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The Energy Spectra of Cosmic Ray Protons, the Origin of Gluons,
and the Mechanism of Baryon Generation

Osvaldo F. Schilling

Departamento de Fisica, Universidade Federal de Santa Catarina, Campus, Trindade, 88040-900, Florianopolis, SC. Brazil.
E-mail: osvaldo.neto@ufsc.br
For the past sixty years, the generation of hadrons has been dealt with through a frame-
work of theories devised to describe the so-called Strong interactions. About two years
ago, the author put forward an essentially quantum electrodynamical model for the
same purpose. The present paper contains the latest development in the interpretation
of those results, and we reached a point where a bridge can be extended to existing the-
ories. The main result of our previous work has been the determination of an energetic
interval of 2.7 GeV between a “vacuum” parent state and the proton rest-energy. The
full interpretation of this finding is that this is the energy advantage (calculated from a
Regularization procedure) that stabilizes charge (the baryons) confined in the shape of
loops by correlating EM excitations at 3.7 GeV. That is, we have been able to establish
that these EM excitations are in fact the Gluons of high-energy physics, and they come
straight from relativistic quantum electrodynamics through the Regularization proce-
dure of loop energies. The value 2.7 GeV obtained from Regularization is of the correct
magnitude to explain the di erence between the strength of Strong and EM interactions
(15 versus 1=137). The size of a proton can also be approximately deduced from our

arguments.

1 Introduction

The present paper contains the main results of investigations
which have directly addressed the long-standing problem of
describing the genesis of particles. In particular, the issue of
the origin of mass is considered [1,2]. Many of the ideas
and concepts in this work have previously been advanced by
Barut [3], Bostick [4], and Jehle [5]. In particular, the starting
point in this treatment, is that magnetic moments are funda-
mental properties of leptons and baryons, and that the pres-
ence of magnetic moments in particles can be modelled by
the introduction of an intrinsic closed electrical current loop
of finite (rather than point-like) size. It might be argued that
such hypothesis should be incompatible with QED and that
electrons behave experimentally as point-like objects. How-
ever, the present treatment may be regarded as describing the
earliest stages of a particle condensation process taking place
in an extremely dense medium at 10'3 K. Present day experi-
ments take place under completely di erent conditions.

The current-loop model refers more properly to the EM
fields in this embryonic stage, and no specific mass/charge
distribution for baryons is explicitly needed or introduced. A
blend of fermion/EM fields in loop form act to correlate and
confine baryon fields inside the loop. A multiply-connected
current path should arise, whose possible topological forms
were the object of intense discussions by Bostick and Jehle,
but in the absence of more concrete evidence a simple circu-
lar loop path is adopted in this treatment. The confinement of
magnetic flux within such paths was initially [1] assumed as
occurring in numbers of flux quanta determined by the mag-
netic moments in magneton units, a property easily derived
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Fig. 1: Plot of n against the magnetic moment for the baryons octet
(points) from the definition n = (2c? =€) m. The diagonal line is
the classical prediction of one flux quantum per nuclear magneton
(n.m.). Nucleons are on the line. The data display undulations, and
a tendency to reach for the steps (traced line as guide) [2].

from Barut’s semiclassical spinning particle-model, but such
assumption is later adjusted to better fit data.

In paper [1], we have shown that it is possible to describe
the masses m of all the baryons of the octet and decuplet in
terms of a single formula, involving the magnetic moments
and corresponding numbers of confined flux quanta n. One
might otherwise use this relation to define n from the experi-
mental masses and moments [2]:

n= 2fc? =* m

Osvaldo F. Schilling. The Energy Spectra of Cosmic Ray Protons, the Origin of Gluons and Baryon Generation 3



Volume 18 (2022)

PROGRESS IN PHYSICS

Issue 1 (April)

where f = 1 for spin 1=2 and 1= p§ for spin 3=2, and
is the fine-structure constant (one immediately recovers the
often-mentioned inverse relation of mass with the constant ,
since nand are approximately proportional to each other).
The treatment that produces this equation is essentially heu-
ristic, but precise enough for instance to highlight the de-
pendence of mass upon the square-root of the spin angular
momentum, as reported in the literature (note that the phe-
nomenological factor f that corrects for spin is related to
kinetic energies rather than to magnetic constributions) (cf.
Fig. 1 of [1]).

In paper [2], whose main results are reproduced in the
following section for the sake of clarity, we took much fur-
ther the treatment presented in [1]. A key parameter in this
analysis is the number of flux quanta n arrested inside a cur-
rent loop. In particular, we obtain in [2] a very revealing re-
sult which has previously been reported mainly through Con-
densed Matter physics investigations, which is that the en-
ergy of currents (here regarded as a particle’s rest mass) is a
periodic function of the confined magnetic flux in multiply-
connected structures. Consistently with these results from
Condensed Matter systems, the periodic dependence of bary-
ons masses (and confined flux) with the magnetic moments
(see Fig. 1) can be regarded as a demonstration that the ini-
tial hypotheses of the present investigations are sound. That
is, indeed mass is a manifestation of magnetodynamic en-
ergies (related to currents) confined in a multiply-connected
region. Such hypothesis is therefore consistent with experi-
mental data. With this evidence in hand, the next step clearly
was to advance beyond the initial phenomenological-heuristic
argumentation and propose a field-theoretical treatment that
would describe the observed mass-energy relations for actual
particles.

Such kind of treatment has previously been applied for
fermion fields flowing around a closed loop containing mag-
netic flux (see references in [2]). Starting from a Lagrangian
suitable to these fields (assumed as built upon a proton “sub-
strate”, following Barut), we then obtain an energy spectrum
for the possible traveling wave-states around a closed path.
To simulate the perturbations coming from the vacuum back-
ground which will be added to the proton state, a sum over
the states in the energy spectrum of kinetic energies for the
EM/fermion quasiparticles is necessary. An Epstein-Riemann
Zeta function Regularization procedure previously adopted
for the Casimir E ect problem is applied to eliminate di-
vergences when the sum over the energy spectrum states is
carried out, and the periodic behavior of the baryon masses
with magnetic flux is quantitatively reproduced with no fur-
ther forms of energies required besides the magnetodynamic
terms. A new result of this treatment [2], is the prediction
of a parent state at Uy = 3:7 GeV, which should be identi-
fied with a dense medium (opposite to what we usually qual-
ify as “vacuum”), whose fluctuation instabilities would give
origin to baryons. The present work goes beyond [2] in the

search for evidence for the existence of this state as well as
the source of the correlations. The calculated value of Ug
immediately indicates that protons (of rest mass 0.94 GeV)
should become unstable if accelerated to kinetic energies be-
yond 2.7 GeV if their structure were not strong enough and
capable to radiate excess energy. We found out that a very
good way to investigate this point is through the analysis of
the spectra of protons in cosmic rays, whose energy flux pro-
file peaks at 2.7 GeV kinetic energy (Fig. 3 below) for reasons
we will discuss.

In the following sections, we firstly present the field-theo-
retical model introduced in [2], alongside the comparison
with experimental data for mass and magnetic moments for
baryons. In the analysis in Section 3, we test the hypothesis
of the existence of an energy level for vacuum by examining
data collected for protons in cosmic rays and discuss the re-
lation between this energy level and gluons. In Section 4, we
show that an estimate for the proton size can be obtained from
the theory.

2 Field-theoretical model for generation of baryons

For the developments that led to this field-theoretical treat-
ment, we make reference also to the Annales paper [1] (see
also references therein and in [2]). Let’s consider a fermion
field confined by EM energy inside a circular path of length L,
enclosing an amount of self induced magnetic flux ”, in a po-
tential A. We need to show that such an EM/fermion packet
corresponds to a state detached from a higher state associ-
ated with a sea of excitations in equilibrium, and therefore
might be used to represent a “quasiparticle”. The relativis-
tic Lagrangian for such an object can be modelled through
the dressing of a proton of mass m, (as once proposed by A.
Barut) in view of the presence of magnetodynamic terms [2]:
4mpC 1)
where the  are Dirac matrices. This Lagrangian can readily
be transformed into a Hamiltonian form. Assuming a con-
stant potential A around the ring path, the spectrum of possi-
ble energies for a confined fermion becomes:

n i}
k=¢ (P« eA=c)’ +m?c? o (2)
which comes straight from the orthonormalized definition of
the Dirac matrices and diagonalization of the Hamiltonian.
We now definitely impose a circular closed path. If one takes
the Bohr-Sommerfeld quantization conditions, the field mo-
mentum pg (for integer k) is quantized in discrete values
2 }k=L. We start from this assumption, but the true bound-
ary conditions to close the wave loop might impose correc-
tions to this rule in the form of a phase factor (a phase factor
is introduced in the fit to the data in Fig.3 below). The po-
tential A can be replaced by ”=L. Environmental (vacuum)
fluctuation e ects on the kinetic energy are accounted for in
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a way similar to that applied in the analysis of the Casimir
E ect, by summing over all possible integer values of k in
(2) [2]. This summation diverges. According to the theory of
functions of a complex variable, the removal of such diver-
gences requires that the analytic continuation of the terms be
taken, which reveals the diverging parts which are thus con-
sidered as contributions from the infinite vacuum reservoir.
What remains plays the important role of energetically stabi-
lizing the loops (in a way that resembles the role of phonons
in the formation of Cooper pairs). It is necessary to rewrite
(2) in terms of Epstein-Riemann Zeta functions [2], including
the summation over k from minus to plus infinity integers, and
making a Regularization (Reg) transformation. Here M(”) is
the flux-dependent dressed mass of a baryon,ands ¥ 1:

>

Mc? = Ug + Reg
k

®3)

" 2, 220 52
¢ (px e’=Lc)* +mic

where we have allowed for the existence of a finite energy
Uy to represent an hypothetical state from which the individ-
ual baryons would condense, since they would correspond to
lower energy states. Such particles should be characterized as
states of energy lower than Uy. It is convenient to define from
L a parameter with units of mass mg = 2 }=cL, which will
be used to define a scale in the fit to the data. We notice that
mo is related to the parameter L in the same way field theo-
ries regard mass as created from broken symmetries of fields,
establishing a range for an otherwise boundless field distri-
bution (e.g. as happens with the London penetration depth
at the establishment of a superconductor state, which is re-
lated to an electromagnetic field “mass” by a similar expres-
sion). For convenience, we define the ratiosm’ = mp=mo and
Ug = Uo=mpc2 . For comparison with the data analysis in our
previous work [2], we must introduce also the number of flux
quanta n (integer or not) associated to ”, such thatn = ”=7.
In terms of these parameters one may write (3) in the form:

>

M(n)=m, = up + (1=m’) Reg
k

n 0 o
(k n)2+m®? =

(4)

In the analysis of data, the experimental values of M=m,
for baryons will be plotted against n. The sum on the right
side of (4) is a particular case of an Epstein Zeta function
Z(s), and becomes a Riemann Zeta function, since the sum-
mation is over one parameter k only. The summation diverges
but it can be analytically continued over the complex plane,
since the Epstein Zeta function displays the property of reflec-
tion. It has been shown that after the application of reflection,
the resulting sum is already regularized, with the divergences

eliminated. The reflection formula is [2]:
I

PoSgg= ® LS .
2 EZ(S)— 5 Z(1 s): (5)

This replaces the diverging Z(s) straight away by the regu-
larized Z(1 s), which is a convergent sum (since ( 1=2) =

2 P- we see that the regularized sums are negative, like in
the Casimir E ect solution). The Regularization of (4) is car-
ried out as follows (note that s ¥ 1, and the “reflected”

exponent (1 s)=2replaces s=2 of (4)). Z(1 ) is given
as [2]:
= " ozem2 O
k
4

2 1t% lEXe k nyt moztédt:
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Fig. 2: Comparison of baryons masses calculated from (6) (line) as
a function of confined flux n, with data points from Tables | and Il
of [2] for octet (open circles) and decuplet particles (m; used [2],
stars). Nucleons are on the basis of the figure. The points come
from the heuristivc/phenomenological equation n = (2¢? =e%) m.
The fit produces Uy = 3710 MeV as the vacuum/environment parent
level.

The “Reg” summation in (4) then becomes
|

s 1 s

= — Z(1

2 2 (

2s 1
2 =

s);

and the exponential produE)es a cosine term.

Since ( 1=2) = 2 we see that the regularized sum
is negative, corresponding to energies lower than Ug. In the
fitting to the data, we will admit that both m® and uq are ad-
justable parameters.

Fig. 2 shows the data for all baryons in Tables | and Il
of [2], and the plot of mass in (4) regularized by (6), for
Up = 3:96 and m’ = 0:347 (corresponding to mp = 2:88 m,
and Uy = 3710 MeV). The energy 3710 MeV would repre-
sent the environment (“vacuum?”) energy (state) from which

Osvaldo F. Schilling. The Energy Spectra of Cosmic Ray Protons, the Origin of Gluons and Baryon Generation 5
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the baryons would evolve. By comparison with Yukawa’s the-
ory of the meson, one may interpret moc? = 2710 MeV as the
mass of a particle that provides an internal correlation and
keeps the dressed proton stable, a task usually attributed to
gluons in particle theory. Such particle is essentially EM en-
ergy confined in a loop [4], and the correlated system would
follow the behavior of an harmonic oscillator in resonance
with the particle motion.

3 Evidence from the energy-flux profile of cosmic rays

This model produced an entirely new result, which is the pro-
posal of a parent vacuum/environment energy state at
3.71 GeV. Flux profiles of cosmic ray (CR) protons display
important features [6] that seem related to the existence of
a “correlation” energy that keeps the loops dressing of pro-
tons, corresponding to the di erence between 3.71 GeV and
the proton’s rest energy of 0.94 GeV.

It is worthwhile to examine some available experimental
data, well gathered in [6]. Fig.3 shows the energy flux pro-
file of protons as detected from interstellar outer space by a
space probe. The symmetry of this figure clearly gives an
average energy per proton of about 2.7 GeV. Tsallis and col-
laborators [7] carried out the integration of a related set of
data to obtain an averaged energy of about 2.88 GeV, with the
comment “Any connection of this value with other cosmolog-
ical or astrophysical quantities is of course very welcome”.
Statistical mechanics has several famous similar cases. For
instance, in the Maxwell Kkinetic theory of velocities distri-
bution in a gas, the average energy of a molecule matches
the energy provided by the environment under equilibrium
conditions, which is measured in terms of the absolute tem-
perature as 3=2kT. According to the theory in [2], in the
case of the proton, equilibrium is reached against a vacuum at
3.7 GeV, which is 2.7 GeV higher in energy than the proton’s
rest energy, corresponding to a local temperature of about
101 K. Therefore, the CR protons, similar to the classical gas
case, display an averaged energy consistent with an equilib-
rium reached against the environment, at the predicted level
at 3.7 GeV energy. It must be stressed that such equilibrium
does not follow the classical formalism of Maxwell-Gibbs
statistics, and requires relativistic e ects to be included [7,8].

4 About the size of the proton

The structure of fully developed protons is known to be form-
ed by (the entanglement of) at least three major quark consti-
tuents, each of them with 1=3 of the proton rest mass (see
topological considerations in [4, 5]), with charges of oppo-
site signs. This is a very important detail, since the same
external electric fields that accelerate the proton as a whole
will stretch this structure with a similar force. Therefore,
the proton can be regarded as a stressed/strained ensemble
of charged objects strongly connected (entangled) together,
and thus its elastic response behavior should be considered.

Excited by external forces, a three-dimensional elastic struc-
ture will vibrate at its natural frequencies. The proton might
be represented by a three-dimensional quantum harmonic os-
cillator. Following the considerations at the end of Section 2,
we shall take 2.7 GeV as the ground state energy of an iso-
lated oscillator [9]. This is the share of the 3.7 GeV that lays
beyond the rest-energy. Extremely energetic quasiparticles
from the original “vacuum” reservoir at 3.7 GeV would dress
the proton fields leading to stabilization of the structure in the
form of oscillators, in an energy state lower than the original
“vacuum?”, establishing in this case the rest energy of a proton
(in a way probably similar to how low-energy lattice phonons
promote electron correlations and make the Cooper pairs sta-
ble in the superconductor ground state, which is lower in en-
ergy than the Fermi level by a small gap). This stable dressed-
proton structure behaves like a vibrating system. The model
developed in [2] and Section 2 actually deals with the fields
of this correlations calculation. We now treat the elastic re-
sponse of the particle in equilibrium with those fields.

The natural frequency of three-dimensional oscillations
I is given as: 3=2}! = 2:7GeV . One obtains I = 2.7
10% rad=s, an extremely high figure, within the gamma-ray
range of photons in the EM spectrum. What makes such os-
cillations regime stable?
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Fig. 3: Interstellar energy-flux profile of protons in CR, which peak
at, and have an average energy of 2.7 GeV kinetic energy [3].

The diameter of a proton determined by scattering exper-
iments is  1:8fm. This should be taken as the maximum
spacing between constituents in a “relaxed” proton structure,
but such spacing is deformed by oscillations. Criteria have
been developed to evaluate whether the deformation of in-
teratomic spacing in a substance might provoke a change of
state. A range of deformation between 5 and 10% of the
relaxed “inter-constituent” spacing is usually recognized as
within a typical limit for a structure to remain stable. The

6 Osvaldo F. Schilling. The Energy Spectra of Cosmic Ray Protons, the Origin of Gluons and Baryon Generation
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maximum possible oscillating displacement is
Xm = (223 Ex(m1?))*%;

where E is 2.7 GeV. We obtain x,, = 0:16 fm, which is ob-
tained independently of the knowledge of the proton size. In
view of the stability criteria mentioned earlier, this would in-
dependently establish a proton size of at least 3fm at 3.7 GeV
conditions. When cooling took place, the structure shrunk
to the measured 1.8 fm. One might even conjecture that the
observed size of the proton cannot be smaller since smaller
particles with same constituents simply break apart as soon
as formed due to inelastic strains.

5 Conclusions

It is then possible to summarize all the results in this work:
The observed size of the proton, 1.8 fm would be a conse-
quence of its origins in an environment at about 3.7 GeV. Ac-
cording to the model, the particle condenses due to the pro-
vision of a 2.7 GeV correlation energy from fields confine-
ment in the form of loops, as calculated by the Regulariza-
tion procedure. These confined fields play the role of quasi-
particles (“vacuum-dynamics” quasiparticles), which provide
strongly-binding correlations, which join constituents like in
a harmonic oscillator, promoting a stable structure. There isa
clear potential association between these energetic quasipar-
ticles and what is called gluons. The magnitude of 2.7 GeV
is in a proportion consistent with the ratio of 15 to 1=137,
to EM coupling energies, which is the accepted relation be-
tween Strong and EM interactions in the range of tenths of a
femtometer.
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On the Quantification of Relativistic Trajectories
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Solving the geodesic equation on a relativistic manifold is possible numerically step by
step. This process can be transposed into a quantisation. We study here the e ect of this
quantisation on the Schwarzschild spacetime, more precisely in the Kruskal-Szekeres

map.

1 From digitization to quantification

The geodesics are obtained using the Euler-Lagrange varia-
tional method, with the Lagrangian L =g x° x* which leads
to the well-known equation [1, 8.26]

W 0 =

The goal is to obtain the extremal solutions for

z
1 p—
pLd

0

which happens to be the proper time for a test particle sub-
jected to the field g. Except for the mass of the particle, which
is in fact an energy, this proper time is an action.

Finding solutions digitally is extremely simple. Given a
digitisation step  and an initial state (x; x%) of the mobile,
the position x is incremented by x° . The geodesic equation
gives x¥ = x! x* and the velocity x is incremented by
x® . The process is then iterated.

de d A

A 0\{{14( (Na»w:c\’f'

(Y
Q

Fig. 1. A test-particle moves from a geodesic o( o) to a geodesic

2( 2) by a trajectory element ;( ;) on an interval . This is a
straight line in the tangent space. We use the fact that the tangent
spaces TyR" are in fact canonically included in R".

The choice of the a ne step will be made here by keeping
the time step constant g which gives
=g ="

This time step can be physically equated with the quantum of
action in the following interpretation.

At each step, the mobile requests a quantum according
to the chosen coordinate system x. It uses this quantum to
continue its trajectory in its local context, which is the tangent
space to the space-time manifold at the current point. Then
the new state is considered as such in global space-time. An
observer placed on the particle moves during the quantum of
time according to a trajectory linearised by the choice of its
map.

Some remarkable facts emerge.

First, the coordinate system selected by the observer is es-
sential. The linearisation of the trajectory during g depends
on the map x and makes the interaction between space-time
and the observer contextual. There is an e ect of the obser-
vation on the trajectory.

Second, it cannot be excluded that the quantisation step
involves speeds higher than those of light. This phenomenon
can be related to certain quantum e ects, such as the possi-
bility for a particle to tunnel through a potential barrier, or to
violate the conservation of energy law for a time short enough
to be allowed by Heisenberg’s uncertainty relations.

Third, in the particular case of the Schwarzschild model
with a radius rg it becomes possible to be in the forbidden
zone beyond the naked singularity described below.

2 Reminder on Schwarzschild, Kruskal and Szekeres

Karl Schwarzschild was one of the first to find a solution to
the gravitational equations of Einstein’s general relativity in
1916. This solution, which describes the field created by a
point mass, is expressed by the following metric in polar co-
ordinates, with a speed of light ¢ = 1 and a Schwarzschild
radius rs:

rs rs

1
d?=1 daz 1 dr2 r2 d 2+sin? d°?
Two peculiar radiuses were observed immediately. The first
one, r = rg, gives the horizon beyond which a particle cannot
escape, giving the name of a black hole to this zone. The sec-
ond one, r = 0, is a singularity of the metric, known as naked,
where any particle entering the black hole ends its trajectory
in a finite time.

The Kruskal-Szekeres coordinate transformation leads to
a formulation in termsI of the variables (T; X; ; ) [2]:
3 !
d2= o 1 72 gx2
r I's

r2 d?+sin® d?? :

8 Jean-Pascal Laedermann. On the Quantification of Relativistic Trajectories
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The parameterr =rs Wp £ X2 T2 +1 isgiven by the

branch 0 of the Lambert function W.

Wo

Fig. 2: Real branches of the Lambert function.

T
Ss
500>
g S
/U/'/ m
. X
E 4
A
siny” s

Fig. 3: Kruskal-Szekeres map.

The diagram in Fig. 3 shows the following regions:
| space-time outside the black hole

1 black hole

111 other component of space-time

IV white hole

S+ inside of the naked singularity

S-  other component inside the naked singularity.

This map shows that the Schwarzschild horizon is not a
physical singularity, but only an artefact due to the choice of
the map.

The diagonal lines represent the Schwarzschild horizon,
and the two boundary branches of the sing+ and sing— hyper-
bola the entrance and exit of the naked singularity.

A particle from region Il ends its trajectory on sing+,
without being able to exit. Conversely, a particle in region
IV cannot do anything else, but exit; hence the name of the
white hole. One also finds the expressions sink and source for
these two regions.

S—and S+ are inaccessible, or forbidden, because they are
outside the map domain. These two regions and their bound-
aries are associated with a single point, the zero of the polar
coordinates, and can be considered as collapsed. At least in
the hypothesis of a strictly continuous world.

3 Appearance of tachyons

Traditionally, the term tachyon has been applied to a hypo-
thetical particle with a speed greater than the speed of light.
The exit of the speed of the future light cone is identified by
the fact that L < 0 and thus an imaginary quantisation step.
Here, we propose using a complex proper time:

= +ij2C:

This time is measured by two clocks, one real and the other
imag'tpgry. The increase in the $H_ne parameter becomes =
g~ LifL>00or =ig = LifL<0. Inthisway, the
trajectory remains real in the map x. For a tachyon, it is the
imaginary clock that works, the other one remains fixed, and
the opposite is true for a standard particle.

For any coordinate system on space-time, the notions of
time and space are found locally by placing an orthonormal
basis in the tangent space which diagonalizes the metric. Af-
terwards, thanks to a possible permutation of the axes and a
calibration of the units, we can obtain the diagonal metric of
Minkowski Diag(1l; 1; 1; 1). The zero coordinate is then
time and the others define the space. The base obtained in this
manner is generally referred to as a tetrad.

The proper,speed X = g—xO is transformed into a quad-

speed u = \1/ where v is the space velocity of the mobile.

Let v be its Euclidean norm and ng be the unit vector v=v, the
so-called slip vector. We easily obtain = (1 v?) 2,
If v < 1, it is possible to put the mobile at rest with a
Lorentz boost  (v) such as
]

Mu= é :

If v> 1, becomes purely imaginary. Nevertheless, it is
possible to extend this boost by

R nG;E

and axis n.

W=

where R(n; ) is the rotatign of angle It can

be seen that (v)u = ine - The “putting at rest” with this
G
extended boost makes a particle appear in the direction ng

with a proper time marked by its imaginary clock. As 1=v <

Jean-Pascal Laedermann. On the Quantification of Relativistic Trajectories 9
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1, this transformation is physically feasible for an external
observer, and the tachyon could be visible. One can notice
that the factor i in front of ng is consistent, as it implies a
quadrivector of Minkowskian norm one.

4  Transition from black hole to white hole

The appearance of a state in a zone forbidden by the singu-
larity poses a more delicate problem. Indeed, the Christo el
coe cients involve the parameter

LI

1
r=rs, W S X2 T2 41 :
This critical zone is defined by X> T2 < 1 which is outside
the domain of W,
The solution proposed here is to use the other part of this
function on the real line, namely
LI

. !
rEn W 2 X T2 4l

by reversing the term X2 T2 which enters the domain of W ;.
The trajectory is then continued by changing the signs of T
and X, which moves the mobile from the black hole to the
white hole. This idea is supported by the hyperbolic character
of the Kruskal map.

5 Cost of quantification

The evolution of the trajectory during the time quantum is no
longer geodesic, and therefore requires some work. The force
that appears during this displacement is given by

and its work on the a ne segment
z
W=

is given by

g fxd

0

A quick calculation shows that

Z
S R ¢ 0
W—2 XXX . Bx (x+x )d
Z,
0 (x+x* )d :
0

0 0

= XX X

This expression makes it possible to estimate the energy need-
ed to quantify the movement.

6 Refutability of the model

Given a time quantum, one can ask which mass My corre-
sponds to a quantum of action equal to Planck’s constant.
Thus, Moc?2 = ~.

Clearly, the finer the digitisation, the closer the trajecto-
ries to the unquantized geodesics, thus deferring the quantum
e ects mentioned above.

The smaller the quantum, the later the e ect, the longer
the calculation time. The calculations carried out here al-
lowed us to aim for a time quantum of approximately 10 3s
which corresponds to a mass of 10 2eV=c?. For example,
reaching the mass of the neutrino, which is currently esti-
mated at 1:1 eV=c?, would require a temporal resolution two
orders of magnitude lower, resulting in calculation times that
are approximately 100 times longer. As the calculations per-
formed here require several days, it is not impossible to think
that an optimisation could be achieved up to the level of actu-
ally observable particles.

100 3 Mass giving an action hbar

during one time quantum

(ref neutrino : 1.1 eV/c2)

Mass / (eV/c2)
|

0.1 4

0.01 o

0.001

L O ) s S 3 S 1 e AR

10" ™ 10™ 10
Time quantum /s

13

Fig. 4: Mass—time quantum relationship.

7 Two typical trajectories

In general, the trajectories end either with the limiting veloc-
ity 1 or at the singularity. Tachyons are short-lived, and return
to standard space-time with a final velocity of 1. Two exam-
ples are given in Fig. 5 and Fig. 6.

8 Calculation tools

The digital tracking of trajectories requires over several mil-
lion steps. The standard precision of the current computers
(double precision) is 53 bits, which is totally insu  cient. The
MPFR library [4] implements the calculation with an arbi-
trary precision, which is only limited by the machine’s mem-
ory. An interface written by P. Holoborodko [3] then allows
the use of the Eigen vector calculation library [6]. The very
complete study of F. Johansson [5] on the Lambert function
finally makes it possible to carry out the calculation of tra-
jectories, which becomes stable with a precision of 4096 bits
(approximately 1200 decimal places).

The exploration of the various trajectories is programmed
in C++ and uses a 128-processors machine running in the
Gnu-Linux Ubuntu 20.4 environment.

10 Jean-Pascal Laedermann. On the Quantification of Relativistic Trajectories
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1.0 H Kruskal DX-DT plane
Kruskal X-T plane
0.5 —
- 0.0 a
-0.5 —
-1.0 -
[ I [ I
-0.2 0.0 0.2 0.4
X
1.0 Minkowski velocity
Atau eyvolution 0.30 4
— X
0.5 - T2 , 0.25 —
N XT-T
(\l|_ / / / 0.20 —
. w /1
X 004 /1A A / >
= If Y / > 0.15—
8 / /] /
05 0.10 —
0.05 —
-1.0 4
T T | 1 0.00 = T T | 1
0.0 0.5 1.0 15 50x10* 0.0 0.5 1.0 15 50x10*
Atau Atau
3.0x107 - 20x10°
Lagrangian Cumulative quantization cost
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1.5
2.0 —
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i F— - 0.0 49—
0.0 | i T T | | |
0.0 0.5 1.0 15 50x10* 0.0 0.5 1.0 15 50x10*
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Fig. 5: Trajectory evolving towards the singularity. The variable Atau is simply the addition of the two real and imaginary clocks. The
imaginary time is identified by a negative Lagrangian. The start of the trajectory is in red and its end in dark blue. The passages through

the singularity are located at the points where X2
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Fig. 6: Trajectory leading to a tachyon, before ending on the singularity. The colouring of the top two graphs is given by the imaginary
clock from the black part. The calculation was redone by increasing the precision from 4096 to 8192 bits, with no significant di erence.
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The trajectories presented here generally require several
days of parallel CPU.

9 Analogy with quantum measurement

As we have seen, some of the e ects emerging in a time
quantum g of a relativistic motion are due to the presence
of the observer. In summary, the motion naturally follows
a geodesic; then during the time of observation, it follows a
tangent, and it resumes its natural trajectory, but on another,
neighbouring geodesic.

This sequence is similar to the Copenhagen version of
quantum measurement, in which two types of evolution co-
exist in a quantum system. The first, known as unitary (U-
type), is governed by the Schrodinger or Dirac equation. The
second, which appears when the system is measured, is called
wave packet reduction (type R), and consists of projecting the
wave function onto an eigenspace associated with the observ-
able to be measured.

Let A be the self-adjoint operator translating an observ-
able. To measure A according to Geneva’s school [8], the
observer asks a series of questions whose answers are yes or
no. A question about A is for example: “Will the value of A
appear in a certain interval  of the real line?”.

Let Sp A be the spectrum of the operator A. TEjs question
is represented by the projection operator J =, \spi 3
where J2 is the projector onto the eigenspace of eigenvalue a.
The result of the measurement, i.e. the answer to the question,
will be yes with probability p; = h jJ j i and the system
will then be in the state j1i =J =kJ k. The answer no is
treated in the same way, but with the projector J¢ and gives
the final state jOi.

{o>
no Sin § = (pe
" Cer G = ﬂ?T
L8]
o b

[>

Fig. 7: Evolution of the quantum probability amplitude in R mode.

One can imagine that the measurement lasts for a time
interval g and, after the response has been randomly chosen,
the wave function evolves “linearly” towards its final state.

For example, the path in Fig. 7

t® (=cos 1

lit+sin 1 — joi
g

where cos = pm, moves in a uniform and unitary manner
from to j1i in case of a yes answer.

For the Schrédinger equation, this evolution is governed
in the (j1i; jOi) basis by the Hamiltonian operator

p

Hi=— ,  =arccos

g
wpere - is the second Pauli matrix.
hH.i = 0, and that we have

A

It can be seen that

t:expé 2 :expg—t(jlihOj joih1j)

Initially, the wave function follows a trajectory U given by
a Hamiltonian H. During the measurement, the reduction R
is replaced by a trajectory U with a Hamiltonian proportional
to ,. It then resumes the trajectory U given by H.

10 From the quantum to the infinitesimal

The infinitesimals of Leibnitz and Newton were only recently
given a consistent axiomatic basis. They have been used sys-
tematically by mathematicians such as Euler, Lagrange or
Wallis with success and without rigorous justification. Physi-
cists use these devices without further ado on a daily basis.
The axiomatization of continuity by d’Alembert, Cauchy and
Weierstrass almost sounded the death knell of these quanti-
ties, as small as one likes, but nonzero.

Nevertheless, they have made a surprising reappearance
through topos, equipped with their not necessarily Boolean
logic. For smooth infinitesimal analysis, for example, they
are defined by the subset of the line = f"j"2 = 0g which
is no longer reduced to f0g. One then speaks of nilpotent real
numbers. This has the e ect of eliminating all powers greater
than or equal to 2 in the Taylor developments on this set. In
other words, any function becomes linear on or: isa
representation of the tangent space in zero which is included
in the real line.

The above analysis performs this integration with the idea
that the time quantum could ideally be understood from the
nilpotents.

The quantum e ects in the vicinity of singularities are
reminiscent of John Lane Bell’s formula:

Vale ict, ave i" I* [7]
as an extension of the discussion of the introduction of imag-
inary time by Minkowski [1, Box 2.1 p.51].
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Combinatorics and Frequency Distributions as the Determining Factors
of Electron and Nuclear Spectra

Anatoly V. Belyakov
Tver, Russia. E-mail: belyakov.lih@gmail.com

It has been established that electronic and nuclear spectra can be calculated and formed
using combinatorics and frequency distributions (FD) provided that electrons, nucleons
and other elementary particles in the composition of an atom are represented as unit
structureless elements. The examples given show a good match between the calculated
spectra and the experimental ones. The program for calculating spectrograms has been

compiled.

1 Introduction

Electronic and nuclear spectra are characterized by a set of
emission (absorption) spectral frequency lines arising from
the excitation of atoms or by the energy spectrum of split o
nucleons in the nuclear decay process. In electronic spectra
the spectral lines position for hydrogen and for hydrogen-like
atoms is determined by the Balmer-Rydberg formula for the
radiation wavelength

nm? 1 1
m2 n2RqZ2’ )
where n and m are the quantum numbers or orbit numbers,
R4 is the Rydberg constant, Z is the element atomic number.

For other spectral transitions in multielectron atoms the
Rydberg formula gives incorrect results, since the internal
electrons screening varies, and for external electrons transi-
tions it is not possible to make a similar correction in the
formula to compensate for the nuclear charge weakening, as
described above. Therefore, in the general case, to find the
position of spectral lines, the Ritz combination principle [1],
which has become the basis of modern spectroscopy, is used.
Its validity has been confirmed by numerous experimental
data. But it is not clear what regularities underlie it, what
processes exactly exist, and how the atom internal structure
is rearranged in order to cause the waves emission with a fre-
quency corresponding to any spectral line.

Nuclear spectra arise when a nucleus is exposed to hard
radiation or high-energy electrons. The nucleons split o in
this case have the energy of tens of MeV and form the giant
dipole resonance (GDR) [2]. The giant resonance is inherent
in all nuclei, it has been studied since 1947 and it manifests
itself so brightly and universally that, perhaps, not a single nu-
clear “event” can compare with it. The giant resonance nature
is believed to lie in the nucleus dipole oscillations (displace-
ment of all nucleus protons relative to all its neutrons) under
the action of long-wavelength -radiation. When irradiated
with electrons having an energy of more than 200 MeV, along
with dipole vibrations, other types of vibrations can also be
excited in the nucleus. These vibrations are of a collective
nature and form giant multipole resonances (GMRs) [3]. The

e =

photonucleons energy spectra are not described by smooth
curves, and when studying the cross sections for the ( , n) re-
actions, maxima of the first and subsequent orders are found,
forming the GDR structure of three types: rough (gross), in-
termediate, and fine.

There are several GDR theories, the most detailed being
the multiparticle shell model [4]. Its development proceeds
through a unified description of various collective motions
(rotations, surface oscillations, nucleus dipole oscillations),
as well as interactions between them. At present, theories
are not yet able to give a good quantitative description of the
width and fine structure of the giant resonance and the entire
spectrum of nucleons separated during the nuclei decay, since
there are large computational di  culties and a lack of reliable
information about a number of important parameters of the
theory.

2 Initial conditions

In this article, as in previous works, in accordance with the
mechanistic interpretation of J. Wheeler’s idea, charged par-
ticles are considered to be the singular points on the three-
dimensional surface of our world (conditionally this is the
X-region), connected by vortex tubes (current lines of force)
through an additional dimension (conditionally this is the Y-
region), which is responsible for the electromagnetic forces
and the “hidden” mass of the microparticles [5, 6].

If, as is commonly believed, the microparticles are os-
cillators, then the atom itself can be considered as a collec-
tive oscillator, which consists of the “oscillator-electrons” (X-
region) and the “oscillators-protons” ('Y-region), and these os-
cillators are elastically connected to each other by the vor-
tex current tubes. At that, according to [7], the electrons lo-
cated at the more distant orbits are associated with the pro-
tons located at the deeper nucleus levels; thus the layers or
envelopes are formed in the nucleus that similarly to the elec-
tronic shells.

The multielectron atoms protons number’s increasing in
proportion to the atomic number Z increases the bonds in-
flexibility, as if “stretching” the vortex tubes, which reduces
the oscillators-electrons wavelength in the X-region in accor-
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dance with the formula (1). At the same time, the protons
mass’s increasing reduces the system as a whole inflexibil-
ity, therefore in the same proportion increases the oscillator-
protons wavelength in the Y-region.

For multielectronic atoms, the numbers m and n lose their
meaning of the electron shell number, and n must be taken
equal to Z, since in the limit, when m ¥ 1 and n = Z,
in accordance with (1), ¥ 1=R,, and the atom becomes
hydrogen-like one. For the radii smaller than 1=R4 , i.e. when
there is “sinking” into the Y-region, quantum numbers for-
mally become inverses of n and m, and the formula (1) for
oscillator-protons takes the form

1 z?

p = m2—n2 R : (2)
The dependence of wavelengths on Z2 is understandable,
since, unlike a simple one-dimensional oscillator, where the
oscillation period depends on its inflexibility and on its mass
to the power of 1/2, the atom (taking into account the addi-
tional degree of freedom in Y) is a four-dimensional oscillator

and (2¥2)* = z2.

3 Formation of the electronic spectra

The spectra revealed in physical experiments is obvious to be
as a joint result of the electronic and proton oscillators oscil-
lations superposition; it is clear that in this case, as a result
of interference, both damping and amplification of certain
frequencies of the spectrum occur. Therefore, to obtain the
spectrum, it is necessary to calculate all possible wavelengths
of oscillators-electrons according to (1), as well as all possi-
ble wavelengths of oscillators-protons according to (2) for all
combinations of n and m, and multiply the results logically.

For this purpose, a calculation program has been drawn up
(see Appendix). The essence of the program is as follows: to
divide a certain spectrum region into intervals, to calculate the
frequency distributions (FD) of all functions values accord-
ing to (1) and (2) in the spectrum selected region, write them
into the corresponding arrays and multiply these arrays. The
type of the spectra obtained by this program depends on the
number of values ; falling into the i-th interval (i.e., on the
parameter g value in the program) and can have the histogram
form of di erent detail (g-large) or the line spectra form (g-
small) [8]. Moreover, the type of histograms can reflect some
additional spectrum parameters, since the histogram peaks
height is proportional to the probability (intensity) of the cor-
responding spectral parameter along the Y-ordinate.

Fig. 1 shows the experimental spectrum of the holmium
liquid filter (240-650 nm) which is a solution of holmium dis-
solved in perchloric acid for checking the wavelength accu-
racy [9], and Fig. 2 shows the calculated histogram for ¢;Ho.
Here and below, the intervals for substituting variables a and
b in the calculation program are indicated.

Fig. 3 shows part of the goHg spectrum as a line spectrum.
Above it, the spectral lines experimental values are shown

1 451

—£

absorption

0 280 330 380 430 480 530 580 630
wavelength (nm)

Fig. 1: Typical spectrum of holmium liquid filter (240-650 nm) [9]
consists of a solution of holmium dissolved in perchloric acid.
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400 i |
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Fig. 2: Calculated spectrum for g;Ho: g = 0:026, (a;b) = 57-67,
o(a;b) = 1-67.
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[/ /] / /
A T e |
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Fig. 3: Calculated spectrum for goHg: g = 0:0021, (a;b) =50-80,
p(a; b) = 1-80.

and the brightness values of some of them are given. Note,
when changing the interval of substitution of variables the
histograms shape changes; in the case of a line spectrum it
a ects the spectral lines intensity, the presence or absence of
some lines, but their position in the spectrum does not change.

Obviously, the constructed spectra are in good agreement
with the experimental ones. Of course, one cannot expect
the calculated spectra to match exactly with the experimental
ones, since the latter are influenced by various factors: the
methods of excitation of atoms, the degree of their ionization,
the presence of forbidden transitions, the medium which the
element is locate in, etc.
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Nevertheless, in a number of cases, for some sets of vari-
ables, even the external shape of the calculated non-line spec-
tra (the histograms shape ) is very similar to the real non-line
spectra (see Figs. 1 and 2), which, apparently, corresponds to
certain physical conditions. Thus, limiting the function ¢ to
variables within 57-67 means that when calculating the spec-
trum only the electrons in the outer shells of 57Ho (10 units)
are taken into account. Indeed, it is known the inner shells
electrons do not take part in the formation of the visible spec-
trum range for atoms having high numbers Z. For the gyHg
spectrum 30 electrons are taken into account. This turned out
to be su cient to form the spectrum. With a full set of vari-
ables, the short-wavelength spectrum part is enhanced and, in
general, the spectrum detail is enhanced.

4 Formation of the nuclear spectra

The region of the giant dipole resonance extends within the
energy range of tens of MeV, and its shape and structure are
extremely diverse. When the nucleus is exposed to gamma
radiation or high-energy electrons, there is both protons and
neutrons’s splitting o . Thus, the nucleus as an oscillator
should contain the maximum number of unit elements (oscil-
lators-nucleons) equal to its mass number A. On the other
hand, by analogy with oscillators-electrons, one can imagine
that there are oscillators-pions or other mesons, which, as ex-
pected, exist in the proton close environment in the form of a
virtual meson “coat” [10].

So, to build a nuclear spectrum one should use the same
formulas (1) and (2), replacing the element number Z with
the mass number A, but at the same time, as it were, “going
deeper” along the Y-axis, that is, moving to smaller sizes and
higher energies. The transition coe cient, as it turned out, is
equal to a® — the fine structure constant in the cube (1/137)°.
Thus, for the nuclear resonance wavelengths, denoting them

and ,, we have
3n2m?2
_ a‘n m 1 ; 3)
m2 n2 A2Rq
1 A?
— A3 .
= ————— 4

These formulas, passing to the frequencies and further to
the energies in MeV, are written as

m2 n? A2R;ch
E= — - - 5
n2m2 ask ' ®)

Rich

_ .2 2 RaCh,
En=m" n PKAZ (6)

where ¢ is the light speed, h is the Planck’s constant, k is
the conversion factor 1:602 10 3 [J/MeV]. Calculating the
constants, we get

m2 n?
nZm2 '

E =35:02A° @)

2 2
E, = 35:02 mA—Z” : ®)

The general view of the giant resonance for light and
heavy nuclei, obtained from the calculation in accordance
with (7) and (8), is shown in Fig. 4, which generally agrees
with the experimental results. Indeed, in the experiments with
irradiation of the nuclei with low mass numbers, even at low
resolution, maxima are found in the giant resonance, in con-
trast to the heavy nuclei, where numerous weak peaks are
detected only at high resolution.

The giant resonance has been established to be formed in
the heavy nuclei with the participation of nucleons from the
two outermost nuclear shells, while the main nucleon core
lying under the outer shells is not a ected at all by the photo
disintegration process. At that, with an increase in the mass
number A, the neutron fraction knocked out of the nucleus
increases, while the proton fraction decreases, reaching only
about 1% in a nucleus with A 200 [11].

Therefore, if one takes into account only those nucle-
ons (neutrons) that are not included in clusters and therefore
easily splitting o from the nucleus (for Pb?"’, as indicated
in [7], there are 65 units), then when forming a spectrogram
for Pb?%7, one should limit the variables range for E,, within
142-207. In this case, the maximum of the spectrogram shifts
to the range of 11-12 MeV and it takes the form close to the
Poisson distribution; this is generally match to the experimen-
tal data. As in the case of the electronic spectrum, this is, as
it were, the formal restriction on the range of variables, co-
incides with the physical meaning of the phenomenon, other-
wise the GDR peak would be shifted towards higher energies.

Fig. 5 shows the experimental cross sections for reactions
Al (p, ) Si? according to [12], and Fig. 6 shows the calcu-

. ;28 l 1

30001 g é

2500 |

2000 ki

1500

1000 |

500

4 MeV
500000 |.. 5,207 T
a2Pb ;

400000 1
300000 I
200000 |
100000

1 1 1 1 0 Mev

Fig. 4: General view of the GDR for light and heavy nuclei : g = 0:1,

A =28 E ;En(a;b) =1-28, A = 207: E (a;b) =1-207, E.(a;b) =
142-207.

Belyakov A. V. Combinatorics and Frequency Distributions as the Determining Factors of Electron and Nuclear Spectra 17



Volume 18 (2022)

PROGRESS IN PHYSICS

Issue 1 (April)

a2 (P, », 8128

%«\
R LA K e

Fig. 5: Reaction cross sections Al?” (p, ) Si?® [12] and data of theo-
retical calculations photodisintegration within the multiparticle shell
model.
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Fig. 6: Calculated spectrum for AI?” Si®®: A = 27:5, q = 0:007,
E ;En(a;b) =1-27.

lated spectrogram in the histogram form. Obviously, the main
peaks of the reaction cross section (p, ) coincide with those
in the calculated spectrogram. At the same time, a large num-
ber of narrow peaks with a width of 50-100 keV are observed
in the reaction cross section against the intermediate structure
background (resonances with a width of 0.4-1.0 MeV). The
existing theory does not explain the nature of these peaks.
But in the calculated spectrograms they are revealed as the
parameter g decreases. These coincidences point to the man-
ifestation of combinatorics, to the fact that any maximum is
not the result of any particular resonance, but the superposi-
tion of many single events.

Fig. 7 shows the experimental spectrum for Ca*® [13], and
Fig. 8 shows the calculated spectrogram. It also demonstrates
good agreement with the experimental data both in terms of
the peaks number and the peaks positions for Ca“°.

In the process of the studying the atomic nuclei structure
by the method of scattering of electrons with energies up to
225 MeV new giant multipole resonances (GMR) were dis-
covered. These resonances go beyond the GDR, which arise
during photodisintegration. They have a much more complex
structure than that obtained from photonuclear experiments
and theoretical predictions. To explain them, quadrupole, oc-
tupole, and other types of oscillations was assumed can be
excited in the nucleus.

Np
20
ol )
90

3 H 5 6 7 8 § 10 17 12 mev
Fig. 7: Spectrum of photoprotons from Ca*® upon irradiation with

the bremsstrahlung spectrum of -quanta with E ,,x = 25 MeV and
calculated spectrum in the shell model (smooth curve).

2.5

I 4 5 6 7 8§ 9 10 11 12 Mev

Fig. 8: Calculated spectrum for Ca*®: q=0:003, E ; E,(a; b) = 1-40.

The parameters of the giant resonance in Fe>® E e, MeV
are given in [3, p. 142] (the plus or minus errors in absolute
value are shown in parentheses):

95(0.1) 101(0.1) 10.3(0.3) 11.3(0.5)
11.9(0.9) 13.0(0.3) 13.0(0.9) 13.1(0.1)
146(0.3) 150(04) 156(12) 16.0(0.2)
16.1(0.5) 16.3(0.1) 16.9(0.1) 17.3(0.1)
17.9(0.2) 18.2(0.1) 18.3(0.1) 19.0(0.5)
19.8(0.3) 23.9(0.3)

On Fig. 9 the calculated spectrogram for Fe%® is shown. It
can be seen that almost all of the above energy values, within
the limits of errors, coincide with the peaks of the first (most)
and second orders in the calculated spectrogram.

On Fig. 10 a part of the spectrogram for Fe®* in the line
spectrum form is shown. Here is a good agreement with ex-
perimental data [3, p. 149] too:

Of course, as in the case of electronic spectra, the calcu-
lated nuclear spectrograms cannot completely coincide with
the real ones, because in addition, there is an incomplete

agreement between the data of di erent experiments. The
9.7(0.1) 12.4(05) 12.6(0.4) 13.4(0.2) 13.8(0.2)
150(0.9) 15.0(1.3) 175(0.2) 17.9(0.2) 19.2(0.1)
20.2(0.1) 20.3(0.1) 23.9(0.3) 25.4(0.4)
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Fig. 9: Calculated spectrum for Fe%®: q=0:005, E ; E,(a; b) =1-56.
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Fig. 10: Calculated spectrum for Fe5*: q=0:007, E ;E,(a;b)=1-
54.

instrumental functions of the experiments have very complex
shapes, so that the determined cross sections di er in all the
main parameters (shape, size, and energy position). It should
also be noted that in the above method for calculating spec-
trograms, the mass number A is the sum of neutrons and pro-
tons, and the spectrograms do not di er for nuclei with the
same A. The accuracy of the calculated spectra can be im-
proved by introducing additional restrictions or additions to
the set of variables.

Nevertheless, the obtained results show this method of
analysis can be used as an addition to the instrumental spec-
trography methods, since it makes it possible to quickly, al-
most instantly find the statistically most probable form of
electronic and nuclear spectra.

5 Conclusions and generalization

The main conclusion from the foregoing is not so much the
fact of the emergence of a new analytical method, but that
it is possible to obtain results close to reality by considering
the complex structure of electronic and nuclear shells as a
set of structureless single uniform elements. This contradicts
the quantum provisions, according to which elementary par-
ticles di er in a set of quantum numbers. On the other hand,
each element acquires individuality, since it (and all of them
at the same time) moves in the space of variables n; m;, and
any movement of any element is accompanied by the release
of an individual portion of energy E;, which, being mutually
superimposed, eventually form the spectrum. But this again
contradicts the quantum principle, this time it contradicts the

principle of indistinguishability of identical particles.

Applying a FD to an array of values of the functions E
and E,, i.e. to just a set of numbers, gives physically reliable
results, but this fact should not be surprising. So in the work
of S. E. Shnoll [13], when processing the FD of the experi-
mental data array of the various physical processes, obtained
initially in the normal distributions form, these distributions
was found are discrete and depend on the algorithms that de-
termine these processes.

The fact that simple formulas for the i-th wavelength or
the energy value give results, otherwise obtained through the
laborious experiments and complex calculations, leads to the
question — do dipole and other resonances a ect the nuclear
spectra and do they exist in the nucleus at all? Is it really
necessary to calculate the nuclear spectra consider nuclei and
their components to be the sources of oscillations, or is a set
of statistical methods su cient? This question can only be
answered by further wide application of the method described
both to the electronic and nuclear spectra and to other phys-
ical phenomena in those cases, where it is possible to apply
the FD to the functions describing these phenomena.

But now, summing up the above, we can conclude:

— the electronic spectra are reproduced at a deeper level
of matter in the nuclear spectra form,

— the type of spectrograms is mainly determined by com-
binatorics and the frequency distributions of elemen-
tary particles, considered as structureless unit elements
in the range of their atomic numbers or their mass num-
bers.

Appendix

A C++ program is written to calculate the wavelength in
nanometers. When calculating nuclear spectra, the atomic
number Z is replaced by the mass number A, and M is a di-
mensional coe cient.

#include <iomanip>
#include <stdlib.h>
#include <algorithm>
#include <stdio.h>

using namespace std;
struct preobr: binary_function <double, double, double> f
double operator()(double x, double y) const freturn x*y;g g;

float R, M;

float f1(float x, float y, float z) f return M*(x*x*y*y)

I(y*y = x*x)/z/zIR ;g;

float f2(float x, float y, float z) f return M*z*z/(y*y — x*x)/R ;g;
FILE *fp = fopen("uuu”, "w”);

int main() f
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int n=1000000; float*m1 = new float[n]; float*my1 = new float[n];

float*my2 = new float[n]; float*my12 = new float[n];
for (int c=0; c<n; c++) m1[c]=myl[c]=my2[c]=myl2[c]= 0;

float z=80, xn=300, xm=500, q=0.002, t=0, c=0; int j=0;
R=1.0974e+7, M=1e+9;
/I xn and xm — range limits

for(t=xn; t<xm; t=t+0.001*t) f
jr+, mif] =t

/I dividing the range into segments
/I proportional to its current value

for(int a=1; a<=80; a++) f
for(int b=1; b<=80; b++) f

if(b>a) c = f1(a,b,2);

if(fabs(m1[j] - c) < fabs(g*c)) myl1[j]++ ;

/I recording the number of values in intervals for f1
g

g

for(int a=1; a<=80; a++) f

for(int b=1; b<=80; b++) f

if(b>a) ¢ = f2(a,b,2);

if(fabs(m1[j] - c) < fabs(g*c)) my2[j]++ ;

/I recording the number of values in intervals for f2
g

g

g
transform(my1, my1+j, my2, my12, preobr());

for(int i=0; i<j; i++) f
if(m1[i]!=0)

fprintf(fp, "%20f %20fnn”, m1[i], my12[i]);
I/ writing results to the file "uuu”

std::cout << m1[i] <<” << my12[i] << std::endl;
/ outputting results to the terminal

Submitted on February 18, 2022
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In this paper, we point out that the anomalous value of the muon magnetic moment
recently measured at FERMILAB appears to be unsettled due to the experimentally

unresolved behavior of the mean life of muons with speed caused by non-local internal
e ects as well as the irreversibility of the muon decay.

1 Introduction with the following EPR completion of the muon g-factor
In the preceding paper [1], we outlined: exp_ N4 n
. . . . . i — M Qep. ™ _ ..
1) Historical and recent veri cations of the Einstein-Po- 9 = n39 " 1:00000000502 ®)
dolsky-Rosen argument thauantum mechanics is not a
complete theory (EPR argument) [2]; In this paper, we use the preceding results to indicate

2) Mathematical, theoretical and experimental founddhat, despite the accuracy of measurements [6], the anoma-
ions of the completion of quantum mechanics iharonic lous magnetic moment of the muons appears to remain unset-
mechanicghm) for the representation of the extended, thtled due to deviations from the relativistic behavior of mean
deformable, and hyperdense hadrons which representatidiv@s of unstable hadrons with speed that are predicted by
achieved via the symmetries and physical laws of the coiiternal non-local eects, the time irreversibility of sponta-

pleted invariant neous decays, and other aspects.
, X X% g L, 2 Apparent unsettled aspects in the muon magnetic mo-
K=ot U @ t
ne n; ng n; men

wherenﬁ > 0; k = 1:2:3 represents the dimension and shaTg implement due scienti ¢ process on anomalous values (2),

of hadrons normalized to the value% ~ 1 for the perfect e should recall P. A. M. Dirac’s [7] and other authoritative

sphere. and? > 0 represents the density of hadrons norm oubts on the nal character of the numeric values obtained
. P ' 4 S P . y allrom quantum electrodynamics due to the divergence of Feyn-
ized to the valuey; = 1 for the vacuum,;

3) The representation @l characteristics of the muons NS and other series (see [8] for a recent account on QED

: . . divergences).
including the recently measured @irence between the ex Additionally, measurements [6] have been done via the

erimental value of thenuong-factor,gE%F, and its predic- . ; .
P 9 QEDg P assumption that the mean life of muons behaves with speed

tion via quantum electrodynamiag;~", according to the time dilation law of special relativity
EXP  GQED - r

9
= 2:00233184122 2:00233183620 @) t=tt 1 = (6)

= 0:00000000502 0; The exact validity of the above law for electrons and other

which representation is achieved via the hadronic structi@nt-like particles in vacuum can be considered, nowadays,
model of the muons to be beyond scienti ¢ doubt.

. However, at this writing there exist unresolved aspects in

= (&: € € )nm; (3) regard to the experimental behavior of law (6) for the behav-

with physical constituents produced free in the spontaneé?{sOf the mean life with speed (qr, equivalently, with energy)
decay with the lowest mode, | e +e +e:%10 2 of unstable, thus Comp_osne part|cl_es. _
while the presence of an electron-positron pair in the muon In 1965, D. 1. Blokhintsev [9] pointed out the expected in-

structure, which is con rmed by the additional spontaneo@?p_“ctap'“ty Ecrﬁthderthag thetwolatltl)n) ?f s?e_c |attlhre_lar:|wtyfor
decay ! e +2; %10 ', allows the understanding of the € Interior ot hadrons dué to non-localexts in their nyper-

instability of the muons as well as a humeric representatigﬁnse structure and suggested that deviations due to internal
if its mean life. In particular, thanks to the use of hadronfe ects could be measured in the outside via deviations from
- ' o - - time dilation law (6).
mechanics, [1] has achieved the following numeric values g .
- o In 1983, R. M. Santilli [10, 11] (see also notes [12] from
then-characteristic quantities of the muons ) X o .
g lectures delivered in 1991 by Santilli at the ICTP, Trieste,
nf=n3 04926 n3 00149 n? 00149 (4) ltaly, and Section 8 of the recent update [4]) showed that the
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axioms of special relativity remain valid for time reversible
processes of extended particles with invariant (1) when re-
alized via the use of isomathematics with axiom-preserving
EPR completion of law (6)
s
vl

t=t, =

()

Additionally, Santilli [13, 14] pointed the inapplicability
(rather than the violation) of special relativity and relativis-
tic quantum mechanics for time irreversible processes such
as the spontaneous decays, due to the known reversibility
of said theories. Its origin was identi ed in the invariance
of Lie’s theory under anti-Hermiticity, by therefore suggest-
ing the completion of Lie and Lie-isotopic methods into the
broader Lie-admissible methods [16, 17] (see [3] for detailed
treatments and [4] for a recent update).

These studies triggered a number of generalizations of
time dilation law (6), such as those by L. B. Redei [18], D. Y.
Kim [19] and others.

In 1989, A.K. Aringazin [20] proved that all preceding
generalizations of law (6) are particular cases of the isotopic
law (7) because they can be obtained viasdent expansions
of the latter law in terms of dierent parameters and with dif-

ferent truncation, thus restricting the experiments to the test _ _ o )
of law (7). Fig. 1: In this gure, we reproduce the exact ts of isotopic time di-

lation law (7) obtained by F. Cardone et al [23] of: 1) Deviations [21]
In 19,83' S.H. Aronsoret al [21] reported th? OUCOME o the time dilation law (6) for the behavior of the  K°-system
of experiments conducted at FERMILAB showing apparefitm o to 100 GeV (top view); 2) The exact t of both deviations 0

deviationsfrom law (6) for theK® Kl system in the energy o 100 GeV [21] and apparent veri cation in the range from 100 to
range from O to 100 GeV. 350 GeV [22] (bottom view).

In 1987, N. Grossmaat al [22] reported counter-experi-
ments also conducted at FERMILAB showing an apparent
con rmation of law (6), butin thedi erent energy rangigom With the expectation of bigger deviations for a full time irre-
100 to 250 GeV. versible treatment.

In 1992, F. Cardonet al[23] indicated that counter-mea-  In conclusion, it seems plausible to expect that, in the
surements [22] from 100 to 350 GeV leave basically unrévent deviations [21] from time dilation (6) are con rmed,
solved the deviations of law (6) from 0 to 100 GeV [21], anéxperimental value (2) of the muon magnetic moment should
that the isotopic law (7) provides an exact t for both medee correspondently revised.
surements [21,22] (Fig. 1).

Finally, in 1998, Yu. Arestowet al [24] pointed out ap- 4 Acknowledgments
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is time-reversible, isotopic time dilation law (7) with values

(5) predicts thencreaseof anomalous value (2) References
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Are Tensorial A nities Possible?
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National University of Science and Technology, Faculty of Applied Sciences Department of Applied Physics,
Fundamental Theoretical and Astrophysics Group, P. O. Box 939, Ascot, Bulawayo, Republic of Zimbabwe.
E-mail: physicist.ggn@gmail.com
This short paper is an extraction from our previous work [1], the purpose of which is to
make clear that it is very much possible to use Weyl's idea [2] of a conformal metric to
achieve tensorial anities. We are of the strong view that this is very important as it is
predominantly assumed that this is not possible. We want to dispel this myth once and

for all.
Nature is pleased with simplicity. ism holds any hope as an alternative theory to darkmatter. In
Sir Isaac Newton (1642-1727) the pepultimate of his article: of Weyl's [2] theory, Dr. Straub
had this to say:
1 Introduction To me, there is one glaring aw in Einstein’s theory,

which is its noninvariance with respect to conformal
The purpose of this article is to present in a much simpler and  transformations. Weyl also saw this as a aw, and he

succinct form, the ideas presented in our rst installation [1] showed us a possible way to xit.
on an attempt to bring the gravitational force and the other agq, reading Dr. Straub’s article on the morning of 1

forces of Nature (the Electromagnetic, Weak and the Strond e 2022, | was particularly struck by the rst sentence
Nuclear force) into unity with all the other forces and, as we||; his statement. | immediately wrote to him saying

unity of all the forces with Quantum Mechanics. For clarity’s
sake, we have herein removed most of the intricate mathe-
matical and philosophical details found in [1]. We hope this
abridged version will make clear to our readers what it is we
have done in paper [1].

Further, the purpose and motivation of the present paper _ )
has been propelled by one of our favourite Weylian blogger Rather swatly, Dr. Straub. resp_onded to my email _by say-
and American physicist Dr. William O. Straub. He posted'9" --- Turming the connections into true tensors will be a
on his blog-site on 28 February 2022 an interesting articl?Ugh job, and I'm inclined to believe it can't be donidis
entitled: I'm Still Rooting for the Underdag In his article, response challengec_;l me tp write a much S|m_pl_er Version of
Dr. Straub expresses his justi ed frustration on the lack i€ idea that I used in [1], i.e. the idea of obtaining tensorial
progress in the search for darkmatter and wonders if itds Mti€s. Thisis whatwe present below and | hope itis much
not time for physicists to abandon this ideancept and se- clearer than itis presented in [1].
riously consider much more seriously already existing alt
native theories to darkmatter e.g. Milgromfdodi ed New-
tonian Gravity(MoND) [3 5]. Dr. Straub’s frustration is not From a viewpoint of geometry, Einstein [6]'s greatest and
his alone, it is shared by a plethora of physicists. most beautiful masterpiece, the GTR, has its rock solid foun-

To prepare his reader(s) for the conclusion that he seedations anchored in Riemann GeométfirG). Fundamental
in the introduction of his article, Dr. Straub talkspérpetual in RG are the a ne connections (Christ@l three symbols),
motion machinesnd theluminiferous aether i.e. concepts namely:
that were once thought to have a direct relation with reality _ } + . 1
but were eventually found to be worthléssn-physical and -39 9 e 9 (@)

were thus abandoned by mainstream science and these i§ga§ topological defect, insofar as the GTR is concerned, is
are not expected to re-appear anytime soon in mainstreamggis hese a ne connections are not tensors, as they transform

| must say, | hold the same view and like Einstein
[7,8], Schedinger [9 11], etc | believe this requires
that the a nities be tensors. | have worked out a new
theory that is just that | am sure | have sent this to
you before.

er- .
i Riemann geometry

ence. o in the following manner:
Amongst the many alternative ideas to darkmatter, Dr.
Straub considers the subtle aws in Einstein [6]'s General o &' @ & @’ @x
Theory of Relativity (GTR) and wonders if Weyl's [2] sup- “TEF e a @ aa (2)

posed failed uni ed theory of gravitation and electromagnet-
Y1 shall assume that the reader(s) knows very well Riemann geometry

http://www.weylmann.com/aftermath.shtml | visited on 5 Mar. together with its symbols as commonly presented in the textbooks. Hence,
2022 @ 16h18 GM¥2 we will not explain these but assume the reader(ayesn syncwith us.
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The rst term on the right hand side of (2) has the charactgyeometry with a scalar functionas follows:

istic transformational properties of a tensor while the second

term destroy théo-betensorial character of the ane. If this § =g : )
second term on the right hand side of (2) was not presefte resulting a ne connections from this modi ed Riemann
the a ne would surely be a tensor. Theserg connections atric (4) are:
present a problem when it comes to the geodesic equation of - _ W ®)
motion, namely: '

where:

2 — .
dx dxdx_o_ 3) W =g @+9 @ g @; (6)

ds ds ds . is the tensorial Weyl connection which results from Weyl's

Because of the nature of the non-tensoriaha connec- SuPplemented scalar function Insofar as its transforma-
tion , this geodesic (3) of motion does not holdfast iftion betweep coordinates i_s conperned, this new tensorial a
the truest sense to the depth of the letter and essencd'gfconnection of the modi ed Riemann geometry (hereafter,
the philosophy deeply espoused and embodied in Einstel¥8Y! G€ometryWG)) is no di erent from the a ne connec-
Principle of Relativity(PoE) [12], namely that physical lawsion of Riemann geometry as it transforms as follows:
must require no special set of coordinates where there are to o '@ @& — @’ @x
be formulated. “TFeaa Taaa’ (7)

The non-tensorial nature of the ae connections require
that the equation of motion must rst be formulated in speci&©: from a viewpoint of topology, WG is the same as RG.
kind of coordinate systems known asgjaodesic coordinate ~ Now, if this Weyl scalar is chosen such that:
systems yet the PoE forbids this. This problem has never Z
been adequately addressed in the GTR. In order to appreci- = o Adx; (8)
ate that this indeed is a real problem, one can for example
consider the fact that anities in the GTR represent forcesthen the tensorial Weyl connection becomes:

A force has no relative sense of existence either by way of a W= A+ A A

: . . = ; 9)
coordinate transformation or a transformation between refer-
ence systems yet, the ane connection speaks to the conwhereA , is (here) a (dimensionless) four-vector and ttse
struction of this seemingly non-physical scenario. are the usual Kronecker delta functions, agds a constant

Thatis to say: if a force exists (i.e. , 0)inone coordi- with the dimensions of inverse length and this constant has
nate system, it must exist in any arbitrary coordinate syst&gen introduced for the purposes of dimensional consistency,
(i,e. o0, 0). Thissurelyis notthe case if thesemities are since we here assume that the four-vedorand the Weyl
to transform as spelt out in (2), because you can have 0 scalar are dimensionless physical quantities.
and ., 0. Againstall that is expected from physical and The versatile and agile Weyl [2] was quick to note that
natural reality as we have come to experience it, this literaffyis new Christoel-Weyl a ne (5) is invariant under the fol-
means a force has a relative sense of existence where it |e4fng rescaling of the metric gand the four vectoA :
be made to come into or out of existence by a mere change 7N &g ) _ _
of the system of coordinates. If anything, coordinates are no A 7; A+ 1@ ) 7! ; (10)
more than a convenient way which we use to uniquely label ’ 0
points in space and this should not, in any way imaginablghere =  (r;t) is a well-behaved, arbitrary, smooth, é-
have any physical eect whatsoever on the resultant physiesntiable, integrable and uniform continuous scalar function.
thereof. Now, because Maxwell [13]'s electromagnetic theory is

invariant under the same gauge transformation which the four-
3 Weyl (1918)'s theory vector A has been subjected to in (10), the great mind of

In the rst such attempt to bring gravitation and electromadVeyl seized this beautiful golden moment and identi ed this
netism under one mathematical scheme, in whicbreone four-vectorA with the electromagnetic four-vector poten-
obviously hopes for a uni cation of these two forces in théal- Weyl went on to assume that the resulting theory was a
resulting theory, Weyl [2] realised that he could forge sucht&i ed eld theory of gravitation and Maxwellian electrody-
scheme if he were to supplement the metric of Riemann Nnamics. Weyl's hopes were monumentally dashed, rst start-
ing with Einstein’s lethal critique of the theory. Later, others
A geodesic coordinate system is one in which the Christthree sym-  joined Einstein in their critique and dismissal of Weyl's the-

bols () vanish at all points on the given set of coordinates i.e.= 0. 41y \yhere they argued that despite its irresistible grandeur
An example is the at rectangulax{y;z) system of coordinates. However,

when one moves from this(y; 2) rectangular system of coordinates to, sand exquisite beal-_'t)’a Weyl's theory can not possibly describe
the sphericalr¢ ;’ ), the resulting ane ( o) isnotzero i.e. 5o, 0. the measured reality of the order of the present world.
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4 Modi ed Weyl theory

Now, following for example Einstein [7, 8], Eddington [14
and Schadinger [9 11], we strongly felt that the idea of ten-
sorial a nities is the only way to solve the aforementioned

This leads to the ane of the emergent geometry now being
]de ned as follows:

= +W +0Q (29)

topological issues with RG and at the same time, we felt thSt like the a ne in the previous section de ned in (12), this
the beautiful introduction of the four-vector into the framdl€W @ ne (19) is also a tensor. From this, one can construct
work of RG in WG needed to be preserved at all cost. Foun! ed eld theory of their choice by identifying the Weyl
us, this meant modifying WG in such a manner that tendgnsor with a eld of their choice. Since all our theories are
rial a nities are attained. For this, we imagined the metric 8gSigned in order to model physical and natural reality, the

WG being modi ed such that it is now given by:

choice one will have to seek is obviously that which can ex-

plain physical and natural reality as we experience it and have

§ =¢g ;

(11) come to know it. Our work presented in [1] makes a temari-

ous endeavour to that end.

where, unlike in WG, the function: is no longer a scalar, but

a pseudo-scalar so designed that the resultingjties of this 6 General discussion

new geometry are true tensors.
The new metric given in (11) leads to the following ae
connection:

Without an iota of doubt, we certainly have demonstrated or
shown that it is very much possible to attain tensoriah#ies

by simple rede ning Weyl [2]'s scalar so that it is a pseudo-
scalar that is, for better or for worse, forced to yield for us the
desired tensorial anities. In closing, we certainly must has-
ten to say that our foisting of this pseudo-scalar to yield the

desired tensorial anities has been done well within the per-

= +Q ; (12)
where:
Q =g @+g @ g @ (13)
is a new a ne connection that transforms as follows:
_a'e @, @’ @ .
QOO_@ @0@0 @ @0@0- (14)

Because of the transformational properties of the Qeav -

a tensor. In order for th®-a ne to transform as desired in

(14), the -function must transform as follows: 2.
3.
o @ .
= = (15)
@ 4

Further, in order for the-function to transform as desired in
(15), this function ought to be de ned as follows:

=l ; (1e) &
where the -function transforms as follows: !
|
= exp —0. (17) °
@
In this way, tensorial anities are indeed possible. o
10.

5 Unied Field Theory

With the nagging topological defect of RG and WG now outl.

of the way, i.e. the problem of non-tensorial mities, we re-

alised in [1] that Weyl [2]'s idea can be brought back to lifel?

Instead of just supplementing the Riemann metric with t
Weyl-scalar, we have to supplement it with both the Weyl-
scalar and the new -function as follows:

§ =eX*)g (18)

26
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missible and legal con nes, domains and provinces of phys-
ics, mathematics and philosophy.
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In this paper, away from the intricate mathematics and philosophy presented in our ear-
lier work [1], we demonstrate that well within Riemann geometry, Maxwell’s electrody-
namic source-free eld equations [2] are indeed susceptible to a geometric description
by the metric tensor, provided: (1) the non-linear term of the Riemann curvature tensor
is assumed to vanish identically, and (2) the electromagnetic four-vectoA etibeys
the gauge conditioh @A . We strongly believe that this demonstration is important
for physics because if the electromagnetic force can be given a geometric description,
this most certainly will lead to the opening of new pathways for incorporating the grav-
itational force into such a scheme.

Truth is ever to be found in simplicity, and not something that will provoke our reader(s) into thinking fur-
in the multiplicity and confusion of things. ther (than meet the eye) by asking about the possibility of do-
Sir Isaac Newton (1642-1727) ing the same for the source-coupled eld equations. Not only
will this provoke the reader(s) into thinking about the pos-
1 Introduction sibility of a geometrically derived source-coupled Maxwell's

equation [2], but of the possibility of a unity between gravita-

As far as prevailing wisdom is concerned, there is only 0R6y, ‘electricity and possibly the other two forces of Nature
Force of Naturethat is described geometrically and this i weakandstrongnuclear forces

the force of gravity and its geometric description was handec?3 Lastly, this article is organised as follows: @, we pres-

dpwn t(t)huzby AIt;(_errrt] Emstefw& [IS]tI'n' hISTIII’QIteléeCtual ma:sterént the Riemann tensor and in addition to this, we introduce a
piece theGeneral Theory of RelativiGTR). By geometric ﬁuge condition that linearises this tensorx® we present

description, we here mean the ability of the force in questi metric tensor in its decomposed form and some of the nec-

to submit to a metric description in a manner redolent or a 1 - -
T ) sary gauge conditions. x4, we write down the ane con-
to the force of gravity in Einstein [3]'s GTR, where the grav- y gaug

- ; . . nection in terms of the decomposed metric tensor and from
itational force is described by the metric tensor.gn turn,

. . this exercise, we show that the Maxwellian electrodynamic
the metric tensor g evolves and is governed by the laws 9%ensor can be harnessedxm we delve onto the main task of
erning Riemann Geometry (RG).

; . . the day whereby we derive the Maxwellian source-free eld
Given our opening statement, the question naturally s

. ) i ) L(l-,quations purely from the Riemann tensor and lastlk@n
gests itself:Can Maxwell's electromagnetic force be given fe present a general discussion

geometric description?0ur answer to this question is that
with the provisothat the:
1. Riemann curvature tensor is linearized, i.e. _ _ )
0, and the metric tensor gis decomposed From the view point of tensors, the Riemann curvature tensor
' has two components to it i.e. the linear and non-linear

2 Riemann curvature tensor

into a product of the components of a four-vector, i.e.

g =AA parts which are themselves tensors. That is to say:
2. Electromagnetic four-vector eld obeys the gauge R R
conditionA @A , z ) { z |} {
then, one can successfully give a geometric description cﬁ = T _ =R +R (D
linear terms non linear terms

Maxwell’'s [2] source-free eld equations.

Herein, we have for clarity’s sake removed most of thﬁhereR andR are the linear and non-linear compo-

intricate mathematics and philosophy (found in [1]) so thabnts of the Riemann curvature tensor and these are de ned
our reader(s) will have a much greater appreciation of our ok 5 1ows:

going work. We here only deal with the Riemann tensor and
its identities and from that only, we demonstrate that a de- R = . o (2a)
composed metric (g = A A ) can successfully lead one to ’ ’

the source-free Maxwell’s equation [2]. This we believe is R = : (2b)
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Volume 18 (2022) PROGRESS IN PHYSICS Issue 1 (April)

BecauseR andR are tensors, it directly follows thatDi erentiating the terms of the metric in (8), we will have:
R isatensortoo. If, as proposed in [1], we are to choose as

a natural gauge condition on our desired spacetime the condi- = % [A{@A} + [A{(Z@A} + f\{@@ + f\gﬂﬁ}

tionR = 0, then, in any subsequent system of coordinates

Term| Termll Term il Term IV (9)

andor reference frame, this condition will hold becatse A
is a tensor. What we now have is a linear Riemann world. In- [A‘{Cz@ﬁ ﬁ{cz@ }
sofar as computations are concerned, such a world is certainly TermV  TermVil
much easier to deal with. Besides this, one is able to obt@iBarranging the dierentiated terms of the metric tensor la-
exact solutions from the resultant eld equations. Whether gg|led in (9) above as: Term I, II, llEtc, we will have:
not this is the world that we live in, we can only compare our 1h
nal results with what obtains in Nature. -z A+

) | 2 1@ @)
3 Decomposition of the metric tensor Termll  Term VI i (10)
As is well known, the metric tensor gof RG has a total of + ]A{@A} IA{@A} + f\{@ﬁ + f\{@% :
sixteen components and as a result of the symmetry in its TermlvV.  TermV Term| Term il

indices, i.e. g = g , it has ten independent components. 10 ite the Christel as foll )
Starting in [4], we realised that the number of independ nrtom( ). we can now write the Christel as follows:

terms can be reduced from ten to four by way of casting this 1 )

metric as a product of a four-vectér, i.e. 2 AF +AF +AH (11)
g =AA: (3) where:

With the metric now written in this manner, we where able to F =@A @A ; (12a)

write down a curved spacetime Dirac equation [4] using the H = @A + @A : (12b)

same approach used by Dirac to arrive at the Dirac equation.
This four-vectorA is assumed to have unit magnitudeThe objectF in (12a) can easily be identi ed with Max-
throughout all of spacetime, i.e. well's electromagnetic eld tensor [2] while the objedt is
AA =1 @) a new object which may appear to be_unrelated tp Maxwell's
' electromagnetic eld tensor [2]. As will be seen in the next
In [1], we have called this condition (4), ti¢ormalization section where we are going to derive the electrodynamic sour-
Gauge ConditioNGC). Di erentiating this NGC with re- ce-free eld equations, this seemingly unrelated obféctis
spect to:x , we obtain the following corollary condition: ~ what shall lead us to our desideratum.
Now, on the corollary to the NGC, i.e. (5) and (6), an
A@A =0 ®) application of these to (12), leads to the following corollary

As will be seen inx5, this corollary condition (5) and thegauge conditions:
NGC, are necessary for the derivation that we shall carry out.

Apart from the NGC (4) and its corollary (5), we will also AF =AF = 0;_ (132)
need the following condition for our derivation, i.e. AH =AH =0: (13b)
A @A =0: (6) The above completes the necessary package of conditions

o ) needed to derive Maxwell’s source-free eld equations.
At present, we have no ready natural justi cation for this con- e shall now make a further reduction in the symbols by
dition, i.e. where it originates from, except that it is a necegriting the a ne connection as follows:

sary condition for our derivation.

=F +H ; (14)
4 Recomposition of the a ne connection
The Christo el three-symbol [5] (a ne connection) is given where:
by: 1 F ::—ZLAF +AF (15a)
=5 @ +@ @9 : ) 1
" L . . H =-AH : (15b)
Under the new decomposition of the metric given in (3), this 2

a ne connection can be recomposed or rede ned by SUbwfth the a ne connection written as we have written it in

tuting the decomposed metric tensor. So domg., we obta|n'(14)’ we can now write the linear Riemann tensor as follows:
i

h
:%@AA +@AA @AA : (8 R =F +H ; (16)
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where the new curvature tenséts andH are such that: hence, lowering the indices in (23) where applicable, we will

have:
F =@F F 17a
@ @ (17a) AF = @F @F + @F @F :  (24)
H =@H @H : (17b)
Using in (24) the antisymmetry property of the electromag-
We are now ready to demonstrate that deeply embeddeghdic eld tensor, namelff = F andF = F ,we

the Riemann metric under the present metric decompositigi have:
(3), are the Maxwell source-free eld equations [2].

2AF =0) AF =0; (25)
5 Derivation

. . , hence:
We know that the Riemann tensor satis es the following rst AEFE +AF +AF =0 (26)
Bianchi identity:
Next, we need to calculakt H +AH +AH

R +R +R 0: (18)
5.2 Partll
Multiplying this identity (18) throughout b} , and then con- We know that:
tracting the -indices of the resulting tensor, i.e= =
(29) will reduce to: 2H = A@H A@H +
27
AR +AR +AR 0: (29) +H @A H @A @D

From the decomposition dR  into the curvature tensorsMultiplying H by A , and then contracting the -indices
F andH givenin (16), it follows that we can decomposef the resulting tensor, i.e.= = , (27) will reduce to:
(19) into two corresponding parts as follows:

2AH = AA@H AA@H +
AF +AF +AF + (28)
(20) +HA@A H A©@A :
+ + + :
AH AH AH 0 From the normalization gaugé (A = 1), and the corollary
In our calculation of (19), we shall rst compute: of this gauge, namelf @A = 0, (28) reduces to:
AF +AF +AF ; 2AH =@H @H =@F +@F ; (29)
followed by: hence:
AH +AH +AH 2AH =@F +@F , 0; (30a)
2AH =@F +@F , 0; (30Db)
5.1 Partl 2AH =@F +@F , O: (30c)
We know that: From (30), it is clear that:
2F = @AF +A@F +@AF +A@F AH +AH +AH =
(21) (31)
@AF +A@F +@AF +A@F : =@F +@F +@F :

Multiplying F by A , and then contracting the -indices NOW, We can put everything together.

of the resulting tensor, i.e.= = , and taking into account 5 5 Summary

the gauge conditioA F = 0, (21) will reduce to: _ _ . _
Putting everything together, i.e. (19), (26) and (31), we will

2AF = AA@F AA@F + have:
22) AR +AR +AR =
+ AA@F AAQ@F (32)
=0+ @F +@F +@F 0,
Writng AA =g ,AA =g andAA =g ,wewill ponce:
have: F +@F +@F O: 33
2AF =g @F g @F + © © @ ' oy

(23) Of course, (33) is indeed Maxwell’'s source-free eld equa-
+ g @F g @F ; tions [2].
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6 Discussion

Given a linearized Riemann curvature tensor, we have herein
demonstrated, in clear and no uncertain terms, the conditions
under which Maxwell’s electrodynamic source-free eld equ-
ations [2] are readily susceptible to a geometric description by
a metric tensor in much the same way that the force of gravity
is described by the metric tensor in Einstein’s GTR [3]. This
description has come at the following cost:

1. A decomposed metric g= A A . This reduces the
number of independent elds from ten to four. In accor-
dance withOccam’s Razarthis is a welcome develop-
ment in any theory, especially if the new theory does
not destroy the old but enriches and engenders it.

2. A linearised (i.e. 0) Riemann cur-
vature tensor. This eliminates the computational com-
plexity that ensues from these non-linear terms.

3. A normalization (i.,eA A = 1) gauge on the four-
vector. A corollary to this normalization gauge is that
A @A =0.

4. Introduction of an extra exo-gauge condition to the me-
tric four-vector, i.eA @A =0.

Having demonstrated the susceptibility of Maxwell [2]'s sour-
ce-free eld equation to a geometric description, the value of
this work is that it indicates that Maxwell's equations [2] may
very well be embedded deep inside the labyrinth of Riemann
geometry. In addition to this, we strongly believe that this
work is important for physics because if the electromagnetic
force can be given a geometric description, this most certainly
will lead to the opening of new pathways for incorporating the
gravitational force into such a scheme.

Received on March 29, 2022
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In 1991 we derived the physical conditions opening the gate to a fully degenerate space-time, where from
the point of view of a regular observer the observable spatial and time intervals are equal to zero. The
one of the conditions, under which the observable interval of time is zero, enables instant displacement
(non-quantum teleportation) of physical bodies at any distance. In this article, we derive the teleportation
condition for Schwarzschild’s mass-point metric, Schwarzschild’s metric inside a sphere lled with an
incompressible liquid and de Sitter's metric of a space lled with the physical vacuum. We also introduce
the modi cations of the above three metrics, which contain rotation due to the space-time non-holonomity
(non-orthogonality of the time lines to the three-dimensional spatial section) and derive the teleportation
condition in each of these spaces. The obtained teleportation condition requires either a near-light-speed
rotation or a super-strong gravitational eld (depending on the particular space metric), which is very
problematic if not impossible in a regular laboratory. On the other hand, the non-orthogonality of the
time lines to the three-dimensional section can be implemented not only by a mechanical rotation of the
laboratory space, but also using other physical factors. Thus, we are looking for how to do it using a strong
electromagnetic eld (the latter is not a problem for modern technologies). We introduce a space-time
metric, which rotates due to its non-holonomity, and the gravitational eld is neglected. Then, substituting
the components of the obtained metric into Einstein’s eld equations with the electromagnetic energy-
momentum tensor on the right hand side, we obtain the conditions under which the equations vanish
and, therefore, the metric space is Riemannian and contains an electromagnetic eld. As a result, we
obtain how the electromagnetic eld parameters can replace the rotation of space in the teleportation
condition. The obtained result shows how to teleport physical bodies from an earth-bound laboratory to
any remote point in the Universe using a super-strong electromagnetic eld. Creating such devices is a
very interesting task for engineers in the near future.

1 The background time is home to light-like trajectories and light-like (massless)

In 1991, in the course of our extensive research on the a\?\gﬁ\rticles moving along them, for example, photons (photons

cation of the General Theory of Relativity to biophysics, elong to the ;amlly ,Of lrnasslehs? I'ghr:'“ke ||3art|clg§).

set ourselves the following primary task. We aimed to deduce_In our mat em_at|ca search for physical conditions, “”def

such physical conditions, under which the four-dimensiontich the space-time fully degenerates, we used, as always in
preudo-Riemannian space, which is the basic Space_timé)lélf theoretical work, the mathematical apparatus of chrono-

the General Theory of Relativity, is fully degenerate from tﬁgetric invariants, which are phy; ically_ observable .quantities
point of view of a regular observer. In such a fully degenép- the General Theory of Relativity. This mathematical appa-

ate region, the four-dimensional space-time interval is eqﬂﬁus was created in 1944 by our esteemed teacher A. L. Zel-

to zero, as well as the three-dimensional spatial interval dhd"°V (1913;1a87)3 who ptl)Jb“fShEd it IrSt in I1944 in his PhD
the interval of time, which are observed by a regular obser\yg?ﬁ's 1l and :] en ;n twol ne Joyrga ar:tlc es [2,3]. ILJUSt I
outside this region (in a regular non-degenerate region of fifehaPpened that after Zelmanov's death, we remain the only
space-time), are also equal to zero ones who professionally master this mathematical apparatus
In particular, the condition that the interval of physicall ”0,' gpply itin scienti ¢ research. For this reason, before ex-
observable time between two events is equal to zero ena I@énmg our current study of the non-quantum teleportation

instant displacement (non-quantum teleportation) of a phy%(i)_ndltlon, we give below a brief introduction to the theory of

cal body from the observer’s laboratory to any remote poi ronometric invariants.
in the Universe.

The source and logical basis of this idea was the fact tha% a
partial degeneration of the space-time was already knownBlrie y, chronometric invariantare the quantities that are in-
this case the four-dimensional (space-time) interval is equatiant everywhere along a three-dimensional spatial section
to zero, and the observable three-dimensional interval and dfithe space-time and a line of time, which are linked to a real
interval of observable time are not equal to zero, but are eqabkerver and his laboratory. Mathematically, chronometri-
to each other. Such a partially degenerate region of the spaadly invariant quantities are projections of four-dimensional

A brief introduction to chronometric invariants
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(general covariant) quantities onto the three-dimensional spa-According to Zelmanov’s theorem on the chronometrical-
tial section and the line of time of the observer. In the gely-invariant (physically observable) projections, the chr.inv.-
eral case, such a real three-dimensional spatial section fimjections of a four-dimensional vect@r are

cal three-dimensional space) can be curved, inhomogeneous,

anisotropic, deformed, rotating, be lled with a gravitational bQ = JpQé; hQ =Q}

eld and also have some other properties such as viscosity Yoo

etc. The lines of real time can have drent density of time while for a symmetric 2nd rank tens@  these are
coordinates depending on the gravitational potential, as well

as be non-orthogonal to the three-dimensional spatial sectiogl b Q
(the latter property is called the space-time non-holonomity,
which is manifested as a three-dimensional rotation of the ) o ) ) )
spatial section). As a result, the reference frame of a real ob- ' NS, the chr.inv.-projections of a four-dimensional inter-
server, consisting of a coordinate grid paved on his real thrégldx are the physically observable time interval
dimensional spatial section, as well as a system of real clocks P gm -

located at each point of the section, has all the geometric and d = "Goodt+ ¢ Ooo dx

physical properties of his local space. Therefore, chronomet- ) ) i S
rically invariant quantities as projections of four-dimensiong'd the observable three-dimensional intedsglwhich co-

(general covariant) quantities onto the real spatial section dfgldes with the spatial coordinate interval. The physically
real time line in his reference frame take into account the fARServable velocity is the three-dimensional chr.inv.-vector

uence of all the geometric and physical factors present in his Cdx ' .

local space. So, the chronometrically invariant projections of vi=gTno v hiev'VE = v

any four-dimensional (general covariant) quantity calculated

in the real reference frame of an observer are tphlysically Which, on the trajectories of light, transforms to the three-

observable quantitiesegistered by the observer. dimensional chr.inv.-vector of the physically observable ve-
The operator of projection onto the time line of an ofocity of light ¢', the square of which is¢' = hy.c'c = ¢

server is the unit-length four-dimensional vector tangential to Calculating the spatial chr.inv.-projections of the funda-

the observer's world line at each of its points mental metric tensay , we see that
_dx hhg = h; hhkg = hk

b = —
ds’
i o . ) _i.e., hi is the physically observable chr.inv.-metric tensor. It
while the operator of projection onto his three-dimensiongls g properties of the fundamental metric tergsorin the
spatial section is the four-dimensional symmetric tensor  ypserver's three-dimensional spatial section

=<2 HbQ =p=; HhQ =qQk
doo Joo

h = g +bb: hihk: :( bibk: :(,
These operators are orthogonal to each other, i.e., thgifae Kis the unit three-dimensional tensor, which is part of
common contraction is always equal to zero the four-dimensional unit tensor . Therefore, the chr.inv.-
hb=0 hb=0 hb=0 hb =0 metric tensorhy can lift and lower indices in chronometri-

cally invariant quantities.
~ Aregular observer rests with respect to his reference body The chr.inv.-operators of derivation
(b'=0) and, thus, accompanies to his reference space. Thus, _
the components of the projection operatorare —@: -plz@ —@ = —@ %—@
@ "G @ @ @& go@

1 X - "
B° = L ; b'=0; bo= pgoo; bi = ﬁgg%; are non-commutative
: @ @ _1_@ @ 2, @
while the components d¢f have the form — —— =_F =, — = — A=,
P @0 @@ ¢ '@ @& @@ 2@
1
hoo = 0; ho0 = 00+—; hO:O; where |
* S e 0 . 1 @ @
hg = 0; ho' = g% h, = 0; ' Z @ @
hio = O: Ho= go ho = Jo. is the chr.inv.-vector of the gravitational inertial force,
10 — - ’ i T ’
Goo !
- . ) . ! 1 @v ©@v 1
hik = gm"’%; hk =g he= & A= 5 @ @'k * 5 Five Fiv
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is the antisymmetric chr_.mv.—tensor of the t,hree-dlmenglonal Hy = C + 1 AD/ + A;D} + A4D ;

angular velocity of rotation of the observer’s space, w is the 2

gravitational potential, and is the three-dimensional linear H = h*H, = C-

velocity of rotation of the observer's space due to the space- - =

time non-holonomity (non-orthogonality of the time lines to  Please note that, as was found by Zelmanov, the physi-

the three-dimensional spatial section) cally observable chr.inv.-curvature of a space is depended on
_ p__ ~ g o P— not only the gravitatipnal inertial force .acting in the space, but

w=c*1 "Go; M= cp—=; V= cg” Too: alsothe space rotation and deformation, and, therefore, does

. _ .goo ~notvanish in the absence of the gravitational eld.
In partICU|aI’,V. gives a detailed formula for the chr.inv.- The genera| covariant Einstein equations

metric tensohy, which is 1
1 R 59 R= {T +g
hic= it 5 Vv 2
N with taking all possible factors into account have the chr.inv.-
It should be noted that the quantities w ando not have prgjections called the chr.inv.-Einstein equations
chronometric invariance, despite the fact tiat hy v and

: i ) 9
V2 = Vka = hikV'Vk as for a Chr.'nV.'qUanUty. . . . @ + D]I D]l + Ajl A|J +r ] Fj i FJ Fj —
The reference space can deform, changing its coordinate@ c?
grids with time that is expressed with the three-dimensional - {_ U2+ U + 2
symmetric chr.inv.-tensor of the space deformation 2
_ p— - ) - _
, k , Al —
Dik:}@lk; Dk = 1—@' - D= h*Dy = @n h; ri D DY Al +§|:JA”—{JI g
2 @ 2 @ @ @i . ) ) '
I
whereh = detkhyk @  DitAi Dt Al +DDict 3A1AC
The regular 2nd rank Christel symbols  and the 1st 1 1
rank Christo el symbols . are replaced with the respec- zZFiFkt 5 iRt 1k c*Cik =
tive chr.inv.-Christo el symbols { 5
] = E o/Gzhik +2Uik Uhyg + chy 3
o= pm o= 1 pim @jm + @Km @
k me 2 @ @ e’ where the chr.inv.-derivative of th& by xJ
where the chr.inv.-metric tensby, is used instead of the fun- - @l _ . | pﬁ
damental metric tensay . rjAl = @ + AT AL = @

The chr.inv.-curvature tensor is derived similarly to the . ] o
Riemann-Christoel tensor from the non-commutativity ofiS determined, as well as all other chr.inv.-derivatives

the 2nd chr.inv.-derivatives of an arbitrary vector @ |
_ 27 @DI i . i Qk ) dx « Ql ,
ri reQ rkrin—?@‘*HM Qj; . k o
riQt= o T Q;
where the 4th rank chr.inv.-tensor @,
@ o _ _ [iQ = —at QK Qi
HoJ = il Ky mj mj. dx
Iki @K @& it km kI im> @«
i i i ‘. HQf= —+  Qf+ iQ;
is the basis for the chr.inv.-curvature ten€ig;, (S dx ij <l il
Cuij = 2 Hiij  Hija + Haji Hi riQk = ax + ilelk"' 1l
_ p—
Cik=Cy'; C = h*Cy; riQ' = g?il * :I | }i: @n@(i h;
which has all properties of the Riemann-Christbtensor in ji , P
; : : ; : - i @ i Ail | ~ii. 1 - @ h
the observer’s three-dimensional spatial section, and its con- ;i Q" = & + 5, Q + QY i e
traction gives the observable chr.inv.-curvatGreAlso
1 by analogy with the respective absolute derivative, and
Hiij = Ciij + = 2A«iDj + Aij D + i
wij = Cij + 5 A Dj + Ajj D o Too. Jie cTh Uk = 27k
+ Ak Dii + Ay Dij + Ai Dk ; Joo | Ooo’
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are the chr.inv.-projections of the energy-momentum tengbat part of it that is necessary for understanding this article.
T of the distributed matter that lls the space, e.g., an eleEer a deeper study of this mathematics, we recommend the
tromagnetic eld: %is the physically observable density ofespective chapters of our monographs [4, 5], especially
the eld energy,J' is the physically observable density of théhe chapter Tensor Algebra and the Analysis in [5]. You can
eld momentum, andJ is the physically observable stressalso study Zelmanov’s publications [1 3], of which his 1957

tensor of the eld (its trace i&) = h™U ). presentation [3] is the most useful and complete.
The electromagnetic eld tensor is the curl of the four- ] N ) o
dimensional electromagnetic eld potential, i.e., 3 The physical conditions under which the space-time is
@ fully degenerate
F =r A r A= % & To deduce the physical conditions, under which the space-
here time is fully degenerate, we considered the square of the four-
w _ @ dimensional space-time intend# =g dx dx inthe form,
rA= @ A expressed in terms of chr.inv.-quantities, i.e.
is the absolute derivative of thfe by x . The electromagnetic d€=c2d ? d %

eld tensor has the physically observable projections
whered is the interval of physically observable time, is

i Fy g Fo i i i the physically ob ble three-di ional int I
El=pl =59 0. Hk=Fk=g o*F : e physically observable three-dimensional interva
Yoo Yoo g9 W 1
- w - i 2_h i K-
called the chr.inv.-electric strengf and chr.inv.-magnetic d=1 c? dt c? wdx; d i dxdx;

strengthH™ of the eld. The respective chr.inv.-pseudovect

H | and chr.inv.-pseudotensar® Qvhile w is the gravitational potential, anglis the linear ve-

locity of rotation of the observer’s space due to the space-time
non-holonomity. Thus, considering the space-time interval

— 1 " km. i — 1 nik .
Hi= 5 kmH ™ H = 5 Hin; the path travelled by a particle, we have
! .
_ _ . 1. V2 . dx
E M= "KMEL; MIPIH = SR HT = P df=cd?1 5 V=
are created in accordance with the transposition of indiceswRere V is the physically observable chr.inv.-velocity of the
the antisymmetric discriminant chr.inv.-tensor particle registered by the observer (see above).
‘ gkm p_ Prior to our study, two types of trajectories and, respec-
wikm — _pﬁ; "km = €km N; tively, two types of particles were known in the General The-

ory of Relativity. First, these are the so-called non-isotropic
which was introduced by Zelmanov by analogy with the Levirajectories, along which, in terms of chr.inv.-quantities,
Civita antisymmetric unit tens@ ™. Using"*™ and" jxm, we
Y , : ng fkm d=cd? d?,0, cd? d? 0O
can transform chr.inv.-tensors into chr.inv.-pseudotensors (see

§2.3 in our monograph [5]). They lie in the so-called non-isotropic region of the space-
Thus, the general covariant energy-momentum tensokigfe  which is home to mass-bearing particles, and mass-
an electromagnetic eld bearing means that the rest-mass of such a particle is non-

1 ! zero (g, 0). The relativistic mass (mass of motion) of such

T = T F F + 29 F F a particle is non-zero toax(, 0). Such particles make up
substances.
has the following chr.inv.-projections Trajectories of the second type are the so-called isotropic
T L trajectories, along which, in terms of chr.inv.-quantities,
00 i i
Y e 8 DEFTHHT d¢=cd? d 2=0; d?=d 2, 0
eT c They lie in the so-called isotropic region of the space-
J'= ﬁg:;) =T "KMELH time, which is home to massless particles, for which mass-

less means that the rest-mass of such a particle is equal to
zero fnp = 0), while its relativistic mass (mass of motion) is
non-zero fn, 0). Re-writtingds’ = 0 in the form

!

d€=c2d?1 ¥ =0. c&d?, 0

Uk =c?T*=og?h* — E'EX+H'H*:

C2
4
Generally speaking, the mathematical apparatus of chro-

2
nometric invariants is extensive. We have given above only 2

Q
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we see that massless particles travel at the velocity of light The above is an exact proof to why the entire space of
(v? = hy vivk = ¢?). The latter mean that massless particles atee Universe or a local space region in it, wheréid 2=0
related to the light-like family of particles. andd 2=0, is fully degenerate. We therefore called such a

The fact thatd=c?d 2 d 2=0 andc®d 2=d ?, 0 space-timezero-spacgwhile the trajectories that lie in it
along the isotropic trajectories means that this is a partiaigro-trajectories

degenerate region of the space-time. Using the formulae fod andhy, we obtained th@hys-
Taking the above into account, we logically supposed theal conditions for full degeneragy.e., the physical condi-
the space-time becomes fully degenerate, if tions in a fully degenerate space-time (zero-space)
. 2 .
d¥=cd? d ?=0; ¢*d*=0; d *=0: w15 e = g

Our expectations found full justi cation. Below we will ) _ _ .
explain why. From a geometric point of view, the conditions for full
As it is known from the geometry of metric spaces, a méf€generacy mean the following.

fic space is fully degenerate if the determinant of its met- Vithin the in nitesimal vicinity of any pointin a Rimean-
fic tensor is equal to zero. In the four-dimensional pseudd@n SPace, we can introduce a at space, which is tangential

Riemannian space, which is the basic space-time of the Gré)nt_he Riemannian space in this point. The latter means that

eral Theory of Relativity, the determinant of the fundamentdl€ Pasis vectors,, of the tangential at space are tangen-

metric tensor igy<0. This means that the basic space-tiﬂ?' to the curved coordinate lines of the Riemannian space.
of the General Theory of Relativity is non-degenerate But, since the coordinate lines in a Riemannian space are

The conditiond =0 means that the physically observ(-:”rved and non-orthogonal to each other (if the space is non-

able time interval between any two events in this space-tifig/onomic), the lengths of the basis vectersin the tangen-
region, when registered by an observer, whose home is at space are dierent from the unit length. The vector

regular (non-degenerate) space-time region, is equal to 28fan in nitesimal displacement in the Riemannian space is

We re-writed = 0 in the form expressed through the tangential basis vectors as

" # _
. _ dr=¢ ,dx ;
d =1 izw+v.u' dt=0; u':%' ®
¢ and, since the scalar product of the veapwith itself gives
whereu is the three-dimensional coordinate velocity of mdtFdf= dsand alsoitids’=g dx dx , we obtain
tion with respect to the observer, which is not a physically _ _ L
observable chr.inv.-quantity; thé is based on the time coor- 9 =&& =&)§,C08k X);

dinate incrementt, which is not equal to zero between the , -2 o cos 60 XY, G =e.e.cos i x
eventsdt, O) -€., Joo ©0)? Joi = €€ (XO,X)a Jik = €€y S(X,X).

Thus, ding to the de niti dhy, we h

The conditiond 2= 0 in the extended form is us, according to the de nitions of andhy, we have

_ . v = ce,cosK’:X);

d 2=hgdxXd¥=0; dX, 0 - & cos %) i
o 0. yi 0. K kY
and means that in this space-time region the physically ob- M = €&y COS K75 X) COS KT X))  COS (K XT) -

servable three-dimensional distartte between any two dif-

ferent points@X , 0) when registered by an observer, whose Taking into account thatl =0 andd *=0 i the zero-
P X 9 y ' space (the latter, as was shown above, mbar3), we obtain

home is a regular non-degenerate space-time region, is e(flnegeometric conditions for full degeneracy
to zero. This condition satis es only if the determinant of the
chr.inv.-metric tensohj, is equal to zero 1 N
€0 = s e, U cos ¢’; X);
h = detkhi k= hy1h2ohzs + hgihiohoz + hothishs,

hsihoohiz  hoahiohss  hizhpshs, = O: cos (; x') cos &; X<) = cos K; X°):

Zelmanov proved that the determinant of the fundamen- So, once the rotation of the observer's space reaches the
tal metric tensog = detkg kis connected with that of thelight speed, cos®; x) = 1 and, thus, cosq; x¥) = 1: the lines
chr.inv.-metric tensoh = detk hjx k by the formula of time become fallen into the three-dimensional spatial
g section (time becomes fallen into space), wherein all three

h= —; spatial axes become coinciding with each other.
Goo As for the particles located is the zero-space, their physi-
i.e., once the chr.inv.-metric tenshy is degenerate, the fun-cal sense is derived based on Levi-Civita’s rule, according to
damental metric tens@r is degenerate too. which, in a Riemannian space ofdimensions the length of
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any n-dimensional vectof) transferred in parallel to itself

remains unchangedX Q =cons).

The above result means that all zero-space particles have
zero rest-massasy = 0, zero relativistic massesa = 0 and

As it is known, any mass-bearing particle is characterizedro relativistic frequencies = 0. We therefore called the
by the four-dimensional momentum vectr, and any mass- particles, whose home is the zero-spaego-particles
less (i.e., having the zero rest-mass) particle is characterizedThis is the third, new type of particles in addition to mass-

by the four-dimensional wave vectir ,

dx _ltodx

P = - -
ds’ c ds’

bearing and massless (light-like) particles, already known in
the General Theory of Relativity.

As it is known, for any regular mass-bearing and mass-
less particle (their home is the regular non-degenerate space-

each of which is transferred in parallel to itself along the pdime), the relation between its energy and momentum remains
ticle’s trajectory in the space-time. The chr.inv.-projections ghchanged along its trajectory
theP andK onto the time line and the three-dimensional

spatial section of a regular observer are equal to

Po i m
p—=m; P'= —V,
Joo c
KO :!_' Ki:!_ci:
Jo C’ C

To adapt theP andK to the zero-space condition, wi
are looking for the condition in their structure. Based on t
interval of physically observable tim& (page 32), we ob-
tain how the physically observable velocity depends on t

condition for full degeneracy wviu' = 2, i.e.,
Vv = u :
l L
1 5w+ ViUK

and then expresss’ in the form

St h e
_ 2 Voo o0 1 k u =,
dSz—Czd 1 ? = c°dt Bl ? W+ WU g?,
which gives
p = dx _ Mdx . _lodx _ ! dx |
~Mgs T T ar T c ds @ dt’
wheredt, 0, and
m !
= - @ @0 |lY= - - @@ @@
M 1 L wrvdk 1 L wevuk
c? c?

take the condition for full degeneracyw u' = c? into ac-

count and are not equal to zero in the zero-space.

For zero-space patrticles, the chr.inv.-projections of their
momentum vectoP and wave vectoK onto the time line
and the three-dimensional space of a regular observer out

the zero-space are equal to

" #
P 1 . 1
2 -M1 —2W+v.u' =0; P'==MU, O;
Joo C C
Ko ' 1 # 1
0 -2 1 S w+vd =0 K==!4d, 0
Owo C c? c2
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E? c?p? = const

This follows from Levi-Civita’s ruleP P =constand
K K , consthaving the form for mass-bearing particles and
massless particles, respectively,

E? Jp’=Ej; E* Pp’=0;

WwhereE = mc, p?=nPv?, Eg= myc?. For massless particles
s relation, taking into account that = mPv? = mP hy v VK,

transforms into the banal formulav'vk = ¢ meaning that
Hbey travel at the velocity of light.

On the other handP P , constandK K , constfor
zero-particles: anyone can verify this fact by his own calcula-
tions based on the above. This fact means that Levi-Civita’'s
rule is violated along the trajectories of zero-particles, and,
hence, the observed geometry along their trajectories is not
Riemannian.

The said does not necessarily mean that the zero-space
geometry is non-Riemannian itself, but only that it looks like
that from the point of view of a regular observer.

Of all the types of particles known in modern physics,
only virtual particles havé&E? c¢?p?, const Feynman dia-
grams show that virtual particles are carriers of the interaction
between elementary particles, i.e., between each two branch-
ing points on the diagrams. According to Quantum Electro-
dynamics, all physical processes in our world are based on
the emission and absorption of virtual particles by real mass
and massless (light-like) particles.

That is, the interaction between particles in our regular
space-time is transmitted through an exchangedbuthat is
the zero-space, while zero-particles transmitting the interac-
tion through this bu er space (zero-space) avatual par-
ticlesknown in Quantum Electrodynamics.

The above is the solely interpretation of virtual particles
and Feynman diagrams in the framework of the space-time
a@gmetry, and is a bridge connecting Quantum Electrody-
namics with the General Theory of Relativity.

To understand how zero-particles could be registered in an
experiment conducted by a regular observer, consider them as
waves travelling along their space-time trajectories.

As it is known, any massless particle in the framework
of the geometric optics approximation is characterized by the
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four-dimensional wave vector determined in the lower-indek Non-quantum teleportation
form K through the wave phasecallgd eikonal. In analogy Teleportation is the instant displacement of particles from one
to it, we introduce the four-dimensional momentum VeCtB'bint in the three-dimensional space to another

characteristic of any mass-bearing particle, respectively, Initially, scientists considered only quantum teleportation.

_ _ -~ @ . In fact, quantum teleportation is not a real instant displace-
K = @& P = ca ' ment, but a probabilistic trick based on the laws of Quan-

tum Mechanics [7]. This is despite the fact that, using quan-

Whgre~ IS Plapck’s constant. The|r'phyS|caIIy ObserVablt‘ﬁmteleportation, photons were rst teleported in 1998 [8],
chr.inv.-projections onto the observer’s line of time are and atoms were teleported in 2004 [9, 10]

Ko 1@ . P ~ @ On the contrary, we considered instant displacement in
p% Tc @’ F’% 2@ accordance with the geometric structure of the space-time of

_ _ o the General Theory of Relativity, which is real teleportation
and, since these chr.inv.-projections are also equaro@nd  without any probabilistic tricks . This is why we called this
m (see above), we obtain that, in the framework of the ga@gular non-quantum method of particle teleportatimn-

metric optics approximation, guantum teleportation
@ ~ @ In terms of physically observable chr.inv.-quantities, tele-
I = @ ; m= 2@ : portation is a process of displacement in which the interval of

. i physically observable time between its beginning and end is
Therefore, on the transition to the zero-space, i.e., Undgfal to zerod = 0). If a mass-bearing particle is teleported
the condition for full degeneracy wvu' = ¢? since! =0 (mass-bearing particles make up substances), the teleporta-
andm= 0 (see above), we obtain tion conditiond =0 is added with the physically observable
@ three-dimensional interval between the point of departure and
@ . the point of arrival, which is not equal to zero, i.d. , 0.

he eikonal . _ hat the | hTherefore, the space-time metric along the trajectories of non-
The eikonal equatiok K = constmeans that the lengthg, o ntym teleportation of mass-bearing particles is
of the four-dimensional wave vector transferred in parallel to

itself remains unchanged. The chr.inv.-eikonal equation for =242 d 2= d 2 % 2=0; d 2, O:

regular massless (light-like) particles and mass-bearing parti-

cles, taking the main property g = ofthe fundamental Sinced 2= hy dXdx and taking into account the condi-

metric tensog into account, has the form, respectively, tion w+v u' = c? under whichd =0, the space-time metric
takes the form, which we called tim®n-quantum teleporta-

1@ ? hik QQ =0: tion metric
2 @ @ @ ' 2 |
1 @!2 ikQQ_m%Cz_ d¢= d ?= 1 = c2dt? + gy dxXdxt =

2 @ @ @ =2
and is a travelling wave equation. On the transition to the
zero-space, the above eikonal equations take the same form As you can see, in the non-quantum teleportation metric,

= C—lzv.uivkukdt2 + giedX dx¢:

@ @ the regular signaturerE&==) of space-time is replaced with
hik = -0 the inverted signature=¢-++). That s, from the point of view
@ @ of a regular observer, time and space are replaced with
which is a standing wave equation. each other on the teleportation trajectories: time of a tele-

To understand the result we have obtained, we should taketing particle is space of a regular observer, and space
into account the fact that a regular observer does not regisiethe teleporting particle is time of the regular observer.
zero-space objects themselves, but only what he sees on th@he same is true for the non-quantum teleportation met-
transition to or from the zero-space (we assume that Lenie, derived for massless (light-like) particles. If a massless
Civita’s rule is satis ed on this boundary), and the zero-spag@yht-like) particle is teleported, the teleportation condition
itself is the fully degenerate case of the isotropic space (hothe= 0 is added witte2d 2=d 2, since the latter is character-
to massless light-like particles). istic of the isotropic region of the space-time, which is home

Therefore, zero-particles, i.e., all particles, whose homgesuch particles. Therefore, the space-time metric along the
is the zero-space, should appear to a regular observer outgigiectories of non-quantum teleportation of massless (light-
the zero-space aganding light waveswhile the zero-spacelike) particles is fully degenerate
should appear as a point containing a system of standing light
waves (dight-like hologran) inside itself. d¢=cd? d ?2=0; ?d?=d %2=0;

Rabounski D. and Borissova L. Non-Quantum Teleportation in a Rotating Space With a Strong Electromagnetic Field 37



Volume 18 (2022) PROGRESS IN PHYSICS Issue 1 (April)

which means that the trajectories along which massless patisigni cant that replace the gravitational potential and ro-
cles are teleported lie in the fully degenerate space-time (zesdion of the laboratory space. In such a case, the teleportation
space). The equation of such trajectories is derived from gandition, i.e., the condition under which particles enter tele-
non-quantum teleportation metric (see above) equalizedptwmtation trajectories and, thus, can be instantly teleported to
zero, and is the fully degenerate light hypercone equation any other place in our Universe, can be implemented in a real
w2 . laboratory.
1 = c2d? = gy dXdx: Which speci ¢ space metric is suitable for a real labora-
¢ tory? Such alocal space is connected either with the Earth, or

So, according to the General Theory of Relativity, as so@iith another planet, or with another star system, and, at rst
as we realize the physical condition glance, is described by Schwarzschild’s mass-point metric.
On the other hand, the mass-point metric does not take into
account the rotation of space, which is one of the two core
in the local space inside a device in our laboratory (undektors in the teleportation condition+w; u' = c®>. Another
this conditiond = 0), a mass-bearing or massless (light-likeJrawback is that the space described by the mass-point met-
particle that is inside this device enters a teleportation trajeie-is lled only with a gravitational eld, and does not have
tory and, thus, can be instantly teleported to any other plageelectromagnetic eld. The third drawback is that the grav-
in our Universe. For this reason, we caltww; u' = c? also the jtational eld is so weak in a real earth-bound laboratory that
physical condition for non-quantum teleportation this factor can be neglected in the teleportation condition.

We therefore have drafted the following research plan for
the next Sections of this article.

At our rst step we will derive and analyze the teleporta-
The above results, which we obtained in the early 1990s, waoa condition for each of the three most popular space met-
presented in our two monographs in 2001 [4, 5], and thenrios. These are Schwarzschild’s mass-point metric, Schwarz-
the brief article [6]. The reason for such a long overvieschild’s metric inside a sphere lled with an incompressible
of these results in the present article is that without a detaileglid and de Sitter's metric of a space lled with the physical
acquaintance with the above results, it would be impossiblesacuum. Then, based on the above metrics, we will introduce
understand everything that follows, including the engineeritfyee similar metrics containing a three-dimensional rotation
implementation of non-quantum teleportation at any distarbee to the space-time non-holonomity (expressedgby 0).

w+vu =@

5 Finding the teleportation condition accessible in a real
laboratory. Problem statement

in our Universe. _ After that we will derive and analyze the teleportation condi-
So, the physical condition wv u' = ¢ under which the tion in each of these three types of rotating space.
interval of physically observable time is degenerate<0) At our second step, we will introduce the metric of a space

is also the physical condition for non-quantum teleportaticthat rotates due to the space-time non-holonomity, but free
To implement this physical condition, a super-strong gra¥rom the gravitational eld. This metric will be our working
tational potential and a near-light-speed rotation of the afpetric in this research.
server's space are required. Obviously, in a real laboratory, It is not a fact that the introduced metric containing ro-
this is extremely di cult, if not impossible. tation describes a Riemannian space. As it is known, a Rie-
On the other hand, when deriving the teleportation condiannian space metric must not only have the Riemann square
tionw+viu =c? fromd =0, we did not indicate the formu-form ds?=g dx dx , determined by the Riemann funda-
las for the individual components of the fundamental metrgental metric tensog , and be invariantds = inv every-
tensorg and the chr.inv.-metric tenstw,. That is, we did where in the space. It must also satisfy Einstein’s eld equa-
not specify the speci ¢ local space of the real laboratory tions the relation between the Ricci curvature tensor, the
which we are going to teleport particles. fundamental metric tensor multiplied by the curvature scalar,
It is obvious that, as soon as we specify the metric of thad the energy-momentum tensor of the space ller, which
local space in areal laboratory, the teleportation condition de-satis ed in any Riemannian space. The latter means that
rived from this metric will be dierent from its general formas soon as we substitute the components of the fundamen-
w+ v U = 2. Say, we have an electromagnetic eld generattal metric tensog  (taken from the formula of a particular
installed and running in our laboratory. If so, then the locRiemannian space metric) and the components of the energy-
space in our laboratory has an electromagnetic eld. Acconstomentum tensor of the medium lling the space into the
ingly, we expect that the characteristics of the electromagpmponent notation of the eld equations, this must turn the
netic eld will appear in the teleportation condition derivedeld equations into the zero identity. This is why not many
fromd =0. In particular, if the generated electromagnetg&pace metrics are proven to be Riemannian and, thus, are used
eld is super-strong (this is not a big problem when usinip the General Theory of Relativity.
modern technologies), then the numerical values of the elec- So, most likely, the introduced metric containing rotation
tromagnetic eld terms in the teleportation condition can beill turn out to be non-Riemannian due to the term taking the
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three-dimensional space rotation into account. With the aboveg components, we obtain that the inter-
To correct this situation, at our second step, we will tak@l of physically observable time in the space of the mass-
theg components from the introduced metric, then subspieint metric has the form
tute them into the chr.inv.-Einstein equations, the right hand _ r ;
side of which is non-zero and contains the energy-momentum d = p% dt+ _80': d¥= 1 2dt
tensor of an electromagnetic eld. The relations that van- € Qoo r
ish the resulting chr.inv.-Einstein equations (we call them thgq the teleportation condition, whichds = 0 with dt, 0,
Riemannian conditionsare the conditions under which the,a5 the following form
metric is Riemannian and describes a non-holonomic (rotat-
ing) space-time lled with an electromagnetic eld. 1 o _ 0 9 r=rg:
Please note that, as was found by Zelmanov (see page 33), r
the physically observable chr.inv.-curvature of a space is de- In addition to the above, becaug® is expressed through
pended on not only the acting gravitational inertial force, btife gravitational potential w in the form
also the space rotation and deformation, and, therefore, does 5
not vanish in the absence of the gravitational eld. Joo= 1 ﬂz :
At our third step, we will consider the teleportation con- c
dition, derived for the introduced metric containing rotatiofhe obtained teleportation condition can be re-written as
and the Riemannian conditions for this metric in the presence
of an electromagnetic eld (the latter follow from the Einstein 1 ﬂz = =) w = c2:
equations, see above). c
The obtained system of equations will show how strong The obtained result means that, in the space of the mass-
the electromagnetic eld should be and what additional copeint metric, i.e., in the eld of a spherically symmetric non-
ditions are required to launch particles on teleportation trajeotating mass, a particle enters a teleportation trajectory under
tories in a slow rotating laboratory space. Super-strong eldte condition of gravitational collapse, i.e., on the surface of
tromagnetic elds are not a big problem when using modeangravitational collapsar.
technologies. For this reason, the obtained electromagneticin other words, if you are in the eld of a spherically
eld parameters and additional conditions will show how, ursymmetric non-rotating mass, in order to launch a particle on
der the conditions of a real earth-bound laboratory, real physiteleportation trajectory, you need to simulate a mini black
cal bodies and photons can be instantly teleported to any othele in your laboratory.
place in our Universe.

7 The teleportation condition in the space of a rotating
6 The teleportation condition in the space of a mass-  mass-point body

point body Introduce a mass-point metric, where a gravitational eld is

Schwarzschild’s mass-point metric describes a sphericallgated in emptiness by a spherically symmetrical massive
symmetric space lled with the gravitational eld created insland, which rotates due to the space-time non-holonomity.
emptiness by a spherically symmetrical massive island, whidle use Schwarzschild’s mass-point metric as a basis. Assu-
is considered as a point-like mass. The metric has the forrme that the space rotates along thaxis (along the geo-
graphical longitudes) with the linear velocity="! r?sir? ,
d€= 1 ] 2dt2 dr r2d2+si? d2; where! = constis the angular velocity of this rotation. Since,
r

1 ng according to the de nition of,
wherer is the distance from the centre of the island, while vz =1 risi® = Cgo_3;
rq=2GM=c? is its gravitational radius. _ Yoo
Here and below, in terms of the spherical coordinatés, W€ obtain r
the radial coordinate, is the polar anglé€, is the geograph- 1 p___ 13 rg
ical longitude dr is the elementary segment length along the o3 = Ve Qoo = c 1 T

r-axis,rd isthe elementary arc length along thexis, and . - . .
rsin d isthe elementary arc length along thexis. and, thus, we obtain a Schwarzschild-like mass-point metric

Therefore, the non-zero components of the fundamerftgtaining the above rotation, i.e., "

metric tensog  of the mass-point metric expressed in terms g ) Iy
of the spherical coordinates are equal to d$= 1 T cd® 2! r¥sir’ 1 ?dtd
r 1 _ dr? .
Go=1 i gu= D Q2= 1% gu= s —— rdZesit d 2

1 1

—

=|S
-

=|S
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; G2= 1% gez= risir?

Accordingly, the interval of physically observable time in 1=
the rotating space of the Schwarzschild-like metric we have 1 e

introduced is ® . _ .
As a result, we obtain that the interval of physically ob-

d = p% dt+ C—Sf;: dx = servable time inside such a sphere has the form
0
T 1 rsir? d’é d = Papdte P dx =
=Bl — — —Kdt; C" oo s
r c? dt r
_1 g rPrgfg
and the teleportation condition, i.el, =0 with dt, 0, writ- ) 1 a 1 23 dt;
ten in the spherical coordinates has the form
r— o , and the teleportation condition, i.ed, =0 with dt, 0, has
rg ! r2sir® d .
= = - =0 the following form
r 2 dt r S
: rg r’rq
or, that is the same 3 1 7 1 —=0
al
w+ ! r2sir? % =% The obtained formula is a condition under which a parti-

cle enters a teleportation trajectory inside a sphere lled with
where sin =1 for the observer’s laboratory located at then incompressible liquid.

equator, and the last multiplier is the coordinate velocity of It is obvious that the obtained teleportation condition is
the teleporting particle along thie-direction, which is the satis ed if

geographical longitude (we assume that the particle travels r=rg=a

either in the same or in the opposite direction in which thghich means that a particle enters a teleportation trajectory
space rotates). on only the surface of the liquid sphere (where the particle’s

This condition is dierent from that in the space of thqadial coordinate ig = a), and the liquid sphere is a gravita-
Schwarzschild mass-point metric in only the second term ggmnal collapsard=rg).

pending on the rotation of space due to the space-time non-
holonomity: the faster the rotation of space and the fastr The teleportation condition in the space inside a rotat-
the teleporting particle, the farther the teleportation trajectory ing liquid sphere

from the surface of gravitational collapse. Introduce the metric of the space inside a sphere lled with
an incompressible liquid, which rotates due to the space-time
non-holonomity.

We use the metric of a liquid sphere as a basis. Assume
Consider the metric of the space inside a liquid sphere, whiglat the liquid sphere has a radias const a massM and
was introduced by Schwarzschild. It describes the Spacemstates a|ong thé -axis (a|0ng the geographica| |Ongitudes)
side a sphere, which is not empty, but lled with an incomyith the linear velocitys=! r2sir? , where! = constis the
pressible liquid. The gravitational eld inside such a sphegggular velocity of this rotation. With these characteristic pa-

is created by a spherically symmetrical imcompressible liquigimeters, according to the de nition uf we obtain
that lls it. As itis known, this metric has the form

8 The teleportation condition in the space inside a liquid
sphere

Clos .

va=1 r?si? = p—;
B S . * oo
d¥=Z8 1 2 1 —2Eddf r S ——
4 a a 1 p___ % g rary
dr2 Jos= —=V3 Qoo= ¢ 1 = 1 -3
r.2 d 2, S|n2 d 2 . C Cc a a
r2r !
1 a—sg Thus, the metric inside such a rotating liquid sphere is
. " . s
whererg=2GM=c? is the gravitational radius calculated for 1 r ; 2y
the entire mas#$/ of the liquid (source of the gravitational d& = = 1 2 1 — Bt
eld) inside the sphere, and=constis the radius of the 4 a a s
sphere. Respectively, the non-zero components of the fun- r : 2y
damental metric tens@  of this metric are I r2sir? 1 gg 1 a_39’ td
1 ' r ) r2r dr?
_ g 9E . 2 424 q v2 .
Joo = Z 1 E 1 ? ) r2rg red“+ SII’]2 d '

1

as
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Therefore, the interval of physically observable time irndggg of the metric is equal to zero

side such a rotating sphere has the form r s
_ _ 1 rg rPrgg
d :p%dt+—8—c Ol_d)d: gOO_ZE 1 g 1 ?g—o,
3 r Goo s 9
_ 21 rg r2rgB ! rsit o 2 ~ which means gravitational collapse. In this case, the teleport-
B _§§ 1 3 1 B3 2 dig & ing particle is on the surface of the liquid sphere, which is a

gravitational collapsar. In this case, the obtained teleportation

where sin =1 for the observer's laboratory located at theondition takes the form
equator, and the last multiplier is the coordinate velocity of
the teleporting particle along thie-direction, which is the
geographical longitude (we assume that the particle trave
either in the same or in the opposite direction in which t
space rotates).

As aresult, the teleportation conditicsh (= 0 withdt, 0)
inside such a rotating liquid sphere has the form

d d
I r’sif — =0 = —=0;
dt ) dt
S, . . .
ich means that the teleporting particle rests with respect to
the liquid sphere, since the sphere rotatgs 0) according
to the initial formulation of the problem.

In other words, in order for a particle to enter a telepor-
tation trajectory on the surface of a liquid sphere, which is
s o . .

r—— 5 | r2si? o a gravitational collapsar, the particle should be at rest with
. rergg ! resin” d

9 1 - =0 respect to the sphere.
a c? dt

1

2 as
10 The teleportation condition in the space lled with
This is a condition under which a particle enters a tele- the physical vacuum

portation trajectory inside the space of a rotating sphere “%je Sitter's metric describes a space lled with the physical

with an incompressible liquid. It is derent from that in the vaacuum (- eld) and does not include any island of mass or

space inside a non-rotating liquid sphere in only the secog istributed matter. The curvature is the same everywhere in

term depending on the rotation of space due to the space-time S .

. L : such a space, so it is a constant curvature space. The physi-
non-holonomity. The smaller the gravitational radnysof cal vacuum (- eld) produces a non-Newtonian gravitational
the rotating liquid sphere and the smaller the distanitem P 9

the centre of the sphere, the faster the sphere should rot%t%e’ which is proportional to the distance in the space, i.e.,

and a particle should travel in order for this particle to enter ¢ force of non N_ev_vtoman gravitation orce) grows .W'th
. . istance. If < O, it is an attraction force. If> 0, itis a
teleportation trajectory. .
epulsion force.

According to the obtained teleportation condition, two ufé For details about the physical vacuum, its physically ob-

timate cases of particle teleportation are conceivable in the : : o
o o servable properties, and also the non-Newtonian gravitational
space inside a rotating liquid sphere.

) . . force, see Chapter 5 in our monograph [5].
1. In the rst ultimate case of particle teleportation, the As it is known. de Sitter's metric has the form

gravitational radiuggy of the liquid sphere is much smaller

than the distance of the teleporting particle from the centre 2 dr?

o . 2= ™ 2de r 2 42+si? g2
of the sphere, and this distancés much smaller than the ds'= 1 — cid S T d s d T
radiusa of the sphere 1 =

and, hence, the non-zero components of the fundamental met-

fo T ra ric tensorg of this metric are
which is possible if the liquid sphere has a small mass, the lig- r2 1
C s . . . . - . — . — 2. — 2ai .
uid itself is very rare ed, and the teleporting particle is clos@po= 1 3 O11= ~, Gp2= % Q3= I Sir? -
to the centre of the sphere. 1 Tr

In this case, the obtained teleportation condition takes the

simpli ed form Using these components, we obtain that the interval of

d physically observable time in a de Sitter space is
2ai _ .
I r2sir? G c2 r

pP_— oi i r2
, - . . d = dt+—8—_d>d: 1 —dt
i.e., the liquid sphere should rotate at the velocity of light and Goo c ' Ooo 3
the particle should travel at the velocity of light in order foénd the teleportation condition, i.el, =0 with dt, 0, has
this particle to enter a teleportation trajectory. : T T
. . . the following form
2. In the second ultimate case of particle teleportation, ro_
rz . 3.
rrg:a2 :) r=rg=a; 1 ?—0 —) r= 5
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where, since = const ther means the maximum distance inwherer is the distance between the teleporting particle and
the space. As it is known,6 10 56 cm 2 with today’s mea- the observer, sin= 1 for the observer’s laboratory located at
surement accuracy. So, if our Universe is a de Sitter spatte equator, and the last multiplier is the coordinate veloc-
the maximum distance in it is> 10°8 cm. ity of the teleporting particle along tHe-direction, which is
In addition, the teleportation condition we have obtaingde geographical longitude (assuming that the particle travels
above means that the space is in the state of collapse, i.e.gither in the same or in the opposite direction in which the
;2 space rotates).
Jwo=1 —=0: The above formula we have obtained is the condition un-
3 der which a particle enters a teleportation trajectory in a ro-
The above means that a particle in a de Sitter space, i.etalfihg de Sitter space, which is a rotating space lled with the
a space lled with the physical vacuum in the absence of arjMysica| vacuum in the absence of any other matter.
other matter, enters a teleportation trajectory at the maximum According to the obtained teleportation condition, two ul-

distance from the observer, which is conceivable in the spag@ate cases are conceivable for particle teleportation in a ro-
Besides that, since the state of collapse occurs at the sgfifig de Sitter space.

distance from the observer, we conclude that the entire spacey  |n the rst ultimate case of particle teleportation,
should be in the state of collapse, i.e., the entire space lled

with the physical vacuum should be a collapsar. 2 1

11 The teleportation condition in the rotating space and the obtained teleportation condition takes the following
lled with the physical vacuum simpli ed form

Introduce the metric of a space lled with the physical vac- 1 r2sir? d_ =c%

uum in the absence of other matter, which rotates due to the dt

space-time non-holonomity. Since 6 10 % c¢m 2 (according to modern astronomy),

We derive the metric based on de Sitter's metric. ASSuethis ultimate case of particle teleportation in a rotating de
that the space rotates along thexis (along the geographi-sitter space, the teleporting particle should be at the distance
cal longitudes) with the linear velocitg="! r’sin* , where 128 cm from the observer. In addition, the space should
I = constis the angular velocity of this rotation. Thus, acrotate at the velocity of light and the particle should travel at

cording to the de nition ofy;, we obtain the velocity of light.
— 1 (2P Cdos . 2. In the second ultimate case of particle teleportation, the
Vs =2 sl p%, teleporting particle should be very far from the observer
r r E
1 p_— _ !r3ir r2 r= = >10%cm
= —V = - 1 — y
Jos o\ Joo c 3
As a result, we obtain the metric of a rotating space lleke-. at the edge of the observable Universe or even beyond
with the physical vacuum that observable edge.
| r In this casegq of the metric is equal to zero
2° 2
d€= 1 — Zd2 20 r%siP 1 — dtd 2
3 3 Go=1 — =0;
dr?

r2d2+sir? d 2 ; - - .

1 2 ' which means that the space is in the state of collapse (i.e., the
3 entire space is a huge collapsar), and the obtained teleporta-

and, hence, the interval of physically observable time in sué@n condition takes the form

a space has the form

d d
_ , L r?siP — =0 = —=0;
d = Pgodte FLdx = dt dt
%o _ which, since the space rotates,( 0), means that the tele-
_ r2 Lr%sif d B . porting particle is at rest.
=Bl — — —gdi; . . .
3 c? dt In other words, in the second ultimate case of particle tele-

portation in a rotating de Sitter space, the teleporting particle
should be resting with respect to the space, be at the maxi-
mum distance from the observer, which is conceivable in the
2 126k o space, while the entire space should be in the state of collapse

= 2 o % (it should be a huge collapsar).

and the teleportation conditiord (=0 with dt, 0) has the

following form
r
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12 The metric of the space, which rotates, but is free hence, the dimension ofis cm=sec. If the space rotates
from the gravitational eld slowly, the above formula transformsye ! rsin  cm=sec

Introduce the metric of a space, where the three-dimensioh&t IS completely comme il faut .

space rotates due to the space-time non-holonomity, but there2@S€d on the above formula feg and using the corre-

is no eld of gravitation. This space metric most accurate ondingh'* components, we obtain that the antisymmetric
.inv.-tensor of the angular velocity of rotation of spaig,

describes the local space of an observer, who is locate Wi has the followi
an earth-bound laboratory, since the gravitational potent&f€ Page 32), has the following non-zero components
on the Earth’s surface is so weak that its factor under the

i o Ajz="! rsirf ; Asi= Agg;
teleportation condition can be neglected. Only the factors of 13 81 13
rotation o]‘ space _and the teleport!r!g pa_lrtlcles speedch _ Ass=! r?sin cos : Asr= Ags:
teleportation in this case. An addition, in the space of this
metric, the eect of rotation of space due to the space-time JRE® ! A= L8
non-holonomity is most clearly manifested. ¢4 LEsit '

For the above reasons, we will deduce the characteristics &
of such a simplest rotating space in more detail.
Assuming that the space rotates along 'thaxis (along
the geographical longitudes) with the velociy=! r2sir? |
where! = constis the angular velocity of this rotation, and, 1o check the correctness of the above, we calculate the

according to the de nition o, square of the chr.inv.-pseudovector of the angular velocity of
H 2 — i = i i H
. c I r2sir? rotation of space, = ; '=hy . Since
Bl = pRR; gy= — .
Yoo ¢ i — Loikm km . €T k
_ _ = 5" MAm; "= e i = hix
we obtain the metric of such a space. It has the form 2 h
d< = 2d2 21 r2sir? did as for any pseudovector (see page 34 in this paper; for more
details on pseudovectors and pseudotensors see §2.3 of our
dr? r?2d ?+sir d?; monograph [5]), after some algebra we obtain
where the rest non-zero components of the fundamental met- , i 12 o ! _
ric tensorg are - b7 e T
(8] 1+ ! 2ri;ln2 14! Zr:?nz

0=1; gu= 1, Gp= 1% Q= rsiF : . . .
9 g ¢ % so, the dimension of is sec?! . If the space rotates slowly,

So forth, using the general formula for the chr.inv.-metribie obtained formula transformste ! sec! thatis com-

tensor, which is pletely comme il faut .
90i ok 1 _ Using the non_-zerdnik c_omponents, we obtain the deter-
hik = O+ Joo = Okt P Vi Vi minant of the chr.inv.-metric tensby; (see page 35)
|
we obtain that its non-zero components in the speci ¢ space h= detkhyk = rési? 1+ | 2r2sir? :
we are considering are equal to 2
|
hi=1 hp=r%  he=rPsi? 1+ | 2r2sir? So forth, we obtain nonzero chr.inv.-derivatives oFf)Fn_ _
' ' 2 ' According to the mathematical apparatus of chronometric in-
1 1 variants, they are equal to the respective chr.inv.-Chrto
ht=1; h?=5; h¥= — symbols, in which two indices have been contracted, ilg.,
' r2sin’ 1+ % Such Christoel symbols are used in our further calculation

where, since the matritty is diagonal, the upper-index com' the chr.inv-divergence oh, as well as the chr.inv.-Ricci
ponents oy are obtained a* = (hy) 1 just like the invert- curvature tensoCi, which are the left hand side terms of the

ible matrix components to any diagonal matrix. chr.inv.-Einstein equations. After some algebra, we obtain

To check the correctness of the above construction of the @npﬁ 2 31 2r2gjr? !

i —vvi=hovivk Si i — pik = = : .
space metric, we calculad= v v' = hy v'vK. Sincev' = hiky, s @ - o 1+ T :
we obtain the following rl+——

N I rsin Pe 22002
V= yyi= L : . @ h_  cot 142 r2sirt
' eresi | 2r2gjin? I . 2 '
I+ == 1+ LSt N c
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|
as well as their chr.inv.-derivatives 3 _ 3 _ 1 1+ 21 2r2sir?
i 262 137 137 r 1+ ! 2r2gin? c? '
i 2 3! “si 2
il _ C
B | 2262 2 | 2262 2 )
@ r2 1+ Lisif © 2 q 4 LP2SiP cot 21 2r2gjr?
c c 3 — 3 — 1+ .
31 4r2gir* 2853 i c?
- - 2
K 21
ct 1+ % Then, we look for non-zero components of the contracted

i |20 o 4th rank chr.inv.-tensoH,, i, which, since the space we are
i1 _ 2! “rsin cos : considering is free from deformationBi = 0), is equal to
@ @ 14 LasiP 2 the chr.inv.-Ricci curvature tens@ (for the full formulae

¢ of the chr.inv.-curvature tensors see page 33)

', 2%rsin cos _ @I, i i
- . - ’ _ i _ i _ il kI i i
@ c? 1+%2 @ C|k_CIkil_Hlkil__@kl & 0 km K m
22 _ 1 2! 2r2gjpP where, according to the mathematical apparatus of chrono-
- | 2r25ir2 | 2252 2 metric invariants (see page 33), we have
@ Si? 14 LS o gy 1 Vo
2! 4résint b= &

o4 14 Lozt ? . . . .
2 As a result, we obtain that the chr.inv.-Ricci tensor in the

The chr.inv.-Ricci curvature tens@j is one of the terms SP€Ci ¢ space we are considering has the following non-zero
contained in the tensorial equation of the chr.inv.-Einstef@mponents
equations (see page 33). Its formula (page 33) is based on the i
chr.inv.-Christo el symbols ijk and their chr.inv.-derivatives. Cpy=H;,' = —2+ 2 2,4+ 3 3

_ IrC @ 21 127 31 13
Therefore, to calculate the chr.inv.-Ricci curvature terGpr _
in the speci c space we are considering, we need to calculate, P i 3 3 2 .
the chr.inv.-Christoel symbols. They are re-combinations of Ci2=Hy,i = @ *o323 ;i
the chr.inv.-derivatives of the chr.inv.-metric tensgr (see i
page 33). Thus, rst, we obtain non-zero chr.inv.-derivatives, . - 4 i = 2, 3 3 2 i .
. . . 21 = Magi — 32 13 12 i2»
of the chr.inv.-metric tensdry for the space we are consider- @
ing. They have the form i 1
Cop=H,, i = i2 22,
@2 _ or- 22 @ @
@ , | +2 5 bt % b
@33 . 2‘ ZTZSIHZ ' . 1 2
@ :2rS|n2 1+T ) Caz= H i _ @33 33+
. BTET Te e
@33 - 2! 2r%sin? 3 1 3 2 1 2 .
@ = 2r%sin cos 1+T ; +2 73332 33 31 33 iz
So forth, according to the general formula for the chr.in\X‘fhere ) @npﬁ ) @npﬁ
Christo el symbols (see page 33), we calculate all them one 1= @ ; i2= @ :
by one in the speci c space we are considering. After some ) L
algebra, we obtain formulae for those of them that aredi To calculate the components of the chr.inv.-Ricci tensor,
ent from zero. i.e. we already have the speci ¢ formulae fof, and |, in the
metric we are considering (see page 43). In addition, we need
L= formulae for the chr.inv.-derivatives of}, with respect tar
| 22602 I and §3 with respect to , which are contained in the chr.inv.-
L= rsi? 1+ 2! risin” Ricci tensor. We obtain that they are equal to
c? ' |
1 202012
. 6! 2r2sir?
2 _ 2 _1 S g e T
127 217 o @ c
|
2! 2r2gi? 2 | 202 2,26
2 o . 2! 2r2gin 6! 2rsir® cog
= sin cos 1+ —— ; 33 — gj o > - = > .
33 2 @ Sir? + 2 cog =

44 Rabounski D. and Borissova L. Non-Quantum Teleportation in a Rotating Space With a Strong Electromagnetic Field



Issue 1 (April) PROGRESS IN PHYSICS Volume 18 (2022)

So forth, after some algebra, we obtain formulae for tladong the’ -direction, which is the geographical longitude

non-zero components of the chr.inv.-Ricci tensor (assuming that it travels either in the same or in the opposite
31 25ip? | 4 2eid direction in which the space rotates). _ -
Cu= - Sl - _f7sin : As a result, we obtain that the teleportation condition, i.e.,
2 1+% o 1+%2 d =0withdt, 0, has the form
_ 3! 2rsin cos I 4r3siP® cos I r2sir? dd— = ¢
ClZ_CZ 1+M 4 l+!2r23ir12 27 t
& c? The obtained formula is the teleportation condition in a
31 2rsin cos | 43sin? cos rotating space that is free from the eld of gravitation and a
Cy = o — distributed matter. In this case, as you can see from the above
N % formula, a particle enters a teleportation trajectory in such a
space, if it travels at the velocity of light, and the space rotates
Cop = 3! ?rcog I 4r4si? cod at the velocity of light. . N .
2 1+ LAtsi? 2f2§i”2 o4 14 Lozt ? ’ Next, we will look how this condition changes if the ro-
€ ¢ tating space is not empty, but lled with an electromagnetic
31 2r2gjrP | 4rdginf eld. To do it we will consider Einstein’s eld equations for
Csz= ; a space of the above metric, where the right hand side of

c2 1 2r2sir? . . .
¢t 1+ —cz' the equations is non-zero, but contains the energy-momentum

where, in particular, we see th@i,= Cy; that means a Cer_tensor of the electromagnetic eld (such Einstein equations

) : .~ characterize a space lled with an electromagnetic eld).
tain curvature symmetry in the space we are considering.

. : As itis known, Einstein’s equations are one of the neces-
As a result, the physically observable chr.inv.-scalar cur- o . : .
K : sary conditions for a space metric to be Riemannian. There-
vatureC = h*Cy (see page 33) of the rotating space we

A a{gre, the considered rotating space lled with an electromag-
considering is equal to ; g . . "
netic eld is Riemannian under some particular conditions by
6! 2 21 4r2gjp? which the Einstein equations for this space metric vanish (for
this reason we call theRiemannian conditions
We hope, the derived Riemannian conditions will some-

i.e., the origin of the physically observable chr.inv.-curvatupeOW replace the rotation of space (the main factor in the tele-

of such a space is only its three-dimensional rotation dB%rtatlon condition) with the electromagnetic eld parame-

to the space-time non-holonomity (non-orthogonality of tﬁgrs, thereby giving us the opportunity to strengthen the

time lines to the three-dimensional spatial section). Space-time non-holonomity to the level necessary for parti-

As you can see, the obtained formula for the scalar cur\gslg teleportation without the need to mechanically rotate the

ture and also every component of the obtained chr.inv.-RiQ>EVErS local space at the light speed.
curvature tensor (used in the chr.inv.-Einstein equations, seg Using Einstein’s eld equations to nd conditions un-
below) consists of two terms: the rst order term, the goal  §er which the introduced metric is Riemannian

of which is very signi cant, and the second order (additional) . ) .
wh an empty rotating space of the metric we have introduced

term, the in uence of which is tiny. When Larissa rst sa L e .
the above formulae, she immediately said: You just madeagove, the gravitational inertial force, the space deformation
’ -term are equal to zero, while the space curvature

fundamental theoretical discovery: if a space rotates duedd the i
space-time non-holonomity, its curvature produces the &fid rotation are non-zero
order e ect.

The above characteristics of the space we are considering
will be used further to calculate the individual components of The chr.inv.-Einstein equations (for their full formulae see

C=

2 | 2r2sin? 1 225 2]
cc 1+ = A 1+ e

Fi=0; Di=0; =0; Cik, 0; Ay, O:

the chr.inv.-Einstein equations in this space. page 33) very simplify under the above conditions. If the
So forth, we obtain that the interval of physically obseryptating space is lled with a distributed matter, they have the
able time in such a rotating space has the formula non-zero right hand side and take the form
|
. , ¢ 9
p__ o , ! r2sir? d IR B
d = dt+—8—d>d=1 —— — dt; KA'= = % +U
Qoo ik 2 g 9t Aik 5 §
where sin =1 (the polar angle is equal tos) for the ob- reAx = {J' X
server’'s laboratory located at the equator, and the last mul-

tiplier is the coordinate velocity of the teleporting particle ~ 2Ajj Al Cy= {E %hy + 2Ui Uhy
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where the right hand side contains the physically observable We see that the left hand side of the chr.inv.-Einstein equa-
projections of the energy-momentum tensor of the matter thiahs does not vanish. This means that a rotating space char-
lis the space:%is the chr.inv.-density of the eld energy, acterized by the considered metric is not Riemannian, if it is
is the chr.inv.-density of the eld momentum, akt is the empty. To be Riemannian, such a space must be lled with a
chr.inv.-stress-tensor of the eld. distributed matter so that the right hand side of the Einstein
CalculateU = h,,,u™", i.e., the trace of the electromagequations equalized the non-zero left hand side.
netic eld chr.inv.-stress-tensdd® (see page 34). Since the Using the obtained left hand side of the chr.inv.-Einstein
trace of the chr.inv.-metric tensor ig,nh™" =3, we obtain equations, as well as the formulae for the electromagnetic
U=92. Thus, the chr.inv.-Einstein equations in a rotatingld characteristic® J', U, (see page 34), we get the above
space lled with an electromagnetic eld have the form chr.inv.-Einstein equations in the nal form

. 9 9
A A= [ og? |2 {¢ i g
——— =~ BE+HH
) ) g 1+ L& ?nz 16
r kAIk = { J! %; C
8 9
i 1 1 2r2gj g
2A;A! Cik = { Uk ’ : _ §1+ 2L sm% 3=
. . o rzsinz 1+ !Zrzgln2 3 2 1+ !Zrzzln2 :
or, extending the electromagnetic eld characteristics, ¢ (c ¢
. {C2 . . 9 — 4_ u3kmEkH m
A A = g EBE+HH
12(2+sir? ) I 4r2sinf
r Ak = ;{1—0 wkme H : 1+ Lirfsimt 2r2;inz 2 1+ LAt 2
> 2
i@ ¢ e h M
2A; A, cCy= =g BiR 1R 1
c? - - c?
:{8_ EE' +H H! hy {4_EiEk+Hin 1 I 2rsin cos I 43sir® cos
1+ | 2r2gir? 2 1+ I 2r2gjP 2
Taking into account the characteristics of the space metric ¢ 022
we are considering (see above), after some algebra we obtain _{c E.E,+HH =
. - 102 1 2
non-zero components of the left hand side terms
A A = 212 ! rsin cos ! “*3sin® cos
kAT = ] =
1 2r2gir? 2r2ai . 2
1+ r;l o 9 1+ ! r;ln2 2 1+ Zrizmz
! | 2r2gj E c?
r A% = ' ;1 2! Prisirt X -t EcEi+HoH
r2si? 1+ !Zriéin2 2 21+ 2rzs;in2 : 4
, _ I 2r2(2+ cog I 4risir? cog
on Al @e. o s Vst (‘zz.nz ) " =
1A CCLn = 1+ 2r2ai? @ 1+ e 2 1+ = rc§| 2 1+ r;ln2
c? c2 2
{c
: . = — +
oA Al e = ! °rsin_cos ! *in’ cos g E2BatHeH.
1 A2 2= 1 2r2sjir? > | 2r2si2 2
I+—=%— 1+ | 4pdsin?
3! Zrisit —————— —— =
op Al e = ’rsin cos ! 43sie cos c? 1+ s
217 2= 1 2r2sin? | 2r2gi2 2 2
1+ =3 c2 1+ st {c
¢ =4 EsEz+HzH3 7
i a1 ?r2cog | “r4sir? cog . o .
2R A, CCp= et T ez 2 where the right hand side is expressed through the chr.inv.-
1+ =2 ¢ 1+ e electric strength vectdg' and the chr.inv.-magnetic strength
_ pseudovectoH ' of the eld (see page 34 for detall).
- I 4résint? , : - ,
2Ag; A3‘J ?Csz= !'%%iP +—M Note that the dimension of the electric and magnetic eld

2 1+ % strengths here igram™cm 32 as well as everywhere in the
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relativistic electrodynamics. To avoid confusion, we note thi@ns is characterized by the system of relations
in our earlier works for these quantities we used the electro-

magnetic dimensiongram~cm *sec!, asis customary Eg24 2= _ 181
in Classical Electrodynamics and technology. It isatent {c 1+ %
from the above by a unit coecient, the dimension of which

is the same as that of the velocity of light. EoH3 E3H2=0

Mathematically, the obtained chr.inv.-Einstein equat|ons
mean that a rotating space lled with an electromagnetic eldEiHs BEsH1=0
of the speci ¢ con guration, as indicated in the equations, is

Riemannian. Therefore, the above Einstein equations are the! EoH 1= 8 9
Riemannian conditionfor this space metric. Thatis, we can ~ _ 4 ! §1+ 21 2252 B
consider a rotating space in the General Theory of Relativity {csin H 14 Lorsi? § 2 14 L% §
onlyifitis lled with an electromagnetic eld of the specic ! c? ¢
structure determined by the Einstein equations.
E;E;+H1H é 9
14 The structure of the electromagnetic eld
9 4 §'2(2+sm2) I 4r2sin’ E
To obtain some information about the structure of the particu- - {? g | 2r2si?_ ) , 2r2sm2 § 5
lar electromagnetic eld determined by the obtained Einstein I+ = ¢ 1+ 3
equations, we analyze the equations in detail.
The scalar and tensorial equations give trivial relationsE1E2 + H 1H§ 9
betweerE andH. 4 §| ) | 43girP g
Since just one component, A% of the vectorial Einstein = _2§ rsin_cos : 7SI cos 5 §
equation is non-zeror A= 0 and r A= 0 give {cc8 14! ZVZ;'”Z 2 1+ % :
"B = "B H g+ "1EsH 2 = 0; EoBp+ H ol o = o
n2km — n213 n231 — .
BcH m="""E1H 3+ "EsH 1 = 0; 4 §22(2+COSZ ) l4risi? cog g
? | 2r2sir? | 226 2
from which, since'123=  "132="312 and so on, we obtain ¢ 1+ =2 ¢ 1+ =50
EoHs EsH2=0; EsEs+HsHsz=g 9
| Apdein? g
E;Hs EsHi=0: _ 4_§3! 20267 $§
{c?? @ 14 Lzt B
2
The non-zero vectorial Einstein equation means ¢
which at small simpli es to
u3kmEkH m= "312E1H 5+ "321E2H 1= , 9
8 9 s .0 161 3
_ 41 % 21 r2%jp B B hT= {c?
a 25in? ! 2rzsm2 § 2 ! 2r2sir? =X
{cr SI 1+ C 1+c—2 ! E;Hs EzH,=0
which, taking into account that (see page 34) EiaH3 EsH1=0
j 41
) gkm =
.-|km:_pﬁ; el23= 41 2= gl82- gl23_ 4. EitH> ExH; {csin
4 1 2(2+sir? S
gives the following EiEi+HH = %
EiH, ExHi= 8 9 E1E2+H1H2:4 ! ?rsin cos
41 2 22 B {c?
= ] q—|22'n2 §1+ 2 | 2r2gjrR §: 4 |22(2+C0§)
{csin 1+ 50 ¢ 1+ = EcEx+HoH = T
c
Taking the above into account, we conclude that the elec- 12 1 2r2sir2
tromagnetic eld determined by the obtained Einstein equa- EsEs+HsH 3= e ;
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Please note thef?=E E'=hE'E¥ andH?=H jH "= space is only the power of the electromagnetic eld genera-
=hyxH 'H k. The denotes the polar angle, i.e., sir 1 and tor installed in your laboratory. This is because the angular
cos =0 in the laboratory located at the equator. velocity ! of rotation of space contained in them (and in the

What do the above relations between the electric and mégjeportation condition) has the same origin as the angular ve-
netic strength of the eld mean and how to implement thehacity ! in the de nition of v.
in a real laboratory is rather better to ask engineers. As aresult, we arrive at the conclusion that there are two
types of rotation of space, which cannot be removed by a co-
ordinate transformation. The source of the rst type of rota-
tion is a mechanical rotation of the observer’s reference body,
say, the planet Earth. Such rotation cannot exceed the speed
Looking at the obtained Einstein equations (see page 46), yblight. The second type is a virtual rotation that appears
can see that the mechanical rotation of space, which app#agspace lled with a distributed matter, due to the non-zero
due to the non-holonomity of the space-time, can be replacight hand side of the Einstein equations. Such virtual rota-
by the magnetic or electric strength of the electromagneiiien is formally added to the rst type of rotation of space,
eld that lls the space. Two natural questions arise in thigespite the fact that the observer’s reference body still me-
regard: 1) Why is this even possible? 2) Is it possible to iahanically rotates at its own rotation speed, as before. This
crease the space-time non-holonomity by an electromagngtioimation occurs because the angular velotitgf both
eld in a real laboratory to such a level as to realize the nohyes of rotation has the same mathematical origin. For exam-
guantum teleportation condition? ple, the Einstein equations showed that such virtual rotation
1. To understand why this is possible, you need to ugan be as fast as the electromagnetic eld strong.
derstand what is the three-dimensional rotation of space dueThis situation is similar to that with the equations of mo-
to the non-holonomity of the space-time. An ordinary thretion of particles. A free particle travels along a geodesic (i.e.,
dimensional rotation is expressed in termsggf, 0 in the shortest) trajectory. The equation of its motion is the equation
space metric and, therefore, can be removed by a coordirdtgeodesic line: the right hand side of the equation is equal
transformation (moving to another, non-rotating coordinai@ zero. If an external factor perturbs the particle’s motion,
system on the observer’s reference body). On the contrari, deviates from the geodesic line. In this case, its motion
rotation resulting from the non-orthogonality of the time ling§ non-geodesic, and the equation of its motion contains the
to the three-dimensional spatial section originates fggm 0 deviating force on the right hand side.
in the metric, and, therefore is not removable by a coordinate 2. Now a second question arises: can we incréaséth
transformation; this is one of the fundamental properties ¥t electromagnetic eld to the level necessary to implement
the observer’s reference space. the teleportation condition in a real laboratory? To answer
For example, consider an observer in a laboratory locatBig question, let us consider the scalar chr.inv.-Einstein equa-
on the surface of the Earth. For him, the ordinary rotatidi¢n we have obtained (see page 46)
expressed in terms @fi, O, which can be removed by a co- 16 12
ordinate transformation, is the rotation of an observed exter- E2+H2= —
nal body, say, the Moon. On the contrary, the non-removable {c? 1+ %

rotation expressed in terms @i, O is the rotation of his ref- . . .
erence body, the Earth, around its own axis. If the electric component of the electromagnetic eld is

In terms of the basis vectoss, tangential to the curvedtmhuch ¥ve?jker than s mtz_agnetlc C&mpiﬂdﬁt I( '?.)' then in
coordinate lines of the Riemannian space (see page 35), € rstorder approximation we obtain the refation

r—

2
G = €& oS X); w = cgcosf’iX); ! % H

which means that the linear velocity of such rotation is connecting the angular velocity of the virtual rotation of
merely a manifestation of the inclination of the time coospace with the magnetic strength of the electromagnetic eld
dinate lines to the three-dimensional spatial section. Cos(aich is the source of this virtual rotation ).
takes numeric values froml to 1. The length of the tan-  On the other hand, the non-quantum teleportation condi-
gential basis vectors is equal to 1 in the absence of perturbiiag is a rotating space lled with an electromagnetic eld has
factors and decreases with increasing curvature of the cahe form (see page 45)
dinate lines. Therefore, such rotation of space cannot be me- 4
chanically increased to superluminal speed. I r2sif — =¢%

On the other hand, according to the obtained Einstein dt
equations, the stronger the electromagnetic eld, the fastenere we assume that the space rotates with the linear ve-
the rotation of space: the limit for increasing the rotation tdcity vs=! r2sir? along the' -axis (geographical latitude),

15 Non-guantum teleportation in the condition of a real
laboratory using a strong electromagnetic eld
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I = constis the angular velocity of this rotation, and the lagReferences
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De ection of Light Rays and Mass-Bearing Patrticles in the Field
of a Rotating Body

Dmitri Rabounski and Larissa Borissova
Puschino, Moscow Region, Russia
E-mail: rabounski@yahoo.com, Iborissova@yahoo.com
As proved earlier, the space of a rotating body is Riemannian only if it is lled with a
distributed matter (Progr. Phys., 2022, v.18, 31 49). In this paper we consider motion
of massless (light-like) and mass-bearing particles in the space of a rotating body lled
with an electromagnetic eld, where the in uence of gravitation is negligible. Solving
the equations of motion of a particle that does not have an electric charge, we nd thatits
motion de ects from a straight line due to the space curvature caused by the rotation of
space. That s, the trajectories of light rays and mass-bearing particles are de ected near
a rotating body due to the curvature of space caused by its rotation. This is one more
fundamental eect of the General Theory of Relativity, in addition to the de ection of
light rays in the eld of a gravitating body.

In this small paper, which is a continuation of the previowexternal force de ecting the particles from geodesic (short-

one [1], we consider the equations of motion of a masslesg) trajectories.

(light-like) particle and a mass-bearing particle in the space The chronometrically invariant equations of motion are

of a rotating body, which is lled with an electromagnetithe physically observable projections of the general covariant

eld, and the in uence of gravitation is negligible. four-dimensional equations of motion onto the time line and
As proved in the previous paper, a rotating space has a g three-dimensional spatial section of a particular observer.

ni cant curvature due to its space-time non-holonomity (nosuch projections are invariant along the spatial section of the

orthogonality of the time lines to the three-dimensional spabserver (his observed space) and are expressed through the

tial section). For this reason, we expect to nd that the spapsoperties of his local reference space. Those who are inter-

curvature caused by the rotation of space de ects light ragsted in how the equations of motion are derived can refer to

and mass-bearing particles near a rotating body. the respective chapters of our monographs, where all these
Please note that, as proved earlier using Einstein’s egéguations are explained in detail.

tions [1], the space of a rotating body is Riemannian only if In this paper we consider mass-bearing particles that do

it is lled with a distributed matter, say, an electromagnetigot have an electric charge, and massless (light-like) parti-

eld. Therefore, the above problem statement will not beles are not electrically charged by de nition. As a result,

valid and mathematically correct in an empty space or itk right hand side of the equations of their motion, contain-

space lled only with a gravitational eld. In the case we aréng the force acting on electrically charged particles from the

considering, as in the previous article, the space ller is aalectromagnetic eld, is equal to zero. Therefore, these are

electromagnetic eld. free particles, and the equations of their motion are the equa-
In this work, as well as in our other works, we use tHéns of motion along geodesic lines.

mathematical apparatus of chronometric invariants, which are The chr.inv.-equations of motion of a free mass-bearing

physically observable quantities in the General Theory of Rearticle describe the motion along an ordinary geodesic line

lativity. This mathematical apparatus was created in 1944 by 9

our esteemed teacher A. L. Zelmanov (1913 1987). Its basics d_m m Fv + m DiV'VE =0 §

can be learned from Zelmanov’s publications [2 4], of which d c? c? =,

his 1957 presentation [4] is the most useful and complete, and 4 mvi)

also from our previous article [1]. For a deeper study of this

mathematical apparatus, read the respective chapters of our

monographs [5, 6], especially the chapter Tensor Algebrand the chr.inv.-equations of motion of a free massless (light-

and the Analysis in [6]. like) particle describe the motion along an isotropic geodesic
The equations of motion of both mass-bearing and makge (a.k.a. a null geodesic line)

less (light-like) particles were studied in detail in our two dl |

monographs [5, 6]. The rst one [5] focused onto free mo- —— _ F,¢d + — Dycck=0

tion of particles, and the second one [6] focused onto non- c? c?

geodesic motion of particles: the right hand side of the equa- d( d) i . i o

tions of non-geodesic motion is non-zero, and contains the —5— +2! Dy+Ac ¢ L F+1 cct=0

+2m DL+ Al V¢ mF+m | vWk=0 §

= X00000 100000/ <O
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Here in the equations of motion and so forthis the rel- will use the same space metric that we introduced in the previ-
ativistic mass of the travelling particlé, is the relativistic ous paper [1]. This is the metric of a space, where the three-
frequency of the massless (light-like) partide,is the phys- dimensional space rotates due to the non-holonomity of the
ically observable time interval expressed through the linesgrace-time, but there is no eld of gravitation (or, to be more

velocity v of the rotation of space exact, the in uence of gravitation is negligible).
D 1 _ Assume that the space rotates along the equatorial axis
d = "goodt —2v.d>d; ', i.e., along the geographical longitudes, with the velocity
¢ vs=! r2sir? , where! = constis the angular velocity of this
v = Cgii; V= cg°ip% ; rotation. Then, according to the de nition gf,

: o . : =1 2%i2 = 903
and, respectively the chr.inv.-vector of the physically observ- V3 =1 sl —;
able velocity of the travelling particle has the form oo

dyd we obtain the metric of such a space
=22 vV = vk = Ve
d d$ = c2d?® 2! rZsir? dtd
which in the ultimate case transforms into the chr.inv.-vector a2 2 d24si? &2 -
of the physically observable velocity of light, the square of e St '
whichiscic = hxcc“=c% _ As you can see, the non-zero components of the funda-
Please note that, according to the theory of chronometrt}l]%ntw metric tensay  of this metric are equal to
invariants, the square of any chr.inv.-quantity, and also lift-

\Y

ing and lowering indices in chr.inv.-quantities is determined . _ s
through the chr.inv.-metric tensor Qoo = 1; Go3 = e
1 ) : . . . — . - 2 - 2qi2 -
hik = Gic + 5 U Vs = g% h= g=1 = 1, Go= r% ge= risim

L . . . I and, according to the de nition of the chr.inv.-metric tensor
which is obtained as the spatial chr.inv.-projection of the qu- ; . .
ik, ItS non-zero components in the metric are equal to

damental metric tens@ and has all its properties every-
where in the observer’s three-dimensional spatial section. 1 2p2girP !
Concerning the physically observable characteristics ohi1=1; hp=r1%  hgg=rZsi? 1+ —a

space, which are terms in the equations of motion, these are
the chr.inv.-vector of the gravitational inertial forEé(where hllz1- pH2= 1. h33 = 1
w=c?(1 " Qo) is the gravitational potential), the antisym- ' rz2’ r2gi 1+ LAZsir
metric chr.inv.-tensor of the angular velocity of rotation of o
space,Ak, the symmetric chr.inv.-tensor of deformation ofvhere, since the matrit is diagonal, the upper-index com-
space Dy, and the chr.inv.-Christcel symbols ‘, (coher- ponents ohy are obtained as* = (hi) * just like the invert-
ence coe cients of space), i.e. ible matrix components to any diagonal matrix.

1 @ @iV! Using the de nition of the antisymmetric chr.inv.-tensor

F = - = = of the angular velocity of rotation of spadgy, we obtain that
1 3 @ @ its non-zero components in the rotating space we are consid-
| !
1 @v @ 1 . ering are equal to
Ay = 5 @ = F > Fivik Fevi; )
@ c Az =1 rsir? ; A1 = Ag;
1 @ i 1 @
le = E_%k' DIk = E_% ; A23 =1 rZSin Ccos A32 = A23;
! !
—pn o= tpgm @i, G @i A A AT
jk fkm = 5 ax @ am ’ rl+: r;'

where the chr.inv.-operators of derivation have the form A28 = I cot ) AR = A

@ 1 @ @_ @ o @, r2 1+%

e @ @ :
@ G0 @ @ @ 0@ ~ Using the de nition of the chr.inv.-Christcel symbols
In our further calculation of the de ection of light rays '].k (coherence coecients of space), after some algebra, we
and mass-bearing particles in the eld of a rotating body vabtain formulae for their non-zero components in the rotating

Rabounski D. and Borissova L. De ection of Light Rays and Mass-Bearing Particles in the Field of a Rotating Body 51



Volume 18 (2022) PROGRESS IN PHYSICS Issue 1 (April)

space we are considering. They have the form Consider the above equations of motion of a free mass-
bearing particle as a sample (the solution for a free massless
L= particle will be the same).

| 2026irP ! The scalar equation of motion solvesras const With
2t st this solution taken into account, we substitute here the ob-

L= rsir
33= [rsi 1+ > : )
C tained formulae for the tensor of the angular velocity of ro-

> _ o, _ 1 tation of spaceAy, and the Christoel symbols ‘.k. As a
127 217 result, neglecting higher order terms (otherwise the equations
21 2r2gjp? ! are unsolvable), we obtain the vectorial equations of motion
. I “resi ) . . . .
53= sin cos 1+ = ; in the component form suitable for their further analysis
o ! dv? 2
s _ 3 _ 1 2! 2r2sid — 2lrsiP v rvA? rsid Vv3=0
137 137 2r2ai? 1+ > ; d
ro1+ LA C
¢ o ! dv? 21 sin cos Vi + 2V sin cos V3= 0 g
s _ 3 _  cot 142 2r2si? d ' r
237 327 - 5 :
1+!r;|n2 © dv 2t 2,213 2,3
—+ —v-+2! cot v +FVV +2cot viv=0;

Now, using the obtained physically observable character-
istics of the rotating space we are considering, we will modify Even a brief look at the obtained equations of motion
the general formulae of the chr.inv.-equations of free motighows that the three possibleexts are conceivable:
(see above) in accordance with the space metric. As aresulty The de ection of a travelling free particle along the
we will obtain the chr.inv.-equations of motion of a free mass- geographic longitudes (the third equation in the above
bearing particle and a free massless (light-like) particle in the system):
rotating space. The solution of these equations will show the
e ect of de ection of light rays and mass-bearing particles in
the eld of a rotating body.

Sinceggo = 1 in the metric, and the rotation of space is sta- 3. The acceleration or braking of a travelling free particle

2. The de ection of a travelling free particle along the ge-
ographic latitudes (the second equation);

tionary (=1 r2sir? is notptime—dependent), then the gravi-  in the radial direction (the rst equation).
tational potential ve c?(1 " Goo) is equal to zero and, hence,  The problem is that the above system ofetiential equa-
the gravitational inertial force vanish; = 0. tions is unsolvable in the general form. Therefore, we will

In addition, you can see that neither the fundamental megnsider a simpli ed particular case of the equations, and cal-
ric tensorg  nor the chr.inv.-metric tensdry of the metric culate all three of the above ects just for this case.
are not time-dependent, the rotating space we are considerConsider a particle travelling at a very high radial veloc-
ing does not deform and, hence, the tensor of deformatioritgfy* in the equatorial plane exactly along the radial axis to
space vanistDi, = 0. the origin of the coordinates. Say, a particle from the near-

As aresult, sinc&; = 0 andDj = 0, the chr.inv.-equationsEarth space travels freely in the equatorial plane directly to
of motion of a free mass-bearing particle in the rotating spag@ Earth’s surface. In this case, the velocities of its de ec-
we are considering take the simpli ed form tion along the geographical latitudes and longitudésand

dm 9 v3, are negligible compared totyvand the above equations
T =0 § take the simpli ed form
d(mv') , 4 é; dv! 21 13 2,2 33=0 2
- +2mA<IVk+mlnkVnd:0’ — 2lrv rveve orvive = g
2
and the chr.inv.-equations of motion of a free massless (light- di + 2V1V2 =0 =
like) particle are simpli ed to the form d r §
3 ]
d 9 dl+2—'vl+gvlv3:0 ,
F 0 § d r
d¢ @) §: In addition, we assume that the particle’s velocity in the

+21 Aldk+1 L k=0 radial direction gains only a very small increment or decre-
ment ° compared to its numerical valué,which, accord-
The above equations are identical. Therefore they amg to our initial assumption, is very large. As a result, we set

solved in the same way and have the same solution. vl =constin the equations of motion along the equatorially
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longitudinal axis’ (third equation) and the latitudinal axisdown along the equator towards the rotation of this body. In
(second equation), but solve the equation of motion aloather words, space is curved by a rotating body in the direc-
the radial axig ( rst equation) with respect tod#+ © i.e., tion of its rotation. As a result, a particle freely travelling to
with respect to the small parameter Otherwise, the abovea rotating body rolls down the curvature hill of space along
system of di erential equations is unsolvable. the equator in the direction in which the body rotates.
1. Consider the third equation of motion (along the equa- The same eect is expected for light rays, since the equa-
torial axis’ ). With the above assumptions, this equation takésns of motion for a massless (light-like) particle and a mass-

the form, respectively, bearing particle are identical, and, hence, their solutions co-
0 00 0 incide (see above). Only the mass-bearing particle’s velocity
y'+tay+b=0; +ta'"+b=0; is replaced with the physically observable velocity of light.

Please note that, as Zelmanov showed in 1944 using the
mathematical apparatus of chronometric invariants, the vecto-
_ 2., 20 rial components of the physically observable velocity of light
o asove= const b= e const  depend on the geometric properties of space, as well as on the

physical properties of distributed matter, despite the fact that

The above dierential equations for the velocity=Vv® the square of the velocity remains invariant.
and the coordinaté with respect to the physically observ-  As aresult, the solution for the equatorial coordiratef

where we used the following notations

able time = x are solved as the arrival point of a light ray falling down from space onto
C b C, bx the Earth’s surface in the equatorial plane has the form
= . ’ = = - + .
V=& g e a Cai . Lr 2.4
=9 ! +-—1 ef°® ;

where the constants of integration found using the initial con-
ditionsx= X =0 andy =y, =0, are equal to wherec! is the physically observable velocity of light in the

b b |y radial direction.

C==-=1!; Ci= == —; C= C=—: Since the Earth, as well as any other planet or star, has its
a ! a2 21 2 17 2vt y P

own gravitational eld, a mass-bearing patrticle freely travel-
As a result, we obtain solutions for the particle’s velocityng to its surface gains a substantial acceleration. In this case,

y =3 along the equatorial axis (along the geographic londhe particle’s radial velocity cannot be assumed to be constant

tudes), as well as for the equatorial coordinat@eographi- even inthe rst order approximation. For this reason, we will

cal longitude) of the arrival point of this particle. calculate the numerical value of the aboveset, which we
The obtained solution for the particle’s velocity along thidaeoretically discovered, for a light ray.
equatorial axis has the form Consider a light ray travelling, say, from the Moon to the
Earth’s surface along the radial axign the equatorial plane
vi= 1 +le gv : of the Earth. In this case, the physically observable velocity

of light is equal toct= 3 10 cnwsec, since the vector
Here the rstterm ! is the particle’s basics equatoriabf the velocity of light is directed opposite to the reading of
velocity, the origin of which is the banally shift of the equathe radial coordinates, the origin of which is the centre of
torial coordinaté to its negative numerical values due to thghe Earth. The Earth rotates around its axis with the angular
Earth’s turn over the particle’s travel to the Earth. velocity ! =1 rev=day=1:16 10 ° revssec, and the Earth’s
The second, additional term means that a particle freeltius is equal to= 6:4 108 cm. As a result, we obtain that
travelling to the surface of a rotating body gains an additionilk curvature of space caused by the Earth’s rotation around
velocity directed along the equator (geographical longitudes)axis de ects a light ray coming to the Earth’s surface from

opposite to the rotation of the body. the Moon ( =1 sec) in the longitudinal direction in which the
The obtained solution for the equatorial coordinatef Earth rotates by the angle equal to

the arrival point of this particle has the form . ,

. ) ‘=5 1 eff =12 107rev=016%

=y Lo +— 1 eV ¢

where the main goal into the ect is made due to the rst
The third, additional term of this solution means thattarm, and the second term is equal t6 110 *! and, there-

particle freely travelling to the surface of a rotating body fere, can be neglected.

de ected along the equator (geographical longitudes) oppo- The e ect calculated for the Earth is small. Meanwhile,

site to the rotation of the body. this e ect increases with the radius and rotation velocity of
All this is because the rotation of any body gets spattee cosmic body. For example, the Sun has the radius equal to

curved near it, thereby creating a slope of the hill slowing=7:0 10 cm, and rotates around its axis with the angular
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velocity ! =4:5 10 7 rev=sec. Therefore, the curvature of This solution means that a particle freely travelling to a
space caused by the Sun’s rotation around its axis de emt$ating body gains an additional speed, and the length of its
a light ray coming to the Sun’s surface in the longitudinglath is physically stretched due to the curvature of space
direction in which the Sun rotates by the angle equalto  caused by the body’s rotation. As a result, the particle reaches
the body later (with a delay in time) compared if the body did
' =53 10 "rev=0:68" not rotate.

Obviously, this e ect has a much larger numerical value Thus, according to t_he obtained solution, the increment
near a rapidly rotating star, such as Wolf-Rayet stars or n&fj-the path length of a light ray that tr'avclalled, Say, frgm the
tron stars. Moon to the Earth, and also the delay in time of its arrival are

2. Now consider the second equation of motion (aloﬁé‘ual to
the geographical latitudes, where the polar angis read
from the North pole). With the same assumptions as those
we used in the third equation above, neglecting higher ord@fiie such corrections for a light ray that travelled from the
te_rms and. taking the obtained solutuﬁw I into account, E4rth to the Sun are equal to
this equation takes the form, respectively,

= L1L7cm =57 57 10 seg

= 66 10'cm; = _— =22 10°%sec

y’+ay=0; 01 a 2= 0; ct

where

y=Vv>= a as - v! = const So, we theoretically found that a particle travelling freely
to a rotating body is de ected slightly from its radial trajec-
tory in the equatorial direction, in which the body rotates,
_ C. Ci ) i.e., along the geographical longitudes. In addition, during
y= gax’ gax * the travel, the particle gains a small increase of its velocity,

where the constants of integration found using the initial co"?%r-'d its path is physically stretched for a little, as a result

ditionsx= X = 0 andy = yo = 0, are equal t€ = 0, C; = 0 and of which the particle reaches the body with a delay in time

Cy= (. As aresult, the solutions take the nal form compared to if the body did not rotate, : .
These two eects take place both for mass-bearing parti-

v2=0; = o cles and for light rays (massless light-like particles).
The origin of these eects is the space curvature caused

i.e., a particle freely travelling to the surface of a rotatiqu the rotation of space. When any body rotates, the space
body is not de ected up or down the geographical latitudesaround it curves towards the direction of its rotation and the

3. Finally, consider the rstequation of motion (along thgentre of the body (the centre of rotation), thereby creating
radial coordinates). As is explained in the beginning, we 88-slope of the hill descending down along the equator
sume that the particle’s velocity in the radial direction gaing the direction, in which the body rotates, and also to the
a very small increment or decremerftcompared to its nu- cenre of the body. When a particle travels freely to a rotating
merical value v, which, according to our initial assumptionbody, it rolls down the slope of the space curvature along
is very large. Thus, we assumé=constand solve the rst the equator in the direction, in which the body rotates, as well
equation of motion with respect td ¥ ©, i.e., with respect a5 to the centre of the body.
to the small parameter. Neglecting higher order terms and  These are two new fundamental exts of the General
taking the obtained solution$¥ ! and V¥ =0 into account, Theory of Relativity, we have discovered au bout d'un stylo
the rst equation of motion takes the form, respectively, i addition to the Einstein eect of the de ection of light rays

o+ b= 0; 00, = 0 in the eld of a gravitating body.

The above dierential equations are solved as

0 2 . . Submitted on May 5, 2022
wherey= “andb=! “r = const(herer is the radius of the
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Physics of Transcendental Numbers as Forming Factor of the Solar System
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Transcendental ratios of physical quantities can inhibit the occurrence of destabilizing
parametric resonance and in this way, provide stability in systems of coupled periodic
processes. In this paper we apply this approach to the solar system and show that it can
explain the current set of rotational and orbital periods and distances including observed
tendencies of their evolution.

Introduction ment is the ratio of physical quantities where one of them is

One of the unsolved fundamental problems in physics [l]tge reference quantity called unit of measurement. Whether

- measuring a wavelength or phase, a frequency, the speed or
the stability of systems of a large number of coupled pea- ration of some process, the mass of a body or its temper-
odic processes, for instance, the stability of planetary s P ' y P

tems. If numerous bodies are gravitationally bound to o ure, initiall_y this ratiq is a real number, regardless of its
another, perturbation models predict long-term highly uns%{{bseque?t mterpreltatul)n ashgomppnent of a vec_tor or ten.sor,
ble states [2] that contradict the physical reality of the sol,(a?rr example. f\s rea valuelz, tb|s Ta“o can apprgxmalte ant;n-
system and thousands of exoplanetary systems. eger, rational, irrational algebraic or transcendental number.

Another issue is that in theory, there are in nitely manln [7] we have shown that the dérence between rational, ir-

. . . . 4 Yational algebraic and transcendental numbers is not only a
pairs of orbital periods and distances that ful Il Kepler’s laws. . L . .

; S ; rathematical task, but it is also an essential aspect of stabil-
Regrettably, Einstein’s eld equations do not reduce the t

! g . . . : @' in systems of bound periodic processes. For instance, inte-
oretical variety of possible orbits, but increases it even more. o . . .
ér frequency ratios, in particular fractions of small integers,

As a consequence, the current orbital system of the Sun segmﬁ . . .
. . " . make possible parametric resonance that can destabilize such
to be accidental, and its stability a miracle.

Furth th . K | ing th a system [8, 9]. For instance, asteroids cannot maintain orbits
_urthermore, there IS no known law concerming the The; 4re ynstable because of their resonance with Jupiter [10].
tation of celestial bodies besides conservation of the ang

t 31 that th tain f th toplanetary di ese orbits form the Kirkwood Gaps, which are areas in the
momentum [3] that they retain from the protoplanetary dis steroid belt where asteroids are absent.

so that also the current distribution of the rotational periods . o oo :
. According to this idea, irrational ratios should not cause
appears as to be accidental. o : . L
destabilizing resonance interactions, because irrational num-

istHlo\c/)Vre\r/(eer, Ig]ra;g E;?/r;egslr;gsixtt;aesgg;Zy;rtt;?;f Itﬁozr:l?érs cannot be represented as a ratio of integers. However, al-
P P P raic irrational numbers, being real roots of algebraic equa-

Eprz Iarigsjteln}(s)ollnos I?fhiUpeI;err; iﬁsrr}}:n:agﬂfg;gr!egg&e E'ns, can be converted to rational numbers by ngtiplica-
PP gnty Y Y [| n. For example, the algebraic irrational numbeR =

and Kepler 20. ”e?”y 1000 light years [5]'. , . 1:41421::: cannot become a frequency scaliﬁg fqgtor in real
The question is, why they prefer similar orbital perio stems of coupled periodic processes, because’ 2 = 2
r

i th_e:je are ]Ln n'tg pOSS'E |I|t|e_s ' tr? bV'OIUSIV' \t/r\}ﬁretr?re orbllg_ Fl%‘?ates the conditions for the occurrence of parametric reso-
PEriods preterred anywnere in the gaiaxy. Y these orbifdince. Thus, only transcendental ratios can prevent paramet-

periods are preferred? What makes them attractive’ ric resonance, because they cannot be converted to rational or

In this paper, we introduce an approach to the problemiﬁ{eger numbers by multiplication.

stability based on the physical interpretation of certain state- Actually, it is transcendental numbers, that de ne the pre-

ments of number theory. This approach leads us to the “Rlred frequency ratios which allow to avoid destabilizing res-

clusion that in real systems, bound periodic processes appr@ﬁ?ﬁnce [11]. In this way, transcendental frequency ratios sus-

imate trgn-scendental frequency o th".it allow the‘.“ toav 2fh the lasting stability of coupled periodic processes. With
destabilizing parametric resonance. We illustrate this conc ference to the evolution of a planetary system and its stabil-

sion (t)ﬂ some IW e II-Iénown features of the solar system Wh'ff , we may therefore expect that the ratio of any two orbital
are sti unexplained. periods should nally approximate a transcendental number.

Among all transcendental numbers, Euler's number
2.71828... is unique, because its real power funotiboo-
The starting point of our approach is the measurement agdides with its own derivatives. In the consequence, Euler’'s
is the source of data that allow us developing and proo mmmber allows inhibiting parametric resonance between any
theoretical models of the reality. The result of a measu@upled periodic processes including their derivatives.

Theoretical Approach
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Because of this unique property of Euler’s number, we evatios! A=! g is increasing as well. Nevertheless, their dis-
pect that periodic processes in real systems prefer frequetnityution is not homogeneous, but fractal. Applying contin-
ratios close to Euler's number and its roots. The natural laged fractions and truncating them, we can represent the loga-

teger Q 1, 2;::: orrational 1=2; 1=3; 1=4;::: values. make visible their fractal distribution.
For rational exponents, the natural exponential function is w1+ 1 00—
ways transcendental [12]. As shown by A. Khinchine [13-1 13 3 34 0 i3 1 3 1
any rational number has a biunique presentation as a n,SEEITE B!/ B8 ——— ¥ R 85—
continued fraction. Consequently, we can present the natiigl 1. The distribution of rational logarithms f= 1 (above) and
logarithms of the frequency ratios we are looking for as nitgyr k=2 (below) in the range -6 F 6 1.

continued fractions: ) ) o )
Here | would like to underline that the application of contin-

ued fractions doesn't limit the universality of our conclusions,
because continued fractions deliver biunique representations

I » and! g are the angular frequencies of two bound per(i’-f all real numbers including transcendental. Therefore, the

odic processes A and B avoiding parametric resonance. fpactal distribution of transgendental ratios (1) is an inherent

use angle brackets for continued fractions. All denominatdf@ture of the number continuum that we call thendamen-

Ny Ng: 2Ny of a continued fraction including the free link@! Fractal [11]. _ , ,

no are integer numbers. All numerators equal 1. The length The natural exponential function exp) of the rational

of a continued fraction is given by the numbeof layers. ~ argument = mo;n;ny;:::ini generates a fractal set of
Finite continued fractions represent all rational numbéf@nscendental frequency ratiba=! g = exp ) which al-

in the sense that there is no rational number that cannot®¥ t© avoid destabilizing parametric resonance and in this

represented by a nite continued fraction. This universality . Provide the lasting stability of periodic processes bound

continued fractions evidences that the distribution of ratiof3iSyStems regardless of their complexity. This conclusion we

logarithms (1) in the number continuum is fractal. have exempli ed [14] in particle physics, astrophysics, geo-

The rstlayer of this fractal is given by the truncated aftephysms,bblop:);]sms an_d engineering. i h inued
n, continued fractions: For bound harmonic quantum oscillators, the continue

fractionsF de ne not only ratios of frequencids, oscillation

In(! a=!'g) = F = Mg;ng;ny;::i;ngi Q)

1 periods = 1=! and wavelengths = c=!, but also ratios
o; ngi = ng + m of accelerationsa = ¢ !, energies E= ~ ! and masses
! m=! ~=c?, which allow to avoid parametric resonance.

The denominators; follow the sequence of integer number:
1, 2, 3etc. The second layer is given by the truncate
aftern, continued fractions:

hng; ng; ol = ng + N o
1 —— 0

n+ — Y~ N ale"

1)) | W () | e

Figure 1 shows the rst and the second layer in compal
son. As we can see, reciprocal integefls?; 1=3; 1=4;:::

are the attractor points of the fractal. In these points, tl
distribution density of rational logarithms (1) reaches a I«
cal maximum. Integers;01; 2;:::de ne the main attrac-
tors. Consequently, integer arguments of the natural expon
tial function de ne attractor points of transcendental numbers
and ranges of stability that allow bound periodic processed 18- 2: The rstlayer k = 1) of equipotential surfaces of the Funda-
avoid parametric resonance. mental Field in the 2D-projection in the range6-F 6 1.

Figure 1 shows that integer logarithms @; 2;:::form The spatio-temporal projection of the Fundamental Fractal
the widest ranges of stability. Half logarithmsl=2 form F is a fractal scalar eld of transcendental attractors, the
smaller ranges, third logarithmsl=3 form the next smaller Fundamental Field15]. The connection between the spa-
ranges and fourth logarithmsl=4 form even smaller rangestial and temporal projections is given by the speed of light
of stability etc. Increasing the length of the continued fractian= 299792458 ifs. The constancy af makes both projec-
(1), the distribution density of the transcendental frequeniigns isomorphic, so that there is no arithmetic or geometric

Hartmut Maller. Physics of Transcendental Numbers as Forming Factor of the Solar System 57



Volume 18 (2022) PROGRESS IN PHYSICS Issue 1 (April)

di erence. Only the units of measurement areedént. Fig- power of Euler's number and its square root:

ure 2 shows the 2D-projection exp) of its rst layer. The ! ]

Fundamental Field is topologically 3-dimensional, a fractal | B =1In 9382720813 MeV 7+ 1_ h: 2i
set of embedded spheric equipotential surfaces. The loga-  Ee 0:5109989 MeV 2 ’

rithmic potential di erence de nes a gradient directed to thﬁ1 the consequence of this potential dt.bence of the proton

center of the eld that causes a central force of attraction cie;_ .. 5 the electron, the scaling factoé connects attrac-

"’?"”g.‘he eect OT a eId.source. Because of the fraptal Iog ors of proton stability with similar attractors of electron sta-
rithmic hyperbolic metric of the eld, also every equipotential... . -

¢ . ttractor. The | thmi | tentiaboi ility in alternating sequence.
surtace s an atlractor. 1he logarthmic scaiar potentiact: Applying Khinchine’s [13] continued fraction method, we

ence F of sequent e_quotentlgl surfaces eql_JaIs theewi get the best approximation of the proton-to-electron ratio:
ence of sequent continued fractions (1) on a given layer:

Ep! 1 1
F = tno;ngziiind hngingsiiing+ i g =7+37 g - 515427769::
64+ 11
Main equipotential surfaces kt= 0 correspond with integer

logarithms (1); equipotential surfaces at deeper lajer®d Recent data [22] of the proton-to-electron ratio de ne the up-
correspond with rational logarithms. per limit as 7.515427773 and the lower limit 7.515427702.

The Fundamental Field is of pure arithmetic origin, anti'® Same method delivers for the neutron-to-proton ratio:

there is no particular physical mechanism required as eld E ! 1
n

source. Itis all about transcendental ratios of frequencies [11] In
that allow coupled periodic processes to avoid destabilizing

parametric resonance. Hence, the Fundamental Field 0B{the way, 726= 11 11 6. The denominator 11 appears
cerns all repetitive processes which share at least one chaggsy in the WZ-to-electron ratio [11], for example:

teristic the frequency. Therefore, we postulate the universal- I

ity of the Fundamental Field that acts any type of physical In Ez - 12+ 1

interaction, regardless of its complexity. Ee 11

E, 726

The unique properties of the electron and proton predestinate
Property | Electron Proton their physical characteristics as fundamental units. Table 1
shows the basic set of electron and proton units that can be
considered as &undamental Metrologyc is the speed of
| =E=~ 7:76344 10?° Hz 1:42549 10?4 Hz light in a vacuum,~ is the Planck constant). In [23] was
shown that the fundamental metrology (tab. 1) is completely
compatible with Planck units [24]. Originally proposed in
=c=! 3:86159 10 ¥ m 2:10309 10 ¥ m 1899 by Max Planck, these units are also known as natural
units, because the origin of their de nition comes only from
Table 1: The basic set of physical properties of the electron gmbperties of nature and not from any human construct. Max
proton. Data from Particle Data Group [21]. Frequencies, oscillatippgnck wrote [25] that these units, regardless of any particu-
periods and wavelengths are calculated. lar bodies or substances, retain their importance for all times
and for all cultures, including alien and non-human, and can
In fact, scale relations in particle physics [16, 17], nucletrerefore be called natural units of measurement. Planck
physics [18,19] and astrophysics [15, 20] obey the same Funits re ect the characteristics of space-time.
damental Fractal (1), without any additional or particular set- We hypothesize that scale invariance according the Fun-
tings. The proton-to-electron rest energy ratio approximatégmental Fractal (1) calibrated on the physical properties of
the rst layer of the Fundamental Fractal that could explathe proton and electron is a universal characteristic of orga-
their exceptional stability [14]. Normal matter is formed byized matter and criterion of stability. This hypothesis we
nucleons and electrons because they are exceptionally sthblee calledSlobal Scaling14].
guantum oscillators. In the concept of isospin, proton and On this background, atoms and molecules emerge as sta-
neutron are viewed as two states of the same quantum odwi#-eigenstates in fractal chain systems of harmonically oscil-
lator. Furthermore, they have similar rest masses. Howevating protons and electrons. Andreas Ries [18] demonstrated
a free neutron decays into a proton and an electron withirat this model allows for the prediction of the most abundant
15 minutes while the life-spans of the proton and electr@otope of a given chemical element.
top everything that is measurable, exceedinf Y@ars [21]. In the following, we use the symbdl, for the Funda-
The proton-to-electron ratio (tab. 1) approximates the seventbntal Fractal (1) calibrated on the properties of the electron,

E=mc 0.5109989461(31) MeV| 938.2720813(58) MeV|

=1=! 1:28809 10 ?'s 7.01515 10 & s
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and the symbok, for the Fundamental Fractal calibrated oNow we can apply Kepler's'8 law of planetary motion and
the properties of the proton. For examfel66i means the express the gravitational parametey,, of the Sun through
main attractor 66 of electron stability. In the solar systeuler's number, the speed of lightin a vacuum and the os-

this attractor stabilizes the orbital period of Jupiter [7]. cillation period ¢ of the electron:
In [15] we applied the Fundamental Fractal (1) to plane- N 3 36
tary systems interpreting gravity as macroscopic attractor ef- sun= e C €

fect of transcendental frequency ratios in chain systems)Qfiogarithms, the cube of the mean orbit radius divided by
harmonic quantum oscillators protons and'electrons. I'n [2fe square of the orbital period 58 66 2 = 36 results

we demonstrated that the Fundamental Field (g. 2) in the the 36" power of Euler's number. In this way, within our
interval of the main attractors49 6 F, 6 B2 of pro- n,meric physical approach, the gravitational parameter of the
ton stability reproduces the 3D prole of the Earth's integy goes not appear to be accidental, but is stabilized by Eu-

rior con rmed by seismic exploration. As well, the strati ca1g's number and origins from the quantum physical proper-
tion layers in planetary atmospheres follow the Fundamenigk of the electron.

Field [27]. _In [28] we have s_hown that the Fundamental I_:ra_c- In a similar way, we can derive the attractor that the grav-
tal determines the Earth axial precession cycle, the obliqufitional parameter of Jupiter is approximating. Thanks to the
variation cycle as well as the apsidal precession cycle and fagjigible eccentricities of the orbits of Jupiter’s large moons,
orbital eccentricity cycle. There we have also shown that {ga can use the mean orbit radius for calculations. Callisto’s

cently discovered geological cycles, like the 27 million yeargit radiusRo(Callisto) = 1:8827 10° m approaches the
cycle [29], as well as the periodic variations in the movemegy  inotential surfacE tB60i of electron stability:
of the Solar system through the Galaxy, substantiate their de- ! !
termination by the Fundamental Fractal. Ro(Callisto) _ =~ 1:8827 10°m  _ 49.95

The orbital and rotational periods of planets, planetoids e 3:86159 10 1¥3m '
and large moons of the solar system correspond with attrac-.. = | . . . _ .
tors of electron and proton stability [23]. This is valid alsg aII|str§)_s otrhb |talttpert|§?dTrg(()C.:§II|?tol) _t 16‘6?9b.(|j.?¥5 IS ap-
for exoplanets [4] of the systems Trappist 1 and Kepler Jyoaching the a rzlac efb0; 4 ot €lectron s al -
In [15] we have shown that the maxima in the frequency  Ty(Callisto) _ 16689 86400s =~ _
distribution of the orbital periods of 1430 exoplanets listed In — - " 2 128800 10 2is 60:45
in [30] correspond with attractors of the Fundamental Frac- ) ) . .
tal. As well, the maxima in the frequency distribution of thEOr reaching both attractors, Callisto must still increase its or-
number of stars in the solar neighborhood as function of tial period by 10 hours and of course, its mean orbit radius

distance between them correspond with attractors of the Fafwell. Now we can apply Kepler'sBlaw of planetary mo-
damental Fractal [20]. tion and express the gravitational parametgiiter Of Jupiter

through Euler's number;

Exemplary applications

Jupiter’s orbital periodo(Jupiten = 4332.59 days [31] ap-

proximates the main attractBgh66i of electron stability that In logarithms, the cube of the mean orbit radius divided by the

equals the 68 power of Euler's number multiplied by thesquare of the orbital period 5@ (60+ 1=2) 2 = 29 results

oscillation period of the electron (see tab. 1): in the 29" power of Euler's number. In this way, Jupiter’s
N ! gravitational parameter approximates the attraEt¢gP9 of

To(Jupite) In 433259 86400s = _ 66:00 electron stability.

2 e 2 128809 10 #'s Now we can derive the attractor that the gravitational pa-
Jupiter’'s distance from Sun approximates the main equipj@metel’ of the Earth is approximating. The orbital distance of
tential surface=tb6i of electron stability that equals the'86 the Moon from Earth approximates the equipotential surface
power of Euler's number multiplied by the Compton wavé=¢8; 3 of electron stability that equals the Bgower of
length of the electron. The aphelion 5.45492 A8:160444 Euler's number and its cubic root multiplied by the electron

10 m delivers the upper approximation: wavelength. The apoapsis of the MoAg = 4:067 10° m
delivers the upper approximation:

— 3 9
Jupiter — e C e2

In

| |
Ao(Jupiten 8:160444 101 m’ | !
h —— =In —————— =5601 : . :
e 3:86159 10 13m In AO(MOO”) - In 4.067 108m = 4841
. _ e 3:86159 10 ¥m '
The perihelion 4.95029 Al 7:405528 10'* m delivers the
lower approximation: Periapsis $26 10° m delivers the lower approximation:
| | |
Po(Jupiten)’ 7:405528 1011 m’ Po(Moon) 3626 10Pm
h —— =In —————— =5591 n — =In ————— =4829
: e 3:86159 10 ¥m e 3:86159 10 ¥3m
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The orbital periodTo(Moon) = 27.32166 days approache®eriapsis 118668 10° m delivers the lower approximation:

the main attractoFf61i of electron stability: . ! !
| | In w =1In M = 56:99
To(Moon) ™ n 27:32166 86400s 6095 p 2:10309 10 18m '

. 21
2 e 2 1.28809 10 s And Titan’s orbital periodTo = 15.945 days is approaching
gg main attractoF ,168 of proton stability:

In

For reaching this attractor, the Moon must increase its d

tance from Earth, and that’s gxactly.what the Moon dpes [32]. To(Titan)! 15945 86400s !

However, our approach predicts an increase only until Moon’s In - 7 In > 701515 10 Bs 67:.92

orbital period reaches the main attradti61i = 29:08 days. P '

Now we can apply Kepler's' law of planetary motion and In this way, Saturn’s gravitational parameter approximates

express the gravitational parametegh of the Earth through also the attractoF 185, because 573 68 2 = 35 re-

Euler’s number: sults in the 3% power of Euler's number, multiplied by the
oscillation period of the proton:

— 3 23
Earth = e C e2
Saturn= p ¢ e®
In logarithms, the cube of the mean orbit radius divided k@/ _ ) )
the square of the orbital period (481=8) 3 61 2 = 23 esides conservation of angular momentum [33], there is no

results in the 28 power of Euler's number ConsequentlQmown law concerning the rotation of celestial bodies. The
also the gravitational parameter of the Earth does not app@:%re remarkable i; the correspondence of.the rotation periods
to be accidental, but origins from the quantum physical prd  planets, planetoids and large moons with attractors of the

erties of the electron and is approaching a main attractor’ ¢f1damental Fractal (1) as shown in [15]. Here we give some
the Fundamental Fractal. of the most expressive examples.

In the solar system, the BGower of Euler’'s number sta-

In a similar way, we can derive the attractors that the grav-. ! ; .
y g izes not only the orbital period 4332.59 days of Jupiter, but

itational parameters of other planets are approximating. P ) : !
bos’ mean orbit radius approximates the equipotential surf g0 the orbital period 686.971 days of Mars and the rotational

FeM5; 3i while its orbital period is stabilized by the attracperIOd 9.074 hours of the planetoid Ceres, the largest body of
tor Fol66; 4. Consequently, the gravitational parameter ékfe main asteroid belt that orbits the Sun between Mars and
Marseapp,rm.(imates the attra'ctk‘agm]j because (45 1=3) upiter. The dierence lays in the reference units. While in

3 (56+1=2) 2= 21: the case of Jqp|ter’s orbital period, _the reference unit is the
oscillation period of the electron 2, in the case of Mars, it
Mars= o G €1 is the angular oscH|Iat|on period of the elec|trQ;1
- ) To(Mars)’ 686971 86400s
- In ——— =In ——————— =6600
The gravitational parameter of Uranus approximates the cen - 128809 10 Zis

ter of scale symmetry (28 29)=2 = 26 between the gravita-
tional parameters of the Earh23 and JupiteF (29 And in the case of the rotational period of Ceres, the reference
unit is the angular oscillation period of the proton
— 3 &

Uranus e | |

| Tr(Cereg _ 9:07417 3600s

Neptune’s gravitational parameter approaches the same at- n b ~ " 7.01515 10 s
tractor Fl26i, but for reaching it, Neptune’s moon system i . ]
must become larger. Saturn’s gravitational parameter approg€ rotational periods of Mars and Earth approximate the
imates the center of scale symmetry @89)=2 = 27+ 1= Next main attractoF yl67i of proton stability:
between the parameters of Uraru$l6i and JupiteFFH29i:

= 6601

! !
n Tr(Mars) -In 24:62278 3600s — 6701
— 3 2712 p 7:01515 10 %s
Saturn e C | |
_ Tr(Earth)’ 23:93447 3600s
Because the scaling factgre links attractors of electron sta- In M = ~01515 10 Bs = 66:98
bility to corresponding attractors of proton stability, the mean P '

orbit radius of Saturn’s largest moon Titan approximates aktgrcury’s period 58.64615 days of rotation is approaching
the main equipotential surfaég,t67. Titan's apoapsido = the main attractofF ,h71i. Although Venus rotation is ret-

1:25706 10° m delivers the upper approximation: rograde, its period 243.025 days approximates the attractor
| | Fphr2; 2 that coincides withFc65i. The rotation of further
Ao(Titan)” 1:25706 10°m =~ __ planets, planetoids and moons of the solar system we have
In o - 2:10309 10 6m 57.05 analyzed in [15].
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Conclusion 10. Minton D. A., Malhotra R. A record of planet migration in the main

asteroid beltNaturg 2009, v. 457, 1109 1111.

. . . . ail. Maller H. The Physics of Transcendental Numbesogress in
ysis of the orbital and rotational periods of the planets, plan-" ppysics 2019, vol. 15, 148 155.

etoids and moons of the solar SySte_m and thousands of €X9-" Hilbert D.Bber die Transcendenz der Zahlen e untathematische
planets [15] leads us to the conclusion that the avoidance of Annalen 1893, v. 43, 216 219.
orbital, rotational, proton and electron parametric resonancgs Khintchine A. Continued fractions. University of Chicago Press,
by approximation of transcendental ratios can be viewed as a Chicago, (1964).
basic forming factor of planetary systems. 14. Maller H. Global Scaling. The Fundamentals of Interscalar Cosmology.

Studies of circumstellar disks around young stars con- New Heritage PublishersBrooklyn, New York, USA, ISBN 978-0-

. X : 9981894-0-6, (2018).
clude [34] that the planet formation process is observation- Valler H Ph( , )f . dental Numb s Gravitat
H . HioN gler . YSICS O ranscendental umpers meets ravitation.
g:ly relquwed tto behbotlr:j fﬁst a?: cc:cmmor:j. S't?]I}d Iplan(ter:s it Progress in Physic2021, v. 17, 83 92.
€ so_a_r system s OL.J . ave .en ormed within 1ess ar][ . Maller H. Fractal Scaling Models of Natural Oscillations in Chain Sys-

few million years, Wh"_:h is a major challenge for terrestrial  tems and the Mass Distribution of Particlesogress in Physic010,
planet formation theories [35]. V.6, 61 66.

Perhaps, our approach can explain the fast consolidation Maller H. Emergence of Particle Masses in Fractal Scaling Models of
of the solar system. In fact, the scale-invariant fractal distri- Matter.Progress in Physic2012, v. 8, 44 47.
bution of transcendental Euler attractors of stability is an ird8. Ries A. Qualitative Prediction of Isotope Abundances with the Bipolar
herent feature of the number continuum and therefore given a Mode! of Oscillations in a Chain SysterRogress in Physics2015,

o . . o v.11, 183 186.

priori and does not require a long history of random collisions,
t dth 19. Ries A., Fook M. Fractal Structure of Nature’s Preferred Masses: Ap-
on e.m' o plication of the Model of Oscillations in a Chain SysteRrogress in

The circumstance that the gravitational parameters of the physics 2010, v. 4, 82 89.
Sun and the planets approximate main numeric attractorszaf wmaller H. Physics of Transcendental Numbers Determines Star Distri-
electron and proton stability could be an approach to achieve bution.Progress in Physics2021, v. 17, 164 167.
a deeper understanding of gravitation. 21. Zylaet P.A. al. (Particle Data Grouog. Theor. Exp. Phys083C01,

In modern theoretical physics, numerical ratios usually 2020 and 2021 update.
remain outside the realm of theoretical interest. In this wof. Physical constants. Particle Data Group, pdg.lbl.gov
we have tried to elucidate the physical meaning of numericéd:
ratios and to show their theoretical and practical importance.

The application of our numeric-physical approach to the anal-

Maller H. Scale-Invariant Models of Natural Oscillations in Chain Sys-
tems and their Cosmological Signi canderogress in Physics2017,
v.13, 187 197.

24. Astrophysical constants. Particle Data Group, pdg.lbl.gov

. . . .25. Planck M.8ber Irreversible Strahlungsvagge.Sitzungsbericht der
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As was found in the rst paper of this series of papers, the rotation of space produces a
signi cant curvature (Progr. Phys., 2022, v.18, 31 49). In the second paper, we showed
that light rays and mass-bearing particles are de ected near a rotating body due to
the curvature of space caused by its rotation (ibid., 50 55). In this article we show
that, since the rotation of the Earth around its axis curves the Earth’s space making it
stretched along the geographical longitudes, the measured length of a standard rod is
greater when the rod is installed in the longitudinal direction. Due to the same reason,
there is a time loss on board an airplane ying to the East (the direction in which the
Earth’s space rotates), and also a time gain when ying in the opposite direction, to the
West. Both of the above ects are maximum at the equator (where the curvature of
the Earth’s space caused by its rotation is maximum and, therefore, space is maximally
stretched ) and decrease towards the North and South Poles.

This paper is dedicated to the memory of Joseph C.  linked to the physical space of a real observer, and are invari-
Hafele, the outstanding American experimental physi-  ant everywhere along the spatial section (his observed space).
cist known due to his famous around-the-world-clocks  They are calculated using operators of projection, which take
experiment. the structure of space into account. Since a real space can

This is the third paper in the series of our papers on theets be curvedf |nh(_)m(_)geneous, anisotropic, o!eformlng, rot_atmg,
be lled with distributed matter etc., the lines of real time

of the space curvature caused by the rotation of space. X . . .
. . ¢an have dierent density of time coordinates, and the three-
Recall that in the rst paper [1], besides many other sci . ) . ) :
. . . dimensional coordinate grids can have elient density of
enti c results, it was found that the rotation of space produces : : . .
eal three-dimensional coordinates. Therefore, chronometri-

a signi cant curvature due to its space-time non-holonomif . . I .
(non-orthogonality of the time lines to the three—dimensioncé}‘{iIIy invariant quantities are truly physically observables reg

. . IStered by the observer.
spatial section). In the second paper [2] that followed the st In particular, the physically observable chr.inv.-projection

one, it was shown that I'ght rays and mass-bearing partlcé)cﬁhe four-dimensional intervalx onto the time line of an
are de ected near a rotating body due to the space curvat(l)JBe

caused by the rotation of its space. Server is the interval of physically observable time
In particular, according to the formulae we have obtained,
the curvature of the Earth’s space, caused by its rotation, de-

creases from the equator, where it is maximum, to the ge@r the physically observable chr.inv.-projections®f onto
graphical poles, and its ect depends on the direction of theis spatial section are the regular three-dimensional coordi-
measurement path with respect to the direction in which thgte intervalsix. Herev is the linear velocity of the three-
Earth rotates. dimensional rotation of space, which arises due to the non-
This small paper is based of the previous two. We will caolonomity of the space-time (non-orthogonality of the time

culate here the eects of length stretching and time 1égain, Jines to the three-dimensional spatial section). It is deter-
which are due to the curvature of the Earth’s space, causegiyed as

its rotation. _  COo . i _ =
. Vi - [— VI - gOO )
As always, we use the mathematical apparatus of chrono- Joo
metric invariants, which are physically observable quantitiﬁﬁ]eregoo is expressed through the gravitational potential w
in the General Theory of Relativity. This mathematical appgg usually, i.e., w 2(1 " goo).
ratus was created in 1944 by our esteemed teacher A.L.Zel-The fundamental metric tensgr , projected onto the
manov (1913 1987) and published in his presentations [3 Skee-dimensional spatial section of an observer, gives the
among which [5] is most complete. For a deeper study of thigy iy -metric tensohy of his space
subject, read either our rst article in this series [1] or the
respective chapters in our monographs [6, 7]. hi = Qi+ iVNk; hk= gk hL - 9:< — L
Chronometrically invariant quantities are projections of c
four-dimensional (general covariant) quantities onto the liménich has all properties af in the three-dimensional spa-
of time and the three-dimensional spatial section, which di@ section. Using the chr.inv.-metric tensor, we can lift and

_ 1 :
d = pgoodt gv.dx';

CQOi p
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lower indices in chr.inv.-quantities, and also get their squartength of a standard rod is expected to be greater when the rod
Thus, the square of the three-dimensional physically obsesiinstalled in the direction along the geographical longitudes,

able interval on the spatial section is calculated as and this e ect of length stretching is maximum at the equator
! and decreases with the geographical longitudes towards the
d 2= hgdXdx= g+ iz Vi dxdx< North and South Poles.
c Second, we will calculate the dérence in time on board

In our further calculations, we will use the same spa@é‘ aircraft ying Westward and Eastward. It is expected that

metric that we used in two previous papers. This is the meﬁ’lﬂ? rotation gf t::e dEarth_’s sP acz;.:_cauiesEa t|rr]r,1 € loss when y-
of a space, where the three-dimensional space rotates duB8g a;twar t € hlrecthn n Wh'c the 'artd.s space rotar:es,
the non-holonomity of the space-time, but there is no eld g a i'/\r/ne ?am when 3r/1|ng r':' the OPPOS(';e wefc'gon,lto the
gravitation. More precisely, we neglect the in uence of th\é’eSt: € also expect that the ment|o_ne €s of time loss
Earth’s gravitation, since in our further examples we do n%'?d time gain are greater when the airplane travels along the
change the altitude above the Earth’s surface, so the in uefEpator (where th? curvature of the Earth’s space cau_sed by
of the gravitational potential remains constant. its rotation is maximum and, therefore, space is maximally

Assuming that the space rotates along the equatorial axftetched ) and decrease from the equator towards the North

', i.e., along the geographical longitudes, with the linear v@nd South Pples. .
locity vs=! r2sir® (here! = constis the angular velocity of 1+ Consider a standard rigid rod of an elementary length
this rotation), we obtairggs from the de nition ofv:, dlp, which is installed in a laboratory located so_m_ewhere on
the surface of the Earth. Assume that the rod is installed in
CQo3 , stages in three derent positions: in the equatorial direction
TJoo ' (along the geographical longitudes), in the polar direction
(along the geographical latitudes), and in the radial direction
r read from the centre of the Earth.
. ) Using the formula for the square of the three-dimensional
ds’=c*dt* 2! rsin’ dtd physically observable interval 2= hy dxdx* and the com-
drl r2d2+si? d2?: ponents of the physically observable chr.inv.-metric tehgor
we have obtained for an Earth-like rotating space (see above),
The non-zero components of the fundamental metric teme calculate the rod’s length measured in each of the three in-

V3 =1 r?sir? =

and then we obtain the metric of such a space

sorg of this metric are obvious from the above dicated positions. It is respectively equal to
9 o JE—
=1  ga= | fi'nz | dly = hudr? = dr = dl;
p—
0= 1, Gp= 1% gi= rsiF ; dl = hxpd 2=rd =dl;
s
and the non-zero components of the chr.inv.-metric tehgor q I 2r2gjrR _
calculated from the above, are equal to dib = hgd 2= 1+ e rsin d =
| -
. | 2r2sin? | 2r2gj
hii=1; hp=r% hg=rsi? 1+ —2' : = 1+ —r;'nz dlo;

Now we have everything that is required for our furthewheredr = dly is the length of an elementary segment along

calculations. the radialr-axis,rd =dlg is the length of an elementary arc
So forth, we will calculate two eects due to the curvaturealong the latitudinal -axis (where is the polar angle read
of the Earth’s space caused by its rotation. from the North Pole), andsin d' =dly is the length of an

First, we will calculate the eect of length stretching of elementary arc along the equatoriaaxis.
a rod depending on its direction (in the equatorial, latitudi- As you can see from the above formulae, the rod retains
nal and radial directions), as well as on the geographical lat$- original physically observable lengthy, when installed
tude of the measurement site. According to the formulae farthe positions along the radial directiati(= dlp) and along
the Ricci curvature tensor and the scalar curvature, which the geographical latitudedI( = dlp).
have obtained in the rst paper [1, p. 45], the Earth’s space is However, when the rod is installed in the position along
curved due to its rotation in the equatorial (longitudinal) dihe geographical longitudes, i.e., along the equatorial direc-
rection, and its curvature decreases with the latitude from tien in which the Earth’s space rotates, its physically observ-
equator, where the Earth’s space is maximally stretched , &ble lengthdl becomes greater by a small amouindepend-
the geographical poles of the Earth. Therefore, the measurggon the factor speci ¢ of the curvature of space caused by
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its rotation [1, p. 45], i.e., as the dierence in the geographical longitudes traveled by
s | the airplane per second.
I 2r2gj2 | 2r2gig If the airplane stays at the airport, its coordinate velocity
dl = t—a dlp” 1+ e dlo; is equal to zera®= 0 and, therefore, the second term in the
above formula vanishes. In this case, the clock installed on
| 2r2giP board the airplane count the same time as the reference clock
@ dlp: at the airport (=t).
Since the Earth rotates from West to East, an airplane,
Let us calculate the numerical value of this length stretatvhen ying Eastward, travels in the same direction in which
ing 1. The angular velocity of the Earth’s rotation is equal tdie Earth’s space rotates (the airplane’s velocity is co-directed
I =1rewday=7:27 10 °®sec?. The Earth’s radius is equalwith the rotation velocity of the Earth’s space). As a result,
tor = 6:4 10° cm. Then the length stretching of a rod inthe clock installed on board the airplane should register a time
stalled at the equator of the Earth in the direction along tless, the amount of which is calculated as
longitudinal axis is equal to

I ’

I r2sin?
—

East CQ

I’ 1:2 10 *2dl,
o ) When an airplane ies Westward, its velocity is directed
of the original lengthdly of the rod. At the latitude of the o5hqsite the rotation velocity of the Earth's space. Accord-

Greenwich Observatory (SNorth Lat., =90 51 =39) jnqy in this case, the clock on board the airplane should reg-
the length stretching of a rod installed along the longitudingler 4 time gain, the amount of which is

axis’ is less than at the equator and is equal to

r?sin? 5
I" 50 10 3dlo; west= ¥ — 57— Ut
and this e ect of length stretching vanishes at the geographi- Assume that the airplane ies along the equator around
cal poles of the Earth, since there sin 0 and, hence, the Earth at a constant cruising speed of 806tkour, which
means that®=+ 3:5 10 ® sec! when ying Eastward and
| =0; dl =dlp: u*= 355 10 °sec!when ying Westward. Thus, the air-

plane returns to its point of departure in a time interval

So, we clearly see that the curvature of the Earth’s spac#:8 10° sec. The angular velocity of the Earth’s rotation
along the equatorial (longitudinal) axis, caused by the rota-equal to! =1 rev=day=7:27 10 ° sec?! and the Earth’s
tion of the Earth, and, as a result, the stretching of physiadius is equal to = 6:4 10° cm. Thus, we obtain that the
cal coordinates along the geographical longitudes, lead to theck on board this airplane should register a time loss when
stretching of the physically observable length of a rod, infing Eastward and a time gain when ying Westward, which
stalled in the position along the geographical longitudes. are respectively equal to

The mentioned eect of length stretching is maximum at
the equator, where the curvature of the Earth’s space and the east= 210 nanosec

longitudinal stretching of physical coordinates caused by the That is, the rotation of the Earth's space results in a 210

Eartt;\'; rcl)taulon IS rrT]1aX|mhurr|1, an(:] decreages tovx{arr]ds the g8%A0second loss in time on board an Eastward- ying airplane
graphical poles, w eret € engt _stretc Ing vanishes. travelled around the world along the equator, i.e., in the direc-
2. Consider an atomic clock installed on board an ajfs, in which the Earth's space rotates, and a 210 nanosecond

plane ying, in stages, Westward and Eastward around thgi, of time when travelled around the world in the opposite
Earth. In this case, according to the de nition of phys'ca”éiirection to the West

observable time, and taking the characteristics of an Earth- The above eect of time loss and time gain caused by the

like rotating space into account (see above), the ight timey 4t of the Earth's space decreases with the geographical
registered on board the airplane is equal to

latitude due to the sine of the polar angle, which is a multiplier
1 ! | 2 ! in the above formulae. For example, when ying Eastward
=1 v uwt= 1 —2 ut and Westward around the Earth along the Greenwich parallel
¢ ¢ (51 North Lat., =39 ), the e ect of time loss and time gain
g_respectively equal to

west = + 210 nanosec

wheret is the reference (coordinate) time counted using a r
erence clock installed at the point of departure (which is the
same as at the point of arrival in an around-the-world ight),
andu® is the linear coordinate velocity of the airplane, which  This e ect obviously vanishes at the geographical poles
is measured along the third, equatorial (longitudinal) axisof the Earth, since there sire 0.

East— 84 Nan0sSec .= + 84 nanosec
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Yes, the expected logmin in the ight time is only 210 inthe 2010s, in which we discussed various problems. Unfor-
nanoseconds at the equator, and it decreases to the geograptately, his sudden death had interrupted our acquaintance.
cal poles. Compare, in the Hafele-Keating around-the-worlde was a truly gentleman, good Catholic and a honest scien-
clocks experiment [8 10], the common ect of the relativis- tist who never compromised [12].
tic addition of the Earth’s rotation velocity to the airplane’s Surely he would be happy, if he read this article and saw
velocity and also the decrease of the gravitational poteniigbublished.
of the Earth with the ight altitude resulted a time loss of

59 10 nanoseconds Eastward and a time gan®f3 7
nanoseconds Westward. Note that their results wererdnt References
V_Vhen ymg to the West a_nd to th? _EaSt’ because the _relat|V|sl-. Rabounski D. and Borissova L. Non-quantum teleportation in a rotating
tic velocity e ect of Special Relativity was also taken into ac-  space with a strong electromagnetic elerogress in Physigs2022,
count (the airplane’s velocity was added to or subtracted from v.18, issue 1, 31 49.
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We dedicate this paper to the memory of Joseph C. Hafele
(1933 2014), the outstanding American experimental physi-
cist who initiated and later performed (together with Richard
E. Keating) the famous around-the-world-clocks experiment,
now known as the Hafele-Keating experiment [8 10].

We had an extensive correspondence with Joseph Hafele
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The quanti cation of Length and Time in Kepler's laws implies an angular momentum
quantum, identi ed with the reduced Planck’s constant, showing a mass-symmetry with
the Newtonian constar®. This leads to the Diophantine Coherence Theorem which
generalizes the synthetic resolution of the Hydrogen spectrum by Arthur Haas, three
years before Bohr. The Length quantum breaks the Planck wall by a fadforab@l

the associated Holographic Cosmos is identi ed as the source of the Background Radi-
ation in the Steady-State Cosmology. An Electricity-Gravitation symmetry, connected
with the Combinatorial Hierarchy, de nes the steady-state Universe with an invariant
Hubble radius 13.812 milliard light-year, corresponding to 70.796¢KMpc, a value
deposed (1998) in a Closed Draft at the Paris Academy, con rmed by the WMAP value
and the recent Carnegie-Chicago Hubble Program, and associated with the Eddington
number and the Kotov-Lyuty non-local oscillation. This con rms de nitely the An-
thropic Principle and the Diophantine Holographic Topological Axis rehabilitating the
tachyonic bosonic string theory. This speci & compatible with the BIPM measure-
ments, but at 6 from the o cial value, de ned by merging discordant measurements.

1 The Diophantine Coherence Theorem (DCT) sociation ohflvith a massmy;

For connecting dierent physical measurements, Physics uses
multiplication while addition is forbidden. But multiplica-
tion is a generalization of addition [1]. This paradox ma)(ny mass pairifi; my) is associated to a series of Keplerian
be suppressed by considering only numerical ratios of tgr%its Lo Tod): ’

ns 'ny/-

same physical quantity, as in the third Kepler lamtroduc-

L3=T2=Gms ; L2=T, = nlikmy: (2)

ing Space and Time quanta BndT; [15]. Considered as a (nh)? (nh)3
Diophantine Equation, which uses only natural numloeit L= o In= = (©)
resolves directly: Gmsn GZmg
T2 _ 3 6 For n= 1 andmg = myg = m, the Special Non-Local
(Tn=T0)" = (La=L0)” (1) Lengthand Time are:
) To=nT1; Lp=nLy:
Lam= 2 Tam= s

This proceeds from the Holic Principle [27], a Diophantine NV T G NPT G

form of the Holographic Principle, which states that Physics ) ) L )
is described through the simplest degenerate Diophantine E-Introducing theformalvelocity Vi = Ly=Tn, this connects

quations, where the exponents identify with the dimensiond®§ reduced Planck energyiiT, with the gravitational po-
for Space, 2 for a 2D Time [39], 5 for Mass, and 7 for Fiel&‘?nt'?l energy pertaining to masseg andmy and the energy

The n-invariant L3=T2 is homogeneous tGms, whereG is  MiVa:

Newton’s gravitational constant, ama; is a mass (here the Vi = Ln=Tn = Gmgmyenfi

usual central mass is divided by the factofy The other Ke- HET. = G = mav2- ®)
pler’s law states that the orbital angular momentum per unit ) NHET, = GMemy=Ln = MV, -

mass is an orbital invariant. Since the corresponding te{kfn the Planck massip = pm’ where the light speed
L2=T, is proportional ta, this implies an orbital momentuMis the third universal constant, this reads

guantum, identi ed to the reduced Planck constantation

quantuntil privileged by the particle physics in the spin con-ni _ Gmehy _ 5 c 2 m2 _
cept. While the ratio of the kinematic parts@fandifare ho- T L, MgV M nA , A= memy (6)
mogeneous to a speed, these two universal constants presents

a symmetry by respect to the mass concept, implying the @kis is called thédiophantine Coherence TheordidCT).
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2 The atom H and the Holographic Cosmos Table 2 shows this symmetry between the Nambu mags

Three years before Bohr, Arthur Haas [3] consideiedelec- an.d the P.Ianck masse, whose large }sa_lue is thge source of the
Hierarchical Problem [41]. FronP="a a,n;, whereP =

tron orbital periodin the Rutherford model, and the corre- ) _
sponding Planck energgh = nh=T, = n =L, where MP=Te. these formula leads to a con rmation of the optimal
. : 1
Vi = 2 V, is the orbital velocity. The correct Hydrogen spec® value in the ppb domain (Table 1), where: (H  p)
trum is obtained by equalizing it with the electric potential
energyhfial,, wherea  137:.0359991 is the electric con- '3 's 2\5
. oo P 4 " (pH 9) aw 5
stant, and the double (virial) kinetic electron enengy? (the a P 5 1377 (pH)” (16 ppm) (13)
useful physical constants are listed in Table 1):

Hic c 2 showing the rgle of the geometrical factor.4
ntiish = € _ MV me — 7) Now Ly (" mMpmy)  cwme=282 (282  a), tying to 0.3%
L, als na the strong couplings and the nominal wavelengttkTcug
Note that the so-called properties of vacuung and o are of the Cosmic Microwave Background (CMB), whose source
unnecessary: they are only introduced for historical reaso@sjacking in the steady-state cosmology [7]. The simplest

leading to the cumbersome, but oial, choice of electri- hypothesis is that the above Cosmos is this source. Indeed,
cal units, hiding the true electrical constars, whose in- the Wien CMB wavelengthy, enters (0.1%):

verse , called the ne structure constant is of minor im- |
portance. Fon = 1, this gives the bare Hass-Bohr radius: Ruol 2
rhs = a0, Whereo, HHmeC) is the Reduced Electron wave- 4 —
length (the eective electron mass ect de nes the Bohr ra-

diusrg = ryg<(1 + 1=p)). This double equation shows up thd his perfect holographic formula suggests ttre backgro-
same form that the above DCT (6), where additionafat- und would be coherent, meaning it brings informatiditis
tors are integrated in the de nitions afg andmy. The iden- could be the real signi cance of the CMB Anisotropy Statis-
ti cation of potential energy terms impliesgmy = mg=a, tics [29].

thus in this casé = a. The simplest choicay = mg implies
the following mg, wheremy = am is the Nambu mass, a

e (14)

Wn

3 The gravitational hydrogen molecule

quasi-quantum in Particle Physi¢$7]: The Haas method was already applied to $pecial three-
T2 bodydihydrogen molecule [13, p.391]:
mi=me ; mg=— ; A=a: (8)
my ntilh = Gmpm =MV (15)
Thislastmassis  3:7939 10'kg, whose corresponding Ln Ln
Special Length (4) is: The comparison with the above Haas equation implies the
do = LNL(rn|2:::rnN) 3:051 10 *®meter 9) substitution:a! ag = mﬁ,:mpmH, corresponding to the fol-
lowing mg value:
This is the Cosmic Space Quantumbreaking the Planck
Wall by a factor 1 which has been associated to the Cos- Mg=Me ; Mg=My;, A=ag (16)
mos holographic rad”BhO', (14} wherem,c = mymy=Te is close to the DNA bi-codon mass,
@ 2 — @ ) (10) which shows a central position in the Topological Axis [13],
Ip do - corresponding to the dimension 16. Indeed the topological

term f(16) = e is close topH, and, more precisely, to
Dné=a® (0.04%).

For n= 1, this Haas-Sanchez radi&s, shows a direct
lp  (GHEC®)Z Ly (mp) Electricity-Gravitation symmetry, by respect to the Reduced
Electron wavelengtb, = HEmec:

This is the Bekenstein-Hawking Entropy formula of the Hol
graphic Principle [6] where thé&lanck Length

is a basic holographic length. The Cosmos rad®dshas
been de ned by the naturahono-chromatitolographic ex- _ __ H
P fHR = A0e = A ——
tension: I mMeC
Ruot = _ 5 Ruot _ 5 Re . (11) tif (17)
Ip do lp ’ Ry, = ag0e = m Lnc(mo) ;

2

leading to:
o wheremg = (mem,my)*=. Note thata andag are very close
Ruol = 2Ln(my) - 18:105 Gigalight-year (Glyr) 2) tothe last two terms of the Combinatorial Hierarchy 137 and
Rc = 2Lni(MR=mp)  9:075  1CP° meter. N_ + 137, withN_ = 2127 1, the Lucas Number [12].
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Table 1: Physical constants

Quantity ‘ Value ‘ Unit 10°
Electrical Constana 137:035999084(21) - 0:15
Electron Excess Magnetic momaett 1:00115965218096 - 0:26
O cial Strong Coupling constant 8:45(5) -

Optimal Strong Coupling Constaag [15] 8:434502914 -

ProtoriElectron mass ratip 183615267343 - 0:06
ProtoriElectron Wyler mass ratipyy [33] 6 ° - exact
NeutroriElectron mass ratio; 18386836617 - 05
HydrogerElectron mass ratiél 183715266014 - 0:06
Hydrogen Relativist correction factor= 14H p) 1:0000266 -

Optimal MuoriElectron mass ratio [14] 206768286 9 -

Optimal Higgs Boson massyg [15] 495 me -

Action quantunin i 1:0545718110* Js exact
O cial Gravitation Constar® 6:67430 101 kg tmds 2
Optimal Gravitation Constar@ 6:67545272 10 1 [14] | kg 'm3s ?

Speed of light in vacuura 299792458 ms? exact
Optimal Fermi Constar®g = Hf=cng 1:435 851 1052 Jm?

Optimal Fermi mass ratime=m, = F = a? 5730073652 -

W boson mass rati?d = my=me 157298 23 - 15 10°
Z boson mass ratid = nmy=me 178450 4 - 23 10°
Electron massn. 9:10938370151C¢! kg 0:3
Boltzmann Constark 1:380649 10%® JK1 exact
Reduced Electron Wavelengti 3:861592 67510 m 0:3
Measured CMB temperatuiies v 2:7255(6) Kelvin

Optimal CMB Temperatur&cus 2:725820138 [14] K

Optimal CMB Wien wavelengthyyn, 1:0630824721C°[14] | m

Optimal CMB reduced wavelengthdls = licckTems 840071661710 [14] | m

Optimal CNB Temperatur@cng  Tews(11=4) 2 1:945597 [14] Kelvin

Optimal CNB reduced wavelengtizng = lickTeng 1176956918 1C [14] m

Optimal critical density ¢ = 3c>=8 GR? 9:41197989 10?7 kgm

Kotov Py period tx 9600606(12) [19] S 1200

In Ry, the speed is eliminated: for this reason, a precis8c?=8 GR whereR = 2Ry, and it is
approximation was immediately guessed by tdfeee di- 5= 32
mensional analysis, the so-calléthree Minutes Formula Hﬁ:GF cr 3mZPRh°':C”me
from the ternary symmetry Electron-Proton-Neutron (Clos¢0.01%), comforting the following steady-state Universe.
Letter to the Paris Science Academy, March 1998) [22] (see _ o
Table 2). The associated Special tifig (o) is very close 4 The Steady-State Universe revisited
(0.9%) to the time associated to the tripletttfe Fermi con- A salient feature of the Universe is its critical character, relat-
stantGg and the associated critical steady-state densjty  ing its horizon radiuk with its mass byR = 2GM=2. How-

68 F. M. Sanchez, C. Bizouard, M. Grosmann, D. Weigel, R.\Veysseyre, V. Kotov. Space-Time Quanti cation



Issue 1 (April) PROGRESS IN PHYSICS Volume 18 (2022)

Table 2: Values of the DCT Fundamentalnl) Radiushﬂsz;rTﬁI for speci c values ofmg andmy. Planck massme. Nambu mass:
my = ame. Holographic ratial = Ry,o=R. Proton massm,. Hydrogen massmy. Mean Atomic massig = (memp,my)*=. Bicodon mass
Mpe = MpMy=Me. Photon masengy = likc?ty  1:2222 10 5° kg. Graviton massmg = Mpn=a,  3:7223 10 ®” kg [14]. Optimal Higgs
boson massmyg = 495me.

’ me ‘ My Length Symbol Precisiofo set
me=my | mg=my Space Quantum do exact
me=ny | m3=mg Topon oM exact
Myc=ay | Me pm Reduced Electron Wavelength Oe exact
mﬁ,:mN Me Hass-Bohr radiusyg = a0e = rgX1+ 1=p) | rys exact
admp pm Background Wien Wavelength w 32 104

Mbc Mbe Twice Kotov Length 2k 6:3 103
Mg Mg Roe=40cmB -0.23%
Ra2=2W 22 +0.25%
Mo Me Half Universe Radius Ry, R=2 exact
my my Half Holographic Cosmos radius R0 =2 exact
m=me | Mg=mp Half Cosmos Radius Rc=2 exact
U M pm Cosmos radius (= 1.7 108

ever, intheinitial at universe model [32], the total ma$d number of atoms shrinks to one [21], a central length in as-
is only matter, while in the presentCDM standard model, trophysics, leading to the Machian formula:
it is separated between a material part with relative density

m and a so-called dark energy part with relative density R= 2 tif ) M= g .
1 m [29]. We have noted that, is compatible with 310, Gmmymy MeMpMy
which is both the density of the classical gravitational ener )
of a critical homogeneous ball and the density of the steagifle e ective electron massg = memy=m, + mg) M1,
statenon-relativistrecession kinetic energy [14]. While thétPPears in the relation with Eddington number (Table 3) and
standard cosmology uses an ad-hoc in ation to justify thigtroducesne, the Universe Electron Quantum Number, cano-
observed critical condition, we consider rather the Univer8i¢al in Quantum Field Theory The Eddington Electron-
as a particle (Topon) in the above Cosmos, with the TopBFoton symmetry shows up in the following expression of
wavelengthoy  HEMc = 2G=RE 2I'23=R. Then, the crit- the Large Number Correlation, wheogy is the geometrical
ical condition results from the Bekeinstein-Hawking entrogy€an of the reduced wavelengths of the proton and Hydro-
holographic relation, as above (10), where the Topon appe#?s-
as a secondary Length-Quantum, since the waveleng#s- ﬁ - R . (20)

(19)

sociated for any particle of mass is a whole multipleny MpMe e - 20pH

of the Topon, in conformity with the Field Quantum Theoryy ich is extended by very precise dramatic expressions in-

The geometrical interpretation is clear: it is a sphere area 98rving the symmetry between the weak bosons of masses
scribed by a whole number of sweeping circles, iIIustratirilﬂN = Wm, andm, = Zmy:

the fact that multiplication is a series of additions:

Iy Iy 1=2 (wz* émﬁ éa_zs.
4 % = E =2 E 2 Nm E Me 2 pmH W ' (21)
Ip Ip Om Om (18) )
RZ Ry,¢* where appears as well a Planck-Fermi symmetry. It relates
) = G G ac = m'%:mpmH to W andZ, specifying the known relation
ac  We[5].

identifying twice the above Haas-Sanchez’s gravitational ra- In the Topological Axis, the above Topon corresponds to
dius Ry, with R, the steady-state Universe horizon radiuthe orbital numbek = 7, while the gauge bosons correspond
which is also the limit of a theoretical star radius when ite k = 3 (weak bosons W, Z) ankl= 5 (strong GUT boson

F. M. Sanchez, C. Bizouard, M. Grosmann, D. Weigel, R.\Veysseyre, V. Kotov. Space-Time Quanti cation 69



Volume 18 (2022) PROGRESS IN PHYSICS Issue 1 (April)

X), letting a single placé& = 1 for anon-standard massiveof a 4D sphere), which givék: v, compatible with the mea-

Gluon [14]. sured value Z255(6) Kelvin [14]:
The particular values of the topological functid(k) = 3
exp(2+12) for k = 7 and 6 show up in (0.06%): N, 2 2-CMB
0¢0?
ne f(7) 153 e (25)
(22) ) Tewms = 2:7258205 Kelvin
R0. f(6)6; K cmB

The standard cosmology predicts aNeutrino background with

where ((6))>  f(7) implies thatm,=me 1836 6 > .
. . S temperaturdcng = Tews  (4=11) 1:946 Kelvin. The
2 153, the Diophantine approximation of the Wyler formulf’%)tal CMB photon number igp, = (3 (3)=8 )(R=0cwms)®, ex-

s . .
pw = 6 ° [33]. The spectroscopic number associated toceeding the total Hydrogen numkmgy = M=my = R =212,

But in terms of energy, the matter dominates. So one must
consider also the ratio between the critical energy density
Us = 3c*=8 GR and the total background energy density

year (Glyr) of (19) is close ta times the variable standardfcmbrenb = Ytemb withy = 1+ (21=8)(4=L1)"  1:681322

- 2— 4
Universe age. So the standard theoretical approach is cor riéﬂ‘_):g?eugga_by( a n_éz)dqgfnhﬂgp(\a/\ﬁlggiﬁ'wed that these
but not its Big Bang interpretation: it seems that a confusion '
is made somewhere between Time and Length, which readily |, l=
occurs by putting = 1. Moreover, the corresponding Hubble 2

constant=Ris 70.793 (knfsyMpc, which is compatible with MH Uemb crib

both the WMAP and the Carnegie-Chicago Hubble Program Thijs con rms the existence of the Neutrino background.

recent direct measurements (Table 3). Now assuming that the total background PhotoNeutrino
The above Universe gravitational potential energsl(® s the result of an ongoing Hydrogen-Helium transformation,

Mc? shows a Neutron Quantum Number (the number of N&foducingene = 6:40 10 Joule by kilogram of Helium,

tron masses) very close (0.05%) to the large Eddington Nujig- an e ciency e = eye=®  1=140. The Helium mass

ber [14]. So it has nearly anticipated the correct Hubble Cafensity isY 4 with the standard evaluation of baryonic

is 2(X + 1), where 2 is the spin degeneracy anhd+21 the

number of magnetic states [15]. Fbr= 6, this is 26, the

canonical dimension in the bosonic string theory [41].
This invariable Universe radiu®R  13:812 Giga light-

uCI’

) Tcwme 2724 Kelvin:  (26)

stant value (Table 3). density par = pa= o 0:045andY  0:25 [29], this leads
The Cosmos radius connects with the above raBigs to:
andR by (27 ppm and 0.04%): 2 é 3
Cms 8Y 115 16
WH 2 ) |PR 45Y bar He (27)
Re(MeAme)® Rl — R(2F Z2*=3); (23) ) Tems 2:70 Kelvin:

In the standard model, the Universe age is far too small to
explain a large Helium large density resulting from stellar ac-
tivities [23]. Thus, it is not a real problem in the steady-state

5 The Cosmic Microwave Background (CMB) model.
This Universe radiu® = 2Ry, enters a 1D-2D holographic6 The electron and the Kotov non-local period

S - : :
relation: 2R=. = 4 oy04p. The extension to the 3DThis study con rms the central role af,, the unit length in

holographic relation usingy,, the reduced wavelength of th : . . . i
dihydrogen moleculeH,, involves the reduced Wavelengtﬁ.he Topological Axis [13]. So we look for a Diophantine se

of the Cosmic Microwave Background (CMB:yg = lilc= fies giving it for n= 1. This means;

con rming very precisely, since{H p) 27 ppm, the
optimal weak W boson mass [14] (Table 1).

kTCMB: rTT2
. oo Mo My 4 oM g
) R _ 4 OpoH 4 Ocwme N i (24) MeC anrrﬁl McMi  Me
Oe 12 3 ow so that the fundamental @ 1) energy is:E =~ myc?=A? =

] 305113 _ ) ) meC?=A. There is arelimination of cby considering the term
leading toTcue  (8GH=30p)™ =k 2:729Kelvin, which a2 55 the product of the above gravitational constant=
is once more, apart the holographic facteB8ac-free three- li=Gmymy and the electro-weak or, = if=cGen? [5]
fold (Mass, Length, Time) dimensional analysis, giving thﬁhereGF is the Fermi constant: ’
energykTcmg from the constantss; 1t o,. Moreover, by
substitutingag = R=20, with the above Lucas Numbét, ,

this leads to a new holographic expression (analog to the area (29)

A>=agay ) E=

i
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Table 3: Prediction of Eddington NumbeXg = 136 2256 and Holo-physics formula for thimvariant Hubble radiusR ~ 13:812
Giga light-year (Gly) and the corresponding Hubble conskant= c=R, which uses the length unit Megaparsec, compared to the main
measurements. Lucas Numbér = 2127 1: Topological Functionf (k) ', Holographic ratiau = R,q=R. For comparison, the
so-called standard Universe Age is also presented, with unit irctregio.

Date | Source Hubble radius Hubble Cst. | Univ. Age
R= 2GM=c? Glyr kms /Mpc | Gyr

1945 | Eddington Number [36]Ne (3=10)Mm,=Mym, | 13:812 70:793

1927 | Lematre [34] 1:6 620

1929 | Hubble [35] 1:8 540

1956 | Humason, Maydal and Sandage [37] 54 180

1958 | Sandage [38] 13 75

1998 2H?=Gr‘r1gmpm1 Twice (3 mn Forme Clsd Draft) 13:800 70:852

2006 | 2ff=Gmm,m, [22] 13:800 70:852

2006 | 2 NLoe [22] 13:889 70:397

2017 | (W2*(op0n)*2 [5] [13] 13796 0:002 70:87 0:01

2017 | 0.f(6)=6 [13] 13821 70:744

2017 | 0e(33)%=u [13] 13812 70:793

2017 ZH‘F:GmgmpmH [13] Machian Formula 13812 70:793

2017 | 2(ctk)?=an0e [13] 13812 70:793

2017 | (2=u)® 5 70, [14] Complete Holic Principle | 13:856 70:565

2021 | (6= )®®0, [15] 13776 70:.975

2022 | 2N 0og(1 (1372 + 2+ €)=pH) 13:812 (Machian prob) 70:793

1998 | PDG (Particle Data Group) 14 2 70 10 115 15

2002 | PDG 137 03 71 3 15 3

2005 | Hubble Space Telescope 136 15 72 8 137 02

2012 | WMAP [28] 141 02 693 08 1377 0:.06

2019 | Riess group [30] 132 03 742 1.4

2020 | Planck mission [29] 145 01 674 05 1382 0:04

2020 | HOLICOW [31] 134 03 733 18

2021 | Carnegie-Chicago Hubble Program [18] 140 03 698 1.6

with te  HiFmeC? the electron period, this corresponds to thgnemg ), this de nes our optimal strong coupliray;

time:  mempmy
T
t."aa, 960060s: (30)  memo= wo, ammy
(mpmH)lf MMy MeMe
*2 2
(GG,:)l_“Q i = L Oe (31)
The identi cation with the KotovPg periodtyx 9600606 MGF piH K
(12)s [16, 19] corresponds 18 6:6754527 Sl, speci ed Gr a*mem (0:2%)
to 10 8 by the Single-Electron Radil®;, (4 p=pw)?asCtk Gnel2 me a7
[14] and consistent with the BIPM measurements [25], but kil 02
e

at 6 from the o cial value, a mean betwegliscordant Gr o2 e (0:01%)
measurements. With the Fermi mass = me' a,, close Foo P
to the mean nucleotide mass [13], the Lepton Mu nmass exhibiting a symmetry between canonical area speeds. Note

U = Rnwo=R, the critical density ; = 3¢>=8 GR?, mgr = that 2ctk Lni(mye), con rming once more the bi-codon
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mass, which enters also a relation involving the Cosmos, taantum breaks the Planck wall by the factor £&. The
Photon and Graviton masses [14] (Table 3). Moreover, witlain pseudo length quantum is the reduced Electron Wave-
P = mpam, F = mp=me, H = my=me, p = my=my, and length which shows, through the DCT and the Kotov non-

the precise variant (0.14 ppm) of the Golden Numbeg:= local period, a symmetry betweengravitation and electroweak

P=a,H)® ((4=3)(H=p)?)*=, one observes: interaction. The Kotov-Lyuty Non-Doppler oscillation was
overlooked: it is however a sign of the non-local character

Lni(mer) P 122} 2 (15ppm) of Quantum Cosmology. It is mandatory to check the Lyuty

r4B F3 a 0 PP Non-Doppler Quasar measurements [16].
52 The Planck mass enters naturally in the DCT, but plays no
cTnu(mer) e E (32) role in Particle Physics. However, the standard spin formula-
I tion rejoins our conclusion that the reduced Planck constant
Rhol Oe 1 (74ppm lilplays a more fundamental role thanThis is con rmed by
2 d2 the spiraling trajectory interpretation of the Single-Electron

. ) , cosmic model [14].

whered, is the canonical Excess Electron Magnetic Moment The standard speed limit excludes any explanation of
(Table 1). This species the holographic relatioaS  yhe wave packet reduction phenomena, which requires a non-
(4_3)_‘) and F°=Pa’ ’,W'th =1+23 ) 139) (PPP |ocal or tachyonic Physics. So, it is logical that the bosonic
precision) [15], where 139 is the complete Atiyah form [26kring theory, which introduces tachyon, is con rmed by the
adding the dlmensm.)ns of the foui aIYerga (olctorglon., 9”at9’ibphantine Topological Axis. Indeed, the central bosonic
hion, complex, re_al). 138 137+2=2+2°+2°+2" 1 ', gimensiond = 26 corresponds to the non-local universe ra-
and 3 139+ 2 = 419, the positive crystallographic nuMy;i,s (Machian Formula). The Holographic Principle and the
ber [40] in the superstring dimensions 10D and 11D [41], SBRIA hi-codon mass are both decisive. So the DNA could be

Table 7 in [15]. MoreoverTni(mer)  19.14ms, typical of 4, helix-hologram, opening the way towards bio-computing
the Human nervous system, and the third octave down the 8b). Thec-free Elementary Non-Local Three Minutes For-

La tone (Lab) forLag(As) = 442.9 Hz, an anthropic argumeng, 13 giving the Universe half-radius is now fully established:

far more pertinent and precise than the rough standard 0Rg%; means a tight harmony between the Universe and Hu-
principally based on aosmic Big Bang scenaris]. man Consciousness, a special and decisive manifestation of
. the Anthropic Principle.

7 Conclusions
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In this paper, we review and upgrade the iso-representation of the spiof hucle-
ons according to the isotopic branch of hadronic mechanics, knowadrenic spin,
which is characterized by an isotopy of Pauli’s matrices with an explicit and concrete
realization of Bohm’shidden variable and show, apparently for the rst time, that it
allows a consistent and time invariant representation of theJpin 1 of the Deuteron
in its true ground state, that with null angular contributidigs= 0. We then show,
also apparently for the rst time, that the indicated hadronic spin allows a numerically
exact and time invariant representation of the magnetic moment of the Deuteron with
the numeric value = 2:65557.

1 The Einstein-Podolsky-Rosen argument then used for the characterization of the spi@ df the nu-

cleons, and realized via an isotopy of Pauli’s matrices with an

In the preceding paper [1], we have outlined the axiom-presgyicit and concrete realization of Bohntidden variable
rving complet!on of 20th century applied mathema'glcs |nto[43]_ We then show, apparently for the rst time, that said
iso-mathematics(see [2] for an extended presentation ang rqnic spin allows the rst known exact and time-invariant

[5 7] forindependent studies), and the relaied-mechanical representation of the spBp = 1 of the deuteron in the true
branch of hadronic mechanidsee [3] for a detailed treat-

; . round state, that with null contributions from angular mo-
ment, [8 10] for independent studies and [11 13] for recerﬁ]emaLD -0

reviews) which isotopic methods have been used for the ver-\yi then show. also apparently for the rst time, that said
i cation in [14, 15] of the 1935 historical argument by Ay, qronic spin allows a numerically exact and time-invariant

Einstein, B. Podolsky and N. Rosen ti@uantum mechan- oo esentation of the magnetic moment of the Deuteron with
ics is not a complete theoifl6] (see [17] for the proceed- _ 2-65557.

ings of the2020 Teleconference in the EPR Argument its A technical understanding of this paper requires a techni-

overviews [18, 19]). cal knowledge at least of [2, 3]. A preliminary understanding

Via the use of said isotopic methods, [1] achieved, agfthis paper requires a knowledge of reviews [11 13].
parently for the rst time, a non-relativistic and relativistic

representation odll characteristics of the muons (includin? Iso-representation of the Deuteron spin
their recently measured anomalous magnetic moment) as\af is well known, the quantum mechanical spr2f nu-

extended and naturally unstable hadronic bound state of elggyns is characterized by the fundamental irreducible repre-
trons and positrons produced free in the spontaneous deg&ation of the special unitary Lie algebra SU(2) which is

with the lowest mode. notoriously given by the celebrat&auli matrices

In the subsequent paper [20], we showed that said isotopic I N I
methods con rm the 1983 experimentally unresolved devi-  _ 0 1. ,= o i ,= 10 . 1)
ations [21] from the conventional formulation of time dila- 10" 0’ o 17

tion for composite particles such as the muons, in favor of .tShere is set hereon along the spin direction) with com-
axiom-preserving isotopic completion. We indicated in [2 utationgrules 9 P

that said deviations are due to incompatibility of the conven-

tional time dilation with the time-irreversible character of the [0 l= L T2 ke @)
muon decay voiced since 1967 by R. M. Santilli [22] (see the

1995 full treatment [3]) and independently voiced in 1968 Bhe valueS = 1=2 of the nucleon spin is characterized by the
D. . Blokhintsev [23] for the incompatibility of the conven-eigenvalue equations on a Hilbert spateover the eld of
tional time dilation with internal non-local @cts of compos- complex number€ with basisjbi

ite particles.

-1 .
In this paper, we review and upgrade the notiohadro- Sk=3 K
nic spin rst i_ntrO(_juced in [3, Section 6.8, page 250] and then ajbi = jbi: 3)
used for veri cation [14] of the EPR argument [16] as well as
in other applications [4]. The new notion of hadronic spin is 2ibi=( 1 1+ 2w+ 3 3)jbi =3jbi:
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A serious insu ciency of quantum mechanics in nuclear In this paper, we studgtable nucleithat, as such, are
physics, which is fully supportive of the EPR argument [16fime-reversal invariant. Consequently, our study requires the
is that the representation of the spi2bf nucleons via Pauli Lie-isotopic branch of hadronic mechanicslled for brevity
matrices does not allow a representation of the Deuteron sgim-mechanicsyhich is based on the completion of the quan-
Sp = 1 under the conditions of its experimental detectiotym mechanical enveloping associative algebra of Hermitean
that s, in its ground state with null orbital contributiobs = operatorsA; B; ::: on H over C with productA B = AB
0. In fact, the sole possibiablebound state between a proand multiplicative unit into the new product ( rstintroduced
ton and a neutron permitted by quantum mechanics (qmjrig26, (3.710), page 352] and [29, (5), page 71])

the singlet
D=(n--;n#)qm; (4) A? B=ATB, T>0; (6)

for which the total spin is nullJp = 0. In an attempt of re- callediso-productecause associativity-preserving, the posit-

solving this insu ciency while preserving quantum mecharive-de nite quantity T being called thésotopic elemenand

ics, nuclear physicists have assumed for about one centugy compatible multiplicative unit

that the Deuteron is a bound state of a proton and a neutron

in excited orbitssuch thatp = 1 (see e.g. [25]). 1=1=T>0; I?A=A?1 A8AZ2H; (7)
When at Harvard University with DOE support, R. M(':alled iso-unit with ensuing basis time evolution rst intro-

Santilli noted that_ the _mos_t ective way of resoIV|r_1g the duced in [27, (4.15.59), page 752] (see also [29, (18), page
above and other insuciencies of quantum mechanics (se

. . ) . . . 63, Vol. ll] and [3, (3.1.6), page 81])
next section) is texit from its class of unitary equivalence:

Therefore, Santilli proposed in two 1978 memoirs [26, 27] dA

and in two Springer Verlag monographs [28, 29], the EPR e [A/HPY = ATH HTA; ®)

generalizatiort completion of quantum mechanics into a new

discipline which he callethadronic mechanic¢see the Ab- A(t) = €T A(0)e TTH = W(t) A(0) W(t)Y ;

stract and [27, pages 684,749,777] and [29, page 112]). 9)
Hadronic mechanics was conceived to b@giom-prese- WW, |;

rving, thus |sot0p|c_non-un|tary image of quantum mecha_n ich is called Lie-isotopic because of the clear veri cation
for the representation of the dimension, shape and density

Pthe Lie algebra axioms by the new brack ?, al-
hadrons in interior conditions with ensuing potential as weﬂ10ugh iln a ggenerglizxcl,d fjrmy W bracketsHl]”, a

as non-potential interactions due to mutual penetration. Following the identi cation of the basic structure (6) to

The proposal voiced in [26][29] suggested the constru ), Santilli constructed in the 1983 monograph [29] the sys-

tion of thetime irreversible completion of quantum mechags , iic isotopies in the 1983 volume [29] of the various bran-
ics into hadronic mechanics with the basic time evoluti

es of Lie’s theory (universal enveloping associative algebra,
(see [27, (4.15.24), page 742], [29, (19), page 153] and (o5 theorems, Lie’s transformation groups, etc.), resulting
(4.3.1), page 154])

in a theory nowadays known as thie-Santilli iso-theory[5]
d (see also [30, 31)).
i i (AJH) = ARH HSA= Santilli then constructed the isotopies of all known space-
_ ] time symmetries [32][42]. In particular, systematic studies
= (ATH HTA+ (AJH+HIA); (5) Were conducted on the construction, classi cation and veri-

At) = €St A(0)e TRH ; cation isotopies of the SU(2)-spin symmetry which can be
found in [3, Chapter 6, page 209 on], in papers [33] [37] with
R=T+J; s= T+J,; a summary in Section 3 of [12].

The hadronic spin( rst introduced in [3, Section 6.8]) is
which is called Lie-admissibleJordan-admissible since thehe characterization of the spin of hadrons under strong inter-
bracket & H) clearly contains a Lie algebrdTH HTA) actions via the iso-irreducible, iso-unitary, iso-representations
and a Jordan algebr&JH+ HJA) content. of the Lie-Santilli iso-symmetrU(2).

By recalling that quantum mechanics can only represent The simplest possible case of spir2lof the nucleons
systems whose time reversal images verify causality laws (Bgn be outlined as following: all mathematical and physical
cause Heisenberg's equation is invariant under anti Hermitigspects of the (regular [31]) isotopic branch of hadronic me-
ity), the aim of Santilli's proposal (stemming from his DOEhanics can be uniquely and unambiguously constructed via a

support) was to achieve a consistent treatment of systefiple, positive-de nitenon-unitary transformatioset equal
whose time reversal image violate causality, which is the cagehe iso-unit of the new theory

for all energy-releasing processes, with particular reference to
nuclear fusions and fossil fuel combustion. uw=1>0, I; T=14 = (UW) '>0; (10)
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provided said non-unitary transformation is applied totthe showing the clear iso-morphis8iJ(2) SU(2).
tality of the quantum mechanical, mathematical and physical The representation of the spir2lof nucleons despite its
guantities and their operatiomsth no exception known to thegeneralized structure is given by the iso-eigenvalues on an
author, to prevent insidious inconsistencies in mixing mathéeso-statejbi of the Hilbert-Myung-Santilli iso-spacél [45]
matics and iso-mathematics that generally remain undeteatedr the iso- eld of iso-complex iso-numbes[46]
by non-experts in the eld.

The indicated correct use of the above procedure permit = % ? k= % K.
the map of all quantum mechanical quantities, including unit, o S
product, Lie algebras, etc., into their hadronic formulations 3 ? i = sTjbi = jbi; (16)
that are generally denoted with a hat 200bi = ( ;T 1+ oT o+ 5T 3)Tjbi=3jbi:

y—q-
A As it is well known,non-unitary theories violate causal-
AB ! U(ABUY = ity, and that is the case for the hadronic spin when consid-
ered in its projection on a conventional Hilbert spatever
= (UAUY)(UWY) H(UBWY) = A? B; (11) a conventional eldC. Additionally, non-unitary transforms

AB BA=[AB]! U(AB BAUY= ger_1era||y change the_ numeric value of the _i_sotopic element
e which represent physical, measurable quantities (see next sec-
=A?B B?A=[AB]’; etc: tion). These and other problems are resolved by the reformu-
lation of non-unitary time evolution (9) into thiso-unitary
The hadronic spin=2 for nuclear constituents is given byso-transformation$47]
the iso-fundamental, iso-unitary, iso-irreducible iso-represen-

tation of the Lie-Santilli iso-algebr&U(2) under the condi- WW =1 W=WTH; an
tion of iso-unimodularity WW = W2 W =W?2W=1:
Detl =1: (12) under which reformulation the iso-unit, iso-product, Lie-San-

The above condition allowed Santilli to characterize tHii iso-algebras, etc., are invariant,
basic iso-unit of iso-mechanics in terms of Bohrhislden

I 217 =10 |:
variable [43] which was presented for the rst time in [3, Hewzirw=1" o0 (18)
(6.8.19), page 248], according to the rules A?B! W? (A? B)? W =
Detl = Det[(UUY)] = Det [Diag @11; &22)] = 1; = A9 B0= AOTOR® TO T
(13) ’ ’ (19)
gu=0p= 0 A= W? A?W; B'=W? B2 W/;
yielding theiso-Pauli matricesrst proposed in [3, (6.8.20), T=W=2w) !
page 248] . .
It should be noted that, by no means, hadronic spin solely
K= U (U, characterizes the spirr2 because it was conceived [26, 27]
_ L _ ) for the characterization of the most general possible notion of
UUY=1=Diag( * ), T=Diag(; ) spin for an extended particle such as a hadron in the core of a
0 ! 0 i ! 14 star with ensuinghon-local contributions from the star envi-
1= 1 g 27 ;1 ¢ (14) ronment(see [3, 14], [34][37]) according to thde Broglie-
I Bohm non-local theory48]. The notion of hadronic spin
_ 1o . was then specialized to the spin of nucleons because of clear
7 0 ' experimental evidence, rather than popular views in nuclear

physics, establishing its valueZ.
and then used in [14] for the veri cation of the EPR argument  The iso-representation of the Deuteron sin= 1 in its

thanks to the evident inapplicability of Bell's theorem [44frye bound state withp = 0 via the hadronic spin is elemen-

due to the non-unitary structure of the theory. tary. To see it, let us call for claritiso-protons, iso-neutron,
Itis easy to see that the iso-Pauli matrices Verify the Li%o-nuc]eonS, iso-Deuteron and |SO'H€|||(Wth Correspond_
Santilli iso-commutation rules ing symbolsp; n; N; D; Fle), the particles and nuclei charac-
[0 =2 ;2= terized by the hadronic spin. With reference to [3, Section

(15) 2.11, page 265 on] on the addition of hadronic spins, the
= T T i=i2ik «; most stable hadronic bound state of the iso-Deuteron as a
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hadronic bound state of an iso-proton and an iso-neutronnisvhich nﬁ; k = 1;2; 3; represent the semi-axes of tte-
given by theaxial triplet state. The axial triplet coupling formableproton and of the nucleon under strong nuclear for-
rst identi ed in the new chemical species of magneculeses anchf1 repesents their density. Under the assumption, for
(see [49, Chapter 8, page 303 on] and [50, 51]) and then usedplicity, that the proton and the neutron in the Deuteron
for the new Intermediate Controlled Nuclear Fusion [52 54tructure have the same dimension, shape and density, [57]

with iso-representation (Fig. 1) reached a numerically exact and time invariant representa-
tion of the magnetic moment of the Deuteron in [57, (3.6),
pr page 124] with the following values of the characteristic
D=R8"7 (20) quantities (that are denoted with the symbbls= 1=n in
i [57])
1 1
. ) by = — =by= — = 1.0028;

3 Iso-representation of the Deuteron magnetic moment ny nz (26)
Another serious limitation of qguantum mechanics in nuclear bs = 1_ 1:662; by = 1
physics has been the inability, in about one century of stud- N3 ’ Ny

ies, to achieve an exact representation of nuclear magneti
moments via the tabulated values for the magnetic mom
of the proton and of the neutron in vacuum [55]

fiose derivation is not reviewed here for brevity), by there-
% con rming the 1981 preliminary experimental veri ca-
tion of the Fermi-Weisskopf hypothesis via neutron interfer-

p=+279285 \; = 1:91304 y; (21) ometry ['59]. |
In this paper, we present, apparently for the rst time, a
where \ represents theuclear magneton. second numerically exact and time invariant representation of

As an example, the magnetic moment predicted by qudhe magnetic moment of the Deuteron (23), with spin= 1
tum mechanics (gm) from values (21) for the magnetic mi-its ground state via the representation of Santilli's iso-Pauli
ment of the Deuteron is given by matrices (14) by using the Clord’s algebra representation of

the conventional Pauli matrices [60] [64], whose representa-
M= o+ 5 =(279285 1:91304) y = 0:87981 y; (22) tion is here assumed to be known for brevity.

) Note that, when formulated on their associative envelop-
and doe_s not represent the experimental value of the DeUt‘?F@“algebra, the iso-Pauli matrices satisfy all algebraic prop-
magnetic moment erties of the conventional Pauli matrices. Consequently, we
can use the conventional representation in its entirety and in-

ex — n- .
p = 085647 n; (23) troduce theepresentation of iso-Pauli matrices (14) in terms
. ~ 3 : .
due to a deviation iexces®f about 3%, of Cli ord algebraG; = G3(R?) with the iso-basis
ot 8=0:02334 \  2:95% (24) Gs:fL 15 25 3 120 1.3 2 3= 1 2 308 (27)
with larger deviations for heavier nuclei. and main properties

E. Fermi [56], V.F. Weisskopf [25] and other founders
of nuclear physics formulated the hypothesis, hereon referred 3= 3= 3=1;
to as theFermi-Weisskopf hypothesithat in the transition
from isolated particles in vacuum to members of a nuclear 12~ 1 2= 21 13T 1 3 23T 2 3; (28)
structure, protons and neutrons experience a deformation of 2 _ - - 22- 1.
their extended charge distribution with consequential change 12 tetz te2zt 12 '
of their magnetic moments (21) while conserving their spin 1 <120 dard basif unit iso-vectorg L 2 agdene

1=2 (see the statement at the top of [25, page 31]). the x; y; z iso-coordinate axes, respectively. Tise-spectral
The rst numerically exact and time-invariant represefsisis |

tation of the Deuteron magnetic moment (23) was achieve W u

in 1994 by Santilli [57] (see also its subsequent extended u u ;
study in [58]) thanks to the prior construction of the isotopic o

branch of hadronic mechanics for the representation of @erey := (1 3)aremutually annihilating iso-idempot-
tended, thus deformable hadrons and related iso-symmetéiﬁ& In the standard iso-basis 6%,

[32][42] with the isotopic element

fo 2=i 13 30
T= Diag%%; i ig (25) | (30)
5

27 22 — .
n3 n4 = 1 2 3;

(29)
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DEUTERON is theconventional unibf the associative algebfag. It must
Jp= 1 be remembered that, verify the property

2= ? k=1, (31)

for k = 1, 2; 3, where the? denotes the iso-product.

We now show that the hidden variableof the iso-Pauli
matrices (14) can provide a second representation of the de-
A formation of the magnetic moment of nucleons of [57, 58]
with consequential exact representation of nuclear magnetic
moments.

By introducing the realization of the hidden variable

Proton

>
(%]

o

I
N[

Neutron

i with respect to the basis of tretandard unitof the iso-Pauli
matricesl, theiso-reciprocalT and theiso-vector basi$ «g
are given by

| =cosh + 3sinh =e 3;
HELIUM (33)

T = cosh 3sinh =e 3;

Consequently

=T 1;
2|=T 2, (34)

! 1 l
¥ 3= sl =1 3:

By recalling that 3 characterizes the nucleon spn=
1=2, we reach the result that the replacement of the standard
basis of the Cliord algebraG; for Pauli matrices with the

iso-Pauli matrices (14) implies the EPR completion ginto
the expression
v

Neutron

> Proton

=

Proton

Neutron

. A sjbi = 3ljbi = se 3joi: (35)

Recall that the quantum mechanical (gm) relationship be-

. . . tween magnetic momentsand spinsS occurs via the gyro-
Fig. 1: In the top, we illustrate the structure of the iso-Deuteron as gnetic fgactog P oy

a hadronic bound state of an iso- iso- i m?

proton and an iso-neutron in axia ]
triplet coupling, thus representing for the rst time the spin of the =0S; (36)
DeuteronSp = 1 in its ground state, that with null angular contrignd that the corresponding relation for the isotopic branch
butionsLp = 0. The pre x iso represents the novel hadronic spirhf hadronic mechanics (hm) is given by an expression of the
characterized by the iso-Pauli matrices, (14), with an explicit a e [57]
concrete realization of Bohm’s hidden variable The axial triplet ibi = KaSibi - (37)
coupling was rst identi ed in the new chemical species of mag- hm) g=Jor
necules (see [49, Chapter 8, page 303 on] and [50, 51]) and thgmereK is an iso-renormalization constant of the gyromag-
used for the new Intermediate Controlled Nuclear Fusion [52 54jetic factorg created by the new notion of hadronic spir21
In the bottom, we illustrate the structure model of the iso-Helium g8, sing property (28), we reach the relation
a hadronc bound state under strong interactions of two iso-Deuterons
in singlet coupling, which allows a representation of the null spin nmjbi = e * gmjbi =e *gSjbi: (38)
and magnetic moment of Helium in its ground state. It should be
noted that the above model is not necessarily extendable to heavierRecall also that: 1) Bohm’s hidden variablds associ-
stable nuclei due to the prior need of resolving the problem of nated with thespinof a particle according to (14); 2) The pro-
clear stability caused by the natural instability of the neutron, whighn and the neutron have the same spidand essentially the
proplem is planned for study in a subsequent paper (see [65] fcngme mass, thus being characterized by the sar The
preliminary study). quantum mechanical representation of the magnetic moment
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of the Deuteron isn excesof about 3% according to (24).4 Acknowledgments
By selecting the value for conformity with the selected sp

. ) . "fhe author would like to thank Prof. G. Sobczyk for consul-
orientation (Fig. 1)

tations in the representation of the isotopic Pauli matrices via

3jbi = jbi; (39) the conventional Cliord’s algebras. Thanks are also due for
we can write the expression per each nucleon penetrating critical comments received from the participants
of the 2020 International Teleconference on the EPR argu-

ik (L+  3) gnk=(1 ) gme K=p;n; (40) mentand the2021 International Conference on Applied Cat-

gory Theory and Graph-Operad-Logi@dditional thanks

from which we obtain the iso-renormalized value of the ma
netic moment of the proton and of the neutron

p=+(1 )2:79285 y; 1

with corresponding value for the magnetic moment of the
Deuteron

=

re

n:

)2:79285 (1 ) 1:91304 y =

1.

=1 )0:87981 D= 0:85647 y:
From this, we obtain the numeric value
=1 0:879810:85647=1 0:02334= 0:97666, (43)

with correspondingiumeric value of Bohm'’s hidden variable
for the Deuteron

=g = e"97666= 2:65557, (44)

by thereby achieving the desired exact representation of the
magnetic moment of the Deuteron in terms of Bohm hidden

variable . Its invariance over tine follows fom the derivation
of iso-Pauli matrices (14) from the Lie-Santilli iso-symmetry
P(3:1) [39][41].

The iso-representation of the magnetic moment of 4
He 2 as theiso-HeliumFle(2) is a consequence (Fig.1). ¢
The study of the iso-representation for heavier stable nuclei
was initiated in [65], but its in-depth achievement requires
the still missing consistent representation of nuclear stability
against the natural instability of the neutron, which problem7
is planned for study in a subsequent paper. '

We should nally note that in this section we have used
thestandard Cli ord algebraand not the full isotopic Cliord
algebraG introduced by R. da Rocha and J. Vaz Jr. [66]. This
is due to the fact that the full isotops of Gz would have
required the use of iso-product (6) with the isotopic element
T =e 3 =14, andthe consequential lack of representatiors.
in (38) of the magnetic moment of the Deuteron for spin=
1in the ground state.

The understanding is however that the full iso-©lid
iso-algebraGgsy is expected to be important for the numer-
ically exact and time invariant representation of the spins and
magnetic moments of nuclei with 2 nucleons. 10.

In a nutshell, we can say that the Copenhagen interpre-
tation of quantum mechanics deals with the simplest possi-
ble realization of quantum axioms, while the EPR completion
of quantum into hadronic mechanics deals with progressive]@r
broader realizations of the same axioms for systems with pro-
gressively increasing complexity.

2.

5.

due to various colleagues for technical controls and to

Mrs. Sherri Stone for linguistic control of the manuscript.
) 1:91304 n; (41) The author is solely responsible for the content of this paper.
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Gadel Time Travel With Warp Drive Propulsion
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In the rst part of this work,we recall the basic principles of the Alcubierre warp drive space-time
within the extrinsic curvature formalism. In the created singular region, we consider a hollow ob-
ject that carries a charged current all around its external shape which interacts with an electromag-
netic potential. As a result, this comoving object placed inside the region will follow a Finslerian
geodesic. This allows to re-de ne a new lapse function that contains the potential-charge interact-
ing term which can be chosen arbitrarily large, in order to lower the energy density required for
sustaining the space-time distortion. Ultimately, this new lapse function is adjusted so as to keep
the warp drive energy tensor positive thus always satisfying the famous energy conditions. In the
second part, we apply this result to thed&! curves following our previous publication whereby it
was shown that @del’'s metric is a physical model not bound to any astrophysical representation.
In this perspective, we suggest a possible mode of time travel.

Notations where gy, is the 3-metric of the hypersurfaces. The con-

Space-time Greek indices run from 0, 1, 2, 3. travariant components of the ADM metric tensor are

Spatial Latin indices, b run from 1, 2, 3. 1 NP
Space-time signature is:2 (Part 1) and 2 (Part I1). e B

= 14
PART | (9 )aom N NeND (1:4)
1 The warp drive metric N 9 N2
1.1 The (3+ 1) formalism or ADM technique As aresult, the hypersurfaces have a unit time-like normal

Arnowitt, Deser and Misner (ADM) suggested a techniqiéth contravariant components:
which leads to decompose the space-time into a family of
spacelike hypersurfaces and parametrized by the value of an
arbitrarily chosen time coordinat€ [1]. This foliation dis-
plays a proper time elemedt between two nearby hypersur-
faces labeled® = const x° + dX? = constand the proper
time elementd must be proportional tdx°, thus we write:

u =N131 N?¥: (1:5)

If the universe is approximated to a Minkowski space
within an orthonormal coordinates frame of reference and
where the fundamental 3-tensor satisg®8 = 2°, the metric
(1.3) becomes

— .0 . .
ed = N(x )X @D 2= (N NN A2 + 2Ndxcdt+ déd®  (1:6)
where, according to the ADM terminologly is called the
lapse function or, in another notation,

Let us now evaluate the 3-vector whose spatial coordi-
natesx? are lying in the hypersurface = constand which
is normal to it, on the second hypersurfae+ dx? = const
where these coordinates now becoNfex’. The vectorN?
is called theshift vector The 4-metric tensor covariant com-
ponents are

d = N2d+ (dx+ Nicd)?+dy? + dZ:  (L6bis)

The Einstein action can be written in terms of the metric
tensor § )apm as [2]
Z 4 q_——
Smom = cdt N ®R K2KE+K2 @gdxd+

N2 NaNpg® N
(9 )aom =a> g ° é (L:2) + boundary terms

Na Jab
whereK2KP = K2, and®R s the 3-Ricci scalar and stands
The line element corresponding to the hypersurfaces Sep%?themtnnsm curvatureof the hypersurface
tion is therefore written as

a— | q q—
AdD)aom = x° = const @g= " detkgapk $ Wg=N @g
= N2(dX)2 + gap (N + dA(N°AX + dX) = (13) o0 tat
= ( N2+ NaNa)Y(dXO)2 + 2Ny dx0dx + gap XX Kab= (2N) ¥( Nap Nap+ @Gan) 1:7)
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represents thextrinsic curvatureand as such describes theroper time of a distant observer, so any object in the bubble
manner in which the hypersurfac = constis embedded does not suer any time dilation as it moves. Outside and
in the surrounding space-time. The rate of change of theiiside the bubble, space-time remains at. In the classical in-
metric tensogap, With respect to the time label can be deconterpretation, the warp drive requiresntractionof the front

posed into normal and tangential contributions: space, angxpansiorbehind the same bubble in the chosen
The normal change is proportional to the extrinsic Cur_direc;ion, qyite in analogy to the in ationary phase of the ex-
vature Kap=N of the hypersurface; panding universe.

In terms of the ADM formalism, the Alcubierre metric is
de ned from a at space-time, while the lapse function and
the shift functions are chosen as

The tangential change is given by the Lie derivative of
Jab along the shift vectoN?, namely:

Ln Gab = 2N(ap) : (1:8) N=1 %
With the choice ofN2 = 0, we have a particular coordinate Nt = vs(t) f(rs:t) g : (1:15)
frame calledhormal coordinatesccording to (1.5) which is N2=N3=0 ;
called anEulerian gauge Inspection shows that
Next, we de ne
Kab = Uap (1:9) q
rs) = (x X()?+y?+ 2 (1:16)

which is sometimes called theecond fundamental foriwf
the 3-space. Six of the ten Einstein equations implyipto

. as the distance outward from the center of a spaceship placed
evolve according to

in the bubble, variable unti®g, which is theradius of the bub-

@2 ble. With respect to a distant observer, the apparent velocity
® 4+ LyK2=r%rpN+ of the ship (thus the bubble), is given by:
c@ i (110)
+N R+KZKE+4 (T C) § 8 TE; v(t):%' (1:17)
s dt ’ '
C=T uu; (I'11)  wherexq(t) is the trajectory of the bubble along thedirect-

whereC is the matter energy density in the rest frame of nd@n. Such a region is transported forward with respect to

mal congruence (time-like vector eld) witfi = T2. Using distant observers, along thedirection, and any spacecraft

the Gauss-Codazzi relations [3] one can express the Einsid@sed at rest inside, has no local velocity, but always moves

tensor as a function of both the intrinsic and extrinsic culong a time-like curve, regardless\ft). We then have the

vatures. It is convenient here to introduce the 3-momentlife element of thélcubierre metric

current density, = U TS. So the remaining four equations o _ 2 5 o

nally form the so-calledconstraint equations [@)ar = Sd+ dx W f(rgt)cdt® +dy? +dZ; (1:18)
1 d =dt; (1:19)

H=> ®R KIK2+K? 8 C=0; (1:12) _ _

2 Inside the spacecraft, the occupants will neveresiac-

_ a a A . celeration and so it is not dicult to show that the 4-velocity
Ho=ra Ky Ky 8 1,=0: (1:13) of a distant observer calldglulerian observef5], has the fol-

Therefore, another way of writing (1.11) eventually leadewing components:
to the formula

1 (u)e = fc; vscf(rs t); O; Og; (1:20)
e )| ab 2 . .
C=1s R KeKT+K: (1:14) U)e=f c0,0 0g (1:21)
1.2 Salient features of Alcubierre’s theory The Eulerian observer is a special type of observer which

refers to the Eulerian gauge de ned above but with, 0,

and as such, it follows time-like geodesic orthogonal to eu-
In 1994, M. Alcubierre showed that an arbitrary large velociglidean hypersurfaces. This observer starts out just inside the
(superluminal) can be achieved by building a so-cadlealce- bubble shell atits rst equator with zero initial velocity. Once
time warped regioifbubble-like regiohprogressing along theduring his stay inside the bubble, this observer travels along a
x-direction which is a time-like trajectory, without violatingime-like curve:x = x4(t) with a constant velocity nearing the
the law of relativity [4]. Inside the bubble, the proper time ekhip’s velocity:vs = dxs=dt. The Eulerian observer’s velocity
ementd is equal to the coordinate timdt which is also the will always be less than the bubble’s velocity unless= 0,

1.2.1 The Alcubierre metric

Patrick Marquet. @del Time Travel With Warp Drive Propulsion 83
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i.e., when this observer is at the center of the spaceship1®.3 Energy conditions
cated inside. After reaching the second region’s equator, thi

iS . . . .
observer decelerates and is left at rest while going out at gh the components (1.26), the Einstein-Alcubierre tensor is

rear edge of the bubble. written 1

The Eulerian observer’s velocity is needed to evaluate the G Ju=R )a > (9 aR; (1:27)
energy density required to create the bubble.(see below) The 4
function f(rs;t) is so de ned as to cause space-time to con- (T da = 8C_ (G ar: (1:28)

tract on the forward edge and equally expanding on the trail- B _
ing edge of théoubbleas stated above. This is easily veried ~Theweak energy conditio(WEC) stipulates [7] that we
by using the expansion of the volume elements (u )g. Mustalways have
given by Ca=(T Ja(u)e)e>0 (2:29)
— VSdf . (122)
(dX)aL - ' From (1.14) we see that there in the Alcubierre space-time
©®)R=0. Thus we get

1.2.2 The Alcubierre function

— 1 2 b . .
The functionf (r; t) is often referred to as @p hat function Car= 757 K& KaK® (1:30)

and Alcubierre originally chose the following form 1 h
Ca = 16 (@Nl)2 (@Nl)2

fret) = tanhf (rs+ Rg)g tanhf (rs RB)g; (1:23) i (1:31)
2tanhf Rgg 2(@NY)? 2(@NY)? ;
whereRg > 0 is theradius of the bubbleand is abump pa- (T (Uo)e (Uo)e = (T), =
rameterwhich can be used to tune the wall thickness of the | |
bubble. The larger this parameter, the greater the contained ct é @’ , 9 '2§< (1:32)
energy density, for its shell thickness decreases. Moreover the 32 T @y @
absolute increase of means a faster approach of the condi- L
tion By taking into account the form of (1.23) we nd the en-
ergy density:
lim f(rg;t) = 1; for rs2( Rg;Rg); otherwise !1 !
(S ) S ( B B) TOO) _ C4 ) df 2y2+22. 133
In the ADM formalism the expansion scalar is shown to (T = 32 (vs) drg 12 (1:33)
be
= @N'= TraceKy: (1:24) This gxpression is unfortunately n(.aga}tive as measured by
) . the Eulerian observer, and therefore it violates the weak en-
= Vsj_fx_s : (1:24bis) 2 Reducing the energy density
Isls

2.1 Anew con guration
Note that the Nairio warp drive evades the problem of

contractiofiexpansion, by imposing the divergence free coHlSide this bublble a spacecratft is engingered with a surround-
straint to the shift vectar [\2 f2(rs; t)] = O [6]. ing shell of thickness,Re R, whereR; is the outer radius,

Obviously, the shape of the functioh induces both a andR the inner radius. Now, let us consider a uid of density

volume contraction and expansion ahead and behind of th(éarrying a charge which lis this shell. By applying an

bubble. Let us now write down the Alcubierre metric in th%:ectromagnetlc eld with a 4-potentid inside the She.“”' .
the whole spacecraft surrounded by the charge density will

ivalent fi
equivalent form H i follow a speci ¢ Finslerian geodesi¢8] provided the ratio
dDa = 1 Rfrgt) P = remains constant all along the trajectory
(2:25)
2vs fcdtdx+ dx2 + dy? + dZ; dsper= ds+ — A dx; (2:1)

which puts in evidence the covariant components of the met- p
ric tensor whereds= dx dx:

Therefore we may write the metric (neglecting the non-
(Goo)a = [1 VEf2(rg;t)]

quadratic term)
(Qon)al = (Q10)al Vsf(rs;t)

(1:26) .,
(911)a1 = (Q22)a1 = (933)a = 1

(dP)spen = dSS+ — A dx- : (2:2)

= X000/ 110000/ <O
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Now, the shell containing the chargewhich is acted The Eulerian observer travels along the geodesic where

upon by the potentiah , must be included in the formula-he sees "

tion of the metric (1.25). This can be achieved in a manner —=N1L (2:10)
not too dissimilar to the one chosen in [9, 10]. First we have d
for the time component of the interaction term which yields

—iAgd® = — cdt: (2:3) 0=u2 2vsfcN lug+\2f2c2N 2 (2:11)

. . ) ) and nally we obtain
where is the scalar potential. The metric tensor time com-

ponentin (2.2) becomes Ue=vsfcN % (2:12)
!2 n 1 1 0

goo= 1+— . (2:4) (u)e= cN % vwfcN % 0; 0 ; (2:13)

(u)e=f cN; 0; 0; Og: (2:14)

The remaining spatial components ()A,d>@ can be ne- . .
glected if the 3-velocity of the global charges carrier (spacé2 The energy required for the propulsion
craft) is low, since in this case the 3-density current is equglve insertN into (1.30), the formula
to ja= Vva 0. Hence, the metric (2.2) would reduce to

L, Cai = (Uo)e (Uo)e T (2:15)
ds'= 1+- +dZ +dxX + dy”: (25) yields the new energy density requirement
|
In the framework of the Alcubierre metric, the spaceship w_ ¢ VER+ZA) df? _
shell is part of the warp drive bubble and as such the interac- ™= 32 N4r2 drg (2:16)
tion term should be a function of, Rg, , and the thickness
(Re R) but not the speed. Now, recalling the form (2.6) foN, we have
Therefore we are led to de ne the lapse function as )
D N*= 1+iS? " <0: (2:17)
N= 1+iS2; (2:6)
Thus the energy conditior&” > 0 are obviously always
where h 0a satis ed. Therefore we may choose the fadwbftherebyS)

o (2:7) arbitrarily large so as to substantially reduce the required en-
ergy density for the ship frame.

The dimensionless factor a delimits the shell thickness  The higher the charge and the potential, the lower the

1n i
S= 5 1+tanh (rs+ Re)?

Z g energy requirement.
a= (R R)? dR: (2:7bis) In the closed volumé/ of the spacecraft shell one can
. inject a ow of electrons according to the constant ratios
and (2.7) is veri ed from the center of the spacecraft location _ PV e .
to the ext. bubble waR., wheref = 1. —ER (2:18)
\%

The Alcubierre metric (1.25) can then be re-written as
h i We see that the leptonic lightweight would have the ca-
d= N2 Vif2(r) c2df? . pacity to lower the negative energy even further. The splitting
2vsf (ro) cdt dx+ d2 + d>@ + dy?: (28) shell-inner part of the spacecraft frame, is really the hallmark
of the theory here: it implies that the proper timef the

From the internal radiu, throughout the spacecraft inteinner part of the spacecraft is notected by the ternN.
rior, there is no charge, and we see that the space is Minkow-

skian so that the spacecraft and its occupants will nevesrsu PART I
any tidal forces nor time dilation as per (1.10bis). In The Time Machine (1895), the novel by H. G. Wells, an
From the metric (2.8), it is now easy to infer the Eulerialnglish scientist constructs a machine which allows him to
observer’s velocity components. We have travel back and forth in time. The history of fascinating idea
' of time travel can be traced back to Kure@el who found
dt 2 dt a solution of Einstein’s eld equations that contains closed

2 _ 2 2 2 2. .
= ¢ N* \f g 2WwfeguetUuzl (29) (ime.jike curves (CTCs) [11]. Those make it theoretically
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feasible to go on journey into one’s own past. In our prev#+ Closed time-like curves

ous publication [12], we formally demonstrated thaidel's With Gedel one de nes new coordinatesrt ) which in the

model was not just a mere (speculative) cosmological mo?’@formulated version lead to the line element
as is was always accepted, but an ordinary metric with own

. . h
physical properties. d& = 4e® df  dr?+ (sintfr  sintfr)d %+
Upon these results we develop here the bases for a possi- _ [ (4:1)
ble time travel mode of displacement. +2 2sinffrd dt:
3 Reformulation of Gedel's metric (reminder) This metric exhibits the rotational symmetry of the solu-

. . . . ) tion about the chosen d@élel tg-time axis wherer = 0 or-
The classical @del line element is generically given by th‘?hogonal to the hyperplanec(y:2), since we clearly see that
interval the spatial components of the metric tensor and its covariant
derivative do not depend on Forr > 0,wehave® 6 2 .
If a curverg is de ned by sinfir = 1, that is

!
d¢ = a dx dx§+d>§% A3 +2e4dxdx  (31)

or, equivalently, re=1In 1+ p2 ; (4:2)
" ” o_
_ 2 e . 2 . (mon thecircler > In(1+ 2),i.e. (sinfir sintfr) > 0in the
d¥=a dq dg d > " (hdxe +dx)” 5 (32) hyperplane tg = 0, is aclosed time-like curvéwhich is not
ageodesic linB. Hererg is referred to as th&wdel radius
The circle of radiusg is alight-like curve where the light
cones are tangential to the hyperplarg/(2) of zerots. Pho-
tons trajectories reaching this radius are closing up, therefore

wherea > 0 is a constant.
In our theory, we assumed thatis slightly space-time
variable and we set

o= e (3:3) re constitutes ahronal horizonbeyond which an observer
As a result, the @del metric tensor components are confolecated at the originr(= 0) cannot detect them. The follow-
mal to the real @del metric tensog ing quantity corresponds g, it is (d)° = e?Vd<’ = 0 with
0_— (0] . 0_— 2U . . e2U ! 0.
@ )P=¢"g ; (@ )=eg: (3:4) Forr > rg the light cone opens up and tips over un-

til its future part reaches the negative values®f In this
an achronal domain ang closed curve is a time-like curve.
e The conformal lines’= e ds the integral of which i -
0_ ~2U e gral of which is per
@s)’=¢ dxﬁ dxﬁ " dx% 2 formed over the curve length is always a time-like geodesic

The exact @del metric reads now

# (3:5) . . L .
rovided the following transformation is applied
A + 2€4(dxdx) : P g | PP
o ] o . t = tg + tanh r fe X2 +y2; (4:3)
This implies that this metric is a solution of the eld equa- fe

tions describing a peculiar perfect uid [1_3 15] wherer rg measures the distance from thedel radius on-

h i o ; :
- . .~ Wward. So long as < rg, thent coincides with the @del time
G = +P)uu P : 36 . . .
T ) 9 (3:6) axistg. Whenr > rg, thentg = 0 and the time coordinate
The model is likened to a uid in rotation with mass denPecomes space-like as viewed from within thedél space-

sity and pressur®. The positive scalad is shown to be: time. The Qdel space coordinates should then be trans-

Z formed as follows
dpP I
. (3:7) r rg
+P x(respy;2) = Xs (Xe + Xy) tanh . :
G

U(x)=

(4:4)

From (3.4) and (3.6) one formally infers that the ow lines

of matter of the uid follow conformal geodesics given by _ FOrT < e, X(résp.y; 2) coincides with the @del space-
7 time coordinateg (resp.ye; zg) of the hyperplanex; y;2).

0_ Ude- . Forr > rg, x(resp.y; 2 coincides with a new coordinate
s'= eds: (3:8) o
Xn (resp.yn; zn) distinct fromxg (resp.ys; Zc).
The hallmark of the theory is the substitution (3.3): thg  Time displacement mode
Gadel space-time is no longer the representation of a cosmo- i le al |
logical model but it is relegated to the rank of an ordinal'?fl Creating a bubble along a Gedel curve
metric where its physical properties could allow for a posshs we demonstrated, the conformal faceY is not related
ble replication. to the hypothetical cosmological constant
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It is therefore possible to adjust the factdrin order to For further rigorous studies of classical warp drive phys-
create a pressureless singularity within the nemd@ space- ics, one can refer to [16 19]. Unlike our concept all of these
time. In the following such a singular region is likened to ththeories rely on negative energy contributions also referred
warp drive bubble which is bound to move along ag@el to as exotic energy or exotic matter [20]. Such form of
curve. energy has never been detected so far, although its theoret-

The bubble follows the trajectom(t) where the time co- ical production based on a L. de Broglie’s publication [21]
ordinatet satis es here (4.3). Therefore f&t6 Rg, the bub- has been suggested in [22]. By introducing a complex po-
ble is assumed to be ruled by the new Alcubierre metric (2t8ntial, our warp drive concept does not require any form of
expressed with the signatur@ exotic matter.

2= N2 \2f2 i As a space-time short-cut Morris, Thorne et al. [23] de-

ds"= N s f dt® 2w f(rs) cdtdx (5:1) rived a speci ¢ static wormhole comparable to the Einstein-

dZ d¥ dy% ' Rosen-bridge. Combining two wormholes with a distorted
one the authors could produce a time lag which would act as

This space-time is thus regardedgiebally hyperbolic 5 time machine. Of particular interest is the recent paper pub-
and the bubble will never know whether it moves along|gnhed by Tippett and Tsang [24] where the Alcubierre warp
CTC. As aresult,the bubble is seen by a speci ¢ observer ($§%1pplied to a CTC. Like in our theory, a bubble of curva-
below) as being transported forward along thelirection tyre travels along a closed trajectory and is ruled by a Rindler
tangentto a CTC beyond the @lel radiugc. In the absence geometry. At any rate Exotic matter is still required.
of charge outside of the bubblBe Rg ! 1 ), there isf = 0 Natario investigated an optimal time travel in theg@el
and we retrieve @del's metric (2.1). universe for a particle bound to accelerate along a CTC [25].
For this purpose, the well known Rocket Equation trajecto-
ries in general relativity are here applied to a CTC. axiiat
At the origin of the coordinate system, the axis of the ligifowever keeps the factar= 1 (and the cosmological con-
cone is orthogonal to thex(y;2) hyperplane as describedstant = 1), which necessarily restricts again this eld of
above by the metric (2.1). The circle of radiusis alight- research to a nely tuned universe space-time. In contrast to
like curve where the light cones are tangential to the plaa@ those attempts and related theories, the model we suggest
of constant (or zero) and photons trajectories reaching thiere is derived from a reformulatedel metric that exhibits
radius are closing up, thereforg constitutes @hronal hori-  consistent physical properties which are known to exist. Be-
zon Such an horizon is a special type of @auchy horizon cause of this reformulation, new physical conditions render
beyond which an observer located at the origir (0) cannot plausible a system which may accommodate a potential time
detect them. With increasing> rg the light cones continue machine.
to keel over and their opening angles widen until their fu- The basic engineering we presented in here, pre-suppose
ture parts reach the negative valued.ofn this anachronal 3 high level of technological accuracy, which is far from being
domain any closed curve is a time-like curve. As a resulleached by today’s knowledge.
the bubble follows a reversed chronological sequence with Bjjlions of billions of distant galaxies must certainly har-
respect to the coordinate bour quite a great number of inhabitable worlds where ad-

The bubble moves backwards in time and travels into thgnced civilizations have certainly developed capabilities to
past of a speci ¢ observer restingrat 0 whose proper time ajjow for such interstellar propulsion modes. Indeed, our uni-
satises = t. After regressing, once < rg, the bubble yerse s 13.7 billion years old compared to the 4 billion years
can return to the original causal domain at the departing ¢@-our (marginal) Earth. Given this scale, an evolution dif-
ordinate timet, thus slightly aging with respect to the resference of just one million years only between us and other
observer depending on its trip own time duration. extraterrestrial forms of thinking beings, is not unrealistic,
and it implicitly means an incredible exponential degree of
superior knowledge which is certainly beyond our common
Without going into details of a sound engineering, we hav@derstanding.
just brie y sketched the basic principle of the existing theory
using electromagnetism and charged current to suit the warp
drive propulsion. Our approach heavily relies on a speci
con guration describing a spacecraft located inside a Waébeferences
drive bubble, which certainly deserves further scrutiny. Int- Amowitt R., Deser S., Misner C. Dynamical structure and de nition
order to avoid an additional heavy treatment of the warp drive °,E1e'9Y in General RelativitPhysical Review1959, v. 116, no.5,

- . . 1322 1330.
SUbJeCt we have Sklpped some of the important aspects of ﬂ}e Kuchar K. Canonical methods of quantization. Quantum Gravity 2:

topic, as for example the causally separation of the bubble A second Oxford Symposium. Clarendon Press, Oxford Press, 1981,
center to the outer edge of the bubble wall and beyond. 329 374.

5.2 Gadel chronal horizon

Concluding remarks

Submitted on June 5, 2022
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Twin Universes Con rmed by General Relativity

Patrick Marquet
Calais, France. E-mail: patrick. marqueté @wanadoo.fr

The twin universes hypothesis was initially proposed by A.D. Sakharov followed by
several astrophysicists in order to explain some unsolved questions mainly the current
dark matter issue. However, no one could provide a physical justi cation as to the origin
and existence of the second universe. We show here that general relativity formally
yields two coupled eld equations exhibiting an opposite sign, which lends support
to Sakharov's conjecture. To this end, we use Cartan’s calculus, in order to derive
the di erential form of Einstein’s eld equations. This procedure readily leads to a
particular representation whereby the Einstein’s eld equation is classically inferred
from the Landau-Lifshitz superpotential . Since this superpotential is a fourth rank
tensor (density-like), a second eld equation naturally arises from the derivation, a result
which has been so far totally obscured and overlooked in all classical treatments.

Notations derivatives. Due to the Bianchi’s identities the Einstein tensor
Space-time Greek indices  run from 0, 1, 2, 3 for local IS conceptually conserved

coordlngtes. o raGR=0; (5)
Space-time Latin indices, b run from 0, 1, 2, 3 for a general

basis. wherer 4 is the Riemann covariant derivative.

Space-time signature i2. When a massive source is present, the eld equations be-
Einstein’s constant is denoted by come 1

We assume here that= 1. Gap = Rap 5 Gb(R 2 )={Tap: (6)

) ) If is the matter densityl 4y, is here the tensor describing
1 Di erential calculus the pressure of a free uid

1.1 The eld equations in GR (short overview)
. . . . Tab= Ualp: (7)
In General Relativity, the line element on the 4-dimensional

pseudo-Riemannian manifold () is given by the interval .

d€ = g dX@d¥. By varying the actiors = L g d*x with 1.2 The general structures on a manifold

respect ta@ap where the Lagrangian density is given by Let us now consider a 4-manifold M referred to a vector basis

5HP— N 0no nono e . A locally de ned set of four linearly independent vector
LE=0" O " de ae bd > (1) elds, determined by the dual basis of the local coordinates
one infers the symmetric Einstein tensor =g, d@ (8)
1 i lled atetrad eld or vierbein[1]

Gab=Rab 5 9abR; 2) Iscaledd . o : .

2 2 % @ On this manifold, it is well known that the connection

where, as is well-known, coe cients can be decomposed in the most general sense
n o nonono nono as n o

Roc = @ bc @ ba T bc da ba dc 3 = +K +( s; 9)

is the (symmetric) Rigcidensor whose contraction gives tishere K is the contorsion tensomwhich is built from the
curvature scalaR, and ¢, denote the Christcel symbols of torsjon tensor T = % [ ] ), and
the second kind.

The source free eld equations are 1
g ( )szég Dg +bg Dy (10)

1
Gab = Rap 5 Yab R+ Qa=0; (4) is thesegment connectidiormed with the general covariant

. ) derivatives of the metric tensor (denoted here by D instead of
where is usually called the cosmological constant. The s&§e Riemann symbal)

ond rank tenso6,;, is symmetric and is only function of the
metric tensor componentg, and their rst and second order Dg =@g , 0: (12)
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The connection ( )s characterizes a particular property2  The di erential Einstein equations
of the manifold related to a second type of structure, caII%dl The Einstein action

thesegment curvatureThis additional curvature results from .
the variation of the parallel transported vector around a smif¢ rst recall the de nition of the Hodge star operator for an

closed path. orientedn-dimensional pseudo-Riemannian manifold; @)
Inadual basis , the following 2-forms can be associatetherein the volume element is determinedgoy
with any parallel transported vector along the closed path: - p_g OA 1aA 2A 3.

a rotation curvature form . .
Let «(E) be the subspace of completely antisymmetric

-1 R Ao (12) multilinear forms on the real vector space E. Hedge star
2 operator* is a linear isomorphism (M) ! (M), where
a torsion form kéen. Iff 9 1, 2, 3gisan oriented basis of 1-forms, this
1 operator is de ned by
=5T " (13) (A A iy =
a segment curvature form _ p_g W it gk Bt A A ne
oy 9T g :
1 (n K
= =R N (14) . : . . . . .
2 With this preparation, the Einstein action simply reads

These are the maximum admissible mathematical struc- R=R: (19)

tures de ning a general manifold. _ ) L )
To show this, we express this action in terms of tetrads. With

1.3 The Cartan structure equations = (™ )andtaking into account (17) we have
We now introduce th€artan procedure This is a powerful A _1 R A
coordinate calculus extensively used in the foregoing. 2 '
Letus rst de ne the connection forms 1
n o (" =5 g "
= : (15) 2
i.e., we have
The rst Cartan structure equatiotis related to the torsion _ } A (20)
by [2, p. 40] 2
1 Thus, we have
==T Noo=d o+ M (16) 1
2 A A == A A A = ( )
and thesecond Cartan structure equati@[2, p. 42] 2 1
1 A == R =R = R:
=5 R Ao=d o+ A (17) 2( )
Taking also into account (20), we compute the absolute
andR  are here the components of the curvature tensordgerior di erential D = % D( A ). In an ortho-
the most general sense. normal frame is constantand D =0. This mani-

Within the Riemannian framework alone (torsion freejests the fact that in thRiemannian frameworgmetric con-
R reduces to the Riemann curvature tensor componemégtion), orthonormality is preserved under parallel transfer.
and the rst structure equation (16) becomes Therefore, D = D ~ .
d = A (18) Now, keeping in mind that the basis !s atensor 1-form
of the type (1,0), the rst structure equation reads
We shall now de ne the absolute exterior dirential D of D
a tensor valueg-form of type ¢; 9)

D = N = N
(D )il:::ir — iy + i1 A kigiy 4 k A iy
jii] jaj k jii] K jouij . . . . .
s Jls Jle I s The latter equation is zero for the Riemannian connection
As a simple example, the Bianchi identities can be simgly = 0. In the same way, we can show that

written with the exterior dierential as

D =d + ~ + A A =0 (21)
D = N (1st Bianchi identity) ) o )
with = ( ~ 7~ )(allindices are raised or lowered
D =0 (2nd Bianchi identity) withg fromg=g ).
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2.2 The Einstein eld equations

From (20), we infer that
= : (22)

Under the variation
, we have

Hence, applying the varied second structure equation

:d + N + N ’
we obtain
(A )= A~ Rl )
(23)
d AN + I\( N + N ’

and from the second line we extratt +
which is just D

However, we know that D
Einstein action is

("~ )=

A+

/\( N

y+d( N )+

(24)
+ (exact di erential)

while the massive tensdr

= 0, and nally, the varied

2.3 The energy-momentum tensor

It is well known however, tha® is intrinsically conserved

is not. This is because the grav-
itational eld is not included inT . To restore conservation
for the energy-momentum tensor, we start by reformulating

of the orthonormal tetrad elds (25) in the form

- N ={ T:
5 {

Then, we use the second structure equation under the follow-
ing form

(25bis)

=d " (26)
so that we obtain
d » =d( ~ )+ 27)
Then, using (21) in (26), we infer
d » =d A +
- ( A ) - 8)

Adding the second contribution of (26) to (28), we obtain
the Einstein eld equations in a new form, which is

Jd A =T (@)
where we denote
1 N N N .
t = A ( );  (30)

and the quantityt is interpreted as the energy-momentum

The global Lagrangian densityin the presence of matter(pseudo-tensor) of the gravitational eld generated by this

is written as
1
L = Z R+ L matter:

Setting up T as the energy-momentum 3-form foare

matterwe have the Lagrangian density for the varied matter

L matter= AT
and taking into account (24), the global variation is
!

L = n A + T + (exactdi erential)

We eventually arrive at the eld equations in the dren-
tial form

1
= N ={ T; 25
5 { (25)
whereT is related to the energy-momentum tengor by
T=T

In the same manner, we can obt&n = G
Einstein tenso6  (see Appendix A).

for the

Patrick Marquet. Twin Universes Con rmed by General Relativity

distributed matter.
Equation (29) readily implies the conservation law

d(T + t)=0: (31)

Writing

t =t ; (32)

we see that describes the gravitational eld, which can be
expressed, for example, by the Einstein-Dirac pseudo-tensor
[3, p.61].

From (30) we verify that is not symmetric. To cor-
rect this problem, we shall not apply the Belinfante symmetri-
zation procedure [4]. Instead, we will modify the eld dir-
ential equations. We rst revert to the eld equations (25) in
which we insert = . With (26) this yields
= A (d ~)=

{7 (33)

leading to
d¢c ~»

)={(T +t); (34)

NI =
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_ P

where wherelgy = ""gg .
1 When velocities are low and the gravitational eld is weak
t= 3 «c ~ " ~ M)t (39 (42) reduces to
. n B ¢
We see thatt is una ected by the exterior product terms HO'O,J”. =@ @[ 9@ 9" g'%'%] ; (44)
in the bracket, therefore is now symmetric. In that case, herei- o h il indi _
we idendify t with the Landau-Lifshitz 3-formt, | , which WRerel, J .- = L 2_'3 are t_ e spatial In lices. We can write
elds th di do-t this equation in mixed indices by lowering one of the space
yields the corresponding pseudo-tensoy . indices o |
3 The 4th rank tensor equation HoY, = @@( 9d* ): (45)
3.1 The rst set of Einstein’s eld equations Wheni = j, the Newton law is retrieved through the weak
00 :
Multiply (34) by p—g_ Then, taking - %p_g.. potentialg”™ = 1+ 2 as (45) reduces to the Laplacian
into account, we nd a new form for the eld equations @@= ; (46)
d(p_g ~y)=2{ p_g( T +1t ,) (36) SO that we obtain the well-known Poisson equation
T aPg o~ =2t v @) ¢
g = g : .
-t whereG is Newton’s constant.
From these equations follows immediately theatiential Therefore, at the Newtonian approximation, we can write
conservation Iawh i thegeneralized Poisson equatiorhich has the form
pP— ! Lo _
d"Tg(T + 1t ) =0: (38) HO'O = 20 PG T+ 10 ); (47)
A tedious calculation eventually shows that where the Newtonian pseudo—tenﬁ?rL reads
p__ 1
d n =p—H . ; 39 1
¢ g ) ‘ﬁ—g : (39) ( gt = 3 #go?k #gkr;n #90|<;k#90r;1n +
where .
H = g(g g gg) (40) + 3 googkn#gk;rl#gm;r + g’ #90|;<r #gOI;(I
is the Landau-Lifshitz superpotential [5, eq.101.2]. There- o o o o (48)
fore the eld equations read here g7 gnr 9, "+ 97O 9, O+ )
h i
— . 1
H T 2{ g(T +tL L) ’ (41) + §(2g0kgon googkn)(ZQrI Osm glsgrm)#grn?k#gls;n :

Explicitly, we have . . . .
phcily Unlike the classical Newtonian theory, the static bare

n 0 ; ) .
H =@ @[ 9(g g g g )l: (42) mass density generally produces a gravitational eld, which
’ is described by®°, at the considered point.
Remark It is essential to note that the quantittes, do Remark A slightly variable cosmological term L term

not represent a true tensor. Indeed, the gravitational eld c@duces a stress energy tensor of vacuum which restores a
be transformed away at any point and its energy is not locé®nserved property of the r.h.s. of equation (6) thus avoiding
izable. This is why the left hand side of (41) and (42) exhibitge use of the ill-de ned gravitational eld pseudo-tensor as

ordinary derivatives instead of covariant ones. shown in [6, 7].
The 4thrank tensad . can be regarded as a speci . - .
choice ofR  the Ricci tensor, where zgll rst derivativpes aé'z The second set of Einstein's eld equations
of the metric tensor cancel out at this given point. The second rankensor eld equations have been inferred
The Landau-Lifshitz pseudo-tensor has the form from afourth ranktensor density like. It is then natural to
( consider a second set of eld equations which is contained in
(ot = 1 9. %. 9. o+ the former.
2 ’ ’ A close inspection of the Landau-Lifshitz superpoten-

1 i o b tial (40) leads to the obvious choice for this second eld
+§99 9.9.+9 9 9.79;

(43) equation
[ 1 _
99 #g;#g;"'gg#g;#g; + ) d(" g " )—13:gH ; , (49)
1 _ o P— )
t3g 9 99)209 99)9 %, ; H o =2{"7g(T +t ) (50)
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Note that (41) and (50) are linked using a common index. One thus writes thBfa an metricsas
Furthermore, each set of eld equations dr from a sign.
Proof : Let us label the negative equation as Mg = M a b Odg= ) ab  (61)

OH @@ gg g 99N 6 ® —egdx: () a=gdx: (62)
Now in the same manner as for (44), equation (51) reduces t0The common basis 1-form? = & dx outlines the cou-
R = @n@[ 9(¢°0” 9009”)]0: (52) p"ﬂgs\itc\)l\ll;?; ?:Zn;tg;;:e—timé,*)g and()g coincide
Lowering one of the space indices we obtain with 5, meaning that the twin universes emerge from curva-

( )Hiojo;ij = @(@9900 ij); (53) e

which is just the opposite t° %, = @@( gd™ !) (45).

Had we set = j, we would have found

Conclusions and outlook

The twin universe hypothesis recently saw a revived interest.
Several astrophysicists conjectured that it could provide
(O - : (54) an appropriate explanation to the puzzle of the dark energy
and dark matter issues and other unsolved observational data
As a consequence, the right member of the Poisson equatjasstions [8 15]. However, all these theories do not justify

(in our orthonormal frame) should also reverse sign the origin of the double universe which remains a pure arbi-
0 _ _ trary statement, not relying on any sound physical grounds.
G)= G: (55)  In here we showed that General Relativity formally con rms

Since the Einstein constant is here a common factor, we intt}?a? existence of two coupled Einstein's eld equations char-

that mass densities of each eld equationsetifrom a sign acteglzmg t\lng C|O;.6 ?st]:ngihantagonlstﬂr? a;r:golds. ists at "
as well as the gravitation potential eneral Relativity further shows that there exists at mos

fwo such eld equations [16].

Therefore, in the framework of the Newtonian approxi- ) . .
mation we nd two opposite eld tensors which induce two We hope that this formal demonstration will help to sub-

opposite energy density tensors which we label as stantiate the current research in astrophysics.

) 700440 and ) TO+0 - (56) Appendix. Classical Einstein tensor retrieved from the
di erential equations

3.3 Two antagonist manifolds Using (12), the eld equations

Conservation properties lead to the following evident corre- 1 _
. . = N ={T (A1)
sponding equivalences 2
h i
H . 1 O ={ (T +t, ) (57) can be written in the form
" ! L
H .t O ={ 0T +t ) (58) 7 AR ={T (A2)

Hence, the eld equation (57) can be regarded as being We rst use the following relations
de ned on a positive manifold with respect to the nega-
tive manifold on which is de ned the eld equation (58). A . (A3)
Remark One should always bear in mind that b69G
and ()G are coupled through the 4th rank tensér
which necessarily imposes that indices must keep their re-
spective label. The intertwined metrics are then

N (Ad)

W =

_ 1

]l

Then, applying the following Riemannian identities

Mdg = Mg dx dx; Odg=0)g dx dx; (59)
and, in the vierbein (tetrad) formalism, we have

(+)g = eaeb ab; ( )g = eaeb ab; (60) N —_ + +

where 4, is the Minkowski tensor. A =" " + " " :
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we obtain 6.
1 h
= + 7
iR« ) i
+ ( )+ ( ) = 8
1
= 3R +R = (A5) o
= 1‘ R 1‘ R =
2 !2 10.
1
=R 35 R 11.
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