pioneer Anomaly 
might be conjectured. Assuming the values provided by NASA for the mass and 
velocity of the Pioneer 10 probe ( 10 222 kgPM = ; 1

10 6737 m3 sPV −= ⋅ ) a value 
can be calculated for the additional acceleration due to aether: 

12
10 10 10

218.996 k1 g m s0P P Pf V Q V Mρ ρ −= = = × ⋅  

1
214

0 8.55 107 m sPa f M −= ×=  

Which is 4 orders of magnitude less than the anomalous acceleration meas-
ured for the probe, equal to 1 2018 7 m s0.4a −×= . 

Credit must therefore be given to the explanation based on recoil of the probe 
by thermal radiation from the circuits. The progressive attenuation over time of 
the anomalous acceleration value is in fact compatible with the progressive ex-
haustion of the on-board batteries. We can conclude that the aether’s viscous 
force has nothing to do with the Pioneer Anomaly. 

11. Compatibility of Aether Flux with Observed Polar  
Motion (PM) 

The mass absorbed every second by Earth from gravific aether flux at the present 
time is: 
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2 2 7d 1 s d 4 1 s d 4 1.387 10 kg ssM V x r t rρ ρ ρυ= ⋅ = ⋅ =π = ×π . 

And the mass per year: 
7 143.1557 10 s 4.377 kg y10y sM M × × ×= = , 

which is 7.33 × 10−11 of the Earth’s mass ( 245.972 10 kgTM ×= ). 
While more refined treatments exist taking into account the viscoelastic beha-

vior of the Earth [111], a simplified rigid behavior is assumed in the following 
PM computation with the aim of assessing only orders of magnitude. This is 
based on the consideration that the probable absence of mantle convection in 
the expanding Earth framework would result in a more rigid behavior of the 
planet as a whole. 

The Earth rotation pole displacement PP′  in the rigid case is (following [111] 
[112]): 

( )sin 2
T

rmPP W
M

ϕ′ ≈ ⋅ , with 
( )

460
2

TM brW
B A

= ≈
−

, 

(m = added mass; φ = colatitude; (B − A) = difference between the Earth’s po-
lar and equatorial inertial moments; b = Earth’s polar semi-axis; r = Earth’s ra-
dius). 

If hypothetically all the mass ym M=  was added annually at the geographic 
point 30˚S, 79˚W (colatitude 60 Sϕ =  ), near Nazca, the following Polar Mo-
tion drift would be obtained: 

( )sin 2 18 y3 cm0y

T

rM
PP W

M
′ ≈ ⋅ × =  

towards Nazca. A factor of ≈0.5 applied to My is then sufficient to reach the val-
ue of the observed annual Polar Motion of ≈10.0 cm/y. 

At the present time only about an half of the mass injected by the gravific 
aether, extruded asymmetrically each year, would be enough to cause the ob-
served PM. However, because of the consideration in point (3) of section 5, the 
yearly accumulated total mass could be due to an additional flow or in situ 
transformation of “non-gravific” aether, and the unbalanced asymmetrically 
emplaced mass would be less than 1/20 of the yearly total. A different behavior 
(more intense asymmetrical extrusion) in different epochs cannot be ruled out, 
especially during periods of the Earth’s highest expansion rate. 

It can be concluded that the PM values obtained starting from aether flux are 
compatible with those currently observed, once again suggesting that the adopted 
concepts are in line with physical reality. 

12. An Aether Advantage: The Reappearance of Antimatter  
in the Universe 

The rationalist attitude physics postulates that every structure would be made up 
of ever smaller structures in a sort of infinite regression (see Figure 4). From 
this perspective, particles are similar to indivisible points only because of our 
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temporary ignorance of what constitutes them. A general conception of aether 
and its infinite and increasingly microscopic levels can be framed within this 
scheme, open to future progress. 

The nucleosynthesis and origin of chemical elements have been explained for 
a few decades in the scenario of an expanding universe. This starts with the fu-
sion of baryons and leptons, within a primordial quark soup, always set in the 
high temperatures and pressures of the initial phases of the big-bang and then 
into the interior of stars. This view assumes that in the early stages of the un-
iverse matter was already constituted only by particles and not by antiparticles. 
However, for reasons of symmetry, the initial explosion or primitive singularity 
would have produced matter and antimatter in equal quantities. It is therefore 
necessary to hypothesize generation of surplus of matter in the first moments of 
expansion. After a rapid annihilation of matter with antimatter, the surplus per-
sisted on to our time by aggregating according to the mechanisms of nucleosyn-
thesis. 

Andrei Sakharov [113] postulates three conditions that need to be satisfied for 
an excess of baryogenesis to occur: 

1) Violation of the baryonic number according to laws of physics yet to be 
discovered. 

2) Violation of C and CP symmetry. The hypothetical process that changes the 
baryon number must act to favor the production of baryons over the production 
of antibaryons. 

3) Conditions far outside of thermodynamic equilibrium. 
If all levels are populated according to a Boltzmann distribution, because CPT 

guarantees that each level with a positive number of baryons has a correspond-
ing level with a negative baryon number, the total baryon number is zero. At 
equilibrium, transformations in one sense would be equiprobable to inverse 
transformations, but if an arrow of time acts together with thermodynamic non- 
equilibrium, direct and inverse processes would not be zero-sum. There is a vast 
literature that attempts to find sufficiently efficient processes of baryon number 
violation without contradicting aspects of big-bang cosmology, but yet all un-
successful. 

Instead, thinking once again in terms of aether and infinite regression opens 
up completely different scenarios. The universe would appear to possess infi-
nitely more microscopic levels (Figure 4) and in one or more of these levels 
matter and antimatter could coexist—in structures unknown to us—separated 
by fields of emergent forces at that level. The matter we observe today at our lev-
el would therefore already contain both tiny matter and antimatter, and the “an-
tiparticles” that we are able to produce in laboratories would also be manifesta-
tions of matter. The problem of the disappearance of antimatter in our universe 
would appear to be ill-posed. So, the mere persistence in “main stream” cos-
mology of this unresolved problem could be seen as evidence that aether and 
Expanding Earth are part of physical reality. 
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Figure 4. The evolutionary universe derived from hydrodynamic gravitation and the 
Earth Sciences. The universe that we can now observe directly or indirectly, from large- 
scale cosmic structures to microphysics, is being comprised at the expense of a constitu-
tive material, the aether, which can be identified through the expansion of celestial bo-
dies. This impalpable matter is being formed through absorption of a constituent material 
of a lower order, and so on. Our ordinary matter and its structures (micro and macro) are 
constituent matter (effectively an “aether”) for a universe of higher order of spatial and 
temporal scales immeasurably greater than ours. All these Chinese-boxes universes are 
supplied from the lower order structures and they form a continuum in mutual evolution. 
The boundaries between one universe and the next of major or minor order are not well 
defined. For example, the micro and macro boundaries of our universe are only due to 
our current ability to build devices and observational experiments, and they are progres-
sively extending. 

13. Concluding Remarks 

The last century was a historical period in which a “virtuosic” approach to physics 
prevailed, moving ever further away from the will to faithfully describe reality. We 
are not referring here to the splendid experiments in large colliders in search of 
new particles, which are still an expression of microscopic vibrational properties 
of the aether. 
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With the advent of relativistic theories, horror vaqui has been replaced by 
horror pleni, with a consequent demonization of the concept of aether along 
with anyone who considered it or tried to study it. Today, however, the simple 
acknowledgment that the expansion of celestial bodies is a natural phenomenon 
once more assigns to aether a leading role in order to integrate multiple physical 
phenomena while simultaneously providing an interpretation for several of 
them: 

1) Origin and action of the gravitational field, rediscovering a concept that has 
been around for a few centuries in Western science, without becoming estab-
lished due to the limited geological and astrophysical knowledge (marginality of 
Expanding Earth, low awareness of redshift). More generally, it clarifies the cause 
of the phenomenological fields of acceleration, calling into question the material 
field in motion as the cause of those accelerations. It also gives rise to a formula 
that has the elegance of physical reality:  

2
01 ,

4
H
G

ρ
π

=  

which determines the mechanism of the Universe, with mass increase and ex-
pansion of celestial bodies. A centuries-old conundrum is resolved for scientists 
(for example Newton, Riemann, Maxwell etc.) and authors of manuals and trea-
tises on hydrodynamics regarding infinite speeds in the centers of sinks and 
sources. In real sinks (the celestial bodies), the inevitable accumulation of material 
around the center and Newton’s laws of gravitation, mean that singularities are 
not created. 

2) Origin of cosmological and gravitational redshift, unifying the cause of gra-
vitation with that of redshifts. The presence of a very rarefied aether and its dis-
sipative term gives rise to both these phenomena. The dissipative term is funda-
mental as a moderator, homogenizer, and large-scale stabilizer of the Universe. 
It is also critical in making this version of gravitation non-Newtonian. Additionally, 
its frequency damping effect gives rise to a plausible solution for Olbers’ paradox. 

3) The analogy between gravitation and forces between sinks in hydrodynam-
ics—both with a trend of 1/r2 outside the bodies, extends the correspondence to the 
inside of planets. The area of maximum deceleration of the aether flow coincides 
with the liquid and solid core, where consequently the aether must transform ef-
ficiently into ordinary matter. This role of the core should generalize across planets 
and other celestial bodies. Unlike theoretical sink or source entities, no singularity 
occurs at the planetary center. 

4) The superluminal speeds of aether near celestial bodies explain the appar-
ent “rigidity” of moving Coulomb fields, as revealed by the experiments at INFN 
[94]. This is linked to the querelle on gravitational aberration resolved by Lap-
lace through the assumption of a superluminal velocity for gravitation, a solu-
tion confirmed by [93] with its value 102 10g cυ ≥ ⋅ , comparable with that ob-
tained in the present text on the Earth’s surface. 

5) Sound waves travel by vibration of the medium they pass through and they 
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are transported by the medium if it is in motion. The central torrent does not 
carry light radiation and consequently it needs to be clarified whether a non- 
gravific Lorentzian aether is part of physical reality, as some evidence (see point 
3 in Section 5) would appear to indicate. The universe in turn provides us with 
the evidence of the dipole anisotropy of the CMBR (Cosmic Microwave Back-
ground Radiation) which identifies a reference system at rest. Furthermore, ob-
served in the deep infrared field with the Webb telescope, the Universe exhibits 
an infinite time axis towards the past. 

6) The presence of the gravific fluid and the consequent dissipative term 
f qρ υ=  (a static fluid tends to slow down the motion of the singularities of 

sinks or sources) means that the principle of inertia, conservative field, escape 
velocity, etc., apply only as good local approximations of a more complex non- 
Newtonian reality. It would be possible to try and develop a hydrodynamic in-
terpretation of the quantum world (one example—among others—in [114]). The 
expansion of celestial bodies is therefore inextricably linked to a general revision 
of the concepts of physics and cosmology, prefiguring a more unitary and realis-
tic image, in which an upper limit to achievable speed values is no longer re-
quired. 

In particular, classical field theory needs to be revised because it is formulated 
without the dissipative term, which, although tiny (the density of the aether is 

26 310 kg mρ −≈ ) and with generally negligible astronomical effects on orbits 
(apart from small effects on the perihelia of the planets) is of enormous impor-
tance for the structure, dynamics and evolution of the universe on a large spatial 
and temporal scale. 

While the Expanding Earth concept is finally starting to demonstrate that it 
can realistically integrate multiple phenomena of physics with each other, no 
detailed demonstration has yet been provided of the full compatibility of the 
concept of hydrodynamic gravitation with relativistic effects. The present author 
is nevertheless confident that this will be possible, both because fields dependent 
on 1/r2 can be described by equations analogous to those of Maxwell, which are 
known to contain Lorentzian special relativity, and also because a vast literature 
exists claiming the capacity to deal with the effects predicted by general relativity, 
applying only classical physics. Moreover, recent papers that recalculate the drift 
of Mercury’s perihelion with more precise methods and data do not seem to 
confirm the value of 42" of arc per century predicted by general relativity. All 
these issues, along with the study and assessment of the related literature remain 
for future investigation. 

The present paper explains some new solutions and possible advantages of 
adopting the non-Newtonian concept of flowing aether derived from hydrody-
namic gravitation and Earth Sciences, but many other issues must necessarily 
remain open. 
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Abstract 
Collider is a machine or device that usually causes two beams of high-speed 
particles moving to collide in a straight line. The fundamental purpose of a 
collision is to obtain an abnormal mass-energy density and attempt to dis-
cover new physics and new substances namely new physical states. However, 
linear collisions are not easy to achieve the above purpose. Through the com-
parable experiment of rear-end collision, head-on collision and orthogonal 
collision of two low-velocity particles, this paper theoretically proposes a new 
idea that the orthogonal collision between two-beam high-velocity particles 
can really produce an abnormal mass-energy density. This machine based on 
the new idea of orthogonal collision can not only greatly reduce the construc-
tion cost of colliders, but also is the most effective way to achieve the purpose 
of collision. 
 

Keywords 
Collider, Orthogonal Collision, Mass-Energy Density, New Physical State 

 

1. Introduction 

Exploring mysteries of the universe and finding new matter are the basic goal of 
physical research. The equipment for such an exploration is a collider. Usually, a 
linear collider is a constructed device in which two-type or one-type particles 
with high speeds collide each other in a straight line to form a concentrated 
energy or a new physical state, such as the appearance of Higgs particles [1] [2] 
[3]. The conventional linear collider is constructed in a way that it first uses sev-
eral accelerators to gradually accelerate the two streams of particles that are in-
jected, and then a head-on collision happens when they reach a certain beam 
strength and energy [4] [5]. It means that accelerator and collider are actually 
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one system. In the storm of particle collisions, only a few particles collide. People 
are going to measure the signs of particle collisions from electric light and flint. 
The collider is an instrument for measuring experiments with high-energy par-
ticles and discovering “new states” or “new matter”. Therefore, colliders have a 
wide range of applications in high-energy particle physics, condensed matter phys-
ics, plasma physics and astrophysics [6] [7] [8] [9]. 

In order to get the energy of a linear collider, it is first necessary to produce 
high-energy (or high-speed) particles. The acquisition of high-energy particles 
requires a variety of particle accelerators. Since the 1960s, many types of accele-
rators or colliders have emerged [10] [11] [12]. For example, according to the 
type of accelerated particles, they can be divided into positron-electron collider, 
electron-proton collider, electron-ion collider, heavy ion collider, and other par-
ticle colliders [13] [14] [15]. According to the accelerated particle energy, they 
can be divided into low-energy, medium-energy and high-energy accelerators, 
even ultrahigh energy accelerators [16] [17] [18].  

Centroid or center-of-mass dynamics of particles is complex in all linear col-
liders [19] [20] [21] [22]. The effectiveness of a collider can be simply compared 
with a moving-static collision and a moving-moving collision. When high-energy 
particles bombard a stationary target in a collider, only the center-of-mass ener-
gy (CME) is effective during particle collision, which accounts for only a part of 
total energy. However, if two beams of high-energy particles moved head-on 
with high energies E1,2 collide, the combined centroid system has the beam ener-
gies about 2E [22]. Their total energy from moving-static collision and moving- 
moving collision can be simply calculated by using an addition. 

There are two famous colliders in the world [23]. One is the Relativistic Heavy 
Ion Collider at the Brookhaven National Laboratory in Long Island, USA, which 
was the only heavy ion collider in the world from 1984 when it was proposed to 
build the plan until it was put into operation in 2000 [24] [25]. The other is the 
Large Hadron Collider, located near Geneva, across the border between Switzer-
land and France, which officially opened on September 10, 2008, becoming the 
world’s largest particle accelerator facility [26] [27]. The cost is in the billions of 
Euros [28] [29]. The existence of the Higgs boson was confirmed in 2012 [2] 
[30]. Recently, new exotic particle structures, including exotic four-quark par-
ticles, have been observed at the Large Hadron Collider [5]. The discovery of 
new particles has led to the desire to build larger ring colliders [3] [31] [32]. Of 
course, such collider would cost tens of billions of Euros. 

Physicists are going to keep accelerating elementary particles and then having 
them collide head-on, for taking apart elementary particles that are smaller than 
atoms to get smaller particles. In order to create new tiny elementary particles, 
one must concentrate a large amount of energy into a very small volume, which 
is to obtain a higher energy density. The Relativistic Heavy Ion Collider is a de-
vice that connects particles at all levels of acceleration one after another. Heavy 
ions start from the series of electrostatic accelerators, pass particles through a 
transmission line to a linear accelerator and inject them into an intensifier, then 
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send them to alternating gradient synchrotrons to accelerate, and finally inject 
them to a relativistic heavy ion collider through a beam transmission line. In the 
relativistic heavy ion collider, the same heavy ions collide with each other, ac-
cumulating and storing in two independent superconducting storage rings. Fi-
nally, two beams of heavy ion collide to obtain a higher energy density and look 
for a state of matter called quark-gluon plasma. 

In the universe, matter and particles have three basic properties: mass, charge 
(electric charge and color charge), and spin (momentum). Among them, spin is 
the basic form of motion of matter (particles) in the universe. For the motion of 
stars in the Milky Way, it has both the tangential velocity around the center and 
the radial velocity towards the center. When two stars (particles) reach to each 
other, they may not move in a straight line, but in different directions, and will 
rotate with each other and even merge or collide in the end. 

If two stars of equal mass and velocity collide head-on in a straight line, the 
energy of their collision is the sum of their respective energies which can be ex-
pected. New energy (or extra energy or abnormal energy) produced by a linear 
collision is not expected. How can a collider produce new unpredictable energies 
and new unpredictable matter (particles)? This paper first examines the form of 
linear collision with a rear-end collision and a head-on collision respectively. 
Then, an orthogonal collision is described and compared with the linear colli-
sion. However, in order to physically describe the performance of the three 
forms of collisions, we will focus on describing the interaction of the two low- 
velocity particles. It can be easily to generalize the collision performance of two 
particles to the interaction of two beams of high-velocity particles. At the end of 
the paper, conclusions and discussion are given. The study could answer a part 
of questions proposed by particle physicists who are fretting that they do not 
know what their next collider will be [33]. 

2. Linear Collision Form 

In the real world, common collision events occur between vehicles or ships or 
airplanes with their relative moving speeds. Two cars can have a rear-end colli-
sion or a head-on collision in a straight-line road. Right angle collisions and 
other collisions at different angles can also occur between them on a crossing 
road point. Among them, the most definitive events can be mathematically de-
scribed by three special angles of a 0-degree rear-end collision, a 180-degree 
head-on collision and a 90-degree right-angle collision. We focus on studying 
the energy formed by the collision of these three different angles. 

We here design a test structure shown in Figure 1 that compares a positron- 
electron collision in different forms. First, on the left-hand side of Figure 1, po-
sitrons and electrons are accelerated in a linear accelerator. They then separate 
and enter into a circular cavity on the right-hand side. The circular radius of the 
annular cavity is r. 

In general, two beams of high-energy particles are widely used in the theoret-
ical description of accelerator-colliders. The goal of accelerators is trying to  
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Figure 1. Three ways for negative-positive particles collided in a collider. Letter A de-
notes the linear collision point and letter B is at the orthogonal collision point. Point O 
indicates the center of an annular cavity with a radius of r, v+ is the velocity of a positive 
particle at the tangent point C, v− is the velocity of a negative particle at the tangent point 
D, and 3/2v+ is the velocity of a positive particle at the point E. Four points of the square 
are at O, C, B, D. The rectangular box is a linear accelerator. Solid arrows indicate the 
moving of positive particles and dashed arrows indicate the moving of negative particles. 
 
accelerate particles and form a state of high speed, close to the speed of light c, so 
the interaction of particles in a collider needs to be expressed in relativistic 
terms, and one of the important factors is the Lorentz factor 

2 2

1

1
i

iv c
γ =

−
.                       (1) 

It is a parameter (an elastic ruler) varied from the velocity vi of an object (or 
particle) relative to the speed of light c. Einstein introduced it into the relativistic 
momentum pi = γimivi and energy Ei = γi(mic2). The description of the cen-
ter-of-mass energy and momentum and the interaction of two particles or two 
beams of particles must be carried out within the frame of this factor [22]. The 
usual collider uses a head-on collision of two beams of high-speed particles. With-
in a collider, there are different influence relationships and different collision 
opportunities between charged particles, so that there will be different collisions 
and moving angles among particles. Describing the complex interaction of these 
particles requires the use of wave dynamics, dynamical systems, instability anal-
ysis, external controlling fields, fluid modeling, nonlinear mathematics, and sta-
tistics [9] [34] [35] [36] [37] [38]. Colliders usually employ bunched beans of 
particles with approximately Gaussian distributions, where two bunch particles 
collided head-on with a frequency distribution can be expressed as the luminos-
ity [22]. The development and application of these methods should be a broad 
field of particle physics. 

Regardless of the particle number and speed of the two beams used by modern 
colliders, the purpose of colliders is to achieve how many pairs of particles ex-
actly collide head-on per unit time. Only pairs of head-on collisions can achieve 
maximum energy density. Therefore, we focus on one of the pairs of oncoming 
particles to see how they interact. There are three special and valid cases of colli-
sion of two particles: head-on collision, rear-end collision, and orthogonal colli-
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sion. Orthogonal collisions produce the most severe extreme events, indicating 
that the collisions produce the greatest energy density. In the development and 
design of colliders, this idea of orthogonal collision needs to be considered. Al-
though the two beams of particles used in the future orthogonal colliders are also 
composed of a large number of particles, only the interaction of two particles is 
analyzed in this study in order to clearly describe the energy difference between 
orthogonal collisions and head-on collisions. Understanding the orthogonal col-
lision of two low-velocity particles is the basis for further studying the orthogon-
al interaction of a large number of high-velocity particles. 

A central part of this paper is an attempt to introduce the idea of orthogonal 
particle collisions for building future colliders. Therefore, it is not necessary to 
directly use the particle velocities obtained by high-speed and ultra-high-speed 
accelerators. Instead, we mainly compare the effects of the three-type collisions 
with low-velocity particles on various energies in this study. 

According to the two low-velocity particles in the non-relativistic limit i.e., 
when the velocities 1,2v c  where c is the speed of light, we first examine a 
rear-end collision. The velocity at which an electron with mass m reaches the 
point D of the annular cavity is v−. Also, we suppose that the velocity of a posi-
tron with its mass m reaching the point E is 3/2v+. Thereafter, we use a positive 
particle indicating a positron and a negative particle indicating an electron. Fi-
nally, the positive particle marked by + and the negative particle marked by − 
with their velocities collide each other at the point A and form new energy  

[ ]2 2 23 2 2 2 5 8m v mv mv+ −− = .                  (2) 

The relative difference in the velocity between two particles is only 1/2v, but 
the collision energy between them is 25 8mv  (or 20.625mv ) as indicated in 
Equation (2), which is slightly larger than a particle energy 21 2 mv  (or 20.5mv ). 

If the velocity of a positive particle is 2v+, its velocity is faster than that of neg-
ative one about a relative difference 1v. In this case, the collision energy of a 
rear-end collision is 23 2mv  (or 21.5mv ) showing in Equation (3). 

[ ]2 2 24 2 2 2 3 2m v mv mv+ −− = .                  (3) 

We now look at the situation where two particles collide head-on each other. 
In Figure 1, a positive particle and a negative particle leave the linear accelerator 
and enter the annular cavity. They continue to travel in the annular cavity at the 
same velocity, but in different directions. When they reach the point A, a head- 
on collision event occurs. Before the point A, they are moving along a circular 
curve. But when they reach the limit of point A, the angle between two particles 
in the direction of motion is 180 degrees. The energy of this head-on collision is 

2 2 22 2mv mv mv+ −+ = .                      (4) 

The energy at the time and at the point A for the head-on collision is the sum 
of two particle energies as indicated in Equation (4). Curiously, when the relative 
velocity difference of a rear-end collision is 1v while the relative velocity differ-
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ence of a head-on collision is as large as 2v, the energy of the rear-end collision is 
1.5 times as large as the energy of the head-on collision. Actually, the velocity of 
a positive particle is 2v in the rear-end collision, which means that the positive 
particle must additionally increase a part of velocity v or a part of energy 20.5mv . 

The linear collision is the basic form of all modern colliders. In this way, all 
builders of colliders are working to increase the particle velocity expected before 
a collision. Therefore, the goal of a front-mounted multi-step acceleration device 
is to increase the velocity of particles for the final collision. In the case of the Re-
lativistic Heavy Ion Collider, for example, particles which finally collide require 
the cumulative velocity accelerated during the pre-accelerators. First of all, a se-
ries of accelerators is to inject charged particles from the ground end of an acce-
lerator into an acceleration tube, which is accelerated for the first time into a 
high-voltage electrode and changes the polarity of particle band through a 
charge conversion device. Then they enter the second acceleration tube to acce-
lerate again, even for a third and fourth times, gradually increasing the velocity 
of particles. The final result is increasing the energy of heavy ions. 

In order to gradually increase the velocity or energy of particles, the internal 
structure of a collider is complex and the length of a linear accelerator is also de-
sirable to be long. In this way, the complexity of a constructed accelerator in-
creases, and the spatial range also increases, which ultimately makes the cost of a 
collider greatly increased. This costs not only money, but also costs valuable re-
sources and negatively impacts on the earth’s environment. 

3. Right-Angle Collision Form 

We now switch another way to orthogonally collide a negative particle with a 
positive particle. In Figure 1, two low-velocity particles leave the linear accele-
rator to enter the annular cavity. They have velocities v+  and v−  when they 
reach the point C and the point D, respectively. Then, instead of following the 
circular path to the point A, they start from the point C and the point D, and 
move at the same velocity along their tangent direction. They collide at the point 
B. At this time, the angle of collision between the negative particle and the posi-
tive particle is 90 degrees. It is a right-angle collision. Obviously, on the circum-
ference of the annular cavity, the determination of point C and point D is unique. 
On the annular cavity, four points O, C, B, and D form a square while three 
points O, A, and B are in a straight line. 

In the following, we look at their energies at the point B when they collide. 
Before point C and point D, two particles are moving along a circular track. 
They have centripetal forces with their unit vectors Cn  and Dn .  

2
C C

m v
r
+

+=F n ,                        (5) 

2
D D

m v
r
−

−=F n .                        (6) 

Two forces act at the point B, forming an event of collision which is named as 
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a shear stress. Its expression is the vector product of two forces, i.e., 

( )2 2
B C D

m mv v
r r
+ −

+ −
   = ⋅ ⋅ ×   
   

n nτ .                (7) 

The process of interaction is to bring the mass and energy of two particles 
from points C and D to collide at the point B. At the point B, the collision of 
particles is the formation of new physics, new energy, and new matter. New 
physics can be expressed in a new mathematical form. The formation of new 
energy is like a nuclear explosion while its extreme energy density is difficult to 
predict. New matter is the appearance of smaller particles that people have not 
yet discovered. Finding the newest and the smallest particles from colliders are a 
dream of physical scientists [30] [39]. 

When points C and D approach the point A, the collision of two particles is 
on a straight line. At this point, the angle at which two oncoming particles col-
lide is 180α =  degrees, i.e. sin 0C D α× = =n n . Their shear stress is 

( )2 2 0A A A
m mv v
r r
+ −

+ −
   = ⋅ ⋅ × =   
   

n nτ .               (8) 

Differing from at the point A, their angle between two particles is 90α =  
degrees at the point B, so the vector product equals to 1, namely sin 1C D α× = =n n . 
The shear stress is 

( )( )2 2 2 2 2
B

m mv v m v m v r
r r

τ + −
+ − + + − −

   = ⋅ =   
   

.           (9) 

In the right-hand side of Equation (9), it expresses the mass-energy density 
per unit area. Equation (7) and Equation (9) show that the result of the collision 
between two forces is no longer a force, but a mass-energy density. 

We can also select a point at which two particles collide on the extension line 
outside point B. Then the angle between two moving vectors of particles is 

90α <  degrees, so that 

sin 1, 0 90C D α α× = < < <n n   .                (10) 

If we choose a point at where two particles collide on the inside extension line 
between point A and point B. Then the angle between two moving vectors of 
particles is 180 90α> >  degrees, thus 

sin 1, 90 180C D α α× = < < <n n   .               (11) 

Therefore, the mass-energy (or energy) density of their collision is the greatest 
only when two particles orthogonally collide at the point B as indicated in Equa-
tion (9). 

From Figure 1 and Equation (9), the mass-energy density of two particles 
leaving the annular cavity is ( )( )2 2 2m v m v r+ + − − . This mass-energy density can 
be quantitatively estimated. According to the conservation of mass and energy, 
when two particles orthogonally collide at the point B, the collision point is a 
very small three-dimensional space. Then, the mass-energy ( )( )2 2m v m v+ + − −  that 
was originally distributed over the large area 2r  should now be concentrated in 

https://doi.org/10.4236/jmp.2022.1311089


W. H. Qian 
 

 

DOI: 10.4236/jmp.2022.1311089 1447 Journal of Modern Physics 
 

a very small volume. It is interesting that the mass-energy density on the square 
area 2r  will be concentrated in a very small volume 3

Br  with Br r  through 
this process of orthogonal collision. Here, the mass-energy dimension of two 
particles before collision is per unit area (in fact, particles also have thickness), 
and then the dimension at the time of collision is per unit volume (the volume 
space has the particle scale). The three-dimensional mass-energy density after 
collision is huge and incalculable. This is the formation of new physics and new 
matter. 

4. Comparison of Different Collision Energies 

To facilitate a comparison of the ratio between energy magnitudes of three colli-
sion scenarios, we take each mass of negative and positive particles as m. Ac-
cording to Equations (2) and (3), the energy ratio of a head-on collision to a 
rear-end collision is 

( )
2

25 8
8 5h r

mvR
mv− = = .                     (12) 

The energy of a head-on collision is 1.6 times as large as the energy of a 
rear-end collision. Conversely, a rear-end collision energy is 0.6 times to that of 
a head-on collision. In reality, the damage caused by the collision of two cars in 
the rear-end collision is smaller than that caused by the head-on collision. This 
also shows that no one is trying to construct a machine of rear-end collision in 
physical field. 

Here, a question is remained. What is the energy ratio of an orthogonal colli-
sion to a linear collision in this type of collider? We consider that the radius of 
an annular cavity is one unit length r = 1, then the mass-energy density on the 
unit area of the collision at the point B is 

( )( ) ( )2 2 2 2
B mv mv mv mvτ + −= = .                 (13) 

When it compares to the case of a head-on collision, the energy ratio is  

( )2 2 2 2
o hR mv mv mv mv− = = .                 (14) 

It can be found that the energy ratio formed from an orthogonal collision to a 
head-on collision is not a definite value, but a multiple of the change in mass and 
velocity of a particle. 

When comparing the two energies of orthogonal collision and rear-end colli-
sion, their energy ratio is 

( )
2

2 2 285
8 5o rR mv mv mv mv−

 = = 
 

.              (15) 

Interestingly, the difference between Equations (14) and (15) is only 1 and 8/5 
(or 1.6). This comparison shows that the energy of a head-on collision is slightly 
larger than that of a rear-end collision. 

It can be noted that the addition of total energy is used in the collision of two 
particles along a straight line while the multiplication of total energy is used in 
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the right-angle collision of two particles. The total energy of multiplication is 
larger than that of addition as long as the unit of each particle energy is larger 
than 2. It is true that we can get different mathematical values but used only 
multiplication and addition in a smaller number such as (1 1 1× = ) < (1 1 2+ = ), 
(1 2 2× = ) < (1 2 3+ = ), ( 2 2 4× = ) = ( 2 2 4+ = ), ( 2 3 6× = ) > ( 2 3 5+ = ), and 
( 3 3 9× = ) > ( 3 3 6+ = ). These cases show that the value of one by any number 
is less than the sum between them while the value of two by two is equal to their 
sum.  

The mass of a particle is very small, but the velocity when the particle is acce-
lerated is very large. Of course, it is difficult to accelerate particles to the speed of 
light. For a particle with a mass unit of 1 gram, as long as the velocity of a nega-
tive particle or a positive particle reaches 1 m/s, the energy of an orthogonal col-
lision is equivalent to the energy of two head-on collision particles. Actually, the 
velocity of a negative particle or a positive particle is rather large when they left 
accelerator to collide each other. 

If we identify the head-on linear collision energy in Equation (3) and the or-
thogonal collision energy density in Equation (9), the energy ratio of the latter to 
the former increases with the square of particle velocity, as expressed in Equa-
tion (14). This analysis shows that the energy density of a collider in the form of 
orthogonal collision is rather large. This mechanism should be considered in the 
development of the next generation of colliders.  

5. Conclusions and Discussion 

Two particles or two beams of particles can collide at different angles. Specially, 
two particles can achieve a rear-end collision or a head-on collision along a 
straight line. In the rear-end collision, the particle in the back is 1.5 times faster 
than the particle in the front, but their energy of collision is only 0.6 times as 
large as that of a head-on collision. This shows that the energy of a head-on col-
lision is larger than the energy of a rear-end collision. Whether two particles 
adopt linear acceleration or circular acceleration and if the final collision form of 
two particles is completed in a straight line, the collision energy is the sum of 
two-particle energies. The total energy of two beams of particles colliding head- 
on is roughly the sum of the energy that all pairs of particles can collide head-on. 
Therefore, the maximum energy produced by all current types of linear colliders 
can be expected. Of course, with the increase of an expected energy, the result of 
linear collision can also possibly form a fragmentation of original particles, but it 
is difficult to expect the formation of new physics, new energy and new matter 
or new particles. Thus, the linear collision is only a smashing machine. 

In recent decades, the United States, Europe, Japan, China and other countries 
and agencies have built accelerators with different types, different energy levels 
and different motion tracks [3] [40] [41] [42]. The shape of particle motion orbit 
can be divided into a linear accelerator and a circular (ring) accelerator, but the 
final collision form of particles in a collider is the same, which is a head-on colli-
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sion. To increase energy in the event of a head-on collision, one way is to in-
crease expenses in constructing series of particle accelerators, such as the Large 
Hadron Collider, and other linear colliders in plans of Europe and China [3] 
[32] [43] [44]. This is called colliding dreams from physical scientists in Japan, 
China and Europe [33]. 

The study in this paper shows that orthogonal colliders can be currently man-
ufactured by modifying the various annular head-on colliders that already exist 
around different places in the world. The basic principle of an orthogonal col-
lider has been clearly expressed by the interaction of two low-velocity particles in 
this paper. This story described from two-particle orthogonal collision to two- 
beam-particle orthogonal collision can be well understood and generalized by 
public and scientific community under the non-relativistic limit. The orthogonal 
collision of two-beam high-velocity or high-energy particles can create more 
chances to form new matters in the relativistic frame. Therefore, various statis-
tical and dynamic methods can also be applied to estimate the mass-energy den-
sity of orthogonal collisions. 

The manufacture of orthogonal collider is relatively simple, just at the two de-
termined points of a ring cavity with high-velocity or high-energy positrons and 
electrons moving along their tangent line and forming a crossing collision point 
outside the ring cavity. Another method is to construct a device that the particles 
emitted from two linear accelerators collide orthogonally. The ratio of the ener-
gy of an orthogonal collider to the energy of a linear collider is proportional to 
the square of their particle velocity. We believe that new physics and new matter 
can be produced by the orthogonal collision of two beam particles. Thus, the re-
sults in this paper could be useful for constructing a new generation of colliders 
and achieving the dream of physical scientists. 
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Abstract 

The flat limit of rotational velocity ( vϕ ) approximately equal to the “edge”- 

velocity of a galaxy is related to the baryonic mass ( BM ) via the T-F rela-

tionship n
BM vϕ∝  with 4n ≈ . We explore the connection between mass 

and the limiting velocity in the framework of general relativity (GR) using the 
Weyl metric for axially-symmetric galaxies that are supported entirely by their 
rotational motion. While for small distances from the center, the Newtonian 
description is accurate as one moves beyond the (baryonic) edge of the ga-
laxy, Lenz’s law and non-linearity of the gravitational field inherent in GR not 
only lead to a flat velocity (obviating its Keplerian fall), but also provide its 
tight log-log relationship with the enclosed (baryonic) mass. 
 

Keywords 
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1. Introduction 

The rotation curves, i.e., the rotational velocity as a function of the distance from 
the center do not appear to follow a Keplerian drop as 1 r ; instead they tend 
to reach a constant plateau velocity ( vϕ ). This experimental fact, discovered by 
Vera Rubin [1] in the 1980’s and confirmed by many later observations, poses 
one of the most challenging problems in theoretical physics. At present, the most 
widely accepted explanation is to suppose that the observed (luminous) mass 
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and radius of a galaxy is only a small part of the total; the rest is a vast (spheri-
cally symmetric) distribution of hypothetical dark matter (DM), which interacts 
only through gravitation; this is the basis of the widely accepted ΛCDM model 
[2] (cosmological constant plus cold dark matter). It is important to note that 
ΛCDM is itself anchored upon Einstein’s general relativity (GR) with a cosmo-
logical constant.  

The DM model when applied to (rotating) galaxies has its problems. First of 
all, in spite of extensive searches no trace of this mysterious dark matter has 
been found. Secondly, there is an empirical but successful relation, the Opik- 
Tully-Fischer law [3] [4] [5], between the plateau velocity of the gas ( vϕ ) and the 
visible, hence baryonic, mass of the galaxy: ( 4

baryonicM vϕ∝ ). But if the baryonic 
mass is supposed to be only a few percent of the total, how does this tiny fraction 
determine the rotational velocity of the galaxy? (Recall that in DM, an asymp-
totic vϕ  is generated by the dark mass not the baryonic mass). Thirdly, there 
has been no satisfactory explanation offered in DM for the magnitude of the ob-
served (intrinsic) angular momentum ( zJ ) of a galaxy. By contrast, in general 
relativity (GR), we can compute zJ  in terms of rotation velocity and the ba-
ryonic mass-current density that only extends over the visible size of any galaxy 
[6]. In fact, Salucci’s review on DM concludes with a somber note: It seems im-
possible to explain the observational evidences gathered so far in a simple dark 
matter framework [7].  

Building on previous work by other authors [8]-[17], and our own earlier 
work [18], we propose in the present paper that general relativity (GR), when 
appropriately applied, is perfectly capable of explaining the observed phenomena 
above, provided one takes into account the finite size (and a non-spherical mass 
distribution) of most galaxies and the basic fact that they rotate. 

To be concrete, let us consider our own galaxy [19]. The Milky Way has a 
diameter of 25 Kilo parsec and a thickness of 2 Kilo parsec with a visible baryo-
nic mass of about ( ) 111 2.5 10 M÷ ×



. The considerably non-spherical geometry 
fixes the (stable) axis of rotation and our galaxy acquires a rotational velocity of 
about 200 km/sec at the edge (of the diameter). As previously noted in Ref. [18], 
rotations bring about a well-known but often forgotten fundamental difference 
between the Newtonian theory & GR. 

In the Newtonian theory, there is no dependence of the gravitational field upon 
the rotation of a body [20]. In GR, on the other hand, the rotation of a system 
makes the metric nondiagonal (i.e., the time-space component oi ig A∝  becomes 
non-zero and a 3-vector-field iA  is generated). A preferred direction (in space) 
is thus chosen and the sense of rotation (clock-wise or anti-clockwise) is estab-
lished and fixed. This leads to the introduction of parity ( ) and time-reversal 
(  )-violating but (  ) conserving terms. Thus, a geo-magnetic field 

= ∇∧B A  emerges (already at the linearized level in GR) that gives rise to the 
GEM (geo-electromagnetic) theory of Thirring & Lense [21] [22] [23]. (The en-
suing Lense-Thirring effect has been beautifully confirmed experimentally in Ref. 
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[24]). An intrinsic angular momentum J  is generated (through the non di-
agonal term). These issues are discussed in detail in later sections. 

Another important fact distinguishing the Newtonian theory from GR is that a 
non-spherical mass distribution in GR necessarily radiates gravitational waves 
through its quadrupole moment. In ΛCDM, by contrast, as explicitly noted by 
Peebles [2], it assumes... no gravitational waves. Neglecting gravitational radiation 
from non-spherical rotating galaxies that have been in existence for several billion 
years and that have been continuously radiating, would be an extravagant assump-
tion. It is also important to note that (massless) gravitational waves produce no 
scalar curvature [ ( ) ( )gravitational wave gravitational wave 0T g T µν

µν= ≡ ], yet 
they contribute to the overall energy-momentum balance  
[ ( )gravitational wave 0Tµν ≠ ]. Also, as we shall see later, the length parameter a 
in the Weyl metric provides a precise relationship between the asymptotic rota-
tion velocity and the radiation field.  

The paper is organized as follows. In Section (II), we briefly discuss our pre-
vious work [18] that was anchored upon the most general class of stationary, 
axially-symmetric metrics in GR found by Weyl [25] [26]. In particular, we here 
reproduce 1) the Einstein equations valid in the vacuum (i.e., outside the galaxy); 
2) motion of a test particle outside of the galaxy; 3) Exact Weyl constraints in the 
vacuum; 4) choice of the matter energy-momentum density appropriate for a 
galaxy that is supported entirely by rotations with zero pressure; 5) the nature of 
the solutions of the Einstein equations for the matter within the galaxy and 6) 
obtain Ludwig’s extended GEM theory from the exact Weyl metric upon trun-
cating the scalar potential U to linear order in the constraint equations but 
keeping the exact non-linearity in the rotation field intact. In Section (3), we 
reemphasize a key role that Lenz’s law plays in always boosting the rotation ve-
locity up. In Section (4), we consider the rotation velocity and the TF law. In Sec-
tion (5), we show that both the Weyl class of metrics and the Kerr metric possess 
an intrinsic angular momentum. It is worthy of note that the Schwarzschild me-
tric has zero (intrinsic) angular momentum simply because it is spherical and 
thus lacks a vector field fixing a direction in space. A simple phenomenological 
analysis using an analytic, factorized mass density is applied to obtain the rota-
tion velocity and the intrinsic angular momentum for our own galaxy and com-
pared with experimental data in Section (7). The paper concludes in Section (8) 
with a summary of results obtained, work in progress and future prospects. 

2. The Weyl Metric 

In various subsections below, we list results relevant for the present paper from 
our previous work [18]:  

1) Einstein equations for the Weyl metric outside the galaxy; 
2) Motion of a test particle outside of the galaxy; 
3) Exact Weyl constraints in the vacuum; 
4) Matter energy-momentum density for galaxies supported entirely by rota-
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tions with zero pressure; 
5) Einstein equation constraints within the galaxy; 
6) Ludwig’s extended GEM theory results from the Einstein equations. 

2.1. Weyl Metric and Einstein Equations outside the Galaxy 

The axially-symmetric Weyl metric for a cylindrically symmetric space-time [27], 
with coordinates ( ), , ,ct zϕ ρ , including explicitly the rotation term (see, for 
example [20]) may be written as:  

( ) ( )22 2 2 2 2 2 2 2 2d e d d e d e d d ,U U Us c t a zνϕ ρ ϕ ρ− −= − − + + +       (2.1) 

2 2

2 2 2 2 2

2 2

2 2

4 4 2

e e 0 0
e e e 0 0

;
0 0 e 0
0 0 0 e

det e ;

U U

U U U

U

U

U

a
a ag

g g

µν ν

ν

ν
µν

ρ

ρ

−

−

−

−

 −
 

− + =  
  
 

= = −

 

the inverse metric has the form:  
2 2 2

2
2 2

2 2

2 2

2 2

2 2

e ee 0 0

e e ;0 0

0 0 e 0
0 0 0 e

U U
U

U U

U

U

a a

ag µν

ν

ν

ρ ρ

ρ ρ

−

−

−

 
− 

 
 

=  
 
 
  
 

 

and the invariant (spatial) volume element reads  
( ) ( )2d d d d e d d d ;

d d

U

flat

V z g z
V V

νρ ϕ ρ ρ ϕ− −= − =

≥
             (2.2) 

Below, we list some salient aspects of the above axially-symmetric metric: 
 1: ,U a  & ν  are functions only of 2 2x yρ = +  and z. independent of 

ϕ . Hence, there are two Killing vectors; one time-like and the other space- 
like (outside of the horizon) of the system.  

 2: The function U is related to the Newtonian potential Φ  through  
2

2e 1 2U

c
Φ

= + . 

 3: The function a would be related to the angular momentum of the system.  

 4: The gravito-magnetic potential-field 
caAφ ρ

= , is a vector potential  

0, ,0ca
ρ

 
=  
 

A .  

 5: The three potential fields ( ,U a  & ν ) characterizing the metric are not all 
independent. The Einstein equations in the vacuum, that is outside the 
boundaries of a confined system such as a galaxy, impose the following exact 
non-linear differential constraints on these functions [20]:  
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2 22 2 4

2 2 2

4 4

2 2 4

2

;  in the vacuum of the system impli0

e

es :

a

;(i)
2

e e 0;( i

n
4

d

i )

e

U

U U

U

R

U U U a a
zz

a a
z z

U U a
z

µν

ρ ρ ρρ ρ

ρ ρ ρ ρ

ν
ρ ρ ρ ρρ

=

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

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

2 2

4

2

; (iii)

e2 ;(iv)
2

U

a
z

U U a a
z z z
ν

ρ ρ ρρ

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

= −
∂ ∂ ∂ ∂ ∂

    (2.3) 

N.B.: Since U and a begin at order G, ν  begins at second order (i.e., is of or-
der G2). Once U & a satisfy the top two equations relating them Equation (2.3(i), 
(ii)), a solution for ν  exists since the last two equations Equations (2.3(iii), (iv)) 
become the integrability conditions for it; 0ν →  as 0ρ →  for any z.  
 6: The inequality in Equation (2.2) that tells us that the invariant spatial vo-

lume element is larger than its value in the flat-limit is useful for proving 
bounds on integrals of (positive definite) integrands, in gravitational asymp-
totic perturbation theory such as that developed by Landau-Lifshitz [27] & by 
Weinberg [6].  

2.2. Motion of a Test Particle outside the Galaxy 

A test particle in this axially symmetric metric would have two constants of mo-
tion, that we indicate as 0p E c=  for time translations, p J cφ =  for rota-
tional motion in the x-y plane. We shall write 2E mcγ= , or 2

NRE mc= +   to 
study the non-relativistic limit.  

We now write the geodesic equation for a test particle of mass m for the above 
metric. The simplest formalism that extends to a Riemannian space blessed with 
a metric is through the action principle. Calling the action S, m the mass and τ  
the proper time τ , we have  

( ) ( ) ( ) ( )

( )

( )

2 2 22

2

2

Let Hamilton-Jacobi Eqn. implies :

W

d d ; d d ;

; ;

e have

S mc S mc c

S S Sp g mc
x x x

p p g mc

µν
µ µ µ ν

µν
µ ν

τ τ= − =

∂ ∂ ∂
= = −
∂ ∂ ∂

= −

 (2.4) 

As stated earlier, an axially symmetric system has two conserved quantities: 
the energy E and the component of angular momentum zJ  say, for rotational 
motion in the xy-plane. Hence, the dependence on time-interval (t) and that on 
ϕ  can be prescribed as  

( ) ( )ˆ; ; ; ; ;

; ; ; z

S ct z Et J S z
S S S SE c J p p
ct zρ

ρ ϕ ϕ ρ

ϕ ρ

= − + +

∂ ∂ ∂ ∂
− = = = =
∂ ∂ ∂ ∂

             (2.5) 

Hence, for the Weyl metric, we have  
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ν
ρ

ν
ρ

ρ ρ ρ ρ

ρ ρ

ρ ρ ρ ρ

−−

−−

− −

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

    − + = + +        
      

+ + − − =      
      

( ) ( )2 2 2 2e ;(iii)U
zp pν

ρ
−+ +

 (2.6) 

Let 2E mc γ=  and as both E & J are constants of motion, we can define a 
reduced (a-dimensional) angular momentum, i.e., angular momentum per unit 
energy per unit ρ  (the perpendicular distance or, the impact parameter): 
j Jc Eρ≡ ; and through it a rotational velocity v jcϕ ≡ . Similarly, the rota-

tional parameter a from the metric, can be employed to define a vector potential: 
A caϕ ρ≡  that has the dimensions of a velocity. With these definitions, Equa-

tion (2.6(ii)) reads:  

( )

( )

2 2 2
22 2 2

2

; ; ; ;

e e 1 e zUU U

AEJ j v cj a v A
c c

p p
c mc

ϕ
ϕ ϕ ϕ φ

ϕ ρν

ρ ρ π

π
γ −−

= = = ≡ +

  + 
 − = + 
   

           (2.7) 

For a galaxy supported totally by rotations along ϕ , that is the focus of this 
paper, we set 0zp =  & 0pρ = . Then the above equation is reduced to  

( )

( )
( )

22 2

2

2 2

2

1 ;
e e

1Keeping leading terms only : ;
1 2

Test particle energy : ;

; ; (ii)
2

U U

NR

NR

c

U c

E mc mc

mm v A

ϕ

ϕ

ϕ ϕ ϕ ϕ

γ
π

γ
π

γ

π π

−
=

−

≈
− −

= ≈ +

= Φ + = +





      (2.8) 

Equation (2.8(ii)) shows clearly what the Newtonian theory leaves out that GR 
supplies: viz., the vector potential Aϕ . That in turn generates the GEM magnet-
ic field. The lack of the dynamics generated by mass current density in the New-
tonian theory is a serious lacuna that has important consequences. We discuss 
one such important improvement that GR provides. 

As 0U < , the particle will remain bound so long as 2v Aϕ ϕ+ < − Φ  and 
not 2vϕ < − Φ  (their values at the coordinates , zρ  in question) as the New-
tonian theory asserts. 

This leads to the well known quandary when one computes, using Newtonian 
gravity, the escape velocity of our Sun were it to escape from our Galaxy. The 
mean rotational velocity of our Sun is about 220 km/sec and it is approximately 
8.2 Kilo-parsec away from the center of our Galaxy. There is apparently very lit-
tle (baryonic) mass beyond this distance. Thus, Newtonian theory for the Sun’s 
escape velocity predicts 2 220 310× ≈  km/sec [28] in the vicinity of our Sun, 
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experimental astrophysicists estimate the Sun’s escape velocity to be between 
(500 ÷ 550) km/sec. 

In GEM, by contrast, the escape velocity reads: 2escapev Aϕ≈ − + − Φ . As we 
shall discuss later in more detail, Lenz’s law (reminding us that all masses attract 
so that the GEM magnetic field obeys the left hand rule) forces us to have 

0Aϕ < , thus boosting the escape velocity up [vedi Section (3)]. From the phe-
nomenology of the Milky Way in Section (7), we estimate the magnetic term to 
add about 200 km/sec, thereby bringing the escape velocity much closer to its es-
timated experimental value. A quantitative analysis of this matter shall be pre-
sented in a later work. 

2.3. Exact Weyl Constrains in the Vacuum 

Having delineated a few important aspects that distinguish GR from the Newto-
nian theory regarding the dynamics of a rotation-supported galaxy, let us return 
to a discussion of the exact Weyl constraints. 

At first glance, Equations (2.3(i-iv)) appear quite opaque and daunting, but 
they acquire a physically more appealing aspect through the following dictionary 
in terms of the GEM electric E  & magnetic B  fields of order G, along with a 
higher order field B̂  that is of order G2. They are defined as follows:  

( )

( )

( )

( )

( )

2 2 2
2

,0, ,0, ; (i)

,0, ,0, ; (ii)

1 1ˆ ˆ ˆ,0, ,0, ; (iii)

1ˆThus, we have : ;(iv)

1ˆ& ;(v)

z

z

z

z

zz

E E
z

A A
B B

z

B B
z

ρ

ϕ ϕ
ρ

ρ

ρ

ρρ ρϕ

ρ

ρ

ν ν
ρ ρ ρ

ν ν
ρ

ρ ν ν ν
ρ

 ∂Φ ∂Φ
= = − − = −∇Φ ∂ ∂ 

∂ ∂ 
= = − = ∇∧ ∂ ∂ 

 ∂ ∂
= = − ∂ ∂ 

= +

− ∇ ∧ = + −

E

B A

B

B

B

            (2.9) 

Before considering the equations they obey, let us pause to say a few words 
about the genesis of the nomenclature in Equation (2.9). This EM analogy was 
first noticed and Equations (2.9(i) and (ii)) were used by Thirring. His initial 
purpose was to compute the gravitational field inside a hollow rotating sphere 
(in linearized GR). Later with Lense, he extended the analysis of the effect of 
proper rotation of a central body on the motion of other celestial bodies, which 
led to the discovery of the Lense-Thirring effect [24]. In a set of four beautiful 
papers, Ludwig [13] [14] [15] [16] has extended GEM by including additional 
field energy (that are second order in G) and obtained a closed set of non-linear 
equations for the rotational velocity ( vϕ ) in terms of the Newtonian velocity (via 
its acceleration) and the matter distribution within the galaxy. We shall return to 
discuss them in a later subsection and show that indeed they are reproduced in 
the appropriate limit. 

In terms of the field variables defined in Equation (2.9), the Weyl equations in 

https://doi.org/10.4236/jmp.2022.1311090


Y. Srivastava et al. 
 

 

DOI: 10.4236/jmp.2022.1311090 1459 Journal of Modern Physics 
 

the vacuum given in Equation (2.3) read:  

( )

2
2 2 6 2

2

2

4
2 2 2 2

2

4

2

2 e e ;(i)
2

4 ;(ii)

eˆ ;(iii)
4

ˆ 2 ;(iv)
2

U U

U

z z

U

z z z

c
c

c

E E B B
c

eE E B B
c

ρ ρ ρ

ρ ρ

ρ

ρ

−∇ ⋅ = − +

∇ ∧ = − ∧

   = − + −   

= +

E E B

B E B

B

B

             (2.10) 

Within the galaxy, the Gauß law in Equation (2.10(i)) shall get the mass den-
sity term on the right-hand side (- 4 mGρπ ). Similarly the Ampere law in Equa-
tion (2.10(ii)) shall get the mass current density ( 4 mG vϕρ− π ) when we continue 
the solution within the galaxy. On the other hand, Equations (2.10(iii) and (iv)) 
remain valid both inside and outside of the galaxy, due to our choice of the mat-
ter energy-momentum density as discussed in a later subsection.  

The various exponentials in these expressions add on higher order polyno-
mials in the Newtonian potential due to the non-linearity of GR. In all the four 
equations above, the quadratic terms in E  & B  appear; these are easily in-
terpretable as different components of the field energy-momentum density. 

An attentive reader might wonder how (& why) one can possibly succeed in 
describing the dynamics of a spin-2 gravitational field in terms of just the 
GEM-electric and magnetic (spin-1 vector) fields? The answer to this question 
lies in the non-linearity of GR. Already at the second order (in G), there are con-
straints between the E -field (whose longitudinal part is defined through the 
gradient of the Newtonian potential Φ  and whose transverse part arises 
through the time derivative of the transverse part of the vector potential, 

T t∂ ∂A ) and there are constraints between them, vedi Equations (2.3(i) and (ii)). 
Further on, at order 2G , a subsidiary field ν  appears in the metric as well as 
in the equations of motion, that is completely constrained by the behavior of the 
GEM fields and the boundary condition that ( )0; 0zν ρ = ≡ . Thus, in the far 
field region, once the origin is appropriately chosen, the gravitational field is li-
mited to its two degrees of freedom and its multipole expansion beginning with 
the quadrupole. Not so, in the near field within or in the vicinity of the galaxy 
where both longitudinal and transverse fields are present with constraints be-
tween them playing a crucial role in limiting the dynamics, as the following dis-
cussion illustrates.  

The assumption that there is no motion along the (radial) ρ -direction or 
along the z-direction, brings in constraints for the dynamical system. Weinberg’s 
Equation (9.12) [6] gives the following expression for a particle’s (spatial) acce-
leration i  ( 2,3,4i =  with coordinates labeled as xµ : ( 1x ct= , 2x ϕ= ; 

3x ρ= ; 4x z= )  

1,1 1, ,

1 1 1
1,1 1, ,

d d d2
d d d

d d d d2 ;
d d d d

j j k
i i i i

j j k

i j j k

j j k

x x x
t t t

x x x x
t t t t

= −Γ − Γ −Γ

 
+ Γ + Γ + Γ 

 


           (2.11) 
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Assuming only circular motion (about the z-axis), we have non-vanishing ve-
locity only along the ϕ -axis: d dt vϕ ρ=  and d d 0ix t =  for 3,4i = . Under 
this premise, also the accelerations along the 3- & 4-axes must vanish:  

2 4 2 4 2
, , ,

2
2 4 2 4 2

, , ,

2 4 2 4 2
, , ,

2
2 2 4 2 4

, , ,

(i) e e 2

e e e 0;

(ii) e e 2

e e e 0;

U U

U U

z U U
z z z

U U
z z z

vc U c a aU

v aa U a U

vc U c a aU

v U a U aa

ρ ν ν
ρ ρ ρ

ν
ρ ρ ρ

ν ν

ν

ρ

ρ ρ
ρ

ρ

ρ
ρ

− −

−

− −

−

 = − + + 

   − − + + + =    

 = − + + 

   − + + =    




      (2.12) 

Equations (2.12) along with Equations (2.3(i, ii)) allow us to obtain an exact 
non-linear, first order differential equation for the velocity field  
( ) ( ), 0 , 0z v z cβ ρ ρ= = =  on the equatorial plane in terms of the (normalized 

dimensionless) Newtonian (velocity squared) defined as usual  
( ) ( ) ( )( )2 ,0g cρ ρ ρ ρ= ∂Φ ∂ , where ( ),0ρΦ  is the Newtonian potential in 

the equatorial plane. This rather complicated expression can be found in Ap-
pendix A of [18]. Here we shall illustrate the strategy employed to derive the re-
sult valid to the lowest non-vanishing order. To the desired order of accuracy, 
Equations (2.12), yield the following expressions for ,a ρ  & ,za :  

, ,
2 2

, 1 , 1; ;za a z
c c

ρρ β β β
ρ ρ β ρ β

Φ Φ   
= − + + = + +   

   
          (2.13) 

We can thus eliminate , ,; za aρ  in Equation (2.3(ii)), to obtain an expression 
for the second derivatives of U. To the desired order of accuracy:  

4 4
, ,

, ,

1 1e e 0;U U
z

z

U U ρ

ρ

ββ β
β ρ β

       
+ + − + + =      

        
       (2.14) 

Keeping only terms linear in the U-field:  
2 2

,
, , , , , , , ,2 2 2

1 1 1 ;z z z zU U U U ρ
ρ ρ ρ ρ

ββ β ββ β β
β ρβ β ρ

  − − + + = + − +    
   (2.15) 

Thus:  

( ) ( )
( ) ( )
( )

( )

,
, , , ,

2 22 2
,

, , 2 22 2 2 2

1 , ,1 ;(i)
1 1 1

z z

z z

U
U U

g z g z
U

ρ
ρ ρ

ρ

ρ

β β ρρβ ρβ ββ
ρ ρβ β ρ β β β

+ +

+ −−
= − + +

+ + +

(2.16) 

According to Equation (2.3(i)), lhs is of order 2G , outside the galaxy. Thus, 
to linear order in G, we have at 0z =  upon using the up-down symmetry, for 
the rate of increase of ( )β ρ  (outside the galaxy)  

( )( )
( )( )

2 2

2 2

1
;

1

g

g

β ρ ββρ β
ρ β ρ β

− −∂
=

∂ + +
                 (2.17) 
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Equation (2.17) is of course only valid outside the galaxy. It agrees exactly 
with Ludwig’s Equation (4.13) [13] when his solution is continued to outside the 
galaxy where the matter density term 0f = . 

It is easy to obtain the rate equation inside the galaxy (to linear order) upon 
including the matter density term on the rhs of Equation (2.3(i)). To lowest or-
der, the (2-dimensional) Laplacian of U receives the matter field contribution 
( 4 mGρπ ). Explicitly, inside the galaxy, we have  

( ) ( )2 2
2

4 ,
, terms of order ;mG z

U z G
c
ρ ρ

ρ∇ +
π

=  

( ) ( ) 2

2

4 , 0
Define for 0; ;mG z

z f
c

ρ ρ ρ
ρ

=
= =

π
 

Equation (2.14(i)) ( ) ( ) ( )
2

2 2
2 2

1 1 ;
1 1

f g gβ βρ β β
ρβ β β
∂  → − + = + − ∂+ +

 

( )( )
( )

2 2

22

1

1

f g

g

β ββρ β
ρ β β

+ − −∂
=

∂ + +
               (2.18) 

This essentially reproduces Ludwig’s result inside the galaxy and reduces to 
Equation (2.17) outside the galaxy for which 0f = .  

2.4. Matter Energy-Momentum Density  

Within the boundaries of the galaxy, the dynamics of course changes:  

( ) 4

1 8,
2

GE z R Rg T
cµν µν µν µνρ π

= − =                (2.19) 

and thus we need a model for the energy-momentum density of the rotating ga-
laxy and a choice for the metric inside. Hoping that no confusion ensues, we 
shall continue to use the same form of the metric as given in Equation (2.1). The 
simplest and most commonly used model for matter is that of free dust with in 
general an equation of state relating the mass density to the pressure. We shall 
assume further that our galaxy has zero-pressure, which implies that it is totally 
supported by rotations around its stable axis, with no further extraneous motion. 
Choosing the axis of rotation along the z-axis (with an angular velocity ϕ ), our ex-
treme simplifying assumptions, allow us to restrict the matter energy-momentum 
density to the following form [with coordinates ( , , ,o zϕ ρ )]:  

( )

2 2 2

2
2 2 2 2

2

;

, 1, ,0,0 ;

e 1 ; e 1 e ; 0; 0;

1The trace : 1 e e

m

U U U
o z

U U
m

T u u

u z c

a au c u c a u u

aT c
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µ

ϕ ρ

µ
µ

ρ

βρ γ
ρ

γ β γ β βρ
ρ ρ

ρ β β
ργ

−

−

=

 
=  

 
    

= − − = − + = =   
    

 
= − ⇒ = − − 

 

 (2.20) 

While lack of motion along the ρ  (radial) & z (vertical) directions simplify 
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the structure of the matter energy-momentum density tensor from a (4 × 4) ma-
trix to a (2 × 2) matrix form, this simplification also brings some unexpected 
peculiarities such as:  
 1: Even though the reduced matrix Tµν  is real-Hermitean, it is non-diagonal 

and because it is factorizable its determinant is zero. We recall that in the 
general case, this matrix has 4 eigenvalues: a positive definite (time-like) 
mass density with 3 (space-like) pressures ( 1 2 3, ,p p p  along its principal 
axes). By setting all pressures ip  to zero, we have made the matrix singular 
with the lone non-vanishing eigenvalue the scalar (generally invariant) mass 
density 2

mcρ .  
 2: For any finite β , the Lorentz factor γ  in Equation (2.20) does not re-

duce to its expected value ( )2 1 2
1 β

−
− , unless the rotation parameter 0a → . 

But, if we let 0a = , the metric becomes diagonal, since then 0og ϕ =  the-
reby rendering the (matter + field) angular-momentum zero. Clearly, this is 
unphysical and thus unacceptable. We must have 0a ≠  (it can be positive 
or negative, of course).  

 3. In the expression for γ , the linear term in β  induced by a non-vanishing 
length parameter 0a ≠ , would exceed the expected 2β  correction unless 
for any value of edgeρ ρ≤  within the galaxy, ( ) ( )2 a ρ ρ β ρ< . In short, 
β  cannot be too small if the rotational velocity alone has to support a ga-
laxy with zero internal pressure.  

 4: The metric and its first derivatives must be matched at the boundary for 
their inside versus outside values.  

Thus, β  just outside cannot be too small either. A clear indication from GR 
that Newtonian values for β  that are becoming too small at the edge must get 
supplemented by (the mass current density) contributions to stabilize the sys-
tem. 

2.5. Einstein Constraints within the Galaxy 

To emphasize the affinity and the difference between Einstein gravity and elec-
tromagnetism, and partly to follow the works by Ludwig [13] [14] [15] [16], it is 
convenient to write the Einstein equations for this metric in terms of the three 
vectors ˆ, ,E B B  defined earlier. Overall we have a dictionary with which we can 
write the Einstein equations  

4

1 8
2

GE R g R T
cµν µν µν µν
π

≡ − =                   (2.21) 

We have:  
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4
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− −
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= =

 
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= − ∇ ⋅ − + + ∇ ∧ + 

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and therefore a “Gauß law”  

( )( )
( )

2
22 2 2 6 2

2

2 2 2 2

e4 e 1 e 2 8e

1ˆ ˆe
2

U
U U

m

U U
z

G
c

c c e B

ν

ϕ

ρ βγ

ρ

−
−∇ ⋅ = − + − +

+ ∇∧ −

πE E B

B
      (2.22) 

To single out the non-diagonal part of Eµν  in terms of the matter current 
density m mJ vϕρ= , we consider the combination  

( ) ( )

( )

( ) ( )( )

2
2 2

4 2
, , , , , , , , ,

4 2

8 8 1

1 1e 4
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c c
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ϕ ϕ ϕ
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−

−

  
+ = + = − −  

  
 

= − + − + + 
 

=

π

∧ −

π

∇ ∧B B

  (2.23) 

and therefore an “Ampère law” emerges:  

4 2 2 4 24 e 1 e
2

U U
m

G a c
c

ν νγ β
ρ ρ

− + − +  
∇ ∧ = − − + ∧  

  

πB J E B     (2.24) 

In Appendix B of Ref. [18], we have reproduced some details of the traditional 
iterative scheme in GR (developed over a century ago). Anyone interested can 
readily compare the higher order contributions as they arise from the perturba-
tive scheme with the exact Einstein-Weyl equations. 

2.6. Ludwig’s Extended GEM Theory Results from Einstein  
Equations 

Neglecting higher order term in G and (special) relativistic corrections, we can 
summarize Gauß and Ampère law as:  

44 ,m m
GG

c
ρ∇ ⋅ = − ∇ = −

π
π ∧E B J              (2.25) 

It is important to note (and very useful to remember to implement) the nega-
tive sign of the matter fields on the rhs of Equations (2.25), especially in the 
Ampére law that leads to a left hand rule for the GEM magnetic field. Precisely 
because gravitation has only attraction (unlike E & M that has both), the Lenz’s 
law for gravity implies that there is a net boost to the acceleration due to other 
masses. We illustrate in Section (3) that the model obeying Lenz’s law produces 
a rotation velocity curve consistent with mass-to-luminosity data whereas another 
model while successful in producing the rotation curve was inconsistent with the 
light intensity data. 

3. Lenz’s Law Always Boosts Rotational Velocities for Stable  
Galaxies  

An attentive reader might rightly wonder why there is always a counter rotating 
GEM magnetic field produced by the velocity-field of material masses. Such is 
not always the case in Maxwellian electrodynamics due to the fact that both at-
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tractive and repulsive forces are generated as both positive and negative charges 
exist in the electro-magnetic theory of Maxwell. In GEM however, the force is 
always attractive [29] [30]. For the problem at hand, it is most easily seen in the 
equation for the GEM magnetic field  

2 2

4 G
c c t

ρ ∂
× = +

∂
π

∇ −
EB v                    (3.26) 

The minus sign in the first term on the right hand side of Equation (6.6) tells 
us that the magnetic field induced on the left side (due to the velocity field) fol-
lows the left-hand rule always. In standard electrodynamics with different signs 
of charge, Lenz’s law implies that a negatively charged electron in a beam of 
co-moving electrons loses momentum due to other negatively charged electrons 
in the beam. On the other hand, the same Lenz’s law implies that an electron 
gains momentum if there are say positively charged parallel moving protons. In 
GEM, there is only attraction between masses and thus the situation is similar to 
that between an electron and a proton. Ergo, Lenz’s law implies that there is al-
ways an increase in the rotational velocity of galaxies due to GEM. In the fol-
lowing, we shall confirm these results explicitly that the resultant rotational ve-
locity is indeed boosted through a GEM magnetic term 0zB < . We may con-
sider it as a strict boundary condition to be imposed for the stability of a galaxy 
that is supported entirely by rotations.  

We have shown in Ref. [18] that the model obeying Lenz’s law produces a ro-
tation velocity curve consistent with mass-to-luminosity data whereas another 
model while successful in producing the rotation curve was inconsistent with the 
light intensity data. 

The example of galaxy NGC 1560 has been discussed at length by Ludwig in 
Ref. [13] using two different parametrizations, we shall call them model 1 & model 
II with two different Newtonian g-functions Ig  & IIg . These are shown in 
Figure 1 of Ref. [18]. They both produce roughly the same ( )β ρ . The GEM 
magnetic field is defined as  

( ) 2

.z gB
c

ρ β
βρ
−

=                     (3.27) 

For model I, 0zB >  and for model II, 0zB < . In Figure 2 of Ref. [18], are 
shown the magnetic fields, 

IzB  for model I and ,IIzB−  for model II. Lenz’s law 
is not obeyed in model I but it is in model II. In Figure 3 of Ref. [18], are shown 
the corresponding Newtonian velocities 

Ludwig’s model II obeys Lenz’s law and at the same time is also consistent 
with the mass-to-luminosity data, whereas model I does not agree with the 
mass-to-luminosity data. This shows the efficacy of Lenz’s law in limiting the 
class of acceptable solutions. 

4. Rotation Velocity and the Tully-Fisher Law  

As discussed in Section (3), the induced GEM magnetic field B  is always 
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counter-rotating (follows the left hand rule) with respect to velocity-field of ma-
terial masses that produce it. Also, as shown earlier, the Einstein-Weyl equations 
acquire the form of Gauß-like and Ampère-like laws, even at the linearized level. 

Upon assuming that ˆ ˆ;g A vϕϕ ϕ= =A v  and that we are in stationary condi-
tions, the equations (in cylindrical coordinates) read [13]:  

( )

2

2
2

2

2

2 2

;

1 4 ;

1 4

g

g g
g m

m

c

r G
z

A A G v
z c

ϕ ϕ

φ

φ φ
φ ρ

ρ ρ ρ

ρ
ρ

ρ ρ ρ

Φ
=

∂ ∂ ∂
+ = ∇ = ∂ ∂ ∂ 

 ∂ ∂∂   + =
 ∂ ∂ 

π
∂

π              (4.1) 

The assumption is that ( ),v zρ  describes continuously the motion of the ro-
tating matter inside the galaxy and the motion of the ionized gas that circles 
round it. While the geodesic equations for the (spatial) acceleration of a particle 

i  have been shown to be non-linear and complicated, however, we here limit 
our discussion and consider only equatorial circular motion around the z-axis  

with 
d
d

v
t
ϕ

ρ
=  and 0zρ = =  . Under these provisions, to lowest order we 

have the Lorentz force equations:  

( ) ( )

( )

2 2

2

2

, 0; ;

Defin , a magnetic velocity term : 0;

Thus, with the Newtonian velocity squared : ;(i)

1 4 ;(ii)
2

z z

z
mag

mag

mag mag

ca cav v v vE vB E vB
z z

B
e

c
g g g

g

ρ ρρ ρ ρ ρ ρ ρ
ρ

β

β ββ

β β β

∂ ∂∂Φ ∂Φ
− = = ↔ − = + = −

∂ ∂ ∂ ∂

−
≡ ≥

= + ≥

 = + +  

 (4.2) 

Thus, as we proposed to show in Section (1), GR with its inherent Lenz’s law 
does indeed produce the remarkable result that the rotational velocity always 
exceeds its Newtonian value: [ 2 gβ ≥  Equation (4.2(i))]. 

The above inequality is a powerful constraint that has been amply confirmed 
through 2700 data points from 153 SPARC galaxies. For details, we refer the 
reader to Ref. [5], especially Figure 3 in it. 

We have also shown that up to the order of required accuracy, Ludwig’s rate 
equations for the rotation velocity emerge from the Weyl metric, thereby giving 
strong support to Ludwig’s computational program. We shall return to it in Sec-
tion (6). 

We reproduce here from Ref. [18], a simple qualitative argument for constant 
asymptotic velocity deduced from these equations, with a Newtonian term aug-
mented by the magnetic term. At small distances from the center, the Newtonian 
term dominates but as one proceeds further towards the edge of the galaxy, the 
picture changes dramatically due to the onset of the magnetic term. 

If we consider our own galaxy, the Newtonian velocity has roughly speaking 
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two bumps and then it goes down in the Keplerian fashion as 1 ρ . If we 
simply add a magnetic term that begins from zero and grows up near the edge to 
produce a constant (negative) vector potential Aϕ  in obedience to the Lenz’s 
law, we have the desired result of a constant rotational velocity. Also, the same 
asymptotically constant vector potential allows us to obtain a reasonable esti-
mate both for the rotation velocity & the angular momentum of our galaxy. 

For our galaxy, the maximum of the Newtonian term coincides approximately  

with the onset of asymptotic velocity, ( )2

2
s

edge

R
R

β ∞ = , where the Schwarzschild 

radius 22sR GM c=  with M denoting the baryonic mass (plus that of the gra-

vitational field). For a pillbox like galaxy, 2
edgeV R hπ= , mM Vρ= , so that 

( ) 1 2
1 2

2 ~ ~M M
M

β ∞ , reproducing the Tully-Fisher law: 4M β∝ . As we change 

the geometry, we expect that nM β∝  with 4 0.5n = ± . Thus, while the scatter 
in the index n is to be expected, the log-log relationship would be maintained. 

We note that the mass parameter here refers to the baryonic mass (+that of 
the GR radiation). A linear light-to mass ratio * 0.5M Lϒ ≈

 

 is employed for 
all disk galaxies in Ref. [5] to convert the light data from 3.6 μm band of Spitzer 
into mass. Thus, to use the terminology in Ref. [7], we are discussing the baryo-
nic TF relation. 

5. Weyl Class of Metrics & the Particular Kerr Metric  

We briefly note here the similarities and differences between the large distance 
behaviour of the Weyl class of metrics to the particular one of the Kerr solution 
of the Einstein equations [20]. This solution apparently describes a rotating 
black hole in terms of a mass M and a (constant) length parameter a that is 
known to be linearly related to its angular momentum. 

Taking ẑ  as axis of rotation, g hµν µν µνη≡ + , at large distance, the Kerr 
metric asymptotic behaviour is given by ([6] pg. 240):  

( )

( )

03 2

2

1, ,

2 , 0,0, , , 1, 2,3

s s
ij i j i i i

s

R R
h x x h x

rr r
GMR a i j
c

 → − → + ∧ 
 

≡ = =

a x

a
            (5.3) 

As amply discussed in an Appendix in Ref. [18], this is quite generally all that 
one needs to calculate the total mass and angular momentum. For the Kerr me-
tric (5.3), it yields 2

totE Mc= , Mc=J a , as expected. If 0a =  the Kerr metric 
coincides with the Schwarzschild metric and 0J = . We can see that for the sys-
tem to have a finite intrinsic angular momentum, it is crucial that the space-time 
part of hµν  does not vanish asymptotically beyond 1/r2. 

Let us now consider the general class of Weyl’s axially-symmetric metrics as 
in Section (2) focusing on their space-time part in the equatorial plane (i.e., at 

0z =  so that rρ = ) and we have:  
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( ) ( ) ( )

( )

( ) ( ) ( )

2

2

2

1 2
2

e ,can be written in pseudo-Euclidean

ecoordinatesas the special case of ;

with Weyl s being the special case 0,0, ;
Expanding in perturbation theory :

1 2 ,

with

U r
o

U

oi ijk j k

j k
oi oi oi ijk

oi

a r
g r

c

g a x
r

a

a x
g g g U r

r

g

ϕ

ε

ε

=

=

′ =

= + = + +  

a



( ) ( ) ( )1 2
2 2;& 2j k j k

ijk oi ijk

a x a x
g U r

r r
ε ε= =

      (5.4) 

We are interested in the second part ( ( )2
oig ) that relates to the angular mo-

mentum ( J ) of the system. Asymptotically, we have (vedi Ref. [6]) for the 
second term,  

( ) ( )2
3

2 ; we findoi zi

Gg J Mca
r

= × =r J               (5.5) 

exactly the same as that for the Kerr metric provided we associate the (constant) 
Kerr length parameter a with the (asymptotic) Weyl length parameter a. 

The implication is that a finite value of the total (material + that of the gravi-
tational field) angular momentum of the galaxy requires that the rotational ve-
locity asymptote to a constant value and vice versa. 

A mental picture of what is happening may be formed through the following 
rough guide about the Weyl parameter a. For small r, a increases from zero li-
nearly until the edge, beyond which, while continuous at the edge, it eventually 
becomes a constant. At very large r, as expected the GEM magnetic field  
( 1zB r− → ), as all radiation fields do. 

6. Ludwig’s Non-Linear Differential Equation for the  
Velocity Field  

While in Section (4) Equation (4.2) we have tried to keep our equations linear by 
keeping both the Newtonian and the magnetic contributions at the same level, 
the strategy followed by Ludwig [13] (see also Ref. [16] [17]) has been to elimi-
nate the magnetic term entirely, at the expense of course of ending up with a 
non-linear equation for the velocity field. Below we follow his formalism to pin-
point a few aspects. 

As stated in the last paragraph, we can use Equation (4.1) to eliminate Aϕ  
from the expression of the Ampère law, that becomes  

2

1 1 4 .m
v G v

v z v z c
φ φ ρ

ρ ρ ρ
 ∂ ∂ ∂ ∂ −

π
+ =   ∂ ∂ ∂ ∂  

             (6.6) 

This equation multiplied by v and subtracted from the expression of Gauß’ 
law given earlier, eliminates the double derivatives and yields:  

2

2

1 1 14 1 g g
m

v v v vG v
v v z zc

φ φ
ρ

ρ ρ ρ ρ ρ
∂ ∂   ∂ ∂ ∂

− = + + +   ∂ ∂ ∂ ∂ ∂  
π        (6.7) 
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a non linear first order differential equation for ( ),v zρ  for given  

( ) ( ), , ,gmz zρ ρ ρΦ . In the equatorial plane 0z =  by the up-down symmetry 

we can drop the g

z
φ∂
∂

; then:  

( )
( )

2 2 2 2
2

2

4
1 ;

,0
,

m

g

G
r r

c

v
c c

ρϕ β β ϕβ ρ β ρ β
ρ ρ ρ ρ

φρ
β ϕ

 π   ∂ ∂ ∂
+ = − + −    ∂ ∂ ∂    

= =

 

Outside the galaxy, where ( ),0 0mρ ρ = , the equation becomes  

( )
( )

2
2

2
2

g
g

ϕβ ρ β ρρ β ρ
ϕβ ρ β ρβ ρ
ρ

∂
−

−∂ ∂= =
∂∂ ++
∂

                (6.8) 

This equation shows the key role played by the GEM magnetic field, that is 
now:  

( )
2

2

.z gB
c

ϕρ β ρ βρ
β ρ βρ

∂
−

−∂= =                 (6.9) 

Equation (6.8) is an elegant rate equation for the velocity outside the galaxy. 
However, in any phenomenology, care must be taken to ensure that the GEM 
magnetic field employed (vedi Equation (6.9)) 0zB <  is indeed negative. A 
realistic example confirming this fact has already been provided in Section (3). 

7. Rotation Velocity and Angular Momentum for the Milky  
Way 

Our own galaxy the Milky Way is presumably the one we ought to know the best 
and yet it is most arduous to discuss it realistically given its rings and spiral arms 
that belie our assumption of axial symmetry as its structure in no way can be 
considered independent of the angle ϕ 1. In the Weyl formalism under consid-
eration in this paper, rings and spiral arms can occur due to instabilities gener-
ated by the motion of the interstellar medium (ISM). See, for example, Ref. [31]. 
Following a hollowed theoretical custom, presently we shall ignore these as of no 
consequence and proceed with confidence that the Einstein theory with an ex-
tended Weyl metric and a pressure-less source is applicable to it and we shall be 
satisfied if our description is even approximately successful for the angular mo-
mentum and rotational velocity of this massive bar like object in terms of its 
known diameter (about 25 kpc); thickness (about 2 kpc) and its baryonic mass; 
that is, use only the visible part of the galaxy in trying to understand it. After all, 
we do feel less guilty in our maneuvers in that we are not assuming that our ga-
laxy consists of a vast (over an order of magnitude more massive) amount of 
unseen dark matter (of unknown origin) spread out (over a radius of 380 kpc) 

 

 

1To say nothing of a massive black hole of mass ( 64 10 M×


) and a Schwarzschild radius (1.2 × 107 

km) that exists at the center of the galaxy.  

https://doi.org/10.4236/jmp.2022.1311090


Y. Srivastava et al. 
 

 

DOI: 10.4236/jmp.2022.1311090 1469 Journal of Modern Physics 
 

rotating with perfect spherical symmetry obeying Newtonian mechanics [32]. 
To begin our phenomenology, we need an input mass density ( ),m zρ ρ  that 

describes the bulge, the disk and a co-rotating gas surrounding it, a Newtonian 
potential and the corresponding Newtonian (squared, normalized) velocity 
( ), 0g zρ =  generated from it and an estimate of its baryonic mass (M). Unfor-

tunately, there is less than unanimity as to what this mass is: Allen’s astronomi-
cal data lists 111.4 10galaxyM M= ×



 [19]; Trimble quotes 111 10galaxyM M= ×


 
[33]; Nagai-Miyamoto estimate it to be about 112.567 10 M×



 [34]; Lipovka es-
timate is 112.3 10 M×



 [35]; Sofue obtains for the bulge and the disk mass 
107.9 10b dM M+ = ×



, however this analysis also has a DM halo mass of 
112.23 10 M×



 (within a DM halo radius ~ 22h  kpc) [32]. It is important to 
note that the Sofue estimates include the DM component to the regular baryonic 
bulge and disk components in fitting the galaxy rotation curve at small distances. 
The total fraction of baryons from WMAP cosmic value is 17% [36], it is esti-
mated to be 12% as the mean for a group of galaxies, whereas for our own galaxy 
it is only 5.9% of DM considered spread out up to 380 kpc (chosen arbitrarily as 
the half-distance between our and M31 galaxy nearby [32]. 

In view of the above uncertainties, we limited our task to the following: As-
sume a baryonic mass density ( ),m zρ ρ  spread out only over the visible do-
main of our galaxy (roughly 25 kpc in diameter and 2 kpc in thickness) whose 
Newtonian potential provides a reasonable description of the rotation velocity 
including the two visible bumps in the velocity along with the expected Keple-
rian fall-off at larger distances. We computed using the GR formalism described 
in the text: the total mass M (baryonic + radiation); the total angular momentum 
J and the rotation velocity. As we have stressed, the continuity constraints in GR 
imply that the magnetic contribution that keeps the velocity up at larger dis-
tances cannot be ignored since it is related to the Newtonian term. Thus fol-
lowed the simple illustrative example described in detail in Ref. [18]. We here 
briefly summarize the results obtained therein. 

We chose a convenient analytic (& factorizable) mass distribution due to Li-
povka [35] so as to facilitate our computations of the total mass, angular mo-
mentum and the Newtonian velocity vs. distance. The geo-magnetic velocity has 
been chosen to asymptote to a constant as discussed in the text. In units of kpc, 
it reads  

( ) 16

160 ,
703.09 10magV ρρ

ρ
=

+×
                (7.10) 

where ρ  is in units of kpc. 
The modified velocity is  

( )
( ) ( ) ( )2 24

.
2

mag mag
mod

V V V
V

ρ ρ ρ
ρ ⊥+ +

=           (7.11) 

Figure 1 shows the modified velocity. For the angular momentum, we obtain  

( ) ( )67 671.155 10 Joules sec ; 1.193 10 Joules sec .modJ J× ⋅ × ⋅     (7.12) 
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Figure 1. We show rotation velocity for our Milky Way using Equation (7.10). 

 
This estimate can be compared to Trimble’s estimate [33] of the angular mo-

mentum 6 × 1066 (Joules-sec), obtained using only the disk part of the Milky 
Way. 

8. Conclusions & Future Prospects 

We first summarize results obtained previously, then describe research in progress 
and close with prospects for the future. 
 Our work began with the Weyl class of axisymmetric metrics in GR for whom 

solutions to the Einstein-Weyl equations in the vacuum are known in terms 
of a few differential equations. Even more fortunately, for what we call the 
extended Weyl class that includes rotations explicitly, exact differential equa-
tions are also known.  

 Unlike the Kerr metric, Weyl metric can be easily (and has been) continued 
within the galaxy and physically meaningful results obtained.  

 Armed with exact solutions, it became possible to show how Gauß and Ampère 
laws emerged and under what conditions Ludwig’s extended GEM theory 
and his non-linear rate equations for the rotation velocity field could be de-
duced.  

 Using the century old iterative procedure in GR and further elaborated by 
Weinberg, we could discuss the value of the mass M (baryonic mass + that of 
the gravitational field) & that of the intrinsic angular momentum J of a rota-
tionally-supported galaxy. The extended Weyl metric analysis allowed us to 
conclude rigorously that Weyl’s (vectorial) length parameter a must have a 
finite limit to obtain a finite J. As the same parameter also controls the 
asymptotic limit of the rotation velocity, we can conclude that GR is indeed 
capable of obtaining a flat plateau in the rotation velocity.  

 We have attempted an alternative strategy to that of Ludwig as far as the 
phenomenology of the rotation curves is concerned. Ludwig eliminated the 
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magnetic contribution to obtain his non-linear rate equation for the velocity 
field in terms of the input from the Newtonian potential and the mass distri-
bution within the galaxy. Instead, we kept the Newtonian input & the mag-
netic input together; thus our velocity equations remained linear. This al-
lowed us to provide a clearer physical picture: at small distances, the velocity 
is basically described by the Newtonian term and as it begins to fall off it is 
supported near the edge by essentially a constant vector potential. It also 
brought to focus the crucial role of Lenz’s law and the left hand rule for the 
GEM magnetic field.  

 As byproducts of our analysis, we were able to deduce a few other practical 
results: 1) imposition of Lenz’s law implies the rigorous inequality: 2 gβ ≥ , 
the Newtonian value. A result supported by 2700 data points from 153 rotat-
ing galaxies; 2) a better estimate (≥500 km/sec.) for our Sun’s escape velocity 
from our galaxy; 3) an easy to remember pneumonic for the asymptotic ve-
locity ( )2 2s edgeR Rβ ≈ ; 4) how Tully-Fisher law emerges from a rotating 
pill-box galaxy; 5) simple dimensional analysis implies 7 4J M∝  if Tul-
ly-Fischer holds.  

Our present focus is four-fold: A: A satisfactory GR description of the deflec-
tion of light from large galaxies & from galaxy clusters; B: To obtain a better un-
derstanding of the TF-law ( 4M β∝ ) and the Virginia Trimble law ( 1.9J M∝ ), 
the latter covering data that run over 50 orders of magnitude [33]; C: A com-
prehensive phenomenology of the rotation curves with realistic densities and 
more refined Newtonian inputs; D: Testing our conjecture that spiral arms in 
rotating galaxies such as ours are generated dynamically through non-linear ef-
fects inherent in GR. 

Further let us hope for yet more brilliant advances in astrophysical observa-
tions (for example, via renewed investigations involving Hanbury-Brown-Twiss 
techniques) to reduce the error bars in rotation curves. Only then, it would be 
feasible to truly distinguish between different theoretical models. 
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Abstract 
It was argued that old and massive neutron stars end up as black objects that 
are made of purely incompressible superconducting gluon-quark superfluid 
matter (henceforth SuSu-objects). Based on theoretical investigations and 
numerical solving of the field equations with time-dependent spacetime to-
pologies, I argue that a dense cluster of SuSu-objects at the background of flat 
spacetime that merged smoothly is a reliable candidate for the progenitor of 
the big bang. Here, we present and use a new time-dependent spacetime metric, 
which unifies the metrics of Minkowski, Schwarzschild, and Friedmann as 
well as a modified TOV-equation for modeling dynamical contractions of re-
lativistic objects. Had the progenitor undergone an abrupt decay, a hadroniz-
ing front forms at its surface and starts propagating from outside-to-inside, 
thereby hadronizing its entire content and changing the topology of the em-
bedding spacetime from a flat into a dynamically expanding curved one. For 
an observer located at the center of the progenitor, 0 , the universe would 
be seen as isotropic and homogeneous, implying therefore that the last big 
bang event must have occurred in our neighborhood. For dynt τ  the 
curved spacetime re-converges into a flat one, whereas the outward-propagation 
topological front, which separates the enclosed curved spacetime from the 
exterior flat one, would appear spatially and temporally accelerating out-
wards. The here-presented scenario suggests possible solutions to the flatness 
problem, the origin of acceleration of the universe and the pronounced activ-
ities of high redshift QSOs. We anticipate that future observations by the 
James-Webb-Telescope to support our scenario when active QSOs with 

12z >  would be detected.  
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Condensed Matter, Superfluidity 

 

1. Introduction 

Data from supernovae statistics predict that at least 1% of star populations in 
star-forming clouds should be neutron stars (NSs). Yet this rate is expected to be 
even higher in the early universe when the first generation of stars was formed, 
roughly 500 Myr after the big bang (henceforth BB). These should have been 
massive, extraordinary luminous and therefore short-living, which subsequently 
collapsed to form BHs or massive NSs [1] [2]. However, their relatively large 
sizes, masses and energy contents would give rise to fragmentation, preferably 
forming massive NSs rather than BHs. This may reasonably explain why the 
mass-function of BHs exhibits the mass-gap: [ 2.5 5.5M M≤ ≤

 

 ], where 
stellar BHs have not been detected. 

Indeed, for the currently measured average density and dimensions, we expect 
the universe to inhibit 1020 NSs [3] [4]. The actual number of NSs may turn out 
to be much larger, as the universe prior to the BB might have been populated 
with old objects and inactive galaxies. This is in line with recent observations 
that reveal the existence of certain stellar components and QSOs formed earlier 
than the redshift 10z ≥  (see [2] and the references therein), i.e. within only 
several hundred million years after the BB. Also, formation of the high redshift 
galaxy GN-z11 within 600 Myr after the BB and the possibility that it may host a 
SMBH cannot be explained by the current evolutionary scenarios [5] [6]. There-
fore, NSs may significantly affect the dynamics of the universe on time scales 
longer than or even comparable to the age of the universe (henceforth 14τ .)  

On 14τ τ≥ , NSs have ample time to conglomerate into clusters and subse-
quently merge to form progenitors to numerous BB-events that take off sequen-
tially and in parallel.  

But what is the nature of NS-cores? Most theoretical and numerical studies 
of NS-interiors predict the central density to be larger than the nuclear density, 

0ρ . Due to the vanishing thermal energy production inside the core, the average 
gradient of the temperature throughout the NS should be positive, and therefore 
the core is practically a “freezer” of zero-temperature. Under these conditions, 
supranuclear dense matter has little choice, but to be superfluid. These argu-
ments are in line with well-observed glitch phenomena in pulsars (see [7] [8] [9] 
[10] for further details). 

Superconductivity ensures that magnetic fields are expelled from the ze-
ro-temperature core into the boundary layer between the core and the overlay-
ing compressible and dissipative normal matter. Based on our previous studies 
(e.g. [10]), the spacetime embedding the SuSu-core should be flat, whereas the 
overlaying normal matter is embedded in a curved spacetime (Figure 1). 

In fact, the over- and under-shooting that have been observed to associate the 
glitching events of the Vela pulsar in 2016 provide further evidence for the  
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Figure 1. A pulsars with an embryonic quantum core and different spacetime topologies. 
 
conductivity and superfluidity of the cores in massive NSs [11] [12]. The overall 
configuration is strikingly similar to the tachocline between the convection zone 
of the sun and the underlying rigid body rotating core, where dynamo action is 
considered to be operating. 

Demanding the core’s matter to be purely incompressible is a very strong re-
quirement with far-reaching consequences in astrophysics and cosmology. To 
clarify the point, a fluid is said to be incompressible, if the density-gradient va-
nishes everywhere in the domain, i.e. 0∇ = . In terrestrial incompressible flu-
ids, the pressure ceases to describe the thermodynamical state of matter locally, 
but it turns into a mathematical term only, called the Lagrangian multiplier, 
which affects the dynamical behavior of the fluid globally, irrespective of causal-
ity. 

In stars, incompressibility is a requirement that is fulfilled through the im-
posed regularity condition at the center of astrophysical objects. In the case of 
NSs, the pressure gradient P∇  is generally balanced by the spatial variation of 
the curvature g µν

µ∇ , which is dominated by ttg g rµν
µ∇ ≈ ∆ ∆ . On length 

scales comparable to the average separation between two arbitrary nucleons 

bbr∆ , the relative spatial variation of gµν  is of order 10−19 [13], and therefore 
too weak compared to the governing nuclear forces.  

On the other hand, the cores of old and massive NSs are made of zero-tem- 
perature supranuclear dense matter. Under these conditions, it was conjectured 
that the matter must be made of an incompressible superconducting gluon- 
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quark superfluid [14]. While superconductivity and superfluidity are direct con-
sequences of zero-temperature dense matter even under terrestrial conditions, 
the incompressibility of gluon-quark matter would remain a hypothesis that may 
not be verified under normal conditions. However, there is a reasonable argu-
ment in favor of the incompressibility of gluon-quark matter at zero-temperature: 
Given that gluon-quark-plasmas inside hadrons are hidden from the outside 
world, this may indicate that the energy states of QGP inside hadrons are incom-
patible with the surrounding particle-free vacuum structure [15] [16]. At zero- 
temperature however, a QGP is expected to undergo a phase transition into 
QG-condensate, where QG settles down into the lowest possible quantum ener-
gy state predicted to be compatible with that of the surrounding particle-free 
vacuum. In this case, putting a certain number of QG-condensates together, the 
vacuum would share the same energy states. Here, the QG-condensates become 
transparent to each other, and so they merge to form a parent QG-condensate, 
whose size is the linear addition of the individuals. 

As the spacetime embedding vacuum is flat, then the spacetime embedding 
the parent zero-temperature QG-condensate should be flat too, which is equiva-
lent to requiring the QG-cloud to be macroscopically incompressible. In fact, 
recent results from the Relativistic Heavy Ion Collider (RHIC) confirm that the 
quark-gluon-plasmas emerging from smashed nuclei behave nearly as perfect 
liquids [17] [18], though the physical conditions governing the QGP here are 
totally different from those inside the cores of massive NSs. 

Based thereon, the scenario here may be extended to suggest an alternative 
model for BB without invoking inflation to solve the horizon and flatness prob-
lems, as well as prohibit the progenitor from collapsing into a hypermassive BH 
(see [19] [20] [21] [22] for a review). Using recent WIMP observations, the total 
mass content of normal matter in the universe can be calculated and, when di-
vided by the universal maximum energy-density uni

crρ  ( 03 ρ≈  see [14] for fur-
ther details), then a radius of several AUs may be obtained. Prior to the BB-explosion, 
the progenitor, which was entirely made of incompressible SuSu-matter, was le-
vitating freely in a flat spacetime. 

Any model of the BB should still fulfill the classical conditions of isotropy and 
homogeneity [23]. However, according to our scenario, the progenitor must 
have a finite measurable size and a certain location in spacetime. These condi-
tions may safely be met for observers located at the center of the progenitor, 
which implies that the BB of our universe must have occurred in our close 
neighborhood. Of course, this would violate the cosmological principle grossly, 
but the model should be taken seriously as long as its implications agree with 
observations.  

2. Theory of the Time-Dependent Spacetime Topology of the  
Fireball 

Our model is based on the hypothesis that the spacetime embedding incompres-
sible SuSu-matter is flat, and that the progenitor of the BB is a hypermassive 
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DEO that formed from the merger of trillions of stellar mass DEOs on time 
scales comparable to or longer than the age of the universe. 

Hence, 0t ≤  relative to 0  the spacetime both inside and outside the pro-
genitor was Minkowski flat, i.e. 2d d dMinks x xµ ν

µνη= . However, at 0t += , the 
confining force at the surface of the progenitor suffered an irreversible destruc-
tive decay, which triggered a hadronization front that propagated from out-
side-to-inside, thereby converting the rings of SuSu-matter into a dissipative and 
compressible matter successively, which is dubbed normal matter. This matter 
interacts with the embedding spacetime and dictates its curvature. In the statio-
nary case, Birkhoff theorem states that the spacetime surrounding the newly 
formed rings of normal matter should be of the Schwarzschild-type metric, 

2d d dSchs g x xµ ν
µν= . 

If the metric is time-dependent, then the transitions from 2d Minks  into 2d Schs  
or even into the Friedmann-Robertson-Wakker metric (FRW), 2d FRWs , and vice 
versa, should be possible, depending on the amount and type of the embedded 
matter . 

Let 2ds  be a metric, which has the following form:  
2 2 2 2 2

00 11 22 33d d d d d d ds g x x g t g r g gµ ν
µν θ ϕ= = + + +          (1) 

where  
( ) ( )

( ) ( )

2 , 2 ,2
00 11

2 22 2 2
22 33

e , e

e , e sin

r t r t

t t

g c g

g r g r

λ

θ

= = −

= − = −



 
                 (2) 

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

ured with respect to 0  located at 0r = . 
When contracting the Riemann tensor and calculating the Ricci tensor (see 

[23] for further details):  

, , ,R α α α β α β
µν µα ν µν α µβ αν µν αβ= Γ −Γ + Γ Γ −Γ Γ                (3) 

using the Christoffel symbol:  

{ }, , ,
1 ,
2

g g g gλ λκ
µν κν µ κµ ν µν κΓ = + −                  (4) 

we obtain the following Ricci components:  

( )( ) ( )

( ) ( ) ( )

{ } ( ) ( ) ( )

( )

2 22 2
00

222
11

2 22 2
22

22 2 2 2
33

2 2 2 2 e

2 e 2

2 e 1 e 1

sin  2 e sin  1

R r r

R r

R r r r

R r r

λ

λ

λ

λ λ λ λ

λ λ λ λ λ λ

λ λ

θ λ θ

−

−

− −

−

′ ′′ ′ ′ ′ ′= + − + + − + − + − −

′′ ′ ′ ′ ′= − − + − + + − −

′ ′= − + + − + + − −

  ′= − + − + + + 

     

     

     

     





  

 

       

    

    

    ( ) ( )2e 1r λλ − ′− − 


 (5) 

, ′

 
 denote the time and spatial-derivatives of the variables, respectively. 

The field equations may be re-arranged into the convenient form:  
( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( )

2
00 00 00

2
11 11 11

2 22
22 22 22

e

e

e   e 1

t s

t s

t C s C

R R RHS

R R RHS

R r R RHS

λ

λ

λ

−

−

− −

+ =

+ =

+ − =







               (6) 
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where 
( )

( )

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

2 2
00

2
11

2
22

2
00

2
11

22

2 2 2

2

2

2

2

1

t

t

t

s

s

s

R r

R

R

R r

R r

R r r

λ λ λ

λ λ λ λ

λ

λ

λ λ

λ

= + − + + −

= − − + −

= − + − +

′′ ′ ′ ′ ′= − + − −

′′ ′ ′ ′ ′= + − −

′ ′= + −

      

     

     

   

 

   

   

  



                 (7) 

To make the problem tractable, the field equations:  

1 ,
2

g gµν µν µν µνκ− + Λ = −                      (8) 

may be re-written in the following equivalent form:  

,
2
T g g RHSµν µν µν µν µνκ  = − − + Λ = 

 
                (9) 

where µ
µ=  , µν  and Λ  correspond to the stress-energy tensor and the 

cosmological constant, respectively (see [13] [23] for further details). 
Expanding the tensor RHSµν  we obtain:  

( ) ( )

( ) ( )

2
1
2

1
2

TRHS T g g

g p u u p g

p u u p g

µν µν µν µν

ν
µν µ µν

ν
µ µν

κ

κ ρ ρ

κ ρ ρ

 = − − + Λ 
 

 = − + − − + Λ  
  = − + − − + Λ    

           (10) 

The diagonal components have the following forms:  

( ) ( )

( ) ( )

( )

2
0000 00 00 00

2 2
1111 11 11 11

2222 22 22

1
2

1
2

2

RHS p g p g RHS g

RHS p V g p g RHS g

RHS p g RHS g

κ ρ ρ

κ ρ ρ

κ ρ

  = − + Γ − − + Λ =    
  = − + Γ − − + Λ =    
 = − + Λ = 
 

     (11) 

Here 2
00 111 g g VΓ = +  and V are the Lorenz factor and the transport ve-

locity as measured by 0 , respectively. 
The above set of equations may be re-written in a more convenient form:  

( ) ( )

( ) ( )

( ) ( )

2 2
0000 00

2 2
1111 11

2 2 2 2 2
2222 22

e e   

e e

e e e

t s

t s

t s

R R RHS

R R RHS

R R r r RHS

λ

λ

λ

− −

− −

− − −

+ =

+ = −

+ − = −





 

               (12) 

Subtracting the second equation from the first in (12), and dividing by 2, 
yields:  

( ) ( )( ) ( ) ( )2 2 2 2
00 11 00 11

1 1e e .
2 2

t tR R p g g V
r

λλ κ− −′ ′+  + − = − + Γ − 
 

      (13) 
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Now, adding the last equation to the third, we obtain:  

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

2 2 2
00 11 22 2

2 2
00 11

1 1 de e e
2 d

1 ,
2

t t tR R R r
rr

p g g V p

λ

κ ρ

− − − + + − −  

 = − + Γ − + − −Λ 

 


           (14) 

where,  

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

2
00 11

00 11

2
00 11 22

2 2
00 11 22 2

1
2
1
2
1 2
2
1 1 d e e
2 d

t t

s s

t t t

s s s

R R
r

R R
r

R R R
r

R R R r
rr

λ

λ

λ

λ

− −

+ = + − −

′ ′+
+ = −

+ + = − + − −

+ + = − −



   



   




  




  

           (15) 

As the last equation in (14) must be applicable both to stationary and time- 
dependent cases, then ( )2 2e e ,f r tλ− −= × . However, in the stationary case, 
Birkhoff theorem states that outside the object, ( ) ( )( ), ~ 1 1f r t r− . There-
fore, without loss of generality, we may set the metric components to be of the 
forms:  

2
2

11
ee

1

C

b

g λ= − =
−

 and 2 2e C R= ,                (16) 

where ( )R R t=  and ( ),b b r t=  . The subscript “b” corresponds to the 
function in the comoving frame. 

Further inspection of the equations (see Equation (20)), shows that, for a 
slowly varying   and V c , we obtain:  

( )2 2

1 d ~ ,
d br

rr R
κ   

whose integration yields ~ m r , where 24 dm r rπ= ∫  is the enclosed mass. 
It turns out that setting ( ) ( ), ,b br t m r t r=  provides consistent solutions for 
almost all reasonable metrics. In this case, the derivatives of   read as follows:  

( )

; if 0,

1=
2 1

1 ; otherwise

b

b

b

b F

λ

 =

 +

−
= + +

 



 

 

 





 

                (17) 

where R R=  , ( )1b b b= −    and F  is a material flux function of the 
form:  

1 .
2 1

nor
bb b

b

m
F

r
α

=
−





                       (18) 

Hence the set of field equations that describes the time-evolution of the space-
time topology reads:  
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( ) ( ) ( )

( ) ( )

2 2
2 2 2 2

2

2 2
00 11

1 e1 e e e e
2 e

1
2

b
R R RF
R R R r t r r

p g g V

λ
λ

κ

−
− − − −

−

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

 = − + Γ − 

  



  




 (19) 

( ) ( )

( ) ( ) ( )

2
2 2

22
2 2

1 1 e 3 2 2 e
2

1 de .
d

b

b

R RY F
r t R R

p V r
rr R

λκ κ

− −

− −

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

= − + + −

 



 





  

         (20) 

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

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

( ) ( )1 1 1 0g g V
t R rg g
∂ ∂

− + − =
∂ ∂− −

             (21) 

( ) ( )

( )2
, ,

1 1 1

1 ,
2

r r

t

tt r rr r

g g V
t R rg g

P g V g
R r R

∂ ∂
− + −

∂ ∂− −

∂
= − + +

∂

 


            (22) 

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

2

1 .t

tt rr

u
g V g

=
+

                        (23) 

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

( ) ( )2
2

1 1 0,b br V
t R rr
∂ ∂

+ =
∂ ∂
                    (24) 

where b b GW=   and 3
b R=  .  

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

( ) ( )tP P P u= =  . 

2.1. Special Cases 

In the above-mentioned derivations both the metric coefficients ttg  and rrg  
are spatially and temporally varying functions. The simplest special case is Min-
kowski spacetime, where 1ttg →  and 1ttg → − . The Schwarzschild metric 
may be recovered by relaxing the time-dependency, setting 1R = , 0V =  and  

( )
2

2 m rG
rc

= , where ( )m r  denotes the enclosed mass of normal matter. The  

FRW metric is recovered by setting both the energy density and the metric coef-
ficient ttg  to constants.  

However, it is tempting to see how the above set of equations yields the TOV 
equation in the case of an object in hydrostatic equilibrium, embedded in a 
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Schwarzschild spacetime as well as the Friedmann equations in the case of an 
expanding universe.  

2.1.1. The Modified TOV Equation for Modeling Slowly Contracting  
Relativistic Objects 

Assume we are given a non-rotating and demagnetized relativistic object of 
normal matter with a constant energy-density. Following Birkhoff theorem, the 
surrounding spacetime topology may be described by the Schwarzschild metric. 
Depending on the EOS, the object may undergo a dynamical collapse or contract 
slowly, where in both cases the matter is transported from outside-to-inside with 
the transport velocity V c . Similar to other stationary observers, our pre-
ferred central observer, O0 may measure the contraction of the object with 
( ) 1R t = . In this case, Equation (19) reduces to:  

( ) ( )

( ) ( ) ( )

2
2 2 2

2

2 2
00 11

1 ee e e
2 e

1 1 ,
2 2

r t r r

p g V g p

λ
λ

κ
κ

−
− − −

−

∂ ∂ ∂
+ +

∂ ∂ ∂

 = − + Γ − = − + Γ 

 


 
          (25) 

where Γ  is the modified Lorentz factor. Inserting:  

2

2 2

e ,bb b bb b bm m m
r R r R rR r

λ α α− ′ ′′∂    = = = −   ∂    

  

where 
2

2
bb

G
c

α =  and re-arranging terms, we end up with the following equa-

tion:  

( ) ( )
3 22

2 2
2

3ee  3  1  .
1 1

bb b bb b b

b b

r m r P
t r R R r

λ α α−
− + Γ∂ ∂

+ = − Γ − −
∂ ∂ − −

 
 

       (26) 

Since a small mass perturbation would hardly affect the global topology of 
spacetime on time scales much shorter than the dynamical time scale, the 
time-derivative of   may be replaced by a numerical smoother, which enables 
the  -integration throughout the whole domain, where the conditions at the 
outer boundary are used. 

Note that when the transport velocity vanishes, the modified Lorentz factor 
reduces to one, i.e., 2 1Γ = , and the classical TOV equation:  

( )
3

2

3
,

1
bb b b

b

m r P
r R r

α +∂
= −

∂ −



                      (27) 

is then recovered. The effect of the first term on the RHS of Equation (26) is to 
steepen the gradient of the energy density in the vicinity of the surface, which 
yields smaller radii of NSs than usually obtained using the classical TOV equa-
tion. 

2.1.2. Friedmann Universe 
The Friedmann universe may be recovered by setting 0V P= = , and  

constants= =  . In this case, the components of the material tensor on the 
RHS of Equation (11) reduce to:  
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( )

( )

( )

00

11

22

3
2 2

2 2

2 2

dust
RHS p

RHS p

RHS p

κ κρ ρ

κ κρ ρ

κ κρ ρ

= − + + Λ→− +Λ

= − + Λ → +Λ

= − + Λ → +Λ

              (28) 

Setting 0′= =   and inserting ( ) 2r kr=  on the LHS of the Equation 
(13), it can be easily verified that the different terms reduce to the following ex-
pressions:  

( ) ( )( )

( )

2
2

00 11

2
2

2

1 e
2

e

1 11 2
2 2

t t R RR R
R R

k
r R

Wp V
G

λλ

κ κ

−

−

 
+ → − 

 
′ ′+ − → − 

 
 − + + → −  

 





 

               (29) 

Adding these terms together yields the first Friedmann equation:  
2

2

1 .
2

R R k
R R R

κ
 

− − = − 
 

 

                     (30) 

Similarly, Equation (14) reduces to:  

( ) ( )( ) ( )

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

2
2

00 11 22

2 2
2 2

2 2
00 11

1 e 3
2
1 d e e 3

d
1 2
2

t t t RR R R
R

kr
rr R

p g g V p

λ

κ ρ κ

−

− −

  + + → −      

− − → −

 − + Γ − + − + Λ → − +Λ 







 

      (31) 

Hence, adding these terms together, we obtain:  
2

2 .
3 3

R k
R R

κ  Λ
= + − 

 



                    (32) 

Substituting 
2

R
R

 
 
 



 into Equation (30), we recover the classical form of 

Friedmann’s first equation:  

1 .
2 3 3

R
R

κ Λ
= − +



                      (33) 

In terms of the classical cosmological parameters iΩ , the dimensionless scale 
parameter 0a R R= , and the dimensionless time-variable ( )0 0H t tτ = − , Equ-
ation (30) may be transformed into the following form:  

2
,0 ,0 2

,0 ,02

d .
d

m r
k

a a
a aτ Λ

Ω Ω  = + +Ω +Ω 
 

             (34) 

The subscript “0” denotes the value of the corresponding parameter in the 
present time (see [23] for further details). Depending on the specific values of 

,0iΩ , the dimensionless scale parameter a may converge or diverge as the sys-
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tem evolves with time.  

3. The Numerical Approach 

For solving the set of field equations a new numerical solver has been developed. 
The solver is unconditionally stable, as it is based on implicit time-integration 
using preconditioning techniques of Krylov sub-space iterative methods. In the 
finite space, the equations are discretized using finite volume formulation to en-
sure mass and energy conservation. In Figure 2, a schematic description of the 
solution method is depicted (for further details on the projection method and 
preconditioning techniques see [24] [25]):  

4. Time Evolution of the Fireball: Numerical Investigation 

The form of rrg  in both stationary and time-dependent cases, has the following 
form:  

( ) ( ) ( )2
2

, ,1 2where ,
1

b
rr bbb

b

m r t m r tGg r t R
r rRc

α
   

= = =   
−    




    (35) 

( ),r t  is practically the communicator that tells spacetime how to curve. Let 
us address the following possibilities for  : 

( )

( )

2

2

: Schwarzschild
TOM : incompressible normal fluids

: Schwarzschild
Normal compressible, 2

: Friedmann, ~
dust

0 : Flat
Vacuum particle-free spacetime

0 : Flat
Incompressible SuSu-matter

r

r

rr t

α

α







<











           (36) 

where TOM stands for the “Type Of Matter”. 
 

 

Figure 2. The numerical procedure: the set of analytical equations is transformed into the 
finite space,  , using the finite volume discretization strategy. The set of equations in 
  in operator form read: H HL q b= , which may be re-written in matrix form as 
Aq b= , where A is the corresponding matrix of coefficients. The matrix equation is then 

simplified and replaced by A dµ = , where A  is a preconditioner that shares the eigen-
values of A, µ  is a correction vector that entails deviations from the original solution 
and d is the defect. The iteration procedure should continue until the maximum norm of 
µ  has dropped below the tolerance value. 
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It should be noted here that in the case of incompressible normal matter with 
( )0=   , the field equations lose their predictability power and would enforce 

the pressure to become ultrabaric and acausal.  
The dependence on time endows ( ),b r t  with another degree of freedom: 

The topology of spacetime depends not only on the total mass, but on the nature 
of matter also, and in particular, the spacetime should be prepared to imme-
diately change its topology, depending on whether it embeds normal compressi-
ble matter, SuSu-matter, or particle-free vacuum.  

In the present case, the progenitor of the BB is made of incompressible Su-
Su-matter. Hence prior to the BB, i.e., for 0t ≤  relative to 0 , the embedding 
spacetime was flat. 

However, at 0t =  the fine-tuned surface tension confining the enclosed 
ocean of the SuSu-matter inside the progenitor, undergoes an abrupt decay, 
through which a hadronizing front is formed, which propagates from out-
side-to-inside. Behind the front, the deconfined SuSu-matter converts into ha-
drons. The released energy, which is expected to be of the order of 1 GeV per 
hadron, creates an extraordinary huge pressure, whose P∇  enforces the newly 
created normal matter to propagate outwards with ultrarelativistic velocity. This 
velocity may be predicated from the momentum Equation (22) as follows:  

( )2 2 2 ,
u

u u
grav S

Pu P f u V c
t D D

∂ ∇
≈ − + ⇒ ≈ = ≈

∂
           (37) 

where uu  is the radial component of the contravariant four-velocity. We used 

bbr∆ = ∆  as the length scale over which P∇  changes significantly.  
As it will be explained later, since 0grav rf →∞→ , and therefore its decele-

rating effect decreases with the distance to 0 , and therefore the outward- 
moving particles would naturally be seen as accelerating outwards. In particular, 
the particles in the outermost shells, where the topology hardly differs from that 
of a flat spacetime.  

To manifest these arguments, we carry out our calculations, using the follow-
ing reference quantities  

[ ] 22
03 , 10 , .M M V cρ ρ    = = =   

 

  

These are used to non-dimensionalize the field equations. Based thereon the 

reference radius reads: [ ] ( )( )1 3
3 4 1.21 AUr M ρ  = ≈   

π 

 . which yields  

[ ] 10minτ ≈ . 

Although the inward propagational speed, fV , of the hadronization front, 
HD , should be taken as an input parameter, we simply set fV  to be equal to 

the speed of light. The reason is that inside incompressible SuSu-matter with 
0P∇ = , communications are conducted with the speed of light only. 

Hence, the hadronization front would reach the center roughly after 10 mi-
nutes, whilst the expansion front, EX , should have reached [ ]2r r= ×  . 

The production rate of normal matter norM  and the corresponding total 
mass norM  at time = t read:  
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2

0
0 0

2 3

0
0 0 0

 1 2

 3 3

f fnor

f f fnor

tV tV
M F

r r

tV tV tV
M M

r r r

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



             (38) 

where ( ) 3
0 04 3 crM rρπ=  and ( ) ( )2

0 04 cr fF r Vρ×π=  are the reference total ini-
tial mass of the progenitor and the initial outward-oriented flux of energy, re-
spectively. 

In Figure 3, we show the time-evolution of the spacetime topology during the 
propagation of the hadronization front without hydrodynamics. Here, the mass 
of SuSu-fluid decreases whilst the mass of the newly created normal matter in-
creases, thereby enforcing the spacetime to change its topology from flat into 
curved. On the other hand, the expansion front, EX , which separates the en-
closed curved spacetime from the unperturbed surrounding flat spacetime, starts 
propagating outwards at the speed of light.  

When including hydrodynamics, the flow configuration mimics the classical 
relativistic shock tube problem (RSTP, see [24] for further details). In Figure 4, 
the time-dependent motion of normal matter triggered by the pressure gradient 
under flat spacetime conditions is shown. Here, the matter is jettisoned into the  
 

 

Figure 3. Different snapshots of the profile of total mass of normal matter,  , and the gravitational potential  , during the 
propagations of both the inward-oriented hadronization, HA , and the outward-oriented expansion front, EX . In these calcu-
lations, hydrodynamics are not included. 
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Figure 4. Radial distributions of the energy-density  , transport velocity, V, and Lorentz factor, Γ , at different times are shown. 
When the quantum surface tension confining the SuSu-matter inside the progenitor is destructively perturbed, a hadronization 
front forms at the surface which, in turn, generates pressure, whose P∇  sets the newly created normal matter into out-
ward-oriented motion at ultra-high relativistic speeds. The spacetime shortly after the formation of the hadronization front is flat 
and therefore the flow configuration is identical to the classical relativistic Riemann problem. 

 
surrounding flat spacetime with ultrarelativistic velocity, reaching very high Lo-
rentz factors. In these calculations, the thermal energy is accounted for by mod-
ifying the total pressure as follows: ( ) 2

tot ramP P P V= + = +   , where ramP  
stands for the ram pressure. Similar to the non-relativistic shock-tube problem, a 
rarefaction wave forms, which propagates in the opposite direction, expands the 
matter and lowers its pressure (first panel, Figure 4). 

In the following step, we allow spacetime to evolve according to Equation (19). 
The initial configuration is a progenitor with incompressible SuSu-matter em-
bedded in a flat spacetime. However, at 0r r=  boundary conditions were im-
posed, that prohibit escape of matter from the initial domain of the progenitor. 
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Depending on the compactness parameter, 0 S bbr rκ α= =  and the EOS, the 
surrounding curved spacetime compresses the matter in the central region to-
ward forming a hydrostatic core. Indeed, in the limit of t →∞  the equation for 
 , which we term as the gravitational potential, converges to the TOV, which is 
usually used to model the interior of NSs in hydrostatic equilibrium (see Figure 
5 and Figure 6). Whilst the matter accumulates in the very central region, the 
gravitational potential well becomes increasingly deeper. 

When removing the BCs on the velocity and pressure at 0r r= , the resulting 
large pressure gradient jettisons the newly created hadrons into the surrounding 
spacetime with ultrarelativistic velocities, leaving little time for the matter to ac-
cumulate in the central region to form a core in hydrostatic equilibrium. 

As anticipated, when the SuSu-matter in the outermost shell of the progenitor 
decays into hadrons, the surrounding spacetime starts curving. This, in turn, 
compresses the newly created normal matter via a compression front that fol-
lows, but is still slower than the inward-propagating hadronization front (see the 
first panel in Figure 6). Had the compression front hit the center, then the infal-
ling matter bounces back and turns into outflow (second panel in Figure 7). 
Note that the transport velocity increases with both time and distance from the  
 

 

Figure 5. Snapshots of the radial distribution of the energy density  , the total mass of normal matter,  , the transport veloc-
ity, V, the modified Lorentz factor, Γ , and the gravitational potential,  , during contraction of a DEO. The boundary condi-
tions here do not allow transport of normal matter into the surrounding space. In these calculations, an enhanced shock-capturing 
method is developed to avoid bouncing. The final configuration here is shown to converge smoothly into forming a core in hy-
drostatic equilibrium, whose interior may be well-described by the classical TOV equation. 
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Figure 6. Snapshots of the radial distributions of the energy density  , the total mass of normal matter,  , the transport ve-
locity V and the modified Lorentz factor Γ  during the early stages of the contraction of the progenitor. In these calculations, the 
boundary conditions do not allow transport of normal matter into the surrounding. Obviously, the compressional front initially 
forms at the surface, starts propagating inwards. Depending on the EOS, the final configuration is a core in hydrostatic equili-
brium whose interior is described by the modified TOV equation. 
 

 

Figure 7. Snapshots of the radial distributions of the energy density  , the transport velocity V, the modified Lorentz factor Γ  
and the gravitational potential   for different times during the hadronization process of the progenitor and beyond, starting 
from 1 0t =  (blue) and ending up at 9 6t =  (black). 
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center, and therefore is practically accelerating outwards relative to 0 . In the 
third panel the modified Lorentz factor, Γ  is displayed versus distance. We re-
call that: 

2

2

2

2

2

: General form

1: Hydrostatic core embedded in curved spacetime

1 : Flat spacetime
1

tt rr

tt rr

g V r
g V r

β
β

 +
 −Γ = 
 +
 −

       (39) 

Obviously, for matter configurations that are slowly contacting or in hydros-
tatic equilibrium, 2Γ  is more indicative than the classical Lorentz factor. 

In the fourth panel the time-evolution of  , which is dubbed gravitational 
potential, is displayed. Here, during the accumulation of matter in the central 
region, the gravitational potential becomes increasingly deeper, which agrees 
with the numerical experiment in Figure 3. However, had the core entered the 
bouncing phase, which is expected to occur on the dynamical time scale, the 
spacetime at the background would start flattening, in accord with the minimum 
energy theorem (see Equation (40) below).  

To clarify this point we note that in the stationary case, the minimum energy 
theorem states that the gravitational energy/mass, g , of an object can be ex-
tracted from the curvature of the embedding spacetime as follows:  

2

0

1 lim d
16

0 flat spacetime
Schwarzschild spacetime

i k
g i kk iSr

n g g g S
x x

M

→∞

∂ ∂ = − ∂ ∂ 


=


π



∫ 

 



            (40) 

For further details see [14] [26]. 
In obtaining the last equality, we relied on the Birkhoff theorem, which states 

that the surrounding spacetime topology may be described by the Schwarzschild 
metric. 

In the present time-dependent case, Birkhoff theorem is valid only in the do-
main between the shock front, SH , and the expansion front EX , only. Here 
the time-dependent gravitational potential reads:  

( )
( )

( ) ( )
( )
0

, :

, log 1 :

0 :

SH

SH EX

EX

r t r r

r t M r r t r r t

r r t

≤
= − ≤ ≤
 ≥



            (41) 

where SH SHr V t  and EXr ct  are the radial distances of both the shock and 
expansion fronts, respectively. 

The integral may be transformed into an infinite series, where each summand 
represents the enclosed mass of a newly created ring of normal matter at a time 

nt . Since the series converges to 0 , the integral should be transformable into 
the sum of infinite discrete summands as follows: 
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( ) ( )2

0

0
0

1 1lim d ,
16 16 nrSr t tc

S f t
∞

→∞ = →∞ =

∗ 
π

→
π

=∑∫            (42) 

where ( )nf t  corresponds to the time-dependent form of the integrand at time 

nt . For 0t r c≤ , the total mass of normal matter increases with time and the 
corresponding potential well becomes increasingly deeper. 

For 0t r c≥  the total mass of normal matter enclosed within the outward- 
moving radius ( )shr r t≥  is 0 , whereas the gravitational potential  
( ) 0, ~ log 1 EXr t r−  , and therefore decreases with time and distance. As a 

consequence, due to the significant increase of the volume enclosing the normal 
matter, the gravitational potential starts flattening in the inner part (see   in 
Figure 7). In the limit of 0τ τ∆ , the curved spacetime would converge to a 
flat one and our observer 0  would hardly see anything, but a flat spacetime. 

A comoving observer sitting at the shock front would experience deceleration 
if the expansion front is much faster than the shock front, whereas a stationary 
observer at the center would see the shock front accelerating outwards. 

It should be noted here that the large outward-oriented relativistic velocities 
of normal matter must be extremely redshifted, so that 0  would fail to observe 
their motions unless they collide with existing objects and galaxies. In this case, a 
considerable amount of mass of the inflowing normal matter sticks to the ga-
laxy’s constituents, thereby transferring a huge amount of momentum and en-
forcing the galaxy to start moving outwards; hence accelerating outwards with 
respect to 0 . This process has a significant effect, as, in addition to setting the 
galaxy in outward-oriented global motion, it turns old and inactive galaxies into 
active mode, in which accretion is activated and jets are initiated, so that they 
can be easily seen by remote observers. 

5. Summary and Discussion 

Based on our previous studies of glitching pulsars, an alternative model for the 
BB has been presented. Accordingly, pulsars are born with embryonic cores that 
are made of incompressible SuSu-matter. As pulsars evolve over cosmic times, 
these embryonic cores grow in mass and dimension to finally metamorphose 
into invisible dark energy objects. This phase corresponds to the lowest quantum 
energy state. According to our conjecture, the spacetime embedding SuSu-matter 
must be flat.  

For 14τ τ≥ , these DEOs should have ample time to conglomerate into a clus-
ter, and then subsequently merge to form the 2010 M



 massive progenitor of 
the BB with a flat spacetime at the background. 

At 0t +=  with respect to 0 , the progenitor underwent an abrupt decay, 
thereby initiating four fronts that started propagating in different directions and 
speeds (see Figure 8): 
 A hadronization front, HA , that formed at the surface and propagated in-

ward at the speed of light, behind which SuSu-matter was converted into vi-
rially hot and dissipative normal matter, which, in turn, interacted with space-
time and converted it into a curved one. 

https://doi.org/10.4236/jmp.2022.1311091


A. A. Hujeirat 
 

 

DOI: 10.4236/jmp.2022.1311091 1492 Journal of Modern Physics 
 

 

Figure 8. A schematic description of the evolution of spacetime (ST) topologies during 
the big bang event. Starting at the surface of the progenitor (BB), the hadronization front, 

HA , starts propagating inwards with the speed of light, thereby converting the Su-
Su-matter into normal matter, and changing the topology of the embedding spacetime 
from flat into a curved one. The newly created normal matter is jettisoned in the direction 
of P−∇ , thereby forming a shock-front SH , which is then immediately overtaken by 
the outward-propagating expansion front EX . The latter changes the spacetime topol-
ogy from flat into a curved one. Relative to 0 , both curved spacetimes between HA  
and SH  (red colored) as well as between SH  and EX  (yellow colored) increase 
with time. However, as the total mass of normal matter is finite, the curved spacetime 
starts to flatten and converge to a flat on time scales much longer than the dynamical one, 
i.e. dynτ τ . 

 
 An expansion front, EX , of spacetime, which formed at the surface and 

propagated outwards at the speed of light, thereby changing the topology of 
spacetime from flat into a curved one. 

 HA  would be followed by the compression front COM , which the sur-
rounding curved spacetime exerts on the enclosed normal matter, but not on 
the incompressible SuSu-matter. Due to the opposing force of the pressure, 

COM  would propagate much more slowly than HA . 
 Triggered by the gradient of the pressure of normal matter at the surface of 

the progenitor, a shock front, SH , started propagating outwards, whose 
speed is determined by both the EOS and the ratio of the pressure across the 
surface. Given the perfect spherical symmetry of the progenitor and that 

0P= =  in the surrounding flat spacetime, SH  of the normal matter in 
the outermost shell would hardly differ from, though more slowly than EX . 
This implies that the matter-free domain which is bounded between SH  
and EX , increases with time. However, the outward propagational speed of 
the matter in the following shells must be smaller, as the corresponding mat-
ter still has to climb up the gravitational well in which it is located. For the 
stationary observer 0 , this matter appears accelerating outwards, render-
ing its re-collapse into a BH. 
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In this paper, we have presented also the theoretical foundation of the scena-
rio, by deriving the time-dependent GR field equations in combination with the 
general relativistic hydrodynamical equations.  

A new metric, which unifies the Minkowski, Schwarzschild and Friedmann 
metrics has been presented and implemented in the present model of the BB. 
Moreover, a modified TOV-equation for modeling contracting relativistic ob-
jects has been presented. 

A highly robust time-implicit numerical solver, which relies on precondition-
ing techniques within the framework of Krylov subspace iterative methods, has 
been employed to solve the above-mention set of equations numerically. 

The numerical results obtained are in line with the here-presented scenario. In 
Figure 9 and Figure 10, we schematically outline the different aspects of the 
scenario, but the main consequences may be read as follows, though theoretical 
investigations and observational data are still needed to ensure their validities 
further: 
 We conjectured that the spacetime inside zero-temperature QG-condensates 

that are motionless relative to remote stationary observers ought to be flat. 
This corresponds to the lowest quantum energy state, which should be com-
patible with the surrounding vacuum states [15] [16]. Putting a certain num-
ber of such QG-condensates, each component would be transparent to the 
other, and so they ought to overlap towards forming a parent condensate, 
whose mass and dimension are the linear addition of those of the individuals. 
The matter in the cores of massive NSs is expected most to share these prop-
erties, and therefore the spacetime embedding these cores should be flat. We 
note that the flatness requirement of spacetime inside zero-temperature 
QG-condensates is equivalent to demanding them to be in an incompressible 
state.  

 Another implication of the above-mentioned conjecture is that the laws of 
nature would permit the existence of a universal maximum energy-density, 

uni
maxρ , beyond which matter becomes purely incompressible. In this case, the 

matter is well-prepared to resist all types of external destructive perturbations, 
as communications are maintained at the speed of light. Consequently, the 
collapse of astrophysical objects with incompressible SuSu-cores need not 
end up forming BHs, but the SuSu-cores would enforce the infalling matter 
to bounce off, through which they increase in masses and size. 

Indeed, based on the numerical solution of the Gross-Pitaevskii equation for 
modeling Boss-Einstein condensates (see Section 2.4 in [14]), it was shown that 
the merger of two DEOs proceeds rather stably and smoothly, without develop-
ing destructive perturbations. This in turn may indicate that the NS-merger 
GW170817 may have formed a NS with a much more massive core, rather than 
collapsing into a stellar BH (see [27] [28] [29] for further details). 

In an infinite universe, these BB-cycles may occur in the sub-domains sequen-
tially and/or in parallel as depicted in the lower panel. 
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Figure 9. A schematic description of the BB-scenario as seen by the supra-observer G0: on time scales comparable 
to or even larger than the age of the universe, a certain number of DEOs find their ways to conglomerate and form 
a tight cluster, where they subsequently merge smoothly and form the hypermassive progenitor of the BB. At a 
certain time, it undergoes an abrupt decay, triggering a hadronization front, HA , which starts propagating from 
outside-to-inside, thereby converting the SuSu-matter into normal dissipative matter and changing the spacetime 
topology from flat into a curved one. At the same time, the decay triggers an expansion front EX , which starts 
propagating outwards, thereby changing the topology of the surrounding matter-free spacetime from flat into a 
curved one. Once EX  has hit and marched throughout old and quiet galaxies, it sets them in active mode, 
which we identify as high redshift QSOs. For dynτ τ  the curvature of spacetime embedding the BB-explosion 

starts flattening in accordance with the minimum energy theorem. 
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Figure 10. A schematic description of BB-cycles in the multiverse scenario as seen by the 
supra-observer G0. Pulsars are born with embryonic cores of incompressible SuSu-matter 
(a), these cores grow in mass and dimension in a discrete manner (b, c) and finally me-
tamorphose the entire dead NSs into invisible DEOs (d). On time scales comparable to or 
longer than the age of the universe, part of these objects conglomerate to form a cluster of 
DEOs (e), that subsequently merge to form a hypermassive DEO (f), which serves as the 
progenitor of the next BB. At a certain time, it undergoes an abrupt decay (f), thereby ha-
dronizing the entire progenitor and giving rise to a BB-explosion (f), later on the jetti-
soned matter cools down and forms stars, part of which collapse to form the next genera-
tion of pulsars. 
 

It should be noted here that the event horizon of a 2210 M


 massive object 
made of normal matter is of order 1027 cm. Hence, without invoking inflation 
and violating causality, our universe must theoretically have collapsed into a 
hypermassive BH. In the here-presented scenario, however, our universe is shown 
to expand forever, without invoking inflation and dark energy, whilst still res-
pecting causality.  
 The ADM mass is generally calculated from the integral (40), provided that 

the concerned object is standing there forever. However, in the time-dependent 
case, the causality condition requires the curved spacetime from which gra-
vitational mass-energy is extracted, to have a finite dimension. Recalling that 
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the convergence of SuSu-matter into normal matter was completed after 10 
minutes, generating a fireball with a fixed mass of 2210 M



, which must re-
main constant. As both the fireball and the embedding spacetime are ex-
panding, the curvature must start flattening from inside-to-outside (see Fig-
ure 7). In this case, the following two logical consequences emerge: 

1) Once the outward-propagating expansion front, EX , has hit and 
marched through faint and quiet galaxies, the local spacetime is perturbed and 
their contents must re-arrange their trajectories, thereby transforming the ga-
laxies into active modes, that we observe today as active galaxies and powerful 
QSOs.  

2) After the first 10 min, the total mass of normal matter was 2210 M


, and 
was enclosed inside a sphere of radius 2.4 AU. Since then the curvature of space-
time has been continuously flattening, which yields a relative curvature:  
( ) ( ) ( ) ( ) 2 30today 10min ~ 10min today 10Q t Q t r t r t −= = = = ≈   . This implies 

that the universe today must be extraordinarily flat. 
 Based on the here-presented scenario, we conclude that BB-explosions are 

local recurrence phenomena in an infinite universe, that may take off from 
time to time in different sub-domains sequentially and in parallel. These 
sub-domains are dynamical; they may overlap with others, disappear, or even 
be created anew. Each sub-domain may be populated by all types of objects 
and its dimension and age are determined by the time it takes to restore the 
spacetime topology into a flat one. The life-cycle of each sub-spacetime fol-
lows the same evolutionary scenario of the BB in our universe: here pulsars 
evolve into NSs, these become DEOs. Large number of DEOs may conglo-
merate in a certain location in the sub-domain, they merge and form a giant 
progenitor made of SuSu-matter.  

Note that in an infinitely large universe, the mathematical probability of as-
sembling a sufficient number of DEOs in a certain location is vanishingly small, 
but certainly not zero. Also, expansion of spacetimes of certain sub-domains of 
the infinite universe cannot rule out the possibility that they may be contracting 
in other sub-domains. These expansions/contractions may not affect the topolo-
gies of local spacetimes inside galaxies, which in turn may facilitate assembling 
of objects. Once assembled and smoothly merged to form the progenitor, the 
latter may undergo an abrupt decay that leads to its entire hadronization, there-
by creating a giant fireball. Its content cools down and stars are formed, part of 
which collapse to form pulsars and so on. 
 The total mass of normal matter-made objects that evolved from the BB of 

our universe may most likely be much lower than expected, as spacetime 
surrounding the progenitor of the BB may have been populated by numerous 
dead objects and galaxies. 

 SuSu-matter can be found in pulsars, NSs, magnetars and even in stellar and 
supermassive BH-candidates. This implies that these objects may be much 
more massive than predicted from observing normal and luminous matter. 
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This is a direct consequence of the flat spacetime topology that embeds Su-
Su-matter. 
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Abstract 

For the first time, through the invention of Compensating Bio-information 
Energy (CBE) technology and bioinformatics breeding machine, we have 
completed a number of experiments by using plant signals to transfer plant 
genetic traits in the same family or across families, and discovered the trans-
fer phenomenon of life genetic information. The test results show that plants 
can change from random variation to controllable and directional variation, 
thus opening up plant asexual, no molecular transfer, fast and low-cost breed-
ing. The new approach provides new evidence for the connection of informa-
tion energy waves between plant DNA, which deserves the attention and 
in-depth study of the scientific community.  
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1. Introduction 

Last century twenties the former Soviet Union biologist Gulevitch first discov-
ered biological signals and non-contact biological physics effects through the 
famous onion experiment [1]. For more than 100 years, many experts and scho-
lars have persisted in their explorations and have achieved many research results 
of historical significance and uncovered the mystery of biological field [2] [3] [4] 
[5] [6]. Under certain conditions, the communication of information energy be-
tween organisms can also be realized, that is, biological microwave communica-
tion. Jiang Canzheng, a Chinese scientist in the former Soviet Union, applied the 
technology of physical shielding to complete many experiments to be verified 
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the phenomenon of biological microwave communication, and many incredible 
experimental results have been achieved in the transfer of genetic traits in ani-
mals and plants and human rehabilitation [7] [8] [9] [10].  

On this basis, we conducted in-depth exploration and found that the interac-
tion between plant molecules is indeed not limited to chemical interaction. The 
phenomenon of non-contact random variation between plants is the transfer of 
biological information through the energy wave radiated by plants under certain 
specific conditions, that is, biological microwave communication [11]. Through 
a number of repeatable biological experiments, we also found that the transduc-
tion of biological signals can transfer the genetic traits of plants [12]. Therefore, 
we believe that the core of biological signals is the existence of DNA signals con-
taining life information. In recent years, scientists have discovered the biological 
material basis of this life phenomenon. More and more evidence shows that miR-
NA can serve as a link between animals, plants and microorganisms across spe-
cies, and is closely related to the substances that form genes [13] [14] [15]. For 
millions of years, the co-evolution of life has not only formed the close connec-
tion of all organisms in terms of genetic material, but also formed the connec-
tion of energy (wave) between genes. This energy wave, namely life signal, is a 
physical way of life information transmission. We call it information energy, 
which is the basis for the realization of DNA communication [16]. This ultra-weak 
information energy wave can affect the protein activity of biological receptors 
[17]-[24], and correspondingly many reproducible biological experiments pro-
vide evidence for the transmission of life signals, that is, the transfer of DNA in-
formation. 

The practice of crop improvement shows that there are two effective ways to 
improve crop yield potential through plant breeding, namely morphological im-
provement and utilization of heterosis. However, if only the way of morphologi-
cal improvement is adopted, the improvement potential is very limited, and he-
terosis breeding will not produce satisfactory results if it is not combined with 
morphological improvement [25]. In the past 20 years, we have found a new way 
to use high and new technology to make the random variation without contact 
between plants in nature. One of important progress for us is CBE technology 
and bioinformatics breeding machine are invented [26], as shown in Figure 1. 

The invention relates to a new technical field of compensating biological in-
formation energy to plants and polar molecular liquids, involving quantum 
physics, bioinformatics, molecular biology and other sciences. These methods 
may be widely used in scientific research, breeding, drinks, health care and other 
field. Since 2008, with the strong support of relevant scientific research and in-
stitutional experts, we have completed a number of new and exploratory expe-
riments by using proportional sampling method, repeatedly verified the pheno-
menon of DNA communication, and found the existence of DNA signals. Fig-
ure 2 is part of the experimental photos, hereinafter referred to as information 
processing. 
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Figure 1. The bioinformatics breeding machine, which realizes the directional transfer of 
donor genetic traits to the receptor through energy wave transmission, and opens up a 
new way of asexual and molecular free bioinformatics breeding. 
 

 

Figure 2. The changes of genetic characters of the first generation of wheat (HS) in the 
bioinformatics breeding test field and the detection information receptor. 

2. Experiment and Detection of Plant Radiation Signal 
2.1. Donor Information Promotes Reproduction of Cordyceps  

Mycelium 

We directionally transmitted the information of the donor wheat sprouts to the 
recipient Cordyceps mycelium through the breeding machine, as shown in Fig-
ure 3. After receiving the wheat information in the three treatment groups, the  
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Figure 3. The three groups of comparative photos of transferring wheat information to 
Cordyceps mycelium. It can be seen that the mycelium reproduction of the three treat-
ment groups is significantly better than that of the control group, indicating that wheat 
information promotes mycelium reproduction. 
 
mycelial reproduction was significantly better than that of the control group, in-
dicating that wheat information promoted mycelial reproduction. 

2.2. Donor Plant Information Changes Color and Taste of  
Recipient Plant 

We used the bioinformation breeding machine to transfer respectively the radia-
tion information of the donor green vegetable bud and the pepper bud to the 
budding cabbage of the recipient; the budding cabbages were then seeded in the 
experimental fields. After harvest, the offspring (HS) 1 generation were com-
pared for appearance, color and taste, as shown in Figure 4. And the relevant 
taste was compared by double-blind method, as shown in Table 1. The color of 
cabbage in treatment group 1 and 2 was significantly different from that in con-
trol group (middle), the color of information processing group 1 was lighter 
than that of control group, and the color of information processing group 2 was 
darker than that of the control group, and the change of chlorophyll was ob-
vious. And the taste of treatment group 1 and 2 was also significantly different 
from that of the control group. This experiment provides evidence that different 
plants radiate different information, and have different influences and effects on 
the recipient. At the same time, it indicates that the information transmitted by 
the bioinformation breeding machine is the real information of the donor.  

2.3. Donor Information Promotes the Germination Potential of  
Recipient Buds 

Figure 5-1 and Figure 5-2 show the significant changes in the growth trend of 
radish seeds after receiving the information of donor wheat sprouts during ger-
mination and then planting in the experimental field. The signal processing 
group is on the left, and the control group is on the right. The germination of the 
treatment group is faster and stronger than that of the control group. Figure 5-3  
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Figure 4. The left is cabbage information processing group 1, which is lighter in color 
than the control group (middle); on the right is pepper information processing group 2, 
whose color is darker than that of the control group, indicating that the chlorophyll of the 
treatment group has changed. 
 

 

Figure 5. Showing donor information promotes the experimental results of germination 
potential. Figure 5-1 and Figure 5-2 show that wheat information transfer to water ra-
dish promotes the germination and growth of water radish seeds, with the treatment 
group on the left and the control group on the right. Figure 5-3 shows the transfer of 
wheat information to soybeans. The growth of the treatment group was significantly bet-
ter than that of the control group. 
 

Table 1. Statistical table of taste experiment of Chinese cabbage by double-blind method (2017.3.1). 

NO 
List of 

participants 

Control 
group 1 
(stem) 

Control 
group 2 
(leaves) 

Treatment 1 
group 
(stem) 

Treatment 1 
group 

(leanes) 

Treatment 2 
group 
(stem) 

Treatment 2 
groups 
(stem) 

1 Yuan bland tasteless peculiar smell delicious not tasty bitter taste 

2 Liu bland tasteless peculiar smell delicious not tasty bitter taste 

3 Han bland tasteless peculiar smell delicious not tasty bitter taste 

4 Zhu bland tasteless peculiar smell delicious not tasty bitter taste 

5 Li bland tasteless peculiar smell delicious not tasty bitter taste 

6 Dong bland tasteless peculiar smell delicious not tasty bitter taste 

7 Qu bland tasteless peculiar smell delicious not tasty bitter taste 
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shows that after receiving the information of donor wheat during soybean ger-
mination, the treatment group (left) grew stronger than the control group (right). 
We have done repeated experiments and have seen the same results. These show 
that the radiation information of donor wheat plants can affect the growth trend 
of recipient plants. 

2.4. Detection of Plant Radiation Signals 

In the absence of detection data, many people doubt that living plants radiate bi-
ological signals (microwaves) during their life activities. In 2020, we developed a 
biological radiation signal power detector, as shown in Figure 6. After verifica-
tion, it can detect the noise power of signals below 8G radiated by human body, 
plants and fungi at room temperature, that is, it can detect some biological radi-
ation signals, and use data to prove the true existence of radiation signals of 
plants and other living bodies. For example, the average data of the three groups 
of vegetables detected for six consecutive days after germination are shown in 
Table 2. The test was divided into three experimental groups: A, B and C. The 
sprouts of green vegetables were tested at 9 am, 12 noon and 5 pm every day, 10 
time consecutive tests were performed in each time period and calculate the av-
erage value. After each measured data is stable for 3 minutes, observe for one 
minute, read the value every 5 seconds during this minute, take the average value 
of three groups as the measured value, and then subtract the natural noise power 
value of the same plant in the shielding box. The difference obtained is the 
measured radiant power value of the green vegetable seedling, which is listed in  
 

 

Figure 6. The staff are using the biological radiation signal power detector to detect the 
radiation signal power of plants, and use the data to judge the growth state of plants. 

https://doi.org/10.4236/jmp.2022.1311092


X. Z. Yuan et al. 
 

 

DOI: 10.4236/jmp.2022.1311092 1505 Journal of Modern Physics 
 

Table 2. Summary of average values of radiation signal power detection of green vegetable seedlings. Detection location: Shielding 
box; temperature 22˚C - 23˚C; Relative humidity 90%; Unit: DBM. 

Observe date 
The subjects 

time 
(day) 

1 2 3 4 5 6 
Average 

shielding box 

The experimental 
group A. 

Morning 43.06 45.1 44.87 46.06 44.29 44.8 

40.06 

Noon 47.85 45.07 44.79 43.81 43.76 43.47 

Evening 45.04 45.22 44.97 42.6 42.15 42.3 

The experimental 
group B 

Morning 44.06 46.12 44.43 45.79 43.68 45.15 

Noon 45.63 44.37 44 44.04 43.98 43.59 

Evening 44.5 44.65 43.84 42.51 40.62 42.89 

The experimental 
group C 

Morning 44.57 45.97 44.29 45.38 44.6 44.93 

Noon 45.29 43.26 43.47 44.46 45.85 44.17 

Evening 44.86 45.42 45.28 43.16 42.81 43.63 

The 
experimental mean 

Morning 43.89 45.73 44.53 45.74 47.6 44.96 

Noon 46.25 44.23 44.08 44.1 44.53 43.74 

Evening 44.8 45.09 44.69 42.75 41.86 42.94 

Average difference 
of experimental 

groups A, B and C 

Morning 3.83 5.67 4.47 5.68 7.54 4.9 
 

Noon 6.19 4.17 4.02 4.04 4.47 3.68 
 

Evening 4.74 5.03 4.63 2.69 1.8 2.88 
 

 
the column of the average value in the table, and the unit is the noise power 
dbm. The measured data were obtained by testing under the same conditions, 
and finally the average value of the three experimental groups A, B, and C was 
taken as the testing result. From the above three groups of average data, they 
basically reflect the real detection results, that is, the power of plant radiation 
signals in different periods of time is significantly different, fluctuates with time, 
and has the basic characteristics of nonlinearity. This shows that the energy of 
the radiation changes with varies from time to time, which provides quantitative 
data for further exploration of complex metabolic functions of plants. Figure 7 
is the drawing of measured data from the average detection data of groups A, B 
and C in Table 1, after subtracting the shielding box ontological natural noise 
power value, we can directly observe the life activity rhythm of green vegetable 
seedlings within 10 days. As can be seen from the broken line in the morning, 
there are two radiation power peaks at the detection data points on the second 
and five day; at noon, the broken line can be seen that the radiation power of 
green vegetable seedlings in the development process presents a general trend of 
decline; the broken line in the evening also showed an overall downward trend 
of radiation power of green vegetable seedlings. The results also showed that 
living plants can radiate energy outward as they grow; moreover, the intensity of 
the radiation power is nonlinear fluctuations with time, showing the characteris-
tics of biological clock. The results of detection data provide quantitative basis 
for us to identify plant growth status and select plants with good growth status. 
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Figure 7. The chart drawn by subtracting the noise value in the environment from the 
average value of the radiation signals detected by the biological signal detector at different 
times in the morning, middle and evening of three groups of green vegetable seedlings 
within 6 days. From the data chart, we can see that the power of the radiation signal fluc-
tuates at different times during the growth process of green vegetable seedlings, which 
provides a quantitative basis for us to judge the growth state of plants and select plants. 

3. Experiments on Directional Transfer of Genetic Traits 
3.1. Experimental Materials 

The experimental results show that biological information is expressed through 
the energy of biological signal transmission. The famous onion experiment 
found that biological signals come from the process of cell division. The experi-
mental results show that in the process of plant growth, that is, the process of 
DNA replication, the signal power density is large and the amount of informa-
tion is large, which can accelerate the recovery of human cell function [27]. The 
biological experiment results of many repeatable and no molecular transfer ge-
netic traits show that DNA signal is the most basic and important signal in bio-
logical signals. Also according to the theory of atomic emission spectrum and 
absorption spectrum [28], we think that changes in the energy of DNA atoms 
also are the physical processes that govern life, when DNA atoms drop from 
high energy state to a low energy state, RNA releases energy quanta; conversely, 
when it rises from a low to a high energy state, it absorbs quantum of energy. 
This could be one of the ways for DNA to radiate or absorb signals, express or 
obtain life information. 

Based on the above theories or hypotheses, we chose the information donor 
and receptor during germination because the signal is the strongest in the rapid 
division process of plant cells, the germination is also the easiest to absorb for-
eign signals. 

In practice, we have invented a biological radiation signal power detection de-
vice, for detect the radiation signals of selected plant donors and receptor, as 
shown in Figure 6. After detection, we conducted statistical data analysis and 
found that the strongest signal was indeed released during the rapid division of 
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plant cells. Therefore, we selected the information donor and recipient of the 
experiment as the buds in the vigorous growth stage.  

According to the purpose of the experiment, we first determine the genetic 
traits to be transferred, and then select the more prominent plant genetic traits 
as the biological signal donor, and the recipient should select the buds and 
seedlings that need to obtain the genetic traits. 

3.2. Experimental Equipment 

The experimental equipment is a biological information breeding machine, as 
shown in Figure 1. It is developed and manufactured by ourselves, and its inte-
rior is equipped with biological signal processing, acceleration and transfer sys-
tems. 

3.3. Basic Principles and Components of CBE Technology 
3.3.1. Basic Principles  
When the function or structure of cells, tissues, organs and systems changes, the 
biological signals radiated by them will first change, such as the detection of car-
dio brain electrical signals and the application of judging diseases; conversely, 
when the signals radiated by cells, tissues, organs and systems are modulated by 
foreign matched biological signals, their functions or structures will also be af-
fected [16]. 

3.3.2. Three Parts of CBE Technology 
1) Design and select the technical scheme of information donor and recipient 
plants; 2) Cultivate information donors and receptors according to the technical 
bid; 3) Genetic information transfer is completed by biological information 
breeding machine. 

Through experiments, we have found that different plants will radiate differ-
ent biological signals and have different effects on different cells of human body, 
and have different improvement effects on human functions [29], therefore, we 
believe that DNA signals in different can express different life information and 
can receive the corresponding life information, so different life signal effects will 
be produced.  

According to the famous physicist David Bohm’s theory of quantum potential 
and the second law of thermodynamics (information is negative entropy), we 
believe that the high part of biological information energy in the entanglement 
process determines the direction and biological effect of information transfer. 
The life information of the trait contained in plant DNA with prominent genetic 
traits should be in a relatively high information potential, so it is easier to trans-
mit information to the genes of the receptor, therefore, plants with outstanding 
genetic traits should be selected as donors. 

In addition, in the process of information energy wave entanglement, the out-
standing genetic trait information of the donor will be transferred to the recep-
tor in the form of biological radiation signal. After the receptor DNA obtains 
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this life information energy that can express outstanding genetic traits, it will be 
expressed in the process of controlling protein synthesis and affect the activity of 
the protein, that is, to realize the transfer of genetic information. Therefore, we 
have formulated strict technical requirements for seed selection, cultivation and 
management of information donors and recipients. 

According to the basic principles of quantum physics and low energy particle 
accelerator, we have invented the biological signal transfer system in CBE tech-
nology by adopting a variety of new technologies [30]. CBE signal transfer sys-
tem can be installed inside the machine. On this basis, a bioinformation breed-
ing machine has been invented, which realized the directional gather, processing, 
acceleration, maximum signal-to-noise ratio and directional transfer of the do-
nor plant signals to the recipient in a shielded environment. The new technology 
developed a new structure and biological signal wave handling process, greatly 
reduced the manufacturing cost, through the directional acceleration of plant 
signal, realized the maximum power density of plant signal, increased the infor-
mation received by recipient cells per unit time, and completed the directional 
transfer of donor genetic information in a short time. 

Experiments show that the signals radiated by plants in the process of vigor-
ous growth contain a large amount of information, and are more vulnerable to 
the influence of various external signals. Therefore, we should pay attention to 
preventing the interference of various signals such as electricity, magnetism, 
light and sound, so we have strict technical control over the cultivation, man-
agement, use, information transfer process of plants, and the custody of samples, 
etc. 

3.4. Process of Transferring Genetic Traits of CBE Technology  

The CBE technology we used in the experiment transfers genetic traits as fol-
lows: 
 

 

3.5. Experimental Methods  
3.5.1. Quantum Resonance Detector 
TJQQ-ZDJTEQAM quantum resonance detector was used to detect the efficacy 
characteristics of plant emission information, and donor and recipient were se-
lected according to the detection results of efficacy characteristics. 

3.5.2. Biological Signal Radiation Power Detector 
The biological signal radiation power detector developed by us was used to 
detect the radiation power of the experimental donor and recipient plants, and 
the donor and recipient were determined according to the monitoring data. 
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3.5.3. Seedling Requirements 
According to the requirements of seed germination, the donor and acceptor should 
be cultivated separately and they can only be used when they sprout. In terms of 
the experimental plan, generally, the number of donors is N times more than the 
number of receptors, to ensure timely replacement of vigorous growth of the 
donor.  

3.5.4. Bioinformation Breeding Machine 
In the experiment, the selected donors and receptors are placed in different posi-
tions of the bioinformatics breeding machine, and then the cabin door is closed, 
the ventilation system is opened, and the automatic working system of the bio-
informatics breeding machine is started. 

3.5.5. Set Test Time 
According to the working time and experimental steps of the breeding machine 
set in the plan, as well as the detection of temperature, humidity and ventilation, 
we check the growth status of the donor and recipient buds and seedlings, reple-
nish water appropriately, and replace the donor buds and seedlings according to 
the set test time. 

3.5.6. Sample Package 
After 50 - 100 h of work, the genetic information transfer will be completed. The 
receptors will be installed in shielded boxes to avoid electric, magnetic, light and 
sound waves pollution, and the receptors will be sown to the experimental fields 
in time according to the design requirements.  

3.6. Effect and Analysis 
3.6.1. Transfer of Genetic Traits of Black Peanut and Protein to Radish 
Figure 8 shows the experimental results of multiple transfer genetic traits com-
pleted by us through a bioinformation breeding machine. Figure 8-1 shows that 
after soybean sprout signal was transferred to corn bud, the seedlings were 
planted in the test field. After several days, it was found that the seedling type 
and root system of the treatment group were significantly changed. Figure 8-2, 
Figure 8-3 and Figure 8-4 show that after transferring the information of black 
peanut to water radish, its fruit appearance (after harvest), leaf shape and root 
system have changed significantly. In September 2010, the first generation of the 
radish son (HS) was tested by the Test Center of Institute of Ecology, Chinese 
Academy of Sciences [31], and various amino acids and proteins showed signifi-
cant changes. The receptor is compared with the control group, there were 18 
items with change rate ≥ 15%; there were 16 items with change rate ≥ 40%; there 
were 3 items with change rate ≥ 100%, among which ammonia increased by 
177.78%, potassium increased by 26.56%, and total protein and amino acid in 
treatment group increased by 84.3% by compared with control group. Figure 
8-5 shows that after the soybean information was transferred to the wheat re-
ceptor, the appearance of the first generation of its offspring (HS) changed  
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Figure 8. Some experimental results of directional transfer of genetic traits using CBE technology. From Figure 8-1, it can be seen 
that after the soybean information is transferred to the corn bud and planted in the experimental field, a few days later, random 
sampling shows that the plant type and root of the first generation of Maize (HS) are transferred to the genetic traits of soybean. 
Figure 8-2, Figure 8-3 and Figure 8-4 show that the fruit shape, leaf shape and root of generation 1 of black peanut information 
processing group (HS) have changed significantly. Figure 8-5 shows that after transferring the soybean information to wheat, the 
soybean information processing group was significantly shorter than the control group after the first generation (HS) mature 
harvest, and the seeds of the treatment group were fuller than the control group, with an estimated yield increase of more than 
20%. Figure 8-6, Figure 8-7 and Figure 8-8 are the experimental results of transferring the information of soybeans, garlic and 
flax to corn respectively. The plant type of corn in the information processing group has changed significantly, and the taste has 
also changed. Figure 8 shows that after the receptor receive the information wave from the donor, the genetic characters of the 
receptor change towards the genetic characters of the donor, rather than random distribution, indicating that the genetic informa-
tion transferred through the biological breeding machine is not distorted, and the real genetic information of the donor has been 
transferred. 

 
significantly. On the left is the information processing group, and on the right is 
the control group. The trees in the information processing group were shorter 
than those in the control group, and the grain weight was increased by about 
20%. 

In 2012, the experimental seeds were provided by Liaoning Academy of Agri-
cultural Sciences, which repeated the above experiment of black peanut informa-
tion transfer water supply radish. After the test center of Shenyang Institute of 
ecology, Chinese Academy of Sciences [32], it was found that the change of the 
subgeneration (HS) generation 1 treatment group was still very significant. The 
Center tested 21 items in total. Among them there were 8 items with a change 
rate ≥ 15%, 4 items with change rate ≥ 40%, and 2 items with change rate ≥ 100%. 
Where the protein increased by 468.42%, the selenium increased by 42.8%, and 
the cystine increased by 133%. 

The significance of the above experiment is to realize the transfer of genetic 
traits through plant information transmission: it is the first time to realize the 
directional transfer of various genetic traits of the donor plant to the recipient by 
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the information wave in the biological information breeding machine through 
CBE technology, and to realize the selective, cross space, directional transfer to 
the recipient without molecular transfer, so it is essentially different from trans-
genic. 

3.6.2. Experiments on Directional Transfer of Soluble Sugar and Soluble  
Protein 

With the support of experts from Liaoning Academy of Agricultural Sciences 
and Shenyang Agricultural University, a number of biological information transfer 
experiments have also been carried out, and all of them have achieved success. In 
2015, we used the same method above to complete the experiment of transfer-
ring cantaloupe information to dry cucumber. The treatment group and the con-
trol group were planted in the experimental field respectively. After they ma-
tured, the first generation of their son (HS) was sent to Shenyang Agricultural 
University for testing see Figure 9 and the data in the table. We found that the 
soluble sugar content of the treatment group increased by 44.9% compared with 
the control group, and the soluble protein content increased by 45%. 

We adopted the same method to directionally transfer the genetic traits of 
soluble sugar and soluble protein of melon or watermelon to cucumbers, as 
shown in Figure 10. The first generation of the son (HS) was sent to Shenyang 
Agricultural University for soluble sugar and soluble protein testing [33], and 
the test results are shown in the chart. After watermelon information processing, 
the soluble sugar content of water cucumber in treatment group increased by 
416% and the soluble protein content increased by 421% compared with control 
group. The soluble sugar of water cucumber is increased by 350% after canta-
loupe information treatment and the soluble protein content is increased by 
356%. 

The results indicated that the genetic characters of soluble sugar and soluble 
protein of watermelon and melon have been transferred to the genetic characters 
of soluble sugar and soluble protein of cucumber. 
 

 

Figure 9. The experimental results of directional transfer of genetic traits of muskmelon 
polysaccharide and protein to dry cucumber; from the test data of Postharvest progeny 
(HS) 1 generation, it can be seen that soluble sugar and protein in the treatment group 
increased significantly compared with the control group. 
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Figure 10. The experimental results of directional transfer of genetic traits of waterme-
lon/cantaloupe polysaccharide and protein to water cucumber. It can be seen from the 
test data of the first generation of offspring (HS) after harvest that the indexes of soluble 
sugar and protein in the treatment group have doubled compared with the control 
group. 
 

In 2016, we also cooperated with experts from Shenyang Agricultural Univer-
sity to transfer the genetic traits of polysaccharide in northeast Round jujube 
(wild kiwi fruit) to the original potato species through a bioinformatics breeding 
machine, as shown in Figure 11. Figure 11-1 is the information donor, namely 
the north square round jujube seedling; Figure 11-2 is the information receptor, 
that is, the original seed of potato; Figure 11-3 is potato control group; Figure 
11-4 is potato treatment group; Figure 11-5 is the test result of soluble sugar 
[34]. The soluble sugar content of the treatment group increased significantly 
compared with the control group, at least by more than 2 times, and at most by 
more than 6 times. After that, we tested the molecular weight of nucleic acid and 
found that the molecular weight of nucleic acid in the treatment group increased 
significantly compared with that in the control group, as shown in Table 3.  

3.7. Directional Transfer Experiment of Soybean Isoflavones 

In 2017, we cooperated with experts from the College of Life Sciences of Beijing 
University of Chinese Medicine. We provided experimental equipment for bio-
logical information transfer, and students independently completed the experi-
ment of transferring information from soybean sprouts to corn sprouts, through 
genetic testing, it was found that soybean isoflavone genes were obviously ex-
pressed in multiple treatment groups, as shown in Figure 12. 

3.8. Discussion on Experiments of Transfer Genetic Traits 

Kulian. P. pointed out that the DNA double helix breaking process is also  
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Table 3. Nucleic acid test report of genetic information transferred from Northeast Jujube to potato. 

Signal 
processing time 

Exp. 
Num. 

Exp.1 Exp.2 
Average 

value 
Group D 

Control 
group 

Multiple 
1 

Multiple 
2 

70 h 1-1 0.587444 0.626555 0.607 0.485888 0.450333 1.249256 1.347890 

90 h 1-2 0.566555 0.657444 0.612 0.427666  1.431021 1.358993 

110 h 1-3 0.506555 0.493111 0.499 0.5200555  0.961115 1.109918 

 

 

Figure 11. The results of four groups of parallel experiments that transferred the genetic 
traits of northern jujube polysaccharide to potatoes. From the test data of the first genera-
tion of offspring (HS), it can be seen that the soluble sugar in the treatment group in-
creased significantly compared with the control group, at least by more than 3 times, and 
at most by more than 6 times. 
 

 

Figure 12. The experimental results of transferring soybean isoflavones to maize com-
pleted by students of the Academy of life sciences of Beijing University of traditional 
Chinese medicine using the experimental machine of bioinformatics breeder. They con-
ducted gene detection and found that in the 40 hour information transfer experimental 
results, there were multiple groups of soybean isoflavones genes in the treatment group 
were expressed in maize genes. 
 
accompanied by the internal quantum entanglement effect of DNA, indicating 
that there is a quantum entanglement phenomenon in DNA [35] [36], that may 
be a biological information transfer mechanism. Biological signal transduction is 
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essentially a physical process of life quantum information transfer. The results of 
the above repeatable experiments showed that different recipient plants would 
have different biological effects by receiving the signals of radiation from differ-
ent donor plant seedlings in the bioinformation breeding machine processing. 
Whether the same family or cross family of plants, after receiving the signal 
from the budding donor for 50 - 100 h by bioinformation breeding machine, the 
germination potential, leaf shape, vein, plant type, root and fruit shape of the 
parent or son (HS) 1 generation can be significantly changed. Not only that, it 
was also found that the genetic traits of the receptor (HS) generation 1 were trans-
ferred to the prominent genetic traits from the donor. After receiving the radia-
tion signal from the donor plant in the bioinformatics breeding machine the ge-
netic traits are directed to transfer, the changes of genetic traits were not random 
orientation and distribution. This indicates that the transferred information ex-
presses the selected and prominent genetic traits of the donor plant, which is a 
directional transfer. And the genetic information transferred by the biological 
breeding machine is not distorted, which is indeed a transfer of the real genetic 
information of the donor. 

The German scholar Konstantin Meyl believes that the metabolism controlled 
by genes can only occur when energy and information are introduced [37]. The 
above-mentioned various biological experiments show that there is such a uni-
fied signal of energy and information in the biological signal, that is, the signal of 
DNA radiation, and the information is expressed by the change of the donor’s 
radiation energy. The above test results provide new evidence: in the biological 
signals radiated by the donor plant, there are signals that can affect the DNA 
replication and protein activity of the recipient plant. It is the most important 
and basic biological signal, which is of great significance for exploring the bio-
logical field and exploring life. By using the bioinformatics breeding machine, 
the life information of the donor plant can be transferred directly to the receptor 
in a short time, and the appearance or genetic traits of the receptor can be 
changed directionally; the genetic information transfer of the same family and 
cross family plants can also been realized, which will open up a new way of mo-
lecular free transfer for the cultivation of new varieties. 

4. Conclusion and Discussion 

1) A number of test results once again show that different structures of dif-
ferent plants will radiate different biological signals and express different infor-
mation in the metabolic process, which can affect the life activities of different 
levels of allogeneic species. DNA signal is the most basic and important signal, 
and its information and energy cannot be separated. In many cases, information 
is expressed through the nonlinear and complex changes of energy, which can 
directly affect the replication and expression of cell DNA. It is a signal with im-
portant vital characteristics that is unique to life. 

2) Asexual and molecular free DNA communication can be realized between 
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plants. It is not interfered by the complex electromagnetic environment in plants, 
indicating that DNA signals are different from other electromagnetic signals. There-
fore, it can transmit life information while transmitting energy, especially the 
information that can truly transmit and express genes, and affect the activities of 
allogeneic proteins. Therefore, it is of great significance and deserves attention 
and in-depth research. 

3) The experimental results of this paper provide new evidence for not only 
the connection of genetic material, but also the close connection of genetic in-
formation energy between plants, that is, DNA communication. 

4) The invention of CBE technology and bioinformatics breeding machine has 
realized the transmission of biophysical signals and the directional transfer of 
plant specific information. Moreover, this kind of plant information will not di-
rectly produce the chemical reaction in the recipient body, will not destroy the 
molecular structure, and has no ethical problems. It has opened up a new way of 
non-sexual, non-molecular transfer, selective, directional, low-cost, new variety 
cultivation, so it has broadly application prospects.  
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