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Abstract
A review of the predictions of Einstein's Special Theory of 

Relativity (STR) shows that two of them, remote non-simultaneity and time 
dilation, are incompatible with each other. It is claimed thereby that two 
numbers, time differences for the same event that are measured by observers 
in different states of motion, always occur with a fixed ratio, but that one of 
them can be zero (simultaneous observation) without the other being so as 
well. It is impossible that both of these conditions can each be met in any 
given case, and this constitutes proof that the Lorentz transformation (LT), 
from which both effects are derived in STR, is not a physically valid set of 
space-time equations. It is further pointed out that a clock moving through 
space in the complete absence of unbalanced external forces, in accordance 
with Newton's Law of Inertia and the Law of Causality, must be expected to 
have a constant rate. As a consequence, elapsed times At and At' measured 
by two such (inertial) clocks for the same event should always occur in a 
fixed ratio, as expressed by the following relation: Af=At/Q, where Q is a 
constant fully determined by the above ratio.

Keywords: Time dilation, remote non-simultaneity, Lorentz transformation 
(LT), Universal Time-dilation Law (UTDL), Global Positioning System- 
Lorentz transformation (GPS-LT)
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1. Introduction
Two of the most significant predictions stemming from the 

Lorentz transformation (LT) of relativity theory are time dilation 
and remote non-simultaneity. Both have to do with the behavior of 
clocks in motion with respect to each other. The latter indicates that 
events which are simultaneous for one observer may not be so for 
another. This possibility was first discussed by Poincare in 1898
[1]. He simply noted that such a phenomenon was an unavoidable 
consequence of the LT because of its mixing of space and time 
coordinates. He realized that this proposition ran counter to 
centuries of scientific opinion going back at the least to the work of 
Sir Isaac Newton, but he pointed out that there was no 
incontrovertible evidence which definitively ruled out such an 
occurrence of non-simultaneity in natural processes,

The phenomenon of time dilation seems to have been first 
discussed by Einstein in his landmark 1905 paper [2], in which he 
introduced his Special Theory of Relativity (STR) [2]. He pointed 
out that according to the LT, a moving clock always runs slower 
than a stationary one. More quantitatively, he derived a simple 
formula for a proportionality factor that specifies the ratio of the 
rates of two such clocks as a function of their speed relative to one 
another. As will be discussed in the following, however, it will be 
shown that the latter proportionality relationship is actually 
incompatible with remote non-simultaneity. Moreover, this 
circumstance proves that the LT itself is not a physically valid set of 
equations since both of these contradictory effects are derived from 
it.

2. Newton’s Law of Inertia and its consequences for relativity 
theory

The derivations of the above two predictions both start with 
the LT equation given below:

( 1)
-1

. It is assumed thereby
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that two observers, O and O', are separating from each other along 
their mutual x,x' axis with relative speed v (c is the speed of light in 
free space, 299792458 ms'1). They each observe two events such as 
lightning strikes and measure the time difference between them to 
be At and At', respectively. The distance separating the events along 
the x axis is measured to be Ax by observer O. Reference to eq. (1) 
shows that if the events occur simultaneously for him, i.e. At=0, and 
both v and Ax are non-zero, the corresponding time difference for 
observer O' will not also be equal to zero (At'^O). This LT prediction 
is referred to as remote non-simultaneity.

The phenomenon of time dilation is derived [3] by 
considering a different application of eq. (1). In this case, attention 
is centered on the stationary clocks in the two rest frames. The travel 
times for the clock of O' to travel between two fixed points in the 
rest frame of O are measured to be At and At', respectively. The 
distance traveled by the latter clock is Ax=vAt, since by construction 
it moves with constant speed v along the x axis from the vantage 
point of observer O. Substitution of this relation in eq. (1) gives:

At' = ^ (v )(A t-v 2c_2At) = ^_1At. (2)
This equation states that the moving clock from the standpoint of 
observer O always runs slower than his by a factor of γ(ν). The 
proportionality of the two time differences is key in the present 
discussion, however. It clearly demands that if the lightning strikes 
in the first example occur simultaneously for one of the observers 
(At=0), they also must occur simultaneously for the other as well,
i.e. At-0. Multiplication of zero with any finite number, in this case 
y*(v), must give a product of zero. This prediction therefore runs 
contrary to the claim of non-simultaneity in the first example.

The fact that the LT is responsible for both the predictions 
of proportional time dilation and remote non-simultaneity proves 
unequivocally that this set of equations is not a valid space-time 
transformation. At this point in the discussion, it is not possible to 
say if either of the predictions is false, only that they can't both be 
true for the same set of circumstances. The question is therefore 
whether there is another space-time transformation that is not self­
contradictory, but one that at the same time satisfies the other
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constraints put on relativity theory by virtue of experimental 
observations.

To consider this goal it is helpful to take a careful look at the 
characteristics of an earlier transformation introduced by Voigt in 
1887 [4]:

& if £ 1 3 % II 1 £ (3a)
Ax' = A x -v A t (3b)

Ay' =  ^ _lAy (3c)
Az' = y~lAz. (3d)

His main accomplishment was to adjust the classical (Galilean) 
transformation in such a way that it becomes consistent with 
experimental observations which seemed to indicate that the speed 
of light in free space is independent of the state of motion of the 
observer. The transformation in eqs. (3a-d) succeeds in this goal, as 
can be seen by forming the following relationship between the 
squares of its various quantities:

Ax'2+Ay'2+Az'2- c 2At'2 = /~2(Ak2 + Ay2 + Az2- c 2At2). (4)
It shows that if the speed of a light pulse is equal to c in the rest 
frame of observer O', it is also equal to c in the rest frame of another 
observer O moving with speed v relative to him.

To arrive at this transformation, Voigt first added a distance- 
dependent term, vc'2Ax, to the classical equation which assumes that 
the clocks of both observers run at exactly the same rate, i.e. At-At. 
In addition, in eqs. (3c-d) he added a factor of γ*1 to the classical 
relations for motion in directions that are perpendicular to the 
relative velocity of the two observers. The mixing of space and time 
coordinates in eq. (3a) amounts to a clear break with accepted views 
of the time. It was based on a conclusion that such mixing is 
essential for arriving at a set o f space-time equations that is 
consistent with light-speed constancy.

There is nonetheless something unacceptable about the 
Voigt transformation. This is because it does not satisfy the 
conditions required by the Relativity Principle (RP) and its assertion 
that the laws of physics are the same in all inertial systems. One can 
simulate the exchange of observers in these equations by 
interchanging the primed and unprimed coordinates and reversing 
the sign of the relative speed v of the two observers.
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The RP requires that when this procedure is employed, 
which will henceforth be referred to as Galilean inversion, the 
resulting set of equations must be the exact inverse transformation 
of the original. This means, for example, that eq. (3c) is changed to 
A y^ 'A y ' (note that changing the sign of v has no effect on the value 
of γ). Substitution of the latter relation back into eq. (3c) gives the 
nonsensical result of Ay'=y'2Ay'.

Lorentz [5] subsequently provided a means of improving 
upon Voigt's transformation. He pointed out there is a degree 
freedom in any such transformation because of the fact that 
multiplying the right-hand sides of all four equations by the same 
factor has no effect on the ratio of its space and time intervals. The 
condition of light-speed constancy can therefore be satisfied with 
the choice of any finite value for this factor. This conclusion thus 
leads to a more general version of the Voigt transformation which is 
given below, where the aforementioned factor is designated as φ:

At' = ^(At -  vc 2Ax) = φη 'At (5a)
Δχ' = ζρ(Δχ-vAt) (5b)

Ay' = <pr~'Ay (5c)
Δζ' = φγ~'Δζ. (5d)

In particular, the factor of γ*2 in eq. (4) is thus changed to (pV2 based 
on the new transformation, without therefore affecting the light- 
speed constancy condition in any way.

It is a simple matter to take advantage of the above degree of 
freedom in order to satisfy the RP. One merely has to choose φ to 
be equal to γ in eqs. (5a-d). The result is the LT, with the adjusted 
eq. (5a) becoming identical to eq. (1). The LT does satisfy the RP. 
For example, it removes the problem with the result of applying 
Galilean inversion to eq. (3c). With φ=γ, eq. (5c) simply becomes 
Ay-Ay, which relation is obviously unchanged by interchanging the 
primed and unprimed subscripts.

Nevertheless, as has been shown above, the LT is also 
unsatisfactory because its eq. (1) leads to completely incompatible 
predictions of remote non-simultaneity and time dilation. The 
present discussion shows that the two conditions of light-speed 
constancy and the RP, which are Einstein's two postulates of 
relativity [2], are not sufficient to determine the true space-time 
transformation.
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It also indicates that another characteristic of time 
measurements would be helpful in this respect. Consider, for 
example, the role of inertial clocks in the above discussion. 
According to Newton's First Law of Motion (Law of Inertia), all 
such clocks will continue moving indefinitely in a straight line with 
constant speed. Because of the assumed complete absence of 
unbalanced external forces, it can be assumed with great confidence 
based on the Law of Causality that the properties o f these clocks will 
be unchanged for the duration of their flight. In particular, one 
should expect that their rates remain constant under these 
circumstances. Just as the speeds and directions of the various 
clocks do not have to be the same, it seems equally reasonable to 
conclude that the rates of the clocks can also be different. The key 
point in the present discussion, however, is that the ratio o f the rates 
o f any two inertial clocks will also be constant and that the same 
holds true for their respective elapsed times for the same event. 
These considerations lead unambiguously to the following simple 
relation, which should hold true as long as no change in the states of 
motion of either occurs:

(6)

where Q is a constant proportionality factor.
The question clearly arises whether eq. (6) is compatible 

with the other two conditions of light-speed constancy and the RP. 
To answer it, one need only go back to the general space-time 
transformation in eqs. (5a-d). To begin with, it is necessary to 
choose a suitable value for the degree-of-ffeedom parameter φ. A 
solution is readily found from eq. (5a):

ts\' - φ η  'At = — , (7)
from which one obtains the following value for φ, namely

ηm = — .
Q

(8)

Substitution of this value in each of eqs. (5a-d) then leads to the 
following transformation:
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Δζ' = —  Δζ.
U q J

(9b)

(9a)

(9c)

(9d)

Because of its relation to the general transformation in eqs. (5a-d), 
it is clear that the new transformation satisfies the light-speed 
constancy condition. It is also clear that it satisfies the proportional 
time condition of eq. (8) since this appears directly as its eq. (9a). It 
remains to be shown that it also satisfies the RP, however.

To this end, it is helpful to consider the effect of applying 
Galilean inversion to its various equations. First of all, the inverse 
of eq. (9a) must be At=At'/Q’, where Q' is not defined initially. It is 
easy to satisfy this condition, however, by requiring that Q -l/Q . 
The corresponding condition for eqs. (9c-d) is pq'/y2Q Q -l, or 
simply ηη'=γ2 because of the reciprocal relationship of Q an Q' 
already determined. Proof of this equality is given below [7]. It also 
can be used to show that Galilean inversion leads to the inverse of 
eq. (9b). In summary, the transformation of eqs. (9a-d) satisfies all 
three of the required conditions, unlike either the LT or the original 
Voigt transformation [4],

The same transformation can be obtained by another route 
that does not involve explicit consideration of the degree of freedom 
discussed above in eqs. (5a-d). The transformation of the velocity 
components ux-Äx/At, ux-Δχ'/At' etc. for the two observers results 
from division of each of eqs. (5b-d) by eq. (5a):

Exactly the same velocity transformation (RVT) is obtained by 
carrying out the analogous divisions for the original Voigt

(10b)

(10a)

(10c)
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transformation of eqs. (3a-d) as well as for the LT. Multiplication 
of each of these three equations by the Newtonian proportional time 
relation of eq. (6) leads directly to eqs. (9b-d).

The RVT satisfies the RP, as can be seen by applying the 
identity relation already discussed. The proof of the latter is given 
below in terms of the velocity components:

W  = [(l -  u*vc“2)(l + u 'vc '2)] ‘ = [(l —uxvc“2)(l + r j\c 2 (ux -  v))]

Applying Galilean inversion to eq. (9c), for example, and 
substituting this result for the uy component leads back directly to 
the value of uy’ required to satisfy the RP by making use of eq. (11).

3. Comparison with experiment
The transformation in eqs. (9a-d) differs in a number of 

significant ways from the LT. The proportionality relationship 
between measured elapsed times given in its first equation clearly 
supports the original Newtonian view of absolute simultaneity for 
all events throughout the universe. At the same time, it leaves open 
the possibility that the rates of clocks depend on their state of 
motion. While it is necessary to reject the LT as a valid space-time 
transformation because of its two predictions of remote non­
simultaneity and proportional time dilation, the same cannot 
therefore be said about that in eqs. (9a-d).

Recognition of this point opens up the broader question of 
whether the latter transformation is consistent with all available 
experimental findings. It also remains to be shown how the constant 
Q in eq. (9a) can be determined, since lack of a concrete means of 
accomplishing this goal would obviously severely limit the 
transformation's potential advantages in practical applications.
A good place to begin in this regard is the experiment with 
circumnavigating atomic clocks carried out by Hafele and Keating 
in 1971 [8,9]. It was found that the rates of the clocks decreased as 
their speed v relative to the earth's center of mass (ECM) increased.

-I

(ID
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A correction based on the gravitational red shift was also applied to 
account for differences in the altitudes of the clocks. Specifically, 
the authors found that the rates of the clocks are inversely 
proportional to y(v)~l+0.5v2c'2. As a result the relationship 
between measured elapsed times At and At' for any given portion of 
the flight of two clocks with respective speeds u and u' relative to 
the ECM is given by the following equation:

A ty(u') = Atx(u). (12)
Experiments carried out a decade earlier with high-speed 

rotors [10-12] can be described by eq. (12) as well. In this case the 
absorber and detector of an x-ray source were mounted on the rotor 
and it was found that the rate/frequency of each such clock 
decreased with its speed u relative to the rotor axis [11]. A key 
aspect of eq. (12) is that a definite rest frame needs to be designated 
from which to compute the speeds u and u’ to be inserted into it. It 
is the rotor axis in the x-ray frequency study and the ECM in the 
case of the Hafele-Keating experiment, for example. In previous 
work [13], this reference frame has been referred to as the objective 
rest system (ORS). Einstein mentioned a related application in his 
1905 paper [2] according to which a clock located at the Equator 
was expected to run at a slower rate that an identical counterpart at 
one of the earth's Poles. More generally, the ORS is the rest frame 
from which an object undergoes an applied force which causes it to 
be accelerated to a given speed.

The developers of the Global Positioning System (GPS) 
have made use of eq. (12) in order to adjust the rates of atomic clocks 
located on orbiting satellites so that they are equal to those of 
identical clocks located on the earth's surface. The ratio of the rates 
of two such clocks is accordingly computed on the basis of their 
respective speeds relative to the ECM. A pre-correction procedure 
[14,15] is applied to the satellite clock prior to launch so that its rate 
is increased artificially by the above ratio. The effect of time 
dilation on this clock counter-balances the latter adjustment, with 
the desired result that it runs at nearly the same rate as earthbound 
clocks after it reaches its prescribed orbit.
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There is also a gravitational effect which needs to be 
considered in order to achieve the desired level of accuracy for GPS 
distance measurements. The fact that eq. (12) is applicable to all the 
above situations, and especially that there are no known exceptions 
to it, indicates that it is a fundamental law of physics. It is therefore 
deserving of the designation: Universal Law of Time Dilation 
(UTDL [16,17]). Because of the application of eqs. (9a-d) to the 
adjustment of the rates of satellite clocks, they have been designated 
as the Global Positioning System-Lorentz Transformation (GPS- 
LT) [18-20].

Moreover, eq. (12) can be used directly to quantitatively 
determine the value of the parameter Q in the Newtonian elapsed 
time proportionality of eq. (6), namely as:

r(«0
Q = r{ u)

(13)

This parameter is also used in all four equations of the alternative 
space-time transformation of eqs. (9a-d). It is also important to 
apply the Galilean inversion procedure to eq. (13) to see how the 
corresponding relationship is perceived by O'. The result is:

Q' = K u)
y(u-)

(14)

in agreement with the requirement mentioned in the previous 
section: it is essential to have the inverse transformation of eqs. (9a- 
d) be obtained by simply reversing the roles of the two observers, in 
accordance with the RP.

It is helpful to look upon Q and Q' as conversion factors for 
the different units of time employed in the two rest frames. The 
parameter Q is needed in order to convert elapsed times measured 
by O' to the corresponding unit employed by observer O. The 
conversion factor in the reverse direction is simply the reciprocal of 
Q, analogous to the conventional case in which cm are to be 
converted to m and vice-versa.

4. Conclusion
The Lorentz transformation (LT) is not a valid component of 

relativity theory because it leads to two predictions which are
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hopelessly incompatible with each other: remote non­
simultaneity and time dilation. The latter requires that time 
differences for the same event that are measured by two observers 
in constant relative motion with speed v always occur in the same 
proportion [At'=y(v)At], whereas the non-simultaneity prediction 
claims that one of the time differences can be zero without the other 
being so as well. To believe in both relationships requires that one 
disregard the axiom of algebra which states that the product of any 
finite number with zero is itself equal to zero, and that is clearly 
unacceptable for any theory of physics.

The space-time mixing character of eq. (1) of the LT is 
responsible for the above conflict. Consideration of Newton's Law 
of Inertia also indicates that space and time are not mixed. A 
straightforward extension indicates that any clock which is moving 
under the absence of external forces should not only move at 
constant velocity, but also that its rate should remain the same 
indefinitely as well. On this basis the only reasonable conclusion is 
that the ratio of the rates of any two such clocks should be constant 
as well, which leads to a simple alternative to eq. (1), namely the 
proportionality relation of eq. (6). The latter also leaves open the 
possibility of time dilation, but in contrast to the LT, it removes any 
chance that observers could each find that it is the other's clock that 
is running slower. Remote non-simultaneity is also ruled out by this 
relation.

Experimental tests of time dilation have always been 
perfectly consistent with eq. (6). Their results can be formulated in 
another proportionality relationship, the Universal Time-dilation 
Law (UTDL) of eq. (12). The latter allows for a straightforward 
prediction of the constant Q in eq. (6) in terms of the speeds of any 
two such clocks relative to a specific frame of reference. The latter 
is the earth's center of mass in the study of circumnavigating atomic 
clocks carried out in 1971 [8,9], for example. Specifically, the value 
of Q is given by eq. (13). It shows that the clock which runs faster 
relative to the above rest system has a slower rate than its 
counterpart. A useful means of describing the role of the constant 
Q is as a conversion factor between elapsed times measured on 
different clocks. The asymmetry of the above relationship again 
stands in stark contrast to the LT version of time dilation.
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The constant ratio of inertial clock rates expressed in eq. (6) 
serves as a third postulate of relativity. In particular, the support it 
has received from experiment in the form of the UTDL of eq. (12) 
makes it quite difficult to argue for a version of the theory which 
ignores it. Such a postulate goes along with the two Einstein used 
in his derivation of the LT [2], the Relativity Principle and the 
constancy of the speed of light in free space. The GPS-LT of eqs. 
(9a-d) succeeds in incorporating all three. This set of equations is 
perfectly self-consistent, unlike the LT, and also leads directly to the 
same relativistic velocity transformation (RVT) as has long been 
accepted by the physics community. The latter is sufficient by itself 
to explain the occurrence of the aberration of starlight at the zenith 
and the characteristics of the Fresnel light-drag experiment, for 
example, so this characteristic of the GPS-LT shows that the LT is 
not essential for the description o f these effects. The concrete 
indications from both experiment and theory of the validity of the 
GPS-LT suggest that it is highly desirable to carry out new 
experiments in future work to further test the accuracy of eq. (12).
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Abstract
Relativistic mechanics differs from classical mechanics by the presence 

of the gamma factor in the equation of motion of a charged particle. This 
gamma factor results from experimental measurements done in the labo­
ratory frame when one observes the acceleration of charged particles in a 
particle accelerator. This gamma factor has nothing to do with the gamma 
factor of the special relativity theory used in a Lorentz transformation done 
between inertial frames in relative motion where the velocity is constant in 
this transformation.

We will show in this paper that one can rewrite the relativistic motion 
equation as a classical motion equation plus a braking force. This allows 
to calculate the variation of the kinetic energy of the charged particles in a 
classical way where the work of the braking force appears now as a dissi­
pative term in the energy equation. By using a very old physical principle 
and a stepping method, one demonstrates how we can cancel the dissipa­
tive term opening the way to break the light speed limit for the motion of 
charged particles in a particle accelerator.
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1 INTRODUCTION

The gamma factor 7 [U(t)] in the equation of motion of a charged par­
ticle accelerated in a particle accelerator has no relation with the gamma 
factor 7 [V] of the special relativity theory used in a Lorentz transformation.

We recall that this transformation is defined for a change of reference 
frame between two inertial frames in relative motion where the velocity 
V is uniform. Moreover, the transformation implies also a change of the 
space-time units in order to obtain the presence of the gamma factor in 
the transformation. We must point out that in all experiments done in a 
particle accelerator as in the case of the Bertozzi’s experiment [1], all the 
measurements are done by an observer located in the laboratory reference 
frame, therefore no change of reference frame and space-time units is implied 
in the experimental measurements.

All the mathematical formulation explicated in this paper is written for 
quantities defined with respect to the laboratory reference frame. Therefore, 
we shall propose another explanation to understand why there is a speed 
limit for a charged particle accelerated in particle accelerators. In a first 
step, we prove that the relativistic equation of motion can be written in a 
classical way if a braking force is introduced in the equation. In a second 
step, we present a general equation of motion for a charged particle with a 
mass depending on time where the relation m{t) = 7 (t) mo is a special case 
obtained if we apply a given constraint which was first introduced in our 
paper [2].

2 PHYSICAL ASPECTS ON THE ROLE PLAYED BY VAC­
UUM

The fact that a particle is not a point particle has been proved by 
electron scattering experiments done by Hofstadter [3] in 1956 who proved 
that all elementary particles have a measurable finite size, an internal charge 
distribution and can deform themselves in interaction. Hofstadter received 
the Nobel Prize in 1961 for his important discovery.

With a different approach, the structure of an elementary particle was 
analyzed by H. Dehmelt [4] from 1976 to 1990. In these experiments, an elec­
tron, almost at rest, was isolated and closely confined in a ultrahigh-vacuum
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Penning trap. These experiments permitted to measure the dimensionless 
gyromagnetic factor g with an incredible accuracy.

We can find in the literature only a few model of the electron morphol­
ogy, the first one by Parson [5] in 1915 where the author proposed a model 
for the electron with a ring-shaped geometry where an elementary charge 
moves around the ring with the speed of light generating a magnetic field.

We have to wait until 1985, to see the ring electron model revisited by 
Bostick [6] where the angular momentum of the electron or spin has for value 
ti/2 — ahln[R/r] where 2r is the diameter of the toroidal shell and R the 
radius of the toroid and a the fine-structure constant. A ring electron model 
was also presented by Bergman [7] in 1990 where the spin has now for value 
h/2 = ahln[8R/r\/2n. In this last model, the instability of the electron 
is cancelled by the presence of a magnetic Pinch effect where the magnetic 
pressure compensates exactly the electrostatic pressure. Several researchers, 
such as Jennison [8], Kanarev [9], and Lucas [10] proposed similar models. 
More recently Consa [11] in 2018 proposed an helical solenoid electron model 
where the electron has a toroidal moment, a feature that is not predicted 
by quantum mechanics.

A more complete wave model of the electron was developed by Mills 
[12] in 2003 where the classical wave equation is solved with the constraint 
that the bound state electron cannot radiate energy. With the assumption 
that physical laws including Maxwell’s equation apply to bound electrons, 
the hydrogen atom was solved exactly from first principles. The remarkable 
agreement across the spectrum of experimental results indicates that this is 
the correct model of the hydrogen atom. In a second paper [13], the physical 
approach was applied to multi-electron atoms that were solved exactly. The 
general solutions for one-through twenty-electron atoms are given. The 
predictions of the ionization energies are in remarkable agreement with the 
experimental values known for 400 atoms and ions.

This paper does not deal with several experiments [14-19] done from 
1983 to 1993 to demonstrate that superluminal speeds do exist. The light 
speed barrier is an experimental fact in particle accelerators which must be 
understood if one wish to break it. The subject has been already discussed 
by Santilli [20] who reviews the compatibility of superluminal speeds with 
special relativity. The author made some interesting remarks that are worth 
to be analyzed again. First, the author insists on the fact that nucleons must
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be deformable charge distributions and he points out rightfully that there 
is no point like wave packet in nature.

In a second step, Santilli conceives space as an universal substratum for 
all electromagnetic waves and all particles. He tries to explain the reason 
why the rest energy of the neutron is 0.78 MeV bigger than the sum of the 
rest energies of the proton and electron. To solve this problem, he supposes 
that energy is transmitted from space to the neutron via a longitudinal 
impulse.

Santilli [21] was also the first physicist to raise the question of the rigidity 
of space in 1957 to explain the high value of the speed of light, a problem 
that most physicists avoid to speak since they are unable to explain how 
vacuum can sustain the propagation of transverse electromagnetic waves. 
A transverse wave can only travel through solid, then why transverse light 
wave can travel through air and vacuum. This implies that vacuum must 
behave as if it were an elastic solid with a rigidity which had to be incredibly 
high in order to transmit waves at the fantastic speed of light. On logical 
grounds, such a medium was compelled to slow down planetary motions 
around the Sun.

A search in the scientific literature concerning the answer to that ques­
tion was given by Bekefi [22,p.150] in plasma physics where the author notes 
that a longitudinal wave can create a transverse wave: In an infinite homo­
geneous plasma, the energy exchange between longitudinal and transverse 
waves occurs at the microscopic level, and is essentially the result of the 
medium’s grainy nature. Thus, it is not necessary to consider the vacuum 
as a kind of elastic solid to sustain transverse waves. We give a more com­
plete answer to this question in two papers published in 1990 and 1994 
[23-26] where we assume the presence of scalar inhomogeneous waves in 
vacuum. This scalar longitudinal field is characterized by the definition of 
the phase

where the quantity a(r,t) is an integrating factor. In this approach, there 
is no space-time curvature of vacuum but a space-time deformation of the 
standing longitudinal waves making the vacuum. This approach has two 
merits: first if a Fourier mode is solution of a scalar wave equation, then one

(1)
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can deduce the Maxwell’s equations [27,p.356] by using successively more 
complicated potential definitions, hence sound generates light so to speak. 
Secondly, we prove that the deformation of the scalar wave is quantized. 
Thus the picture of light as a transverse vibration in the ether, analogous 
to transverse waves on a string, can be reconciled with the existence of the 
ether. We can conclude this section by pointing out the fact that numer­
ous experiments have proved that vacuum is a vibrational medium able to 
explain the Casimir effect, the Lamb shift and the Van de Waals forces.

3 RELATIVISTIC ENERGY LAW W RITTEN IN A CLAS­
SICAL FORM

The fact that a particle has an internal structure implies that this par­
ticle can have an interaction with the medium which is taken into account 
by the existence of an internal force. The splitting of forces between in­
ternal and applied forces is examined in the appendix. The existence of 
the internal force is taken into account by considering that the mass of a 
particle is a function of time where the momentum is now P  =  ra(t)U. It 
is important to point out again that all the following calculation is done in 
the laboratory reference frame where the particle velocity U is also defined. 
The equation of motion of this particle has for expression:

dP
dt

= F (2)

where the force F is applied to the particle which is accelerated in an elec­
trostatic accelerator. If the preceding equation is scalarly multiplied by U, 
then we obtain

T T dP _ T dV dm ττ2 _  
U · +  = F

U (3)

We have the identity:

1 dm V2
2 dt

dU 1 dm ,  o 
-  mU · —  + -  —  l r  dt 2 dt (4)

The second term in the right hand side of the preceding equation is a dis­
sipative term if we verify the condition dm/dt > 0.
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If we substitute the preceding equation in equation 2 and integrate, we 
get the relation:

1
2

f T dm\J2
Jo dt

dm
dt U 2dt = F U (5)

The preceding equation is an exact mathematical formulation where the 
first term in the left hand side of the equation is the classical variation of 
the kinetic energy of the particle while the second term is a dissipative term. 
In the right hand side, we have the work of the external force. The speed 
limit results from the braking force included in the dissipative term if the 
condition dm/dt > 0 is verified.

3 STUDY OF THE GAMMA FACTOR

The experimental fact that an elementary particle has a structure jus­
tifies the definition of an internal kinetic energy which is the sum of the vi­
brational energy Εγ = 0.5*moc2 and the rotational energy Er = 0.5* moc2 
in the reference frame where the center of mass of the particle is at rest. 
Therefore, the total internal kinetic energy of the particle has for value 
Er  =  moc2 in the rest frame of the particle or in the laboratory frame for 
the initial condition U(0) =  0. We can easily calculate the frequency of 
the oscillatory motion of the electron with the formula moc2/2 =  Ηω which 
gives F = 0.621010Hz.

Let us now assume that the internal kinetic energy of the particle in the 
laboratory reference frame is Εχ(ί) = m(t)c2 and we impose the constraint 
[2]

dP (6)u · — =dt dt
The preceding equation means that both the internal and external kinetic 
energies of the particle increase at the same rate. We must point out that 
the quantity m[t] is an unknown function. Therefore, equation 5 imposes 
a relation between two independent functions m(t) and U(f) which can be 
solved by adding equation 1. Knowing that β =  £//c, the above equation 
can be written in the form:

m djfi_ _  dm . 2
2 dt dt [ P ’ (7)
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The above equation has many important consequences that will be now 
examined. First, we note that any increase of mass is the consequence of the 
acceleration of the particle. The equation 6 is very clear: no acceleration no 
mass increment. We can demonstrate how the function rri(t) — 7 (f)mo is 
obtained in relativistic mechanics. If we define the gamma factor as usual 
7(*)2 =  1/(1 — /52), we get:

2 dß2 _  1 dj _  1 dm 
l dt 7 dt m dt

it results the definition:

Log[i\ = Log m
mo m{t) =  7 (i)m0

(8)

(9)

Provided we use the initial condition m(0) =  mo for U(0) =  0. Therefore, 
the mass function m(f) = moy(t) results from the definition of equation 
5 but we need equation 1 to calculate the numerical velue of the gamma 
factor. It follows the relation:

T ^
\e k ] =  m0c2 (7 -  1) «  -  m0 U 2 (10)

Bertozzi [1] performed an experiment in 1964 in which the speed of 
electrons with kinetic energies in the range 0.5 to 15 MeV was determined 
by measuring the time required for the electrons to traverse a given distance 
while the kinetic energy Εκ — moc2(7 — 1) was determined by calorimetry 
measurements. His result shows that the dependence of the kinetic energy 
on the speed of the electrons is in good agreement with the above formula:

02 -  1-
1 π 2

.1 +  Ε κ /m oc2. ( 11)

The experiment demonstrates without ambiguity that accelerated charged 
particles gain large kinetic energies as they approach the speed of light which 
results in an apparent increase of mass m =  7 mo- This variation of mass 
with respect to the velocity of the particle is certainly not a consequence of 
the special relativity theory since all the measurements are done in the lab­
oratory frame. This conclusion cannot be challenged from an experimental 
point of view.
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The equation 6 imposes that the derivatives of the speed and the mass 
have the same sign. It is now interesting to consider the opposite case 
where the derivatives of both the speed and the gamma factor are negative 
in experiments relating to the dilation effect for a radioactive clock.

Time dilation has been experimentally verified by means of a first ex­
periment performed by Rossi and Hall in 1941 [28] with particles called mu- 
mesons or muons which are generated by cosmic rays impacting the Earth 
atmosphere. These particles move with velocities close to the speed of light. 
However, most of these particles shortly disintegrate. Thus what can be ex­
pected is that a few of them survive long enough to reach the Earth surface. 
However, this is not what happens and this can be understood if we admit 
that the muon disintegration process is in fact a measurement of the time 
flow modified by the motion of the particle. Indeed, the unstable particles 
disintegrate following an exponential law having the form N(t) — TVoe- i /Ai° 
where No is the number of particles present at instant t =  0 and Δίο the 
mean lifespan of the unstable particle in the reference frame where it is at 
rest. If the disintegration rate of the muons decreases, this means that their 
lifespan has increased and thus, that they could travel further and farther. 
The comparison of the mean lifespan of moving muon At with muons at 
rest Δίο allows to verify the time dilation formula At — η At o where both 
measurements At and Δίο are performed in the Earth reference frame.

The dilation formulation above predicts that if, after a measurement on 
the moving muons has been made, we slow down them to rest, then we will 
recover the lifetime of muons at rest. This experiment has been done in 
1963 [29] and confirms the validity of the deceleration effect, let us quote 
the authors:

”In addition, actually simultaneously, we slowed down and stopped a 
sample of m-mesons and measured the distribution of their decay times 
when they were at rest relative to us. Comparison of their rate of decay at 
rest with their rate of decay in flight showed that the moving mesons decay 
much more slowly”. The experiment by Frisch indicates without ambiguity 
that the time behavior of the radioactive clock, once brought to rest, is the 
rest time in the laboratory frame where U(0) = 0. That is the reason why 
we think that the result of the twin paradox must be zero as explained in 
our paper [30].
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4 STEPPING METHOD TO CANCEL THE DISSIPATION 
TERM

We can use equation 2 to rewrite equation 4 in the form:

Where Ek [T\ is the classical kinetic energy of the particle, Ejj [T] is the 
dissipative term and Ew[t] is the work term.

Hereafter, we will examine how to decrease the dissipative term Ερ[Τ\ 
by using a very old physical principle which was examined in a recent paper 
[31]. In this paper, we discussed the transfer of energy between a power 
supply and a capacitor when a dissipative term such as the resistance R 
of the wires is present. We demonstrated that one can minimize the heat 
losses during the transfer of energy between a power supply and a capacitor 
by processing the energy transfer by small steps. A fact which has been 
known for a long time but not often quoted in modern physic textbooks 
in spite of the fact that this principle has many important applications. 
Indeed, any dissipative system which is irreversible can become reversible 
if the transformation involved in the system is carried out by a stepping 
process as the number of steps N  increases to infinity.

Gupta [32] in 1984 did an experiment where a linear spring is loaded 
with a total mass M  but in N  equal steps each time by a mass m — M/N  
to demonstrate that the energy dissipated in the form of heat is given by 
the relation Ejj[N] — MgH/2N.

Therefore, we can split the integrals of equation 11 in A equal time 
steps dt — tn — tn- \  = T /N  as follows:

(12)

By definition, we have:

EK[T] +  Ed [T] = EW[T\ (13)

1
2

'tn dmV2 
, dt

We can now proceed in the same manner as in Gupta experiment where the 
mass of the particle is increased in small and equal step dm during each
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time step dt with the definition m[n] =  mo +  n * dm while for the velocity, 
we have U[n] =  U[ra — 1] +  dU. By taking into account these definitions, 
the relation above can be rewritten in the form

(15)

f tn dm
Jt 1 dtJ τη—1

U 2 dt (16)

Ew[N] — ^ ^ 2  [U[n] + U[n — 1]] ■ [m[ra]U[n] — m[n — l]U[n — 1]] (17)
2 n=1

After calculation, we have:

EK[N] =  0.5 * m0 * dV2N 2 -  0.5 * dm * dU2 * TV3 (18)

EW[N] =  0.5 * m0 * d\52N2 -  dm* dU2 * [4 * TV3 -  TV]/6 (19)

Ed[N] = EW[N] -  EK[N] (20)

The quantities dm and dXJ are function of N  and must be determined 
from the solution of the two coupled differential equations on the interval 
dt -  T/N:

dU d m TT _ m —  + — U = F dt dt
TT dU dm Γττ2 2i 

m U - + - c] = 0

(21)

(22)

An electrostatic accelerator used a high voltage V to accelerate charged 
particles in an evacuated tube with an electrode at either end which are 
the plates of a capacitor. Since the charged particle passed only once 
through the potential difference, the output energy is determined by the 
accelerating voltage of the machine. In a stepping process, the constant 
electrostatic force has for expression F(dt) = qV * dt/[T * D], knowing 
that q is the electron charge and V the voltage applied to the plates of 
the capacitor separated by the distance D. We use Mathematica to cal­
culate the functions rn(t) and U (t) and their derivative over the interval
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dt. Finally, the quantities dm and dU and are obtained from the relations 
dm[N] =  [dm(dt)/dt]*T/N and dV[N] =  [dU(dt)/dt]*T/N.

The time T  required for an electron to traverse the distance D =  cT = 
30 m at the speed of light c =  3 * 108m /s is about T =  100 ns. Since the 
sampling time of the stepping process must be at least 10 times lower than 
this amount of time, we get a switching frequency about 100 Mhz which is 
not an easy task to do from a technical point of view.

T — 100 ns II H—
1 o II to O II C

O o

oII Rel
U * 108m /s 3.49 1.75 1.17 0.88 2.95

R ra 9.65 4.61 3.02 2.25 19.59

m * 10~31 g 9.70 9.17 9.12 9.10 54.28

EK MeV 0.372 0.0886 0.0391 0.0220 1.47

E\\r MeV 0.380 0.0888 0.0392 0.0220 2.52

Ed/E k 0.02 0.0028 0.00085 0.00036 0.713

T =  200 ns II I—4 O N = 20

ocoII 3II Rel
U * 108 m /s 6.89 3.51 2.34 1.75 2.98

R m 38.41 18.45 12.11 9.01 45.09

m * 10-31 g 11.60 9.41 9.19 9.14 107.41

EK MeV 1.72 0.362 0.157 0.0882 2.98

Ew MeV 1.84 0.366 0.158 0.0884 5.49

Ed/E k 0.0664 0.0109 0.0033 0.0014 0.844
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In the two preceding tables, we calculate with Mathematica several 
quantities versus the number of steps N  for two values of the final time 
T. In the last column, we give the corresponding values for the relativistic 
case with no stepping knowing that the force has for expression F{t) — 
qV *t/[T*D\ with V = 4 106 Volt. The numerical calculations in the above 
tables prove that the ratio Ed/E k decreases when N  increases which is 
expected from the theory.

5 CONCLUSION

In the present paper, we proved that the relativistic equation of energy 
can be written in a classical way if we take into account the existence of 
a braking force resulting from the interaction of the accelerated particle 
with the medium. We have presented in this paper a rigorous mathematical 
demonstration showing that the dissipative term can be cancelled if we used 
a stepping process which allows the speed of the particle to break the speed 
of light.

6 APPENDIXrSPLITTING OF THE FORCES IN A PARTI­
CLE ACCELERATOR

We can use the analogy with solid state physics to explain the apparent 
mass increased in a particle accelerator. It is a well-known fact that only 
external forces to the point particles are considered as applied forces in 
the equation of motion for electrons moving in a solid. The force which 
originates from the lattice periodic field remains hidden in the electron 
effective mass. The electron moving in a solid obeys a law of motion which 
is given by the equation:

M - ^  = F  (23)

where M  is the effective mass dyadic and F the force applied to the electron 
which seems to be the only force taken into account in the calculation. 
However, we know that the electron is subjected to strong forces from the 
solid lattice which are hidden in the definition of the effective mass.

In vacuum, the motion of a massive particle, with a rest mass mo, 
submitted to a Lorentz force F  is described by the relativistic dynamic
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equation
^ [m „ 7U ] = F (24)

with the definition q2 =  [1 — U2/c2] 1 which gives the following relation:

dq 73 d rU2' (25)dt c2 dt 2 .
By using the preceding relation, we can rewrite equation 23 in a dyadic form

where I is the unit dyadic. The equation 25 shows that the force and 
acceleration are generally non-collinear in the high velocity motion of a 
point particle. The fact that the velocity of a material particle submitted 
to a constant force does not increase linearly with time means that the 
particle is submitted to a braking force from the medium. In solid-state 
physics, this braking force results from the interaction between the free 
moving particles and the lattice periodic field.

By analogy with the effective mass concept in solids, we can assume that 
the dyadic mass of an electron moving in the vacuum and the dependence 
of its mass upon velocity can be explained in the framework of classical 
mechanics. The analogy between solid state physics and the relativistic 
motion of an electron in the vacuum is a useful concept which has already 
been used by Dirac [33] to explain the so-called Dirac sea of electrons by 
regarding the vacuum as a close analog of a semi-conductor with two bands 
separated with an energy gap 2moc2.

The dyadic masses may be diagonalized, for a velocity U directed along 
the x axis, we get:

(26)

where the direct and inverse mass dyads have for definitions:

(27)

7 -3  0 0 
0 7_1 0 
0 0 7-1

(28)



-  148 -

We recover the so-called longitudinal mi =  73mo and transverse mt = 
7?τΐο masses of the particle. There is no direct proof that the relativistic 
dependence of mass on velocity has been established since one can transform 
the above equation of motion written in dyadic form as a classical equation 
of motion:

■̂· 77i0 U  = 77i0 [M] _1-F =  F e +  F(, (29)at
where the force applied to the particle has been partitioned in two forces, 
one is the applied force F e =  F  and the other one is the braking force
Fb = G · F with the definition:

(30)

which is a velocity depending force tending to zero then we have U —* 0.
Since the braking force depends on the velocity, it is therefore a magnetic 

force. This force cannot be a magnetic Lorentz force since the Lorentz force 
is transverse to the direction of motion of an electron as shown in the pinch- 
effect.

However, we know that the Ampere force has a longitudinal component 
along the direction of motion of the electron. Bush [34] was the first author 
to use the Ampere force for calculating the transverse motion of a charged 
particle in Bucherer’s experiment. Later, Moon and Spencer [35] and Assis 
[36] rediscovered the same calculation. These authors were able to explain 
the Bucherer’s experiment with a calculation valid up to second-order in 
U/c. However, their calculation concerns the transverse mass and they did 
not verify that this calculation applies also to the case of the longitudinal 
mass.

We can explain the mass velocity law from a classical point of view by 
using the Weber theory as demonstrated by Cornille [2,27]. However, this 
theory faces a difficulty since the demonstration depends on a parameter a 
which is not the same for both the transverse and longitudinal masses. The 
braking force and the non-isotropic effective mass seem to provide support 
for a medium in space having a lattice structure. One could quote the 
’’epola” model of Simhony [37] concerning an electron-positron lattice with 
a NaCl structure.
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Abstract
First, w e d iscuss the  m od ified  accura te  m ass fo rm ula , and applied to heavy 

fla vor hadrons, and derive  som e p redictions, m( )=3950.7  o r 3908/WeV, and 

w (H A6)=1  0396.8  or 10348.9MeV, etc. It is  a quantita tive  and testab le  theory.

Next, based on the  new data, w e p ropose various life tim e fo rm u las o f heavy 
flavor hadrons, w h ich  very agree  w ith  experim ents. T h is  is a new  m ethod on 
life tim e o f hadrons described  by quantum  num bers, and can be unified fo r 
m ass and lifetim e. F inally, w e  d iscuss an approx im ate  s im plified 
supersym m etry  theo ry  based on the  know n sym m etrica l partic les and the ir 
exc ited  states.
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I. Introduction
It is w e ll-know n  tha t the theore tica l base o f partic les is the  standard  model:

q = (2 !3 )e  - ( l / 3 ) e - e 0
V i d ] V

c s M VM

Λ A ^ T J

( 1)

The tota l charge  num ber of per generation  quarks is 3 (2 /3-1 /3)=1 , and the  total 
charge  num ber o f per genera tion  leptons is yet (-1+0)=-1 . The tota l charge  o f 
per genera tion  quark-lep ton  is 0. Th is  is very sym m etrica l and beautifu l theory.

A fte r partic les  are classified, m ass and life tim e are tw o m ain characte rs  for 
any partic les. In th is  paper, w e d iscuss various m ass and life tim e form ulas, 
esp., fo r heavy fla vo r hadrons, and a s im p lified  supe rsym m etry  theory.

2. Accurate Mass Formula of Hadrons and Prediction
Based on tw o m oving sta tes o f the  em ergence  string: oscilla tion  and 

rotation, w e derived its quantum  potentia l and the  equation, w hose  energy 
spectrum  is the  G M O  m ass form ula:

M  = M 0 + A S + B [ I ( I  + (2)
4

in w hich  m ust assum e tha t M = m 2 fo r m esons, and its m od ified  accurate  
m ass fo rm u la  [1-3]:

e2
M  = M 0 + A S  + B [ I ( I  + 1 ) - — ] .  (3)

Based on the  standard  m odel and on the sym m etry o f s and c quarks in 
the  sam e generation, w e supposed that the  hadrons, w h ich  m ade o f u, d and c 
quarks, are  a lso  the SU (3) sym m etry and are c lassified  by o c te t and decuple t 
[4,2,3], It is a subgroup  o f SU(4) o f u, d, s and c quarks. Such w e assum e that 
these  m asses o f the octe t obey the correspond ing  sim p le  m ass fo rm u las only 
by S->C in Eqs.(2) and (3):

M  =  M 0 +  A C  + B[1{1 +1 ) -  (C 2 /  4 ) ] ,  (4)

o r M  = M 0 + A C  + B [ I ( I  + 1 ) -  (C 2 /2 ) ] .  (5)

S ince w hen m (N )=939, m (A +c) = 2285,w ( I c) =  2 4 5 3 MeV , from  the  two 

correspond ing  m ass fo rm u las  (4) and (5) we pred icted  w (E cc) = 3 7 1 5  or 

3673MeV [4,2,3], In 10 Ju ly 2017 LHC announced to observe  a new doubly 

charm ed baryon E +* = u c c , w hose  m ass is 3621.4±0 .8M eV , and decay m ode

is Ξ **  -»  Α?0Κ ~ π +π*  [5,6], New experim enta l data agree m ore  on Eq.(5) and 

(3), w hose  e rro r on ly is (3673 -3621  )/3621=1.4% . M oreover, there  should have 

E*cc = dec  , both  form  1=1/2 doub le t w ith near m ass, and one o f decay m odes is

E +cc -»  A +CK ~ π * π °  [7]. In 1994 w e predicted tha t “ if the expe rim en ts  derive  th is 

mass, it w ill show  tha t ou r theory  (hadrons m ade o f u, d and c quarks are the 
SU(3) sym m etry) is righ t” [4].

A cco rd ing  new experim enta l data m (p)=938.3, m(A*c) =  2286.5 , 

m(L*c) = 2452.9 and m (E +J )  =  3621.4 MeV[6], it agrees w ith  the  m ass relation
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4 (ρ  +  Ξ )  =  7 Λ  +  Σ (18238.8= 18458.4), (6)

w hose  e rro r is (1 8 4 5 8 .4 -1 8 2 3 8 .8 )/ 18458.4=1.19% .

Further, fo r the J p = 3+ / 2  baryons form  a lso  a decuplet:
δ ++, δ +, δ ° , δ - ( ι= 3 /2 );ς ; +, ς : , ς ° ( ι= ι ) ; ξ ; ; #ξ ;  0= 1/2) 

and Ω**. =ccc (l=0).

T he ir m asses are possib ly an equa l-spac ing  rule, i.e.
M  = M 0 + a C .  (7)

O f course, these  baryons obey probably the  m ore accura te  m ass fo rm u las

M  =  M 0 + a C  + b C 2, M  =  M 0 + a ' l  + b' I 2, (8)

w h ich  co rrespond  to Eqs.(2) and (5).

The J p = 0 '  oc te t o f heavy flavor m esons are π +~ ,π ° ( Ι  = 1 ) ;D + = c d ,

D° = c u { l  =  1 / 2 ) and the ir antipartic les; r fc =  a(uu  + d d )  + b(cc).  If the ir m ass 

re lation is:
4m (D )=  w ( tt) +  3m (rfc ) o r  8m (D )= m {n) + 7 m (r fc ) ,  (9) 

so w (? /c )= 2 4 4 4  or 2114M eV  s ince  m ( ;r )= 1 3 7 , m (D ) =/\867MeV.  For the 

J p = Γ  octet, m {p) -  110 ,m {D *)  =  2 0 \0 M e V ,  so  τη(η \ ) =2423  o r 2187/We\/.

For the  J p = \ * / 2  baryons, m( E*(usc)  )= 2467 .7MeV, m( E°c(dsc)  )= 

2 4 7 1 .7M eV  (1=1/2), m ( Q c(ssc) )=2Q95.2MeV .

These  oc te ts  and decup le t a re  a certa in  cross section  o f the  d iagram s of 

the  SU(4) m ultip le ts, respective ly. For the J p - T  / 2  baryons, probably, the 

m asses o f the  trip le t Σ +,Σ ° ,Σ ~ ( Ι= 1 ) , the doub le t E +C(usc ) , E°c(dsc)  (1=1/2), and

the sing le t =  see (l=0) are approx im ate ly  an equa l-spac ing  rule, it is the 

second series o f series o f heavy flavor baryons. Then the  m asses of 

Ω ’  =sss,Q°c = ssc ,D ,+cc and Ω ^  are  only fou r hadrons for m ixtures o f second 

generation, and the ir m asses are shou ld  be equa l-spac ing  too. It is the th ird 

se ries  o f heavy fla vo r baryons. For the J p -  3+ / 2  baryons, m ^ c )=2518,

m (H c )=2646, so m (C lc(ssc))=27Q&MeV, these m asses obey equal-spacing

rule. Such based on the know n m asses o f 3+ / 2  baryons inc lud ing  c quark [6], 
o the r m asses o f baryons w ill be able to be estim ated. Because Σ ^ (υ υ ο ,2 5 1 8 )-

A (u u u ,1 2 3 2 )=  1286fe3m (c)-m (u), so m (E cc)=3804 and Γ η (Ω ^ )= 5 0 9 0 . From 

the  th ird series, w e obta in  m ( Ω ' )=1672.1 , γτι( Ω ° ) = 2811.4, m ( Ω ^ )=3950.7  

and γπ( Ω ^ ) = 5090. But, from  the second series the know n γπ( Σ ) = 1385 and. 

m( E c )=2646.6 , so c - u ^ 1 2 6 1 .6  and m( Ω ^  )=3908.2 . Both m( Ω ^  ) are 

d iffe ren t due to d iffe ren t o f spin. O f course, these baryons obey p robab ly  the 
m ore accura te  m ass fo rm u las  (8).

Such any one o f m asses o f 3+ / 2  baryons inc lud ing  c qua rk  is known 

again, fo r exam ple , fo r Σ (,(2518 .1 ) M eV ( J p = 3+ / 2 )  [6], then o ther five 

m asses o f o ther baryons w ill be ab le  to be estim ated.
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baryon  Ω '  E c Δ Σ Γ Ω 0 Ω*α Ω ^ +

m(QXρ) 1672 2646 1232 2518

m (est ) input  2646 input input 3804 2811 3951 5090

Therefore , by using d iffe ren t w ays w e pred ic t d iffe ren t m( Ω *ε )=3950.7 , or 

3908/W el/, etc.

For the  doub le t Ξ *  = usc,E°c =dsc( 1=1/2, S= -1 ,  C=1) and both m asses 

are 2467.9  and 2 47 1 .9MeV, the s ing le t Ω °  =  ssc (l=0, S= -2 ,  C =1) and its

m ass is 2695 .2±1 .7M eV , and the s ing le t Q +cc = scc (l= 0 , S= - 1 ,  C=2), w e can 

assum e tha t the  s im p les t m ass fo rm u la  is:

M  = M 0 + A ( C ~ S )  + B[I(I + 1) -  (C -  S ) 2 /  2 ], (10)

or M  - M 0 + A (C  ~ S )  + B[I(I + \ ) - (C 1 + S 2) / 2 ] ,  (11)

Som e s im ila r m u ltip le ts and m ass fo rm u las exis t possib ly  in baryons and 

m esons inc lud ing  b or t quarks. For instance, both m ass spectra  of ψ = cc and

Y = bb are sim ilar; as in the  neutra l kaon system , D° -  D° and B° -  B° 
m ixings shou ld  exist.

Further, th is  m ethod w ill be able to be extended to o ther potentia ls and 
o ther heavy fla vor hadrons. For exam ple, based on the  sym m etry  o f quarks 
m odel, w e  m ay suppose  tha t the hadrons, w h ich  m ade o f u, d and b quarks, 
and o f u, d and t all a re  the  SU (3) sym m etry. It is a subgroup o f S U (4) o f u, d, b 

and t quarks. Such the e igh t J p =  Γ / 2  baryons fo rm  a lso  an octet:

p=uud, n=udd (1=1/2); A°4 -udb (l=0); Σ * -  uub,Z°b =udb,Z~b -ddb (1=1);

and Ξ °  -ubb,E"b =dbb (1=1/2).

Such the  correspond ing  m ass fo rm u las are:

M =M0+aB + b[I(I + \)-(B2/4)\, (12)

or M = M0 +aB + b[I(I + 1) -  (B2 /  2 ) ] .  (13)

It is known the m ( A i))=5620, m (Z Ä)= 5 8 1 1.5(5811.3, 5815.5)/W eV [6], From the 

tw o correspond ing  m ass fo rm ulas, w e m ay pred ict m (E bb) =10396 .8  or 

10348.9/We\/, w hose  e rror is probably b igger due to w ea ke r sym m etry  betw een 
firs t (u,d) and th ird  genera tions (t,b).

G enera lly, based on the  sym m etry o f quark m odel we can suppose that 
the  hadrons, w hich  m ade o f s, c and b quarks are the SU(3) sym m etry. Sim ilar, 
the  hadrons m ade o f s, c and t quark are a lso the  SU (3) sym m etry. Both are 
two subg roups o f SU (4) o f s, c, b and t quarks, but these  qua rks  are all l=0 and 
very unstab le . These  m ass fo rm u las are possibly:

M =M0+aS + a'C + a"B + bS2 +b'C2 +b"B2, (14)

or M = M0+aS + a'C + a'[B + b(S + C + B)2. (15)

The m ix tures o f th ree  genera tions are m( E°h=usb )= 5791 .9MeV, 

m (E ^  =dsb)=5797.0  MeV( 1=1/2). O ther hadrons are m (A°6(«<7Z>))=5619.6/We\/, 

γτι( Ω ϊ  (ssb))=6046.1/W ey, etc[6].
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ln a w ord, ou r research based som e sym m etries  am ong d ifferen t 
genera tions is a quantita tive  and testab le  theory [8],

3. Lifetime Formulas of Heavy Flavor Hadrons
Based on the Y-Q  and l-U sym m etries  betw een m ass and life tim e on the 

genera l SU(3) theory, w e  obta ined the  life tim e fo rm u las  o f hyperons and 
m esons [1-3]:

r  =  A \2 U  ( { /  + 1 )  -  g / 2 ] , (16)

and r  = Λ '[ (1 /2 )  +  2 ί/(£7  +  l ) - < 2 / 2  - ß 2 /  3 ]. (17)

They agree  better w ith  experim ents [6],
G enera lly, life tim e o f va rious hadrons can be c lassified  by d iffe ren t times: 

L ife tim es o f m esons K°L, n ~ , K + a re  10~8sec.

L ife tim es o f hyperons Ξ ° , Ξ ~ , Σ ~ ,Σ + and K°S,Q~  a re  l ( T ,0sec.

L ife tim es o f heavy fla vo r hadrons m ain ly are  1GT13 sec.

L ife tim e o f π°  is 8.4 x lO " 17 sec.

L ife tim e o f Σ 0 is 7 .4 x lO "20sec.
L ife tim es o f J Ι ψ  and Y  are KeV.

L ife tim es o f o ther hadron-resonances m ain ly all are MeV.

For heavy fla vo r hadrons w e p ropose  the ir life tim e fo rm ulas. For Ξ *  (use),

A +C(udc), E ° (d s c )a n d  Q °(ssc ), it is:

r  =  [ 1 . 4 ( 2 / - C 2) - S  +  3 . 4 0 ] x l ( T '3. (18)

Then r ( E * ) = 4 .4 ,  r ( A +c )=2, r ( E ° ) = 1  and γ ( Ω ° ) = 0.6, and the  experim enta l 

da ta  are (4 .4 2 ± 0 .2 6 ) ,  (2 .0 0 ± 0 .0 6 ) ,  (1 .1 2 ± 0 .1 3 ) and ( 0 .6 9 ± 0 .1 2 )x l( T 13[6], 

They all agree w ith in  the  range o f error. Further, fo r τ(Ξ **,ucc) =2.6 by th is 

fo rm u la  (18), it agrees accura te ly  w ith  the expe rim en ta l data 

( 2 .5 6 ± 0 .3 7 ) x l( T 13 [9],

For A°4 (udb), (usb), E ° (dsb) and (ssb), w e p ropose  the  lifetim e 

form ula:

τ  =  [1 4 .8 5 2 - ( /  + β -  —5 ) ] x l 0 -13. (19)

Then r ( A ° ) = 1 4 . 8 ,  t  ( Ξ “ )=15.8, r  ( Ξ ° )=14 .8  and γ ( Ω ' ) = 16.8, and the 

expe rim en ta l data are (1 4 .7 0 ± 0 .1 0 ) , (1 5 .7 1 ± 0 .4 0 ) , (1 4 .7 9 ± 0.31) and 

( 1 6 .4 ± 1 .8 ) x l0 '13 [6]. They all agree  w ith in  the range o f error.

For D \ c d ) , D ° ( c ü ) and D * (cs) ,  w e  propose the  life tim e form ula: 

τ  =  [4.1 +  6 .3 (2 / -  C 2 +  Q) -  S] χ 1 (Γ 13. (20)

Then r (Z )+)= 10 .4 , r (D ° )= 4 .1  and r ( D / ) = 5 .1 ,  and the  expe rim en ta l data are 

(1 0 .4 ± 0 .0 7 ), (4.101 ± 0.015) and (5 .0 4 ± 0 .0 4 )x l0 ~ l3[6], They all ag ree  w ith in  

the  range o f error.

For B+(ub),B°(db) , B°(sb) and B+b{cb) , w e  p ropose  the  lifetim e 

form ula:
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τ  =  [15 + 5 . 5 ( 2 / - σ 2 - 5 2 - ,? )  +  ρ ] χ 1 0 - 13. (21)

Then r ( 5 +)= 1 6 , r ( 5 ° ) = 1 5 ,  τ (Β ° )  =15 and t (B ^ ) =  5, and the experim enta l

data  are (1 6 .3 8 ± 0 .0 4 ) , (15.20 +  0 .0 4 ), (1 5 .0 9 ± 0 .0 4 ) and ( 5 .0 7 ± 0 .0 9 )x l( T 13 

[6], They all very agree.
W e m ay unify these  life tim e fo rm u las fo r the heavy fla vo r hadrons to:

T =  [ r 0 +  a ( 2 I - C 2 - B 2) - b S  + cQ ]x  1 O '13. (22)

It is a new m ethod  on life tim e o f hadrons described by quantum  num bers. They 
are sym m etrica l w ith  the  co rrespond ing  m ass fo rm ulas, and can be unified for 
m ass and lifetim e.

4. Supersymmetry and Its Simplify
S upersym m etry  is a very beautifu l theory, and it com b ines string, and 

derives the  superstring. But so fa r any partic les o f supe rsym m etry  a re not 
observed. W e  derived som e new represen ta tions o f the supersym m etric  
transfo rm ations, and in troduced the  superm ultip le ts. Based on these 
representa tions, G raded Lie A lgebras and various fo rm u la tions  (equations, 
com m uta tion  relations, p ropagators, Jacobi identities, etc.) o f bosons and 
fe rm ions m ay be unified. On the  one hand, the m athem atica l charac te ris tic  of 
partic les is p roposed: bosons correspond to real num ber, and fe rm ions 
co rrespond  to im ag inary num ber, respective ly. Such fe rm ions o f even (or odd) 
num ber form  bosons (or fe rm ions), which is ju s t cons is ten t w ith  a relation 
betw een im aginary and real num ber. The im aginary num ber is only included in 
the equations, form s, and m atrixes o f ferm ions. It is connected  w ith  relativity. 
On the o ther hand, the  unified fo rm s o f supersym m etry a re a lso  connected  with 
the  s ta tis tics  unifying Bose-E inste in  and Ferm i-D irac sta tistics, and w ith  the 
possib le  v io la tion  o f Pauli exc lus ion  principle; and a unified partition  function  is 
ob ta ined  [10,11]. M oreover, three quarks m ay be described  by the  Borrom ean 
rings [12]. W e  d iscussed  som e un ifica tions in partic le  physics. The  quantum  
s ta tis tics  is unified by the non linear equations. Based on the  gauge  groups, 
va rious un ifica tions o f in te ractions are researched. A  deve loped  d irection  of 
partic le  physics and m odern  sc ience  is possib ly the h igher d im ensional 
com p lex space [10-12],

Now w e d iscuss an app rox im a te  s im plified supersym m etry  theo ry  based 
on the know n sym m etrica l partic les and the ir excited  states, and the Regge 
tra jectory  fo rm u la  S=AJ+B.

It is know n tha t baryons (J=1/2,3 /2) and m esons (J=0,1) possess 
sym m etry.

For SU (3) octe t o f u,d,s and th e ir excited states:
J=1/2 ρ ,« ; Λ ,Σ +,Σ 0, Σ ' ; Ξ ° , Ξ ' ( ί η  octe t baryons firs t genera tion  2, second 

genera tion  6)
J=0 π ° , Κ ° \ η  (in five  m esons firs t genera tion  2, second 

generation  3)

J=3/2 Δ ;Σ * ;Ξ * ;Ω (5 5 5 ) (in decup le t baryons firs t genera tion  4, second 

genera tion  6)
J=1 p (7 7 0 ),® (7 8 2 ) ; (sJ )
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For lep tons there  are:
J=1/2 β,ν;μ,τ,νμ,ντ (six lep tons firs t generation  2, second-th ird  

genera tion  4)
J=1 r,W \Z°(  1 and 2)

J=2 , graviton.
In a word, bosons are all the  degenerate  states.
For SU (3) octe t o f u ,d,c and the ir excited sta tes possess s tructures of

com p le te  sym m etry:
J = 1 /2 /? ,« ;Λ * ,Σ * +,Σ * ,Σ ° ;Ξ ; ( ,Ξ ° ( ίη  octe t baryons firs t genera tion  2, second 

genera tion  6)
J=0 π° ,D±\pc(cc) (in five m esons firs t generation  2, second 

genera tion  3)

S econd genera tion  has the  m ixtures Q°(ssc), and (see), (ccc) for J=1/2; 

d ; ( c s ) fo r J=0.

For SU (3) octe t o f u,d,b and th e ir excited sta tes possess s tructures of 
com p le te  sym m etry:

J= 1 /2, know n baryons are ; should  yet

have Σ (uub,udb,ddb), (in octe t baryons firs t generation  2, th ird  genera tion  6);

J=0, π°, ^ ; B +(ub),B°(db) (in fo u r m esons firs t genera tion  2, second 

generation  2).

M oreover, J=1, Y (bb).
W e com bine  supersym m etry  and the standard m odel (1). S uppose  the 

second and th ird genera tions o f quark-lep ton  are the  d iffe ren t excited  sta tes of 
the  firs t generation. Th is  w ill be the s im p lest partic le  model.

F irst generation
J=1/2 p(uud), n(udd) a re  stable J=3/2 A**(uuu),A (ddd)
J=0 n+(ud),n°(uü,dd)

Second generation
J = 1 /2 Q°c(ssc), (see) J=3/2 £l~(sss), X ++(ccc)
J=0 Ds(cs),(ss),pc(cc) J=1 J !ψ(οο)

Third  generation
J=1/2 (bbt), (btt) J=3/2 They are p robably 

(bbb), (ttt)
J=0 (tb),(bb),(tt) J=1 Y  (bb)
Therefore , the  second and th ird  generations are com p le te ly  s im ila r to  the 

firs t generation. Three  qua rks  are the same, probably all J=3/2.
From  the second genera tion  begins, som e m ixing  sta tes o f firs t and 

second genera tions exist:_____________________________________________________
J=1/2 (uus), (uds), (dds); (uss), 

(dss)
And (uuc), (ude), (ddc); (ucc), 
(dec)

J=0 K+(us),K\ds) And D+(cd),D\cü)
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From  th is  beg ins ex is tence  o f the substab ie  states.
Further, som e m ixing  sta tes o f firs t and th ird  genera tions exist:
J=1/2 (uub), A° (udb ) , (ddb); (ubb), 

(dbb)

A nd  (uut), (udt), (ddt); 
(utt), (dtt)

J=0 B \ u b ) , B \ d b ) A nd (u t ) , ( d t )

A nd there  are som e m ixing sta tes o f second and th ird generations:
J=1/2 (ssb), (scb), (ccb); (sbb), (ebb) A nd  (sst), (set), (cct); (stt), 

(ett)
J=0 B ^ s b ) ,  B l { c b ) A nd  ( s t ) , { c t )

M oreover, there  are som e m ix tu res  o f firs t-second-th ird  genera tions

E°b(usb),E~b(dsb ) , etc.

Q uarks have th ree  genera tions, g luons shou ld  have th ree  genera tions. O r 
second and th ird generation  quarks are excited  sta tes o f the firs t generation  
quarks, so the  co rrespond ing  second and th ird  genera tion  g luons w ill a lso be 
the firs t genera tion  excited states.

References
[1] Y i-Fang  Chang, New Research of Particle Physics and Relativity. Yunnan 
S c ience  and T echno logy Press. 1989. Phys.Abst. 93,1371(1990).
[2] Y i-Fang  Chang, a rX iv:0803.0087.
[3] Y i-Fang  Chang, International Review of Physics. 6, 261(2012).
[4] Y i-Fang Chang, J. Yunnan University. 16,100(1994). Che. Abs. 123,840 
(1995).
[5] R. Aaij, B. Adeva, M. Ad ino lfi, et al. (LHCb C o llabora tion ). Phys.Rev.Lett. 
119,112001 (2017).
[6] M. Tanabash i, et al. Partic le  D ata G roup. Phys.Rev. D98, 030001(2018).
[7] Y i-Fang C hang, J. Yunnan University. 39, Inside fron t-back cover(2017).
[8] Y i-Fang  Chang, Hadronic J. 41, 221(2018).
[9] R. Aa ij, et al. (LH C b C ollabora tion ), Phys.Rev.Lett. 121,052002  (2018).
[10] Y i-Fang Chang, J. Yunnan University. 25,37(2003).
[11] Y i-Fang  Chang, 2008, a rX iv:0804 .0267.
[12] Y i-Fang  Chang, International Journal of Modern Mathematical Sciences. 
10,75(2014).



HADRONIC JOURNAL 43, 161 - 169 (2020) 
DOI 10.29083/HJ.43.02.2020

-161

AT ULTRA-LOW ENERGY POSSIBLE VIOLATION OF 
PAULI EXCLUSION PRINCIPLE AND ITS 

POSSIBLE MECHANISM AND PREDICTIONS

Yi-Fang Chang
Department of Physics, Yunnan University 

Kunming, 650091, China 
yifangch@sina.com

Received May 26,2020 
Revised June 16, 2020

Abstract
So far the universality of Pauli exclusion principle (PEP) was queried some 

times. First, we look out some hypothesizes of violation of PEP (VIP), and 
proposed violation at high energy and some tests. Next, we discuss another 
possibility on VIP at ultra-low energy, which is similar to superconductivity, 
superfluids and Bose-Einstein condensation (BEC), etc. Further, we propose a 
possible mechanism of VIP: Cooper pairs extend to general fermion pairs, so 
they transform to bosons with VIP. From this we may predict some characters 
of this like-boson, as in nuclei and atoms, etc. Moreover, we research some 
possible VIP in mathematics and physics. Based on the extensive quantum 
theory, its PEP may be violated.
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1. Introduction
The Pauli exclusion principle (PEP) is a very important natural rule, and is 

theoretical foundation of atomic structure. It is a well-known principle in 
quantum mechanics, and is widely applied and may explain from the periodic 
table of elements to neutron stars, etc.

But, some scientists queried the universality of PEP some times. First in 
1978-1980 Santilli proposed the rest of PEP, in particular, for strong 
interactions, and the structure of hadrons, nuclei and stars [1-3], Further, 
Santilli researched inapplicable of PEP in numerous experiments [4], Based 
on some experiments and theories of particles at high energy, we investigated 
violation of PEP at high energy begin from 1984 [5-14], and researched some 
possible tests of violation of PEP [6,10,11]. Then in 1987-1989 Ignatiev- 
Kuzmin and Greenberg-Mohapatra [15-17] proposed that PEP has a small
violation for any natural substance, which contains a fraction of order ß 2 of 
anomalous atoms and nucleons.

So far the experimental tests have proved high precisely the validity of the 
in usual cases. Kekez, et al., discussed an upper limit to violations of PEP [18], 
and searched violation of PEP in nuclear decays [19]. Thoma, et al., 
researched limits on small violations of PEP in the primordial nucleosynthesis
[20], Tsipenyuka, et al., discussed experimental test of the possible violation of 
PEP by photo-activation analysis of carbon content in pure boron [21], 
Javorsek, et al., searched new experimental test of PEP using accelerator 
m ass spectrometry [22],

Recent, the violation of PEP (VIP) aroused again attention, which poses a 
special word VIP. VIP Collaboration searched new experimental limit on VIP 
by electrons [23-25], and experimental tests of quantum mechanics on VIP 
and future perspectives [26], Chakraborty, et al., discussed sufficient condition 
for the openness of a many-electron quantum system from the violation of a 
generalized PEP [27], Abgrall, et al., researched new limits on bosonic dark 
matter, solar axions, PEP violation, and electron decay from the low-energy 
spectrum [28], Shi, et al., searched experiments for VIP [29], In this paper, we 
discuss another possibility of VIP, at ultra-low energy, and propose its possible 
mechanism on VIP.

2. Possible Violation of PEP at Ultra-Low Temperature
The future experiments on VIP should be combined widely with various 

theories of hidden and obvious violation of PEP. Author think that known 
experiments and theories seem to imply VIP at high energy. Some possible 
tests have been proposed in particle physics, nuclei at high energy and 
astrophysics, etc., in particular, the excited high-n atoms, the various nuclei at
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high energy, dineutrons in extremely neutron-rich nuclei, and gamma ray 
sources, black hole in high energy astrophysics, etc [6,10,11].

The most notable and realizable test is in the excited high-n atoms. For 
atomic electrons, if PEP is violated, the K shell will be able to accommodate 
more than two electrons. Rinneberg, et al., obtained high-n Rydberg atoms 
with the principal quantum number n=290 for in the laboratory [30], Then they 
obtained again atoms with n=520. Ling, et al., observed Rydberg state with 
n=1000 [31,32], In last case, its high energy level is 106 times as large as 
“normal” atom at low energy, and the effective radius is

a n = n 2h 2 /  ju e2 = 5 . 2 9 x 1 0 ^ cm . (1)
It is already a near-macroscopic scale. According to quantum mechanics, the 
electron number in atom must be either two for usual orbit or infinite for ionized 
state. I believe that there is third possibility: For very high excited atoms, at 
above near-macroscopic orbit three electrons seem s to be able to coexist, at 
least in a short time interval, which just corresponds to high energy. Moreover, 
in highly excited atom the effect of spin can be neglected [30], it is just that I 
expected the condition of the unified statistics and of the inapplicability of PEP 
at high energy [5], Further, it is validated that “magic" Rydberg states with 
n=150 possess enough long lifetimes [33,34],

Mohapatra [35] predicted the presence of a neutral spin-3/2 hadron with 
m ass in the 1-2 GeV range by using infinite statistics. It implies VIP at 1-2 GeV. 
According to the uncertainty principle we expected that usual high energy is 
about 2-20 GeV for particles [5], In different regions, for instance, nuclei, 
multiplicity and celestial body, etc., there should be corresponding threshold 
values for high energy.

Several groups (LEPS, DIANA, CLAS and BES Collaborations) observed 
some multi-quark resonances at high energy [36-38], For example, an exotic 
baryon Θ +(1540) with the quantum numbers of K +n has been reported, in 
which i\\iQ-quaxk(qqqqq ) configurations are mixed with the standard three- 
quark valence configuration. These multi-quark states coexist inside a short 
time, which increases a possibility of VIP.

At ultra-cold there are three well-known superconductivity, superfluids and 
Bose-Einstein condensation (BEC) [39], They are macroscopic quantum 
phenomena in essence. In ultra-low temperature two fermions can constitute a 
boson like the Cooper pair, and perform BEC [14], It is the fermion degeneracy, 
and forms the Fermi-Dirac condensation (FDC). This is also a unification 
between BE and FD statistics [5], Further, we predict that the high- Tc

superfluidity should exist, which corresponds to the high-7̂. superconductivity.
Moreover, the new charge cluster, no matter as negative or positive charge, 
seem s to have implied VIP.
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In 1995, the condensation numbers o f 87Rb  and 1 Li atoms may be high 
as 105 under this extreme condition [40], In 1999 DeMarco and Jin cooled the 
potassium atomic gas with fermion characteristics to 10'9 K, so that the 
potassium atom pairs to realize quantum degeneracy to Fermi atomic gas [41], 
Its quantum effects are different from Bose atomic gas, such as Fermi 
pressure, Pauli blocking and superfluid, etc. The interaction leads to the 
formation of Cooper pairs by Fermi atoms and the change of resonance 
interaction to realize the phase transition from the supercurrent of BCS to BEC 
[42-44], At ultra-low temperature fermion pairs can VIP. Contrarily, in 1960 
Girardeau proposed a gas model under the hard core boson limit, that is, 
Tonks-Girardeau gas, at this case the boson is confined to one-dimensional 
space and the repulsion is very strong. It is similar to PEP. In 2004 Paredes, et 
al., confirmed this case by cold atomic experiments [45], This is a boson 
similar to a fermion. So boson and fermion are symmetry and unification. In 
this case PEP has not played a role in the ultra-cold structure, and VIP may be 
tested.

3. A Possible Mechanism on VIP, and Predictions
For superconductivity a well-known theory is Bardeen-Cooper-Schrieffer 

(BCS) theory, whose base is Cooper pairs, which interacts through phonon. 
Cooper pairs are extended to the electron bag model, which may possibly 
describe superconductivity at high temperature. Further, we propose a 
possible mechanism on VIP: It is similar to Cooper pairs, and can extend to 
general fermion pairs, which is base of VIP. Its key is that fermion pairs 
transform to boson, and may obtain various similar characters of bosons.

From this we may predict: 1). Existence of various fermion pairs. They are 
mainly proton pairs and neutron pairs, i.e., nucleon pairs. Others are atom with 
semi-integer spin pairs, molecule with semi-integer spin pairs, etc. It is known 
that the spin wave function includes a spin singlet:

(2)

Since the spin singlet is an odd function of two nucleons nv n2 , 

function φ{τχ - r 2) must be even, this is, φ{τχ - r 2) = +(p(r2 - rx).
The pair creation operator in a momentum space k is:

A+ = ‘ *V -V  Ο)
The many-body wave function of coherent state is:

IΨBcs >= c e x p (X akPk+)\0>.

the wave

(4)
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2). Fermion pairs condensation (FDC). For BEC, the critical temperature
is:

Tc=T ~ {~kBm
n

'2.612
Here the particle density is:

■I

2/3

1 1
n = -

(2 π ) 3 J αβ(^-μ) -1
■ d r

For fermions the particle density should be:

nr =
1

i
1

( 2 π γ
d e

(5)

(6)

(7)

The corresponding critical temperature of FDPC is probably:
, FDPC 2τώ7 n7  \ 2 / 3 (8)

k B(2m f ) '2.612'
3) . For atom if Cooper pairs exist in electron orbit, it will form a new 

chemical element.
4) . For nuclei if nucleon pairs exist, it will form new nucleus, or it is known 

a  -particle (He cluster) model of nuclei, and corresponds to four electron 
creation operators for the same k point,

p ;p ;= ( P ;) 2= c;fc:kic;rc:k l=o. w
It corresponds to the even-even nuclei (whose basic state has spin J=0), and 
relates magic number, and stable magic nucleus and double magic nuclei with 
spin J=0 in the nuclear shell model.

And 3) and 4) relate atom and nucleus at ultra-cold. In nuclei the strong 
interactions exist between nucleons, so ( p  T p i ) , ( n \  «4-) is formed easier, 
and become the similar boson and the simplest a  -particle model and general 
more stable even-even nuclei. In a certain extent nuclei are FDPC. Further, it 
is namely neutron star.

5) . Different energy levels of the sam e structure exist in atoms and nuclei,
etc. For example, for He nucleus the energy level of (/? T p  4), (77 t  η I )  is the 
lowest than ( p  t  n i )  and so on. For water molecule the energy

level of H  t O H  4- is the lowest.
6) . Probably, the fermion laser exists.

4. Possible Violation of PEP in Mathematics and Physics
We suggested that particles at high energy possess a new statistics 

unifying BE and FD statistics [5], for example, a possible unified distribution is:
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* = • ^ - 7 -  * - V * .  (10)
Γ(α)

This agrees quantitatively with scaling, the multiplicity and its distribution, and 
large transverse momentum, etc., which are independent of the types of 
particles.

In fact, the parastatistics, the fractional statistics [46], anyon, and the 
fractional quantum Hall effect, etc., have some contradictions with the 
standard theory in which two types of different particles and their properties 
are distinguished from the spin-statistics stringently. Even in the nonabelian 
gauge field theory there is the ghost particle whose spin is zero, but which 
agrees with anticommutation relation. They correlate to various theories 
relevant to possible VIP, including some obvious and hidden ones [9,10],

Some experiments and theories implied VIP at high energy [5,6], etc. This 
is related with the nonlinear theory [8]. Haldane discussed the fractional 
statistics in arbitrary dimensions has a generalization of PEP [47], It is applied 
to the vortex-like quasiparticles of the fractional quantum Hall effect, and gives 
the same result as that based on the braid-group. It is also used to classify 
spinons in gapless spin-1 /2 antiferromagnetic chains as semions. Greenberg 
and Mishra demonstrated that parastatistics can be quantized using path 
integrals by calculating the generating functionals for time-ordered products of 
both free and interacting parabose and parafermi fields in terms of path 
integrals, and gave a convenient form of the commutation relations for the 
Green components of the parabose and parafermi operators in both the 
canonical and path integral formalisms [48], Moreover, the ghost field, anyon, 
some abnormal phenomena, spin, polarization and collisions, etc., are 
correlated closely with possible VIP and unified quantum statistics.

5. Extensive Quantum Theory and Corresponding VIP
Feynman pointed out: “There are certain situations in which the 

peculiarities of quantum mechanics can come out in a special way on large 
scale." In a special situation “quantum mechanics will produce its own 
characteristic effects on a large or ‘macroscopic’ scale" [49]. The Titius-Bode 
(TB) law describes approximately the average distances between the Sun and 
various planets in the solar system. The law has implied a quantized 
phenomenon in the solar system. We developed the TB law to a new form 
[50,51]:

r„ = a n 2 . (11)
From this we derived a similar theory with the Bohr atom model, and obtained 
the quantum constants H  =  (a G M 0 ) m  of the solar system and corresponding 
Schrödinger equation. Some exoplanets and ten satellite galaxies of Galaxy,
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etc. agree with the same form. Further, we proposed the extensive quantum 
theory and its three laws: 1. Extensive quantum is its element in any system. 2. 
Its theory has similar quantum formulations with different quantum constants H. 
3. Evolutions of systems may be continuous, but stable states are quantized 
[52], Its mathematical base is fractal. Using the geometric average method, 
three different values of the quantum constants of man, cell and 
macromolecule may be derived for biological, chemical and physical discrete 
systems with different scales. Using this theory we researched 
superconductivity, superfluidity, BEC, and various macroscopic quantum 
phenomena. Alexandrov researched an extensive theory from weak to strong 
coupling superconductivity [53].

We searched that the extensive quantum theory is applied to various 
macroscopic quantum phenomena [54,55], and proposed the extensive 
quantum biology and its application in DNA [56-58]. We researched the 
extensive quantum social sciences [59-61], in which the social entangled 
states and exclusion exist, and the cooper pair corresponds to husband and 
wife. In a word, the extensive quantum theory agrees with symmetry, and it 
has corresponding PEP, but this can be violated under some conditions.

6. Conclusion
Through the experiments provides high precisely tests on PEP in usual 

cases, but we may research some possible violations of PEP (VIP) under 
some special conditions, for example, high energy and/or ultra-low energy, etc. 
Further, we should investigate possible mechanism on VIP, which relates 
usually nonlinear theory and so on.
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Abstract
Regarding solid materials o f  symmetry class 6 mm, it is natural to deal with 

m echanical, electrical, magnetic, gravitational, and cogravitational properties. In 
addition to the electromagnetic a  and gravitocogravitic >9 constants, the incorporation o f 
gravitational phenomena for these smart m agnetoelectroelastics adds the gravitoelectric 
C, cogravitoelectric ξ, gravitomagnetic β, and cogravitom agnetic λ constants. All o f  them 
contribute to the value o f  the coefficient o f  the 
electrom agnetogravitocogravitom echanical coupling (CEM GCM C). The CEMGCM C 
represents one o f  very important m aterial characteristics because the dynamic 
characteristics such as the bulk and surface acoustic wave speeds depend on it. 
Therefore, it requires experimental determinations o f  the a, 9, ζ, ξ, β, and λ. In addition 
to the well-known relative parameters ole and aw, this report introduces the relative 
m aterial parameters 9g, 9f, ξε, Cf, βΗ, ββ, ζε, Cg, Xh, and XF, where the subscripts “E ”, 

“G”, “F ” relate to the electrical, magnetic, gravitational, and cogravitational 
subsystems, respectively. It is expected that their measurements can be preferable due 
to the successful measurements o f  αε and a,w during the last six decades. The knowledge 
o f  the complete set o f  the material parameters for different m agnetoelectroelastics can 
provide a class o f  commercially fitting materials to constitute various technical devices 
with suitable characteristics. This can actually contribute to the development o f 
infrastructure for signal processing based on the new fast waves that can propagate in 
the solids at the speeds Λι =  (£2.)“1/2 —► ~  1013Cl and Λ2 =  (ξβΤ12 —* -  1013Ci, where Cl 
is the light speed in a vacuum. Also, the new fast waves can propagate in a vacuum at 
the speeds Λ01 = (CoAo)_1/2 —* ~  1013C i and Λ 02 = (ξοβο)~,/2 —* ~  1013Ci. These speeds Λ01 

and Λ 02 are already apt for developm ent o f  the instant interplanetary communication.

Keywords: Continuous media; M agnetoelectric and gravitational effects; Four 
potential coupling problem; Exchange material parameters.
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1 Introduction
T h e  recen tly  d ev e lo p ed  th eo ry  [1, 2] o f  the  aco ustic  w av e  p ro p ag a tio n  

co u p led  w ith  the  e lec trica l, m agnetic , g rav ita tio n a l, and  co g rav ita tiona l 
p o ten tia ls  (i.e. the  fo u r-p o ten tia l acoustic  w ave) has p ro v id ed  som e theo re tical, 
m ath em atica l, ex p e rim en ta l, and  en g in eerin g  p ro b lem s. S uccessfu l 
d ev e lo p m en ts  to w ard s  reso lv in g  all these  p ro b lem s can  resu lt in  ap p earance  o f  
in fra stru c tu re , w ith  w h ich  it w ill be  possib le  to  have  th e  in stan t in terp lane tary  
co m m u n ica tio n  b a sed  on som e g rav ita tio n a l ph en o m en a. T h is  co m m u n ica tio n  is 
possib le  b ecau se  th eo ry  [1] has in tro d u ced  tw o n ew  fast w aves that can  
p ro p ag a te  in b o th  so lids and  a vacu u m  at speeds th irteen  o rders fas te r than  the 
speed  o f  ligh t in  a v acu u m , Cl — (εομο)”1/2 ~  (γοηο)”1/2 ~ 3 x 108 [m /s]. H ere it is 
w o rth  n o tin g  th a t A b b o tt et al. [3] h ave  fo u n d  in 2016 th a t the  g rav ita tiona l 
w aves can  a lso  p ro p ag a te  in a vacu u m  w ith  the  speed  o f  lig h t C l ~  (γοηο)~ν 2. 
T h ere fo re , bo th  the e lec tro m ag n e tic  an d  g rav ita tio n a l w aves a re  u n su itab le  fo r 
the  in stan t in te rp lan e ta ry  co m m u n ica tio n . T h ese  n ew  fast speeds Λοι =  (Co2o)“1/2 
->  1013Cx a n d /io 2 =  {ξοβοΥυ2 —> 1013Cz, fo r s ignal p ro cessin g  are  a lready  enough  
fo r the in stan t in te rp lan e ta ry  (in te rs te lla r and  even  in te rg a lac tic )  com m unica tion . 
F o r th is p u rp o se , it is n ecessa ry  to know  m easu red  v a lu es  o f  the fo llow ing  
p aram ete rs  fo r a vacuum : the e lec tric  co n stan t εο, m ag n e tic  co n stan t μο, grav itic  
co n stan t yo, co g rav itic  co n stan t μο, g rav ito e lec tric  co n stan t ζο, cog rav ito e lec tric  
co n stan t Co, g rav ito m ag n e tic  co n stan t βο, and  co g rav ito m ag n etic  constan t λο.

T h e  m easu rem en t too ls are  cu rren tly  w e ll-d ev elo p ed  fo r d e te rm in a tio n  o f  the 
v acu u m  p a ram ete rs  εο and  μο. F o r a vacu u m  [4], the m ag n e tic  p e rm eab ility  
co n stan t (m ag n e tic  co n stan t) μο =  4 π  x 10”7 [H /m ] =  1 .25663706144  x ΙΟ”6 
[H /m ] and  the d ie lec tric  p e rm ittiv ity  constan t (e lec tric  co nstan t) εο =  10” 
7/ ( 4 π α 2) =  8 .8 5 4 1 8 7 8 1 7  x 1 0 '12 [F /m ] because  Cl  = 2 .9 9 7 8 2 4 5 8  x 108 [m /s]. 
F o r so lids, the  e lec trica l p ro p erties  a re  k now n  fo r m any  m ate ria ls  [5] and  the 
ex p erim en ta l too ls  [6] fo r d e te rm in a tio n  o f  m ag n e tic  p ro p ertie s  are also  w ell- 
d ev e lo p ed . T h ere  are m ag n e to e lec tr ic  so lids [7, 8, 9] th a t possess the 
m ag n e to e lec tric  e ffec t ch arac te rized  by  the e lec tro m ag n e tic  co n stan t a. T he 
m ag n e to e lec tric  m ate ria ls  a re  su itab le  cand ida tes fo r sp in tron ics. F or the 
m ag n e to e lec tr ic  m ate ria ls  there  is the  fo llo w in g  co n d itio n  o f  th erm o d y n am ic  
stab ility : a 2 <  εμ  [7, 8], w h ere  ε and  μ  a re  the  e lectric  and m ag n e tic  constan ts  for 
so lids, resp ec tiv e ly . T o  en h an ce  the  value  o f  the  e lec tro m ag n e tic  constan t a,
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co m p o site  m ate ria ls  are  c rea ted  [7, 8]. H o w ev er th e re  are  hexagonal 
m o n o cry s ta ls  [9] th a t can  co m m erc ia lly  co m p ete  w ith  the  co m posites. F o r the 
so lids there  is a lw ays a 2 «  εμ  that can  be read ily  rew ritten  as fo llow s: Va »  
Vem, w h ere  Va =  1 la  and  Vem =  (εμ)~ν2 s tand  fo r th e  ex ch an g e  speed  and  the 
speed  o f  the e lec tro m ag n e tic  w ave , respec tive ly . F o r the so lids, the 
m ag n e to e lec tr ic  e ffec t is so sm all th a t there  is ev en  Va »  Cl . T h is is an  ev idence 
that the  exch an g e  sp eed  can  b e  s ig n ifican tly  fas te r th an  the  speed  o f  the 
e lec tro m ag n e tic  w av e  p ro p ag a tin g  in  a so lid  or a vacuum .

A cco rd in g  to th eo ry  [1], the  tak in g  in to  acco u n t so m e g rav ita tiona l 
p h en o m en a  in  the th eo ry  o f  the aco ustic  w ave  p ro p ag a tio n  in  th e  m ag n e to e lec tric  
m ate ria ls  can  resu lt in  in te rac tions o f  ex tra  tw o su b sy stem s (g rav ita tio n a l and 
co g rav ita tio n a l) w ith  the  e lec trica l and  m ag n e tic  subsystem s. T h is theory  uses 
the  cen ten n ia l p o s tu la tio n  b y  E in s te in  that any  k in d  o f  en e rg y  (and  any change 
in  energ y ) is co u p led  w ith  g rav ita tion . In  1916, E in ste in  [10] h as  u sed  an analogy  
b e tw een  the g rav ita tio n  an d  e lec tro m ag n e tism  th at w as f irs t m en tio n ed  by 
H eav isid e  [11] in  1893. T h is an a lo g y  w as stu d ied  by  m an y  theo re tic ian s . For 
in stan ce, Je fim en k o  in  h is b o o k  [12] has stud ied  the  g rav ita tio n  an d  co g rav ita tion  
th a t are  a lso  ca lled  the g rav ito e lec tr ic ity  and  g rav ito m ag n e tism  in the theory  o f  
the g rav ito e lec tro m ag n e tism  rep resen tin g  the  p u re ly  g rav ita tio n a l theory . So, it 
is n a tu ra l th a t th eo ry  [1] uses the  g rav ita tio n a l and  co g rav ita tio n a l subsystem s. 
A s a resu lt, d ev e lo p ed  theo ry  [1] leads to  the  ap p earan ce  o f  tw o  n ew  fast w aves 
p ro p ag a tin g  at th e  fo llo w in g  speeds in  the solids: A\  =  (ζλ)~χι2 a n d A 2 =  (ξ β )~υ2, 

w h ere  ζ, λ, ξ, and  β  are the g rav ito e lec tric , co g rav ito m ag n etic , cog rav ito e lec tric , 
and  g rav ito m ag n e tic  co n stan ts  fo r the  solid , resp ec tiv e ly . T h ese  tw o  exchange 
speeds can  p ro p ag a te  th irteen  o rders faste r th an  the  speed  o f  ligh t, C l . It is 
p o ss ib le  to w rite  th e  fo llo w in g  th erm o d y n am ic  stab ility  co n d ition : A \ »  Va and 
A 2 »  Va. T h e re fo re , A\ »  C l and  A 2  »  C l . A lso , it is n a tu ra l to w rite  dow n  for 
a vacuum : Λ 0 1 »  C l and  Λ 0 2 »  C l . T h ese  m eans th a t th e  p a ram ete rs  {Co, Co, βο, 
/lo} fo r a v acu u m  and  the co rre sp o n d in g  m ate ria l p a ram ete rs  {ζ, ξ, β ,  λ }  fo r the 
so lids m u st b e  k n o w n  in o rd er to  ev a lu a te  the  co rresp o n d in g  ex ch an g e  speeds.

T h is rep o rt o ffers fo r the  read e r to  deal w ith  re la tiv e  m ate ria l p a ram eters  
in stead  o f  {ζ, ξ, β ,  λ } fo r the  solids. T h ese  rela tive  m ate ria l p a ram ete rs  w ill be 
in tro d u ced  in  the fo llo w in g  section . E ach  o f  th em  is re lev an t to  one o f  the 
fo llo w in g  a fo rem en tio n ed  m ateria l p a ram ete rs  fo r the so lids: e lec tric  co n stan t ε, 
m ag n e tic  co n stan t μ, g rav itic  co n stan t y , cog rav itic  co n stan t η. F o r the  so lids, the 
co n stan ts  ε  and  μ  are w e ll-d e te rm in ab le  in  the co rre sp o n d in g  exp erim en ts  that
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w as m en tio n ed  at the b eg in n in g  o f  th is section . C o n cern in g  the constan ts  y and 
η, Li and  T o rr [13] in  1991 h av e  p resen ted  M axw ell's  eq u a tio n s fo r g rav ita tio n  
in  a form , w h ere  the co g rav itic  co n stan t η o f  a su p e rco n d u c to r is d iffe ren t from  
the p a ram ete r ηο fo r a vacuum . O ne y ear later, Li an d  T o rr [14] have  d iscussed  
the in te rre la tio n sh ip  b e tw een  the m ag n e tic  and co g rav ita tio n a l fie lds in 
su p e rco n d u c to rs  and  estim ated  the va lu e  o f  the re la tiv e  co g rav itic  co n stan t η o f  
a su p erco n d u c to r. In  1993, Ton· and  Li [15] have co n tin u ed  th e ir  analysis o f  
g rav ita tio n a l e ffects in su p erco n d u c to rs  and  stud ied  som e co u p lin g  b e tw een  the 
g rav ita tio n a l an d  e lec tric  su b sy stem s v ia  su p erco n d u c tiv ity . In  2016 , F iizfa  [16] 
has stu d ied  w eak  in te rac tio n s in  so lids b e tw een  the e lec tric  o r m agnetic  
su b sy stem  on  one side and  the g rav ita tio n a l or co g rav ita tio n a l su b sy stem  on the 
o th er side. T h e refo re , it is n ecessa ry  to sta te  that the p a ram ete rs  ε, μ, γ, and  η can 
be  read ily  ev a lu a ted  fo r v a rio u s so lids and  n a tu ra lly  u sed  fo r de te rm in a tio n  o f  
the m ate ria l p a ram ete rs  {ζ, ξ, β ,  λ } .  T hese  last fo u r p a ram ete rs  can b e  ob tained  
w ith  k n o w n  v a lu es  o f  the re la tiv e  m ateria l p a ram ete rs  in tro d u ced  in  the 
fo llo w in g  section . T h e  th ird  sectio n  p ro v ides som e d iscussions.

2 The relative material parameters
In  the  tran sv erse ly  iso tro p ic  so lid  m ate ria ls  o f  sy m m etry  c lass 6 mm, the 

v e lo c ity  o f  the  an ti-p lan e  p o la rized  b u lk  acoustic  w av e  can  b e  ca lcu la ted  w ith 
the fo llo w in g  ex p ressio n  [ 1 ]:

In  d e fin itio n  (1), the m ate ria l p a ram ete rs  C  and  p  are  lis ted  in  tab le  1. A lso, 
the n o n d im en sio n a l p a ram ete r K 2mgc is ca lled  the co e ffic ien t o f  the 
e lec tro m ag n e to g rav ito co g rav ito m ech an ica l co u p lin g  (C E M G C M C ). T his 
co e ffic ien t can  be  ca lcu la ted  w ith  the  fo llo w in g  fo rm ulae  [1, 17, 18, 19]:

( 1)

v 2 —l^emgc CZz (2)

w h ere

Z x =  β2(μγη +  2βλΰ -  λ2γ  -  β 2η -  ΰ 2μ) +  Ιι2(εγη +  2ζξΰ -  ϋ 2ε -  
ζ 2η _  ξ ϊ γ ) +  g 2 (εμη +  2 αξλ -  λ2ε -  α 2η -  ξ2μ) +  β 2(εμγ +  2αβζ -



-  175 -

β 2ε — α 2γ  — ζ 2μ )  -1- 2βΙι(ζβη +  ξγλ  -1- ϋ 2α — αγη — ζλϋ — ξβΰ) + 
2eg(aßp  +  ξϋμ  +  λ2ζ -  αλϋ  -  ζμη -  ξβλ)  -I- 2εβ(αγλ + ζϋμ  +  β 2ξ -  

αβΰ  -  ζβλ  -  ξμγ )  -1- 2 Ιιμ(ελϋ +  ζαη + ξ2β -  αξϋ -  ζλξ  -  εηβ) +  

2Ηβ(εβϋ + ξαγ  +  ζ2λ -  αζϋ -  ζξβ -  ελγ )  +  2μ /(εβλ  + ξμζ +  α 2ϋ -
αζλ -  αβξ -  εμϋ) (3)

Ζ 2 =  (ε μ  -  α 2) ( γ η  -  ϋ 2) +  { β ξ  -  λ ζ ) 2 -  ( ξ 2μ γ  +  β Ζεη +  λ 2ε γ  +  
ζ 2μη )  +  2 ( γ α ξ λ  +  η α β ζ  +  ε β λ ϋ  +  μ ζ ξ ϋ  -  α ζ λ ϋ  -  α β ξ ΰ ) (4)

Table 1: T h e  m ate ria l p a ram ete rs  o f  the m ag n e to e lec tro e la s tic  so lid , their 
fu n d am en ta l p h y sica l d im en sio n s, and  estim ated  values.________________________
Material parameter, symbol

5 ------- ---- . - -
Dimension Estimated values

M ass d en sity , p k g /m 3 103
E lastic  stiffness co n stan t, C k g /(m x s2) 109 to 1011
P iezo e lec tric  constan t, e k g 1/2/m 3/2 0.1 to  10
P iezo m ag n etic  co e ffic ien t, h k g 1/2/(m 1/2xs) 0.1 to 103
P iezo g rav itic  constan t, g k g /m 2 105 to  1010
P iezo co g rav itic  c o e f f ic ie n t , / s_1 ΙΟ"16 to 10"8
E lec tric  co n stan t, ε s2/m 2 O T 0 1“̂

 
O o

1 oc

M ag n etic  co n stan t, μ - 10-6 to  ΙΟ"3
E lec tro m ag n e tic  constan t, a s/m 10-16 to  1 0 '12
G rav itic  co n stan t, y k g x s2/m 3 1010 to 10u
C o g rav itic  co n stan t, η m /kg ΙΟ“28 to 10“27
G rav ito co g rav itic  constan t, 9 s/m 10-16 to  10“12
G rav ito e lec tric  constan t, ζ k g 1/2x s2/m 5/2 10“8 to  10-2
C o g rav ito e lec tr ic  constan t, ξ s /(k g 1/2x m 1/2) 1 0 ^ 5 to ΙΟ“40
G rav ito m ag n e tic  constan t, β k g 1/2x s/m 3/2 1 0 ^  to  10
C o g rav ito m ag n e tic  constan t, λ m 1/2/k g 1/2 10 40 to 10“35

A ll the m ate ria l p a ram ete rs  p resen t in (3) and (4) are  lis ted  in  tab le  1. T his 
fo rm  (4 ) can  b e  n a tu ra lly  rew ritten  in the fo llow ing  fo rm s [19]:

Z 2 =  (εμ  -  ξ 2)( .μ γ  -  β 2) +  ( α ϋ  -  λ ζ ) 2 -  ( ϋ 2ε μ  +  α 2γ η  +  λ 2ε γ  +  
ζ 2μη )  +  2 ( γ α ξ λ  +  η α β ζ  +  ε β λ ϋ  +  μ ζ ξ ϋ  -  ζ ξ β λ  -  α β ξ ϋ )  (5)
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Zi = (εγ ~ ζ 2)(μη -  λ2) + (αΰ -  βξ)2 -  (ΰ2εμ + α 2γη + ξ2μγ  + 
β 2εη) + 2(γαξλ + ηαβζ + εβλϋ + μζξϋ -  ζξβλ  -  αζλΰ) (6)

It is n ecessa ry  to sta te  that fo rm s (4), (5 ), and  (6) are  equ iva len t. It is also 
n ecessa ry  h e re  to  m en tio n  use fu l p h y sica l d im en sio n s o f  som e com b in a tio n s o f 
the  m ate ria l p a ram ete rs . W ith  tab le  1, one can  find  the fo llo w in g  equalities: [p!C\ 
=  [εμ] =  [γη] =  [a2] =  [52] =  [α#] =  [ζλ] =  [ξβ] =  [s2/m 2]. T h ese  tw o  param eters
(1) and  (2) a re  v ery  im portan t. Indeed , the speeds o f  b o th  th e  new  in terfacial 
aco ustic  S H -w av e  [17] and  the  n ew  d isp ers iv e  acoustic  S H -w av es [18] in p lates 
(th in  film s) ac tu a lly  dep en d  on  them . In  eq u iv a len t fo rm s (4 ), (5), and  (6), the 
read e r m u st fo cus o n  the  first tw o  term s on  the  r ig h t-h an d  side. It is c learly  seen 
th at in each  eq u iv a len t fo rm  there  are  tw o  first term s th a t co n sis t o f  two 
co fac to rs. U sin g  these  tw o term s, it is p o ssib le  to  b o rro w  the  fo llow ing  
in eq u a litie s  fro m  w o rk  [19]:

✓y 2 -O 2 o'2 $2
0 <  —  < 1 ,  0 <  — <  1, 0 <  — <  1 

ε μ γ η  ε μ  γ η

ο<ϋ^ ! < ι ο<ϋ<ι ,  0<^·<1
ε μ γ η  ε η  μ γ

0 < ^ - < 1 , 0 < - < 1 , 0 <  — < 1
ε μ γ η  ε γ  μ η

(7)

(8) 

(9)

U sin g  ineq u a litie s  (7), it is p o ss ib le  to  w rite  dow n  the  fo llo w in g  rela tive  
m ag n e to e lec tr ic  (M E ) co effic ien ts  [20] lis ted  in tab le  2:

d E  a

Ue = d H ~ l ( 10)

a H =
d H  _  a  

d E  ~  μ ( 11)

b ecau se  it is co n v en ien t to dea l w ith  the fo llo w in g  d im en sio n less  p aram ete r 
lis ted  in  tab le  2:

_  d E  d H  _  a 2 
-  d H  d E ~  ε μ

( 12 )
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Table 2: T h e  re la tiv e  m ateria l p a ram ete rs  α ε , a e , &g , 9f, ξε, ζε, βπ , βΰ ,  ζε, Cg , Xh, 
and  λε, th e ir fu n d am en ta l p hysica l d im ensions, and  e stim ated  values.___________
M aterial param eter Dimension Estim ated values
αε m/s IO'6 to KT*
an s/m 10-10 to ΙΟ"8
9 g m2/(kgxs) ΙΟ'26 to ΙΟ“22
&f kg x s/m2 1011 to 1015
Ce kg1/2/m 1/2 102 to ΙΟ6
Cg m 1/2/kg1/2 ΙΟ '18 to ΙΟ"12
Ce m3/2/(kgt/2xs) ΙΟ'35 to ΙΟ“22
Cf kg1/2xs/m3/2 ΙΟ'17 to ΙΟ“13
ßH kg1/2xs/m3/2 1 to 104
ß c m3/2/(kg1/2xs) Ι Ο 16 to ΙΟ"10
Xh m 1/2/kg1/2 Ο

1 t>> ■fr
­

et
- ο ο

to

λ ε kg1/2/m 1/2 ΙΟ-12 to 10'8
αεαΗ, 9 g9f, ß n ßc , CeCg - > ΙΟ '16
CeCf - > 10'52
XhXf - > 10^6
αεαπ9ο9ρ - > ΙΟ-32
ζεξρβΗβσ - > ΙΟ'68
CeCgXhXf - > ΙΟ'62

In  (10) an d  (11) there  are  the p a rtia l firs t de riv a tiv es  d E /d H  and  dH/dE, 
re sp ec tiv e ly , w h ere  E  and  H  s tand  fo r the  e lec tric  and  m ag n e tic  fie lds. R ela tive  
p a ram ete r αε  (10 ) is ca lled  the linear M E  v o ltag e  co effic ien t th a t is the quan tity  
g en e ra lly  m easu red  du rin g  ex p erim en ts  [7, 21, 22]. T h e  M E  co effic ien ts  αε  (10) 
and  a //  (11) are  fo r the d irec t and  converse  M E  effects [20]. T h e  M E  v o ltage  
co effic ien t αε  c an  be d e fin ed  u n d e r the  o pen  e lectric  c ircu it co n d itio n  and 
ex p ressed  as αε -  α/ε, w h ere  ε  is the  e ffec tiv e  p erm ittiv ity  (e lec tr ic  constan t) for 
a solid . S im ilarly , the co n v erse  M E  co effic ien t a #  (11) can  b e  d e te rm in ed  under 
the  op en  m ag n e tic  c ircu it co n d itio n  and  expressed  as fo llow s: α // =  α/μ, w h ere  μ 
is the e ffec tiv e  p e rm eab ility  (m ag n e tic  constan t). T h e  M E  co e ffic ien t a u  can  be 
easily  fo u n d  in  ex p e rim en ts  s im ila rly  to the M E  v o ltage  co e ffic ien t. F o r instance, 
the d ie lec tric  co n stan t ε  = 11.9εο fo r CnCb [20] and  th ere fo re , the  m easu red  value 
o f  a -  2.67 x 10'12 [s/m ]. T h is  m ean s th a t the exch an g e  sp eed  Va =  1 la  for
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m o n o cry s ta l CviOs  is equal to  Va =  3 .75 x 1 0 11 [m /s] >  Cl -  2 .9 9 7 8 2 4 5 8  x 108 
[m /s] and  even  Va »  Cl. W ith  the e ffec tiv e  p e rm ittiv ity  ε  an d  the  effective  
p e rm eab ility  μ,  th e  value  o f  a  can  be  m easu red  fo r co m p o sites  th a t can  p rov ide 
sig n ifican tly  s tro n g e r M E  coup ling . F or co m p o sites , the  e ffec tiv e  param ete rs  ε 
and  μ  can  h av e  v ery  co m p lica ted  fo rm s [20].

S im ila r to  the ex ch an g e  b e tw een  the  e lec tric  and  m ag n e tic  su b sy stem s in  the 
trea ted  so lids, an  exch an g e  b e tw een  the  g rav ita tio n a l and  co g rav ita tiona l 
su b sy stem s can  exist. E x p lo itin g  in eq u a litie s  (7 ), it is there fo re  n a tu ra l to 
in tro d u ce  the  fo llo w in g  re la tive  co g rav ito g rav itic  (C G ) co e ffic ien ts  lis ted  in 
tab le  2:

ΰG
dG_ _  £ 
d F  γ

ϋρ — d F

d G

£

T h erefo re  th ere  is the  fo llo w in g  d im en sio n less  p aram eter:

i9c i9f £G dF_ 

d F  d G

£2
VV

(13)

(14)

(15)

In  (13) an d  (14 ) there  are  the partia l firs t de riv a tiv es d G /d F  and  dF/dG, 
re sp ec tiv e ly , w h e re  G and  F  s tand  fo r the  g rav ita tio n a l and  co g rav ita tio n a l fields. 
E x p ressio n s (13) and  (14) fo r the  d irec t and  converse  C G  effec ts  can be  u sed  for 
ex p e rim en ta l m easu rem en ts  o f  the g rav ito co g rav itic  co n stan t & fo r bo th  
m o n o cry sta ls  an d  com posites. F o r co m posites h o w ev er, the  fo rm s fo r the 
e ffec tiv e  g rav itic  constan t γ  and  the e ffec tiv e  co g rav itic  co n stan t η can  be  found  
fo r an  ind iv id u al co m p o site  and  can  be  v ery  com plicated .

S im ilarly , it is possib le  no w  to u tilize  in eq u a litie s  (8). So, it is a lso  n a tu ra l to 
in tro d u ce  th e  fo llo w in g  re la tiv e  co g rav ito e lec tric  (C E ) co e ffic ien ts  that a re  listed 
in  tab le  2:

f  _  d£ _  £
d F  ε

f  _ 9 £ _ £
d E  η

(16)

(17)
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A s a resu lt, the  fo llow ing  ex p ressio n  can  be  w ritten :

r . ( F =  =  i i
d F  d E  ε η

(18)

U sing  in eq u a litie s  (8), it is also  p o ssib le  to in tro d u ce  the  fo llo w in g  rela tive  
g rav ito m ag n e tic  (G M ) co effic ien ts  lis ted  in  tab le  2:

Λ - S - f  <19>

(20)

C o effic ien ts  (19 ) and  (20) as the co fac to rs  rep resen t the  fo llo w in g  
d im en sio n less  fo rm  p resen t in  in equalities  (8):

= 3H££ =  £  
d G  d H  μ γ

(21)

Finally , it is p o ss ib le  to  em ploy  ineq u a litie s  (9). T h e refo re , to  in tro d u ce  the 
fo llo w in g  re la tiv e  g rav ito e lec tric  (G E ) co effic ien ts  lis ted  in  tab le  2 is natural:

(>E d G  ε

ζα = ^ = ζ~
’ G d E  y

(22)

(23)

T h ese  co e ffic ien ts  p ro d u ce  the fo llo w in g  fo rm  p resen t in  in eq u a litie s  (9):

7 7 =
d G d E  ε γ

(24)

W ith  in eq u a litie s  (9), it is n a tu ra l to  in troduce  the  fo llo w in g  rela tive  
co g rav ito m ag n e tic  (C M ) co effic ien ts  lis ted  in  tab le  2:
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λΗ
dH_ _  λ  

d F  ~  μ
(25)

λρ
dF_ _  λ  

d H  ~  η
(26)

T h ese  re la tiv e  co g rav ito m ag n etic  co effic ien ts  p ro v id e  the  fo llo w in g  fo rm  in 
ineq u a litie s  (9):

i i -  2IL^L _
A h A f  ~  d F  d H  -  μ η

(27)

3 Discussion
T he p h y sica l d im en sio n s o f  all the re la tiv e  m ate ria l p a ram ete rs  a re  lis ted  in 

tab le  2. It is ex p ected  that a ll o f  th em  can  b e  m easu red  fo r bo th  m o nocrysta ls  
and  co m p o site  m ate ria ls . H ow ever, the  ex p erim en ta l d e te rm in a tio n  o f  the 
in tro d u ced  m ate ria l p a ram ete rs  req u ires  c rea tio n  o f  p ro p e r ex p erim en ta l tools. 
So, a lo t o f  ex p e rim en ta l se tups m u st be  com b in ed  in o rder to m easu re  all the 
m ateria l p a ram ete rs  o f  the  sm art m ag n e to e lec tr ic  m ate ria ls  in co rp o ra tin g  the 
g rav ita tio n a l p h en o m en a . T h is is su itab le  fo r a large  research  o rg an iza tio n . A ll 
the m ate ria l p a ram ete rs  fo r the  trea ted  case, n am ely  {p, C, e, h, g , f  ε, μ , γ, η, a, 
8, ζ, λ , ξ , β } lis ted  in tab le  1 are n ecessa ry  to  ca lcu la te  p ro p ag a tio n  speeds o f  
v arious aco ustic  w aves. It is ex p ected  th a t one, tw o , o r severa l p a ram ete rs  o f  {a, 
8, C, A , ξ, β }  can  b e  c ruc ia l for the ex is ten ce  o f  som e (su rface) acoustic  w aves. It 
is also  ex p ected  that th e  ex p erim en ta l d e te rm in a tio n  o f  the  re la tiv e  p aram eters  
{ # σ ,  8 f , ξε, ξε, β ί ε  βο, ζε, Cg, λπ, λ ε )  lis ted  in  tab le  2 is p re fe rab le  b ecau se  there 
are  su ccessfu l m easu rem en ts  o f  re la tiv e  m ag n e to e lec tric  co e ffic ien ts  (10) and
(11) [20] d u rin g  th e  last several decades. In d eed , A stro v  [23] h as experim en ta lly  
d e te rm in ed  th e  e lec tro m ag n e tic  co n stan t a  fo r th e  m o n o cry s ta l CteCb in 1960. 
H o w ever, m an y  co m p o site  m ateria ls  show  sig n ifican tly  s tro n g er M E 
in terac tions. T h is  a llow s the  m an u fac tu re  o f  va rio u s m ag n e to e lec tric  techn ical 
dev ices such  as th e  w ire less  p o w erin g  system s [24, 25], en erg y  h a rv es tin g  [26], 
tunab le  in d u cto rs  [27], m ag n etic -fie ld  sensors [28-35], gy rato rs an d  transfo rm ers 
[36, 37], d u a l e lec tric-fie ld - and  m ag n e tic -fie ld -tu n ab le  m ic ro w av e  and 
m illim e te r-w av e  d ev ices [38-42], and  m in ia tu re  an tennas [43-46]. It is expected  
that u sin g  su itab le  m o n o cry sta ls  o r c rea ted  co m p o sites  w ith  the  electric,
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magnetic, gravitational, and cogravitational effects, it also is possible to 
constitute, for instance, gravitational-field and cogravitational-field sensors, etc. 
It is also natural to utilize them for the energy harvesting instead of the 
conventional piezoelectrics [47-50].

Concerning the infrastructure development for the instant interplanetary 
communication, some schemes were discussed in paper [51]. It is assumed that 
planetary colonists between each other can have conventional ^-communication 
at the speed of light on the guest planet. However, the Λ-communication must 
be used when there is a necessity to communicate with the home planet because 
the Λ-communication based on the new fast waves propagating at the speeds Aoi 
= (ζοΛοΤι/2 —> 1013Cl and Λ02 = (ξοβο)~υ2 —► 1013Cz, can already provide the 
instant interplanetary communication. This can be useful for the remote health 
monitoring of the planetary colonists. For this new communication era based on 
the symbiosis of the electromagnetic and gravitational phenomena, the 
parameters {εο, μο, γο, ηο, αο, <9ο, Co, Ίο, Co, βο}  for a vacuum must be also known. 
Today, only the values of the parameters {εο, μο, γο, ηο} for a vacuum are well- 
known. Therefore, the rest parameters {αο, So, Co, Ίο, Co, βο}  representing the 
exchange constants must be also determined in proper experiments. It is 
expected that these parameters for a vacuum can be determined when the 
experimental techniques will be successfully developed for measurements of the 
material parameters for the solids. According to the evaluations done in table 2, 
the values of a g a n ,  SgSf, β π β ΰ ,  and CeCg are larger than 10“16. Therefore there 
are possibilities to properly measure the values of the relative parameters 9c, 9f, 
ßn, ßc, Ce, and Cg because the values of o.e and <xh are precisely measured for the 
last several decades. For the proper measurements of the rest parameters ξε ,  Cf, 
Xh, and Xf  (ζ ε ξ ε  > ΚΓ52 and XhXf  > lO^16 in table 2) it is expected that more 
sensitive experimental tools must be created.

4 Conclusion
Incorporating gravitational phenomena for the magnetoelectroelastic 

materials, this report has introduced the relative material parameters 9g, 9f, Ce, 
Cf, βει, βσ, Ce, Cg, Xh, and Xf defined by formulas (13)-(27) and listed in table 2. 
These parameters are natural implement to the well-known relative material 
parameters αε and am that are successfully measured during the last several 
decades. Experimental determinations of all the aforementioned relative material 
parameters lead to the utilization of the complete set of the material parameters
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{p, C, e, h, g , f  ε, μ , γ, η, α, 9, ζ, λ, ξ, β } lis ted  in  tab le  1. T he co m p le te  set o f  the 
m ateria l p a ram ete rs  w ill a llow  for the  research ers  and  en g in eers  to study  the 
acoustic  w av e  p ro p ag a tio n  in the (co m p o site ) solids. A lso , th is  w ill ac tually  
co n trib u te  to  the  d ev e lo p m en t o f  the  in stan t in te rp lan e ta ry  co m m u n ica tio n  based  
on the n ew  fast w aves p ro p ag a tin g  in  b o th  the so lids and  a v acu u m  at the speeds 
th irteen  o rd ers  fas te r th an  the  speed  o f  ligh t in  a  vacuum . So, it is possib le  to 
state th a t th is  w o rk  has to u ch ed  som e g rav ita tio n a l en g in ee rin g  resea rch  arenas 
fo r n ew  co m m u n ica tio n  era b ased  on g rav ita tio n a l ph en o m en a.
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Abstract

It shall be shown that the „ominous" wave function ψ, which is still dis­
puted today, can be interpreted not only as the amplitude of probability 
waves, without any physical basis (neither material nor energetic), but also 
as a normalised, quantitative description of the electromagnetic fields of an 
(ether-) carrier medium, in accordance with the Maxwell equations and the 
(until today worldwide suppressed) original ideas of Erwin Schrödinger.
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A NEW APPROACH TO ETHER RESEARCH:

The fundamental question of quantum mechanics.
C a n  o n e  h o p e  f o r  a n  a t o m i c  t h e o r y  t h a t  avoids t h e  Copenhagen i n t e r ­

p r e t a t i o n ?  A n s w e r  f r o m  a  p r o v e n  „ q u a n t u m  e x p e r t " : 1

In principle, yes, -  but then a l l  c u r r e n t  quantum 
field theories ( Q E D ,  Q C D ,  e tc . ) ,  w h i c h  s o  w e l l  r e f l e c t  

t h e  s t r u c t u r e  o f  m a t t e r ,  had t o  b e  abandoned.

A s  a supplement t o  t h e  C o p e n h a g e n  i n t e r p r e t a t i o n  o f  ψ -  a n d  i n  a c c o r ­

d a n c e  w i t h  E r w i n  S c h r ö d i n g e r 's o r i g i n a l  v i e w 2 -  t h e  f o l l o w i n g  thesis i s  

p r e s e n t e d  a n d  e x p l a i n e d  b e l o w :

The p si - Thesis
S c h r ö d i n g e r ' s  wave function ψ m e a n s :  t h e  electro­
magnetic field state -  o f  t h e  e v e r  o m n i p r e s e n t  ether.

Erwin Schrödinger: the "secret" ether physicist.
E r w i n  S c h r ö d i n g e r  w a s  -  w i t h  c e r t a i n t y  -  a  c o m p l e t e l y  " c o n v i n c e d  e t h e r  

p h y s i c i s t " ,  f o r  l i f e .

T h i s  s t a t e m e n t  i s  a  f a c t ,  p r a c t i c a l l y  u n k n o w n  t o d a y ,  b u t  i t  i s  v e r y  e a s y  to  

u n d e r s t a n d ,  b e c a u s e  S c h r ö d i n g e r  w o r k e d  f o r  a  w h o l e  d e c a d e  a s  a s s i s t a n t  

o f  F r a n z  E x n e r  ( 1 9 1 0  u n t i l  E x n e r ' s  r e t i r e m e n t  i n  1 9 2 0 ) 3 a n d  w a s  t h e r e  i n  

c h a r g e  o f  h i s  s t u d e n t s ,  f o r  w h o m  P r o f .  E x n e r  g a v e  each y e a r  nineteen 
f u l l y  e l a b o r a t e d  lectures o n  ether physics.4

1 Frage u. Antwort von Helmut Rechenberg (1937-2016) in: Meyenn (1998), (15), 2. 
Bd.: Quantenfelder und Kausalität, S. 299-300.

2 Kumar (2009), (12), „Ein später erotischer Ausbruch", S. 257.
3 Moore (2012), (16), Der Hochschulstudent, S. 52, Doktorarbeit, S. 59, Assistentenstel­

le, S. 62.
4 These nineteen lectures are documented in detail. See: Exner (1919), (7), Physik 

Vorlesung.
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I n  t h i s  s e n s e ,  S c h r ö d i n g e r  w r o t e  a t  t h a t  t i m e ,  a m o n g  o t h e r s ,  a  g r e a t  

treatise o n  dielectrics, " n a t u r a l l y "  ( a t  t h a t  t i m e  s t i l l )  based o n  a n  ether.5
F r o m  a b o u t  1 9 2 0  o n w a r d s  S c h r ö d i n g e r  h a r d l y  e v e r  s a i d  a n y t h i n g  a b o u t  

t h i s  " d e l i c a t e "  s u b j e c t ,  b e c a u s e  f r o m  t h e n  o n , 6 ( a t  t h e  l a t e s t )  c l a s s i c a l  

m e c h a n i c a l  e t h e r  t h e o r i e s  w e r e  g e n e r a l l y  c o n s i d e r e d  t o  b e  o v e r c o m e ,  

c o n t r a d i c t o r y ,  e t c .7

N e v e r t h e l e s s ,  S c h r ö d i n g e r  r e m a i n e d  a n  " e t h e r - b e l i e v e r "  t h r o u g h o u t  h i s  

l i f e ,  i n  l a t e r  y e a r s  e s p e c i a l l y  i n  t h e  s e n s e  o f  E i n s t e i n 's  u n i f i e d  f i e l d  t h e o r y .8

The great ψ-puzzle.

S c h r ö d i n g e r ' s  o m i n o u s  w a v e  f u n c t i o n  tp w a s  i n t r o d u c e d  i n  1 9 2 6 ,9 b u t  

e v e n  t h o u g h  a l m o s t  a  c e n t u r y  h a s  p a s s e d  s i n c e  t h e n ,  i t s  s i g n i f i c a n c e  r e ­

m a i n s  o n e  o f  t h e  g r e a t e s t  p u z z l e s  i n  p h y s i c s  t o  t h i s  d a y ,  e s p e c i a l l y  t h e  f a c t  

t h a t  ip m u s t  b e  d e s c r i b e d  w i t h  s t r a n g e l y  c o m p l e x  n u m b e r s .  F o r  e x a m p l e ,  

i t  h a s  e v e n  b e e n  c l a i m e d  t h a t  t h e  i m a g i n a r y  p a r t  o f  ip h a s  n o  p h y s i c a l  

m e a n i n g .10

ψ w a s  -  a n d  s t i l l  i s  t o d a y  -  r e g a r d e d  a s  s o m e t h i n g  i n t a n g i b l e ,  e v e n  

g h o s t l y ,  b u t  a b o v e  a l l  i m m e a s u r a b l e .  H e i s e n b e r g  f o u n d  S c h r ö d i n g e r ' s  

t h e o r y  t o  b e  " c r a p " ,  i n d e e d .

I t  w a s  i n  t h i s  s e n s e  t h a t  t h e  f o l l o w i n g ,  o f t e n  q u o t e d  m o c k i n g  p o e m  w a s

5 Schrödinger (1914), (20), „Die Maxwellsche Theorie der Dielektrika", S. 157.
6 1909 e.g. already Einstein (1909), (6), Zum ... Strahlungsproblem, S. 718. -  

Ätherhypothese: ein überwundener Standpunkt.
7 This view was significantly influenced around 1920 (a) by the Naturalists' Meeting in 

Bad Nauheim on 23 Sept. 1920, see Wazeck (2009), (26), 3.2.2 Anschaulichkeit, S. 183-190, 
and (b) by a book of Max Bom also published in 1920 (many new editions later): Bom 
(1920), (2), siehe z.B. 15. Die Kontraktionshypothese, S. 192-193.

8 This is clearly shown by Schrödinger's private correspondence with Bom, Einstein 
and others. See Meyenn (2011), (23), Div. Auszüge von Briefen -  From 1917, however, 
these ideas were probably of a relativistic nature and ended about three decades later 
-  then called affine field theory by him -  in an abrupt manner, without any further 
development. See Moore (2012), (16), Allgemeine Relativität (ab 1917), S. 100-101 -  Das 
Einstein-Debakel (um 1946) und die „Einstein-Schweinerei"', S. 368-373.

9 Schrödinger (1926), (21), Quantisierung als Eigenwertproblem.
10 Gassner/Müller (2019), (9), 7.10 Zeitabhängige Schrödingergl., S. 382 /  Einschub: 

Komplexe Zahlen, S. 389.
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w r i t t e n  a t  t h a t  t i m e  i n  " h o n o u r  o f  E r w i n " :11

E r w i n  w i t h  h i s  " p s i "  c a n  d o ,

C a l c u l a t i o n s  m a n y  -  q u i t  a  f e w .

B u t  o n e  t h i n g  y e t ,  h a s  n o t  b e e n  s e e n :

W h a t  d o e s  t h i s  " p s i "  -  a c t u a l l y  m e a n ? 12

F i n a l l y ,  S c h r ö d i n g e r ' s  w a v e  f u n c t i o n  w a s  i n t e r p r e t e d  a s  a  "complex­
valued probability wave" -  m e a n i n g  a n  a b s t r a c t  w a v e  t h a t ,  does not 
even m o v e  in normal t h r e e - d i m e n s i o n a l  space.13

R o b e r t  B. L a u g h l in  a b o u t  S c h r ö d in g e r 's  ca t: 
The ludicrousness of this idea is self-evident.

From Robert Laughlin's book (2005), (13): 
A Different Universe -  Reinventing Physics 

Chapter 5: Schrödinger's Cat, p. 47-57.

T h e  d e c i s i o n  i n  f a v o u r  o f  t h i s  "probability-definition" p r o p o s e d  b y  

M a x  B o r n  ( a t  t h e  S o l v a y  C o n f e r e n c e  1 9 2 7 )  w a s  m a d e  a g a i n s t  massive 
r e s i s t a n c e  f r o m  S c h r ö d i n g e r ,  d e  B r o g l i e ,  B ö h m ,  E i n s t e i n ,  a n d  o t h e r s .14

11 Kumar (2009), (12), Die Wirren um Schrödingers ψ, Mist: S. 262, Gedicht: S. 264, 
Geisterhaftes: S. 274.

12 German Poem by Erich Hückel -  (partly special translation by GZ.)
13 Kumar (2009), (12), „Ein später erotischer Ausbruch", S. 271 -  und: Die Bellsche 

Ungleichung, S. 402.
14 Kumar (2009), (12), Einwände gegen die Kopenhagener Deutung von ψ, S. 10, Bild

23, 304-305,314, 318-321,327,333,335,337,340,347, usw., usw.
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N e v e r t h e l e s s ,  i t  i s  s t i l l  the only o f f i c i a l l y  recognized d e f i n i t i o n ,  s o  t h a t  

p r a c t i c a l l y  a l l  u n i v e r s i t i e s  -  w o r l d w i d e  -  s t i l l  t e a c h  t o d a y :15

S c h r ö d i n g e r ' s  w a v e  f u n c t i o n  ψ m e a n s  t h e  " p r o b a b i l i t y  a m p l i ­

t u d e "  o f  t h e  e l e c t r o n 's  " w h e r e a b o u t s " .16

T h e  p r o b l e m  o f  t h e  " S c h r ö d i n g e r  c a t " ,  f o r  e x a m p l e ,  i s  a  d i r e c t  c o n s e ­

q u e n c e  o f  t h i s  " p r o b a b i l i t y "  i n t e r p r e t a t i o n 17 ( a l s o  k n o w n  a s  t h e  m e a s u r e ­

m e n t  p r o b l e m ) ,  w h i c h  i n v o l v e s  a n ,  u p  t o  t o d a y ,  o p e n  q u e s t i o n :18

When, where a n d  how d o e s  t h e  p r o b a b i l i t y  w a v e ,  resp. ψ ,

... collapse ... ? 19

S u r p r i s i n g l y ,  t h e  S c h r ö d i n g e r  e q u a t i o n  r e m a i n e d  i n d i s p e n s a b l e  u p  t o  

n o w  a n d  b e c a m e ,  a m o n g  o t h e r  t h i n g s ,  t h e  p r o t o t y p e  o f  a l l  q u a n t u m  m e ­

c h a n i c a l  w a v e  e q u a t i o n s .20

Schrödinger's original, intuitive derivation.
T h e  a c t u a l  o r i g i n  o f  t h e  r e n o w n  S c h r ö d i n g e r  e q u a t i o n  w a s  S c h r ö d i n g e r ' s  

i d e a  t h a t ,  a t o m s  a r e  o s c i l l a t i n g  s y s t e m s ,  w h o s e  e l e c t r o n s  o s c i l l a t e  a r o u n d  

t h e i r  n u c l e u s  i n  s p h e r i c a l  resonance w i t h  t h e  ether medium.21

15 Bleck-Neuhaus (2013), (1), Der „überzeugende Beleg" für die Wahrscheinlichkeits- 
Deutung der Wellenfunktion ψ, S. 156, Fn. 56: Dieser Fehlschluss liegt nicht fern, S. 
205.

16 Meschede (2010), (14), 15.1.2 Quanten-Fluktuationen stabilisieren die Atome, S. 717 /  
15.2.2 Schrödinger-Gleichung, S. 719. /  Interpretation als Wahrscheinlichkeitsamplitude, 
S. 722.

17 Gassner/Müller (2019), (9), Schrödingers Katze, S. 338.
18 Mehrere Bücher wurde dazu verfasst, z.B. David Peat (1997) Who is afraid of 

Schrödinger's Cat?
19 Kumar (2009), (12), Solvay 1927, S. 323-324. /  siehe auch Gassner/Müller (2019), (9), 

Kann man die Quantenmechanik auch anders verstehen, S. 400-406.
20 Meyenn (1998), (15), 2. Bd.: Schrödingers Wellenmechanik, Quantenfeldtheorie und 

Kausalität, S. 296-300.
21 Schrödinger (1926), (21), Quantisierung als Eigenwertproblem: Die Vorstellung, dass 

die Elektronen von Atomen schwingen, S. 375.
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T h e  d e c i s i v e  i m p e t u s  f o r  t h i s  w a s  p r o v i d e d  b y  d e  B r o g l i e ' s  d i s s e r t a t i ­

o n , 22 a c c o r d i n g  t o  w h i c h  S c h r ö d i n g e r  -  a s  S c h r ö d i n g e r ' s  n o t e b o o k s  s h o w  -  

f i r s t  d e r i v e d  t h e  n e w  w a v e  e q u a t i o n  b y  m e a n s  o f  t h e  u s u a l  w a v e  e q u a t i o n  

a n d  t h e  d e  B r o g l i e  r e l a t i o n s h i p  p — h / λ  ( w h i c h  i s  s t i l l  u n e x p l a i n e d  t o d a y ) ,  

"purely classical". S in c e  S c h r ö d i n g e r s  c l a s s i c a l  d e r i v a t i o n  i s  r a r e l y  s h o w n  

n o w a d a y s ,23 i t  i s  b r i e f l y  r e p r o d u c e d  h e r e .

S t a r t i n g  p o i n t  i s  t h e  c l a s s i c a l  equation f o r  waves of all kinds ( s o u n d  

w a v e s ,  e l e c t r o m a g n e t i c  w a v e s ,  e t c . )

ν 2Φ  -  i  Φ  =  0 . ( 1 )

F o r  h a r m o n i c  w a v e s  ( l i n e a r  e l a s t i c  t y p e )  g e n e r a l l y  a p p l i e s :  Φ  =  eiu}t, 
Φ  =  ίω el0Jt a n d  Φ  — —a ;2 eiaJt.

T h e  f o l l o w i n g  a p p l i e s  t o o :  c =  A v , k =  2η / Λ  u n d  ω =  2πν,  a l s o  

c = ω /k,  t h u s  1 / c 2 =  1c2/ ω 2.
U s e d  i n  (1 ) ,  t h e s e  t w o  r e l a t i o n s h i p s  r e s u l t  i n  t h e  s o - c a l l e d  t i m e - i n d e p e n ­

d e n t  w a v e  e q u a t i o n :24

ν 2Φ +  ^Φ =  0. (2)
F r o m  t h e  t o t a l  e n e r g y  o f  a l l  m e c h a n i c a l  s y s t e m s  E — T + V — ( mv2 / 2 )  +  

V = {p2/2m)  +  V  f o l l o w s  i m m e d i a t e l y  p2 =  2 m ( E  — V ) .

F r o m  d e  B r o g l i e ' s  w a v e l e n g t h  A = h / p  a n d  k =  2 n / A  follows k2 = 
4 n 2p2/ h 2 .

T h e  l a s t  t w o  r e l a t i o n s h i p s  t o g e t h e r  y i e l d  k2 = (An22m{E — V ) ) /h 2.
I n s e r t i n g  Ac2  i n t o  t h e  w a v e  e q u a t i o n  (2 )  ( w i t h  r e p l a c e m e n t  o f  Φ  —> ψ), i m ­

m e d i a t e l y  r e s u l t s  t h e  i m p o r t a n t  t i m e - i n d e p e n d e n t  Schrödinger e q u a t i o n  

-  w h e r e  'as' s t a n d s  f o r  a t o m i c  s y s t e m ,  ' e e '  f o r  e l e c t r o s t a t i c  ( p o t e n t i a l ) .
Q yr2

V 2tp +  21 T - ( E as-<£>ee)ip =  0 (3)

22 Kumar (2009), (12), der Dualitäts-Prinz, S. 186-189 -  und: Ein später erotischer 
Ausbruch, S. 254-255.

23 Eine der seltenen Ausnahmen ist das Mechanik-Lehrbuch von Goldstein, jedoch 
nur die Auflage von 1972, siehe Goldstein (1972) (10), 9-8 Wellenmechanik, S. 346-347.

24 Sommerfeld (1969), (25), Band 2 :1.1.1.11 Das Fundament der Wellenmechanik, S. 5. 
Gl. (11).
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The solution of the ^-puzzle.
T h e  g r o u n d  s t a t e  o f  t h e  e t h e r ,  w h i c h  S c h r ö d i n g e r  o r i g i n a l l y  ( c e r t a i n l y  

s t i l l  1 9 2 6 )  a s s u m e d ,25 s h a l l  b e  c a l l e d  zq. T h e n  d e v i a t i o n s  f r o m  z 0 c a u s e  
d i f f e r e n t  s c a l a r  p o t e n t i a l s  Φ ,·, w h o s e  g r a d i e n t s  a r e  c a l l e d  f i e l d  v e c t o r s  

Fi. A l l  Φ ,  c a n  t h e n  b e  r e p r e s e n t e d  b y  t h e  d i m e n s i o n l e s s  s p a c e  f u n c t i o n  

0  <  ip(x,y,z)  <  1 a s  Φ ,  =  Φ ο  ip, s i m i l a r l y  F, b y  Fi = Fq ip.
T h e  c h a r g e  e o f  e l e c t r o n s  c a u s e s  a n  e l e c t r i c  p o t e n t i a l ,  b u t  i f  t h e i r  m a s s  

m r e p r e s e n t s  e l e c t r o m a g n e t i c  e n e r g y ,26 27 i t  a l s o  r e p r e s e n t s  a  c h a r g e - r e l a t e d  

electric mass potential Φηίε = me2/e,  i n c r e a s i n g  t h e  n o r m a l  z e r o  p o t e n t i a l  

o f  t h e  e t h e r  a n d  e n a b l i n g  " s p e c i a l  a t o m i c  w a v e s " .

W i t h  Φηιε, e q u a t i o n  (3 )  r e s u l t s  t h e  f o l l o w i n g  "atomic wave equation":

- ν 2(Φmexp) =  - g ^ 2~ ν2ψ =  (Eas -  φ (4)

O n  t h e  r i g h t  i n  (4 )  i s  t h e  k i n e t i c  e n e r g y  o f  t h e  m a t t e r  w a v e s  -  i . e .  t h e  

d i f f e r e n c e  b e t w e e n  t h e  t o t a l  e n e r g y  o f  t h e  a t o m i c  s y s t e m  Eas a n d  t h e  

e l e c t r o s t a t i c  p o t e n t i a l  Φ ^ )  - ,  w h o s e  a m p l i t u d e  v a r i e s  i n  s p a c e  ( e s p e c i a l l y  

r a d i a l l y )  a c c o r d i n g  t o  ip.
O n  t h e  l e f t  s i d e  o f  (4 )  i s  t h e  n e g a t i v e  g r a d i e n t  o r  f o r c e  i n c r e a s e  w h i c h  

" d r i v e s "  t h e  atomic waves o f  t h e  e t h e r  -  i n  a c c o r d a n c e  w i t h  t h e  electric 
mass potential ( Φηε ψ) o f  t h e  electron mass m a c t i n g  i n  a n  a t o m .

T h e  u s u a l  e l e c t r o m a g n e t i c  e n e r g y  density e d o e s  n o t  c a u s e  a n y  c h a n g e  

a n y w h e r e ,  a l s o  n o t  i n s i d e  a t o m s .  O n l y  t h e  f o r c e  f i e l d s  E  a n d  H  d o  t h i s  
a c c o r d i n g  t o  Maxwell's equations 27 C o r r e s p o n d i n g l y ,  e o u g h t  t o  b e  a  

f u n c t i o n  o f  t h e s e  t w o  f i e l d s  ( E  u n d  H ) .

T h e  e n e r g y  d e n s i t y  e o f  t h e  f i e l d s  E  and H, w h i c h  i s  s i g n i f i c a n t  f o r  

e l e c t r o m a g n e t i c  w a v e s  ( e .g .  l i g h t )  -  b u t  a l s o  t h a t  w i t h i n  a t o m s  -  c a n

25 Schrödinger did not miss the opportunity to refer in his "Heisenberg work" (from 
March 1926) twice explicitly to ether-wave lengths. See Schrödinger (1926), (22), Über 
das Verhältnis der Heisenberg-Bom-Jordanschen Quantenmechanik zu  der meinen -  Schlussteil 
der Abhandlung, S. 755-756.

26 Feynman considered an inverse possibility, see Feynman (1972), (8), 3. Band, 28.3 
Elektromagnetische Masse, S. 520-521.

27 Equations (25) und (26) on the following page 14 show one of the possible represen­
tations.
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( a n d  o f t e n  i s )  r e p r e s e n t e d ,  t a k i n g  i n t o  a c c o u n t  t h e  r e l a t i o n s  D = £qE a n d  

B =  μοH ,  b y  t h e  t w o  v e c t o r s  E and H, a s  f o l l o w s :28

e = ^ ( E D  + HB) =  (5 )

= ( \ / l E) 2 + ( \ / f H ) 2 = f £ 2 + f H2 (6>

S i n c e  t h e  t w o  v e c t o r i a l  f i e l d s  £  a n d  H  ( a c c o r d i n g  t o  M a x w e l l ' s  e q u a ­

t i o n s )  a r e  s t r i c t l y  perpendicular to each other, t h e  o v e r a l l  s t a t e  o f  a n  

e l e c t r o m a g n e t i c  f i e l d  c a n  a l s o  b e  r e p r e s e n t e d  b y  c o m b i n i n g  t h e  t w o  f i e l d  

v a r i a b l e s  E a n d  H  i n t o  a  single complex-valued f i e l d  v a r i a b l e  ψ (E,H) -  
(attention!) w i t h  a n  "unreal c o m p l e x "  physical u n i t :

ψ =  ( \ / f E +  (7 )

T h e  c o n j u g a t e - c o m p l e x  p r o d u c t  ( r e s p .  s q u a r e )  ψ*ψ ( f o r  ip2) t h e n  g i v e s  

f o r  t h e  e n e r g y  d e n s i t y  e ( E ,  H)  o f  t h e  e t h e r  -  n o w  a g a i n  w i t h  correct a n d  

r e a l  physical u n i t  [ E / Q ]) :29

e =  ® m e  ( ψ  ψ * )  =  & m e  Ψ * Ψ  =  (8)

A c c o r d i n g  t o  exactly this mathematical method o f  c o n j u g a t e d  c o m p l e x  

m u l t i p l i c a t i o n 30 -  r e f e r r i n g  t o  t h e  w a v e  f u n c t i o n  o f  S c h r ö d i n g e r  ip(r, t ) -

28 Meschede (2010), (14), 8.4.4 Energiedichte und Energieströmung, S. 448 -  Erste (nicht 
nummerierte) Gleichung für e. -  Unter Bezugnahme auf Gl. (7.36) oder (7.54) auf S. 334 
bzw. 338 und Gl. (8.12), S. 400.

29 Meschede (2010), (14), 8.4.4 Die Energiedichte, S. 448.
30 Meschede (2010), (14), 14.6 Grundzüge der Quantenmechanik, siehe dort bezüglich 

Matrizen, Vektoren und Operatoren, S. 698.
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t h e  s o - c a l l e d  probability density P(r, t ) =  xp*xp =  \xp(r, t) |2 i s  d e f i n e d  a n d  

c a l c u l a t e d .31

T h i s  perfect a n a l o g y  o f  t h e  c a l c u l a t i o n  m e t h o d ,  a s  w e l l  a s  t h e  e q u a l i t y  

o f  t h e  r e s u l t s  f o r  e s h o w n  i n  (6 ) u n d  ( 1 0 ) , l e a d s  t o  t h e  f o l l o w i n g  conjecture:
S c h r ö d i n g e r ' s  w a v e  f u n c t i o n  ip c a n  not only b e  i n t e r p r e t e d  " e x c l u s i v e l y "  

a s  t h e  p r o b a b i l i t y  a m p l i t u d e 32 xp o f  a  c o m p l e x - v a l u e d  p r o b a b i l i t y  d e n s i t y  

P(xp) o f  s o - c a l l e d  p r o b a b i l i t y  w a v e s  P(xp),33 but also -  a c c o r d i n g  t o  (7 )  

a n d  f u l l y  i n  t h e  s e n s e  o f  S c h r ö d i n g e r  -  a s  a  v e r y  real electromagnetic 
state o f  t h e  o m n i p r e s e n t  m a t e r i a l  ether, w h i c h  i s  e l e g a n t l y  r e p r e s e n t e d  

i n  f o r m  o f  a  s i n g l e  complex-valued v a r i a b l e  xp(x, y ,  z ,  t) -  r e p r e s e n t i n g  a n  

"energy distribution factor", n o r m a l i s e d  t o  l .34

N o w  i t  c o u l d  b e  a r g u e d  t h a t  t h e  c o m p l e x - v a l u e d  c o m b i n a t i o n  o f  t w o  

f i e l d  s t r e n g t h s  o f  f u n d a m e n t a l l y  d i f f e r e n t  n a t u r e  i s  i n a d m i s s i b l e ,  b e c a u s e  

t h i s  w o u l d  " l u m p  a p p l e s  a n d  p e a r s " t o g e t h e r  -  w h e r e b y  t h e  l a t t e r  i s  a c ­

t u a l l y  t r u e .  I n  t h i s  r e s p e c t ,  h o w e v e r ,  i t  s h o u l d  b e  n o t e d  t h a t  t h e  s i g n  (+  

o r  - )  o f  c o m p l e x - v a l u e d  n u m b e r s  does not m e a n  addition or subtraction, 
b u t  i s  m e r e l y  i n t e n d e d  t o  r e p r e s e n t  t h e  f a c t  o f  c o m b i n e d  o r  joint action, 
i n  t h i s  c a s e  w i t h  r e s p e c t  t o  t h e  acting energy o f  a n  electromagnetic f i e l d .

W h a t  r e a l l y  m a t t e r s  i n  t h e  c o n t e x t  o f  S c h r ö d i n g e r ' s  w a v e  m e c h a n i c s  

o f  matter waves i s  the energy a c t i n g  i n  e l e c t r o m a g n e t i c  f i e l d s ,  w h i c h  i s  

s i m p l y  g i v e n ,  c o m p l e t e l y  " l e g a l "  a n d  c o r r e c t  -  a s  s h o w n  a b o v e  - ,  b y  t h e  

u s u a l  c o n j u g a t e  c o m p l e x  m u l t i p l i c a t i o n  o f  S c h r ö d i n g e r ' s  c o m p l e x - v a l u e d  

w a v e  f u n c t i o n  xp.
T h i s  f a c t  m e a n s  a m o n g  o t h e r s :  T h e  m a t t e r  w a v e s  p o s t u l a t e d  b y  d e  

B r o g l i e ,  w h i c h  s h o r t l y  a f t e r w a r d s  w e r e  a l s o  t h e o r e t i c a l l y  e x p l a i n e d  b y

31 In this sense P(r, f) is the probability of finding an electron or other particle at the 
locationis the probability of finding an electron or other particle at the location t at Ort r. 
See Meschede (2010), (14),15.2.2 Schrödinger-Gleichung für das Wasserstoffatom, S. 719, 
und auch 15.6 Wie strahlen Atome, S. 740-742.

32 Meschede (2010), (14), 15.2.2 Schrödinger-Gleichung für das Wasserstoffatom, S. 719, 
eine Gleichung vor (15.8): ψ als Amplitude elektronischer Wahrscheinlichkeitsverteilung.

33 For reasons of experimental experience, it is impossible to dispute the so-called 
Copenhagen interpretation according to Max Bom, which is currently the only accepted 
one -  it is even indispensable for experimental physics.

34 This is, in short, exactly what the "psi-Thesis" (on page 2) says.
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S c h r ö d i n g e r ,  a r e  scalar energy waves w i t h  p r o p e r t i e s  c o m p l e t e l y  d i f f e r e n t  

f r o m  t h e  v e c t o r i a l  e l e c t r o m a g n e t i c  w a v e s .  T h e  e q u a t i o n s  o f  M a x w e l l  

r e s p .  S c h r ö d i n g e r  d e s c r i b e  t w o  d i f f e r e n t  f i e l d s  ( o f  t h e  e t h e r )  -  r o u g h l y  

c o m p a r a b l e  w i t h  s p e e d -  a n d  t e m p e r a t u r e - f i e l d s  o f  a n y  g a s .

T h i s  e s s e n t i a l  d i f f e r e n c e  b e t w e e n  t h e  t w o  s t a t e s  ( o f  t h e  e t h e r )  j u s t  c o n s i ­

d e r e d ,  i s  c l e a r l y  s h o w n  b y  t h e  f a c t  t h a t ,  S c h r ö d i n g e r ' s  " w a v e  p a c k e t s "  -  

u n l i k e  e l e c t r o m a g n e t i c  w a v e s ,  w h i c h  i s  o f t e n  r e g r e t t e d  -  d i s s o l v e  r a p i d l y  

a n d  a r e  t h u s  i n c o n s i s t e n t .  T h e  c a u s e  o f  t h i s  k i n d  o f  b e h a v i o u r  i s  s i m p l e :

S c h r ö d i n g e r s  m o r e  g e n e r a l ,  t i m e - d e p e n d e n t  w a v e - e q u a t i o n 35, d e s c r i ­

b e s  t h e  e q u a l i s a t i o n  p r o c e s s  o f  d i f f e r i n g  e n e r g y  s t a t e s  ( o f  t h e  e t h e r )  a n d  
t h e r e f o r e  i s  o f  a  m a t h e m a t i c a l  f o r m  s i m i l a r  t h e  g e n e r a l  d i f f u s i o n - e q u a t i o n  

( f o r  g a s e s  a n d  l i q u i d s ) .36

A l s o  w i t h i n  a t o m s  e l e c t r o m a g n e t i c  f i e l d s  w a v e s  o f  d i f f e r e n t  m a t e r i a l  

d e n s i t y  i n  f o r m  o f  s m a l l  v i b r a t i o n s  ( o f  e t h e r )  d o  e x i s t ,  s i m i l a r  t o  s o u n d  

v i b r a t i o n s  o f  c o m m o n  s u b s t a n c e s .  T h e  a c c u m u l a t i o n s  o f  i n c r e a s e d  m a t e r i a l  

d e n s i t y  ( o f  t h e  m a t e r i a l  e t h e r ) ,  w h i c h  v i b r a t i o n s  a l w a y s  p r o d u c e ,  c a n  b e  

i n t e r p r e t e d  a s  m a s s e s ,  q u i t e  i n  l i n e  w i t h  E i n s t e i n 's  i d e a  o f  m a t t e r .  E i n s t e i n  

d i s t i n g u i s h e d  m a t t e r  a n d  f i e l d s  a s  f o l l o w s :

Matter i s  w h e r e  much energy i s  concentrated;
a  f i e l d  i s  w h e r e  t h e r e  i s  l i t t l e  e n e r g y  37

A c t u a l l y  -  i n  a c c o r d a n c e  w i t h  E i n s t e i n 's  s o - c a l l e d  e n e r g y - m a s s  e q u i v a ­

l e n c e  E  =  m c 2  -  E i n s t e i n  s h o u l d  h a v e  s a i d :38

Mass is w h e r e  t h e r e  i s  much energy -  b e c a u s e  t h e  m a t t e r  o f  t h e  o m n i ­

p r e s e n t  e t h e r  m e d i u m  i s  n o t  o n l y  t h e  b a s e  o f  a l l  f i e l d s ,  but also t h e  b a s e  

o f  all masses.
T h i s  p o s s i b i l i t y  o f  c o n f u s i o n  i s  a  c o n s e q u e n c e  o f  t h e  c u r r e n t l y  c o m m o n  

r e f u s a l  o f  a u t h o r i t a t i v e  p h y s i c i s t s  t o  a c c e p t  o r  a c k n o w l e d g e  t h e  e x i s t e n c e  

o f  a  m a t e r i a l  e t h e r  m e d i u m ,  s o  t h a t  e v e n  f a m o u s  p h y s i c i s t s  -  a l s o  e .g .

35 Meschede (2010), (14), 15.6.1 Atomare Antennen, S. 743, Gl. (15.47).
36 Meschede (2010), (14), 6.5.5. Diffusion in Gasen und Lösungen, S. 278, Gl. (6.49).
37 Infeld (1969), (11), Feld un Materie, S. 223.
38 Meschede (2010), (14), 13.8.2 Der 4-Impuls, S. 649, nach Gl. (13.34), siehe auch S. 617 

unten.
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E i n s t e i n  a n d  H e i s e n b e r g  -  o f t e n  " l u m p  t o g e t h e r "  t h e  t w o  a c t u a l l y  v e r y  

d i f f e r e n t  t e r m s  mass a n d  matter, l e a d i n g  t o  g e n e r a l  c o n f u s i o n .39

The hardly known „Maxwell-Dirac-Analogy".

T h e  D i r a c  e q u a t i o n  r e p r e s e n t s  a  s i g n i f i c a n t  i m p r o v e m e n t  o f  t h e  S c h r ö ­

d i n g e r  e q u a t i o n .40 H o w e v e r ,  i n  s t a n d a r d  t e x t b o o k s  o f  p h y s i c s  t h i s  t h e o ­

r e t i c a l l y  v e r y  i m p o r t a n t  e q u a t i o n  o n l y  i n  e x c e p t i o n a l  c a s e s  i s  a s s i g n e d  a  

s i m i l a r l y  h i g h  s i g n i f i c a n c e  a s  t h e  w o r l d - f a m o u s  e q u a t i o n  o f  S c h r ö d i n g e r .41

T h e r e f o r e ,  a  b r i e f  f o r m a l  o v e r v i e w  o f  t h e  D i r a c  e q u a t i o n  w i l l  b e  g i v e n  

h e r e ,  a l s o  s h o w i n g  a  f o l l o w i n g  s u r p r i s i n g  f a c t :  T h e  Dirac-equation w i t h  

m =  0 , i . e .  f o r  a n  a t o m  w i t h o u t  e l e c t r o n ,  r e p r e s e n t s  n o t h i n g  e l s e  b u t  a n  

a l t e r n a t i v e  f o r m u l a t i o n  o f  Maxwell's equations f o r  t h e  " e m p t y  s p a c e "  -  

r e s p e c t i v e l y  t h e  e m p t y  ether.

The "original" Dirac equation.
D i r a c  c h o s e  t h e  f o l l o w i n g  m a t h e m a t i c a l l y  v e r y  e l e g a n t  a n d  c o m p a c t  

f o r m u l a t i o n  f o r  h i s  r e l a t i v i s t i c  w a v e  e q u a t i o n  o f  q u a n t u m  m e c h a n i c s :42

[ p o + p i ( < r , p ) + p 3m c ] y  =  0. (11)

T h e  u s u a l  q u a n t u m  m e c h a n i c a l  o p e r a t o r  d e f i n i t i o n s  f o r  m o m e n t u m  p 
a n d  e n e r g y  W  ( W  =  p o )  w e r e  u s e d  ( i n  t h e  s p a t i a l  r e p r e s e n t a t i o n ) .

r) 7) h
p =  —ih—  a n d  W = ih— , w i t h  h =  —  ( 1 2 )

dx at 2/r
39 See Mutschler (2002), (17), 3.4 Der Begriff der Materie, S. 108-110 -  Here, among other 

things, the fact is regretted that, physics does not know, or more precisely physicists do 
not know, what matter is. The philosopher Stegmüller called this the "staircase joke" of 
the 20th century. Schrödinger, Debye and other famous physicists wrote long treatises 
on the topic "What is matter? -  but a conclusive answer to this question is still missing. 
See e.g. Schrödinger (1953), (24), 8. Conclusions, p. 145.

40 Explained in detail in the great Monography of Sommerfeld (1969), (25), Band 2: 
4. Kapitel, Die Diracsche Theorie des Elektrons, S. 209-341 -  42 pages just on the Dirac 
Equation.

41 A typical example is the 1100-page compendium Meschede (2010), (14), Dircs 
euqtion is only mentioned twice: 4.5.2 Klein-Gordon-Gleichung, S. 183 -  und 15.4.3 
Feinstruktur im Einelektronen-Atom, S. 732.

42 Dirac (1928), (5), § 2.The Hamiltonian for No Field, S. 615, -  Gl. (9)
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T h u s ,  t h i s  r e l a t i v i s t i c  w a v e  e q u a t i o n  (1 1 )  f o r  a n  e l e c t r o n  w i t h  r e s t  m a s s  

m o  r e a d s  -  s o m e w h a t  l e s s  c o m p a c t l y  e x p r e s s e d :43

h ( dV  3Ψ ÖY
zS Γ1 ar + “2 3̂  +

1 3 Ψ Ί  

c  d f  J
+  moc α4Ψ =  0, (1 3 )

T h e  f o u r  e x p r e s s i o n s  αλ . . .  α4  m e a n  t h e  f o u r - r o w  D i r a c  m a t r i c e s  s h o w n  

i m m e d i a t e l y  b e l o w .44

( 0 0 0 1 \ / 0 0 0 - i \
0 0 1 0 0 0 + i 0
0 1 0 0 / 0 —i 0 0

U 0 0 v ) \ + i 0 0 0
( 0 0 1 0 \ / 1 0 0 0 \

0 0 0 -1 0 1 0 0
1 0 0 0 / 0 0 - 1 0

V0 -1 0 0 / 0 0 - w

(1 4 )

(1 5 )

T h e s e  f o u r - r o w  m a t r i c e s  ( 1 4 )  a n d  ( 1 5 )  a r e  c o m p l e x - v a l u e d  a n d  w e r e  

f i r s t  d e r i v e d  b y  D i r a c  b a s e d  o n  s o p h i s t i c a t e d  m a t h e m a t i c a l  c o n s i d e r a t i o n s  

f r o m  t h e  f o l l o w i n g  t h r e e  t w o - r o w  s p i n  v a r i a b l e s  σ\, σ-ι u n d  <73 45

43 Schaefer (1937), (19) Relativist. Verallgem. d. Wellenmechanik: Diracsche Theorie, S.
451, Gl. (17)

44 Schaefer (1937), (19) Relativist. Verallgem. d. Wellenmechanik: Diracsche Theorie, S. 
451, Gl. (16)

45 Dirac (1928), (5), Introduction S. 610 und § 2.The Hamiltonian for No Field, S. 613 
resp. Equ. (7[-l]) — Dirac was very familiar with these Spin or Pauli matrices -  as they are 
usually called today -  because he himself had introduced them together with Pauli on the 
occasion of a discussion held in Copenhagen in early 1927 in order to be able to describe 
the three components of the angular momentum or spin of electrons. Pauli carried out 
this project immediately afterwards in a non-relativistic theory, Dirac, however, only a 
little later, but then within the framework of his relativistic quantum theory. -  See Dirac 
(1972), (4), Recollections of an Exiting Era, S. 138
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The em p ty  Dirac equation.
I f  i n  D i r a c 's  e q u a t i o n  o f  t h e  f o r m  (1 3 )  t h e  p a r a m e t e r  m o  =  0  i s  s e t ,  i .e .  t h e  

D i r a c  e q u a t i o n  w i t h o u t  e l e c t r o n  i s  c o n s i d e r e d ,  t h e  empty Dirac equation 
r e s u l t s .

B e c a u s e  t h e  f o u r  D i r a c  m a t r i c e s  ( 1 4 )  a n d  (1 5 )  e a c h  h a v e  f o u r  r o w s  a n d  

a r e  o f  c o m p l e x - v a l u e d  t y p e ,  t h e  D i r a c  e q u a t i o n  (1 3 )  r e p r e s e n t s  a  s y s t e m  o f  

f o u r  c o m p l e x - v a l u e d  e q u a t i o n s  f o r  f o u r  c o m p l e x - v a l u e d  c o m p o n e n t s  Y i  

. . .  Y 4 o f  a  c o m p l e x  w a v e  v e c t o r  ( r e s p .  s p i n o r )  Y.
A c c o r d i n g l y  ( b e c a u s e  o f  m o  =  0 ) ,  t h e  " e m p t y "  s y s t e m  o f  e q u a t i o n s  

D i r a c 's  r e a d s  ( f u l l y  e x p r e s s e d ) : 46

i aYi yy4 .oy4 aY3 _
c d t  d x  d x  d z
l d Y 2 d Y 3 .dY3 d Y 4
C dt dx 1 dx dz

+ + ? Ά  =
c d t  d x  1 d x  d z  
1 8Y4 ÖYi ,ΘΨι _9Ψ2 =  
c d t  +  d x  +  * d x  d z

(1 7 )

(18)

(1 9 )

(20)

T h e s e  f o u r  c o m p l e x - v a l u e d  e q u a t i o n s  a r e  -  w h i c h  m a y  s u r p r i s e  s o m e  

p h y s i c i s t s  -  n o t h i n g  e l s e  t h a n  M a x w e l l ' s  e q u a t i o n s  i n  a  s t r a n g e  g u i s e .

T h i s  b e c o m e s  a p p a r e n t  a f t e r  a  s h o r t  c a l c u l a t i o n ,  a s  t h e  f o u r  c o m p o n e n t s  

Y i . . .  Y 4 a r e  r e p l a c e d  b y  t h e  f o l l o w i n g  c o m p l e x  e x p r e s s i o n s : 47

Yi =  i (Ez) Y3 = (Hz) (21)
Y2 = i (Ex + iEy) Y4 = (Hx +  iHy) (22)

W h e n  t h e  s u b s t i t u t i o n s  ( 2 1 )  v m d  (2 2 )  a r e  a p p l i e d  t o  (1 7 )  u n d  ( 1 8 ) ,  t h e y

46 Schaefer (1937), (19)Relativist. Verallgem. d. Wellenmechanik: Diracsche Theorie, S. 
455, Gl. (30).

47 Schaefer (1937), (19)Relativist. Verallgem. d. Wellenmechanik: Diracsche Theorie, S. 
456 Gl. (31)
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a r e  t r a n s f o r m e d  t o  t h e  f o l l o w i n g  r e l a t i o n s h i p s

dHx . .dH,

.48

.1  dEz
~ ι — Ϊ Γ  + c dt dx +  t

+

dx
dHz
dz

=  0 (2 3 )

u n d

+

(

_  1 dEx  
1 c dt +

l 9 E y \  

c  dt ) +

=  0 (2 4 )

A f t e r  s e p a r a t i o n  o f  t h e  r e a l  a n d  i m a g i n a r y  c o m p o n e n t s  o f  t h e  t w o  

c o m p l e x - v a l u e d  e q u a t i o n s  ( 2 3 )  a n d  ( 2 4 ) ,  t h e  f o l l o w i n g  f o u r  r e a l - v a l u e d  

r e l a t i o n s h i p s ,  k n o w n  t o  e v e r y  p h y s i c i s t ,  b e c o m e  a p p a r e n t : 48 49

^  + = ldEx = ( dIiz mA
dx dy dz C dt \  dy dz )

u n d

U E y _  / d H x dHz \  1 dEz _  ( d H z dHv \
c dt \ dz dx )  ' C dt V dx dz )

A f t e r  a p p l y i n g  t h e  s a m e  s u b s t i t u t i o n s  (2 1 )  a n d  (2 2 )  t o  t h e  t w o  e q u a t i o n s  

(1 9 )  a n d  (2 0 )  u s i n g  t h e  s a m e  p r o c e d u r e ,  t h e  t h e n  r e s u l t i n g  t w o  e q u a t i o n s ,  

t o g e t h e r  w i t h  (2 3 )  u n d  (2 4 )  r e s u l t  i n  t h e  k n o w n  f o u r  M a x w e l l  e q u a t i o n s  f o r  

e m p t y  s p a c e  ( i .e .  w i t h o u t  t h e  p r e s e n c e  o f  e l e c t r i c a l l y  c h a r g e d  b o d i e s . )  I n  

s h o r t :  T h e  c o m p l e t e  s e t  o f  e m p t y  M a x w e l l  e q u a t i o n s  i s  o b t a i n e d .  T h o s e  

e q u a t i o n s  a r e ,  i n  a  n o t a t i o n  t h a t  i s  c o m m o n l y  u s e d  t o d a y :

d i v  E =  0 ; d i v  H = 0  (2 5 )

=  — r o t  H ;  i ^ = r o t £  (2 6 )

48 Schaefer (1937), (19)Relativist. Verallgem. d. Wellenmechanik: Diracsche Theorie, S. 
456 Gl. (31a)

49 Schaefer (1937), (19)Relativist. Verallgem. d. Wellenmechanik: Diracsche Theorie, S. 
456 Gl. (31b)
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T h i s  h i g h l y  s i g n i f i c a n t  p h y s i c a l  f a c t  i s  not a  n o v e l t y .  I t  h a s  b e e n  d o c u ­

m e n t e d  i n  t h e  G e r m a n  p h y s i c s  l i t e r a t u r e  ( a t  l e a s t )  s i n c e  1 9 3 7  i n  a  f o r m e r l y  

w e l l - k n o w n  ( a n d  h e r e  a l r e a d y  r e p e a t e d l y  c i t e d )  t e x t b o o k  o n  t h e o r e t i c a l  

p h y s i c s  b y  S c h a e f e r .  H o w e v e r ,  a  d e t a i l e d  f o o t n o t e  t h e r e  e x p r e s s l y  w a r n s  

a g a i n s t  o v e r e s t i m a t i n g  t h i s  r e s u l t . 50

T h e  f i r s t  h i n t  t o  s u c h  a n  a n a l o g y  w a s  a l r e a d y  g i v e n  b y  Darwin only 
two months a f t e r  D i r a c  p r e s e n t e d  h i s  f a m o u s  e q u a t i o n . 51

A l s o  i n  t o d a y ' s  l i t e r a t u r e  t h i s  i m p o r t a n t  i n t r i n s i c  c o n n e c t i o n  b e t w e e n  

quantum mechanical and electromagnetic w a v e s  i s  s t i l l  m e n t i o n e d ,  b u t  

e x t r e m e l y  r a r e l y . 52

The ominous complexity in physics.
I m a g i n a r y  n u m b e r s  h a v e  e v e n  b e e n  c a l l e d  m a g i c  a n d  s u p e r n a t u r a l .  B u t  

a c t u a l l y  t h e y  a r e  s i m p l y  a  c o n s e q u e n c e  o f  ( + 1 ) ( - | - 1 )  =  ( —1 ) ( — 1 )  =  + 1 ,  

s o  t h a t  \ f —i  =  V + T  s h o u l d  b e  t r u e ,  w h i c h  i s  i m p o s s i b l e .

S o ,  i n  o r d e r  t o  b e  a b l e  t o  o p e r a t e  m a t h e m a t i c a l l y  " l o g i c a l l y " w i t h  r o o t s ,  

t h e  r o o t  o f  — 1 h a d  t o  b e  a s s i g n e d  a  n u m b e r  i w i t h  " s p e c i a l  m e a n i n g " .

T h e  u s e  o f  i p r o v i d e s  a n  a d d i t i o n a l ,  purely mathematical d i m e n s i o n  -  

without a n y  physical m e a n i n g  o r  s i g n i f i c a n c e . 53 T h e r e f o r e ,  t h e  e x p r e s s i ­

o n  \ / —I  c a n  b e  a s s i g n e d  m a n y  different m e a n i n g s  -  without e x p l i c i t l y  

naming t h e m .  T h e  only r e q u i r e d  condition is :

T h e  r e a l  a n d  t h e  i m a g i n a r y  p a r t  o f  c o m p l e x - v a l u e d  n u m b e r s  m u s t  s t a n d  

at right angle ( i n  s p a c e )  to each other. I n  S c h r ö d i n g e r ' s  tp i t  i s  E a n d  H, 
w h o  s t a n d  n o r m a l ,  b u t  i n  D i r a c 's  c a s e  i t  i s  t h e  spatial components o f  E  

a n d  H , w h i c h  s t a n d  a t  r i g h t  a n g l e  t o  e a c h  o t h e r  54

50 Schaefer (1937), (19) Relativistische Verallgemeinerung der Wellenmechanik: Dirac- 
sche Theorie, S. 456, Fussnote 1.

51 Darwin (April 1928), (3), The electromagnetic analogy, p. 658
52 One example found was in Sakurai (1967), (18), Derivation of the Dirac equation, 

S. 80, Two-component Neutrino, S. 169, Eq. (3.465) /  footnote ++·
53 Siehe z.B. Taschenbuch der Mathematik von Bronsten et al, Verlag Harri Deutsch, 7. 

Auflage 2008:1.5 Komplexe Zahlen, S. 35.
54 The Schrödinger equation concerns one scalar energy, whereas the Dirac equation 

concerns six vectorial momentums.
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Conclusion:
T h e  D i r a c  e q u a t i o n  w a s  c r e a t e d  b y  complex-valued decomposition o f  

t h e  Schrödinger e q u a t i o n .

A corresponding d e c o m p o s i t i o n  o f  S c h r ö d i n g e r ' s  wave function tp, i n ­

t o  a  r e a l  a n d  a n  i m a g i n a r y  p a r t ,  m a k e s  i t  p o s s i b l e  t o  i n t e r p r e t  t h e  c o n j u g a t e  

c o m p l e x  "square of ip" a s  a  scalar energy s t a t e .  T h i s  f a c t  t h e n  a l l o w s  a n  

e x p l a n a t i o n  o f  t h e  e x p e r i m e n t a l l y  p r o v e n  atomic waves a n d  t h e  s t i l l  v e r y  

m y s t e r i o u s  matter waves o f  S c h r ö d i n g e r  d e s c r i b e d  b y  tp:

Schrödinger's matter waves a r e :  

l o n g i t u d i n a l  scalar waves o f  electromagnetic energy, 
o f  t h e  e v e r  o m n i p r e s e n t  material medium, 

c a l l e d  ether.
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Appendix:
Seven comments by the referee.

I n  t h i s  A p p e n d i x ,  t h e  a u t h o r  w o u l d  l i k e  t o  o u t l i n e  t h e  f o l l o w i n g  seven 
aspects i n d i c a t e d  b y  t h e  r e f e r e e  during the submission o f  t h i s  p a p e r .  

T h e i r  p r e s e n t a t i o n  i n  a n  a p p e n d i x ,  r a t h e r  t h a n  v i a  r e v i s i o n  o f  t h e  p a p e r  

i t s e l f ,  w a s  s u g g e s t e d  b y  t h e  r e f e r e e  h i m / h e r s e l f .

1. Santilli's early concept (1956).
T h e  f i r s t  p a p e r  w r i t t e n  b y  R . M .  S a n t i l l i  i n  1 9 5 6  ( s e e  R f . [2 7 ] a n d  i t s  r e v i e w  

a t  t h e  b e g i n n i n g  o f  C h a p t e r  3  o f  R e f .  [3 4 ]) ,  w a s  d e v o t e d  t o  t h e  e x i s t e n c e  o f  

t h e  ether a s  a  universal substratum f o r  t h e  c r e a t i o n  a n d  p r o p a g a t i o n  o f  

electromagnetic w a v e s .
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A s  e s t a b l i s h e d  e x p e r i m e n t a l l y ,  electromagnetic w a v e s  a r e  "transversal 
w a v e s "  ( i n  t h e  s e n s e  t h a t  t h e  o s c i l l a t i o n s  a r e  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  

o f  p r o p a g a t i o n )  a n d ,  a c c o r d i n g  t o  S a n t i l l i ,  t h a t  f e a t u r e  i s  o n l y  p o s s i b l e  i f  

t h e  ether h a s  c h a r a c t e r i s t i c s  s i m i l a r  t o  a  f o r m  o f  "rigidity , " h e n c e  t h e  t i t l e  

o f  p a p e r  [2 7 ]: « P e r c h ö  l o  s p a z i o  e  r i g i d o »  ( " W h y  s p a c e  i s  r i g i d " ) .

T h i s  p o i n t  i s  i m p o r t a n t  f o r  t h e  a n a l y s i s  p r e s e n t e d  i n  t h i s  p a p e r  b e c a u s e  

s c a l a r  w a v e s  m a y  o n e  d a y  p r o v e  t o  b e  superluminal t h a t ,  i n  t u r n ,  i s  only 
p o s s i b l e  f o r  longitudinal w a v e s  ( w i t h  o s c i l l a t i o n s  p a r a l l e l  t o  t h e  d i r e c t i o n  

o f  p r o p a g a t i o n )  t h a t ,  i n  t u r n ,  i s  o n l y  p o s s i b l e  f o r  a  " r i g i d "  e t h e r ,  o t h e r w i s e  

scalar w a v e s  would be c o n v e n t i o n a l  e l e c t r o m a g n e t i c  w a v e s .

2. No "etheral wind".
S a n t i l l i  p u b l i s h e d  p a p e r  [2 7 ]  f o r  t h e  p r i m a r y  i n t e n t  o f  dismissing t h e  

o l d  c r i t i c i s m  o f  t h e  e t h e r  a s  a  u n i v e r s a l  s u b s t r a t u m  g i v e n  b y  t h e  " e t h e r e a l  

w i n d " .

F r o m  t h e  q u a n t u m  l a w  E = hv, t h e  e l e c t r o n  i s  a n  " o s c i l l a t i o n "  w i t h  

0.829 1020 Hz,  b u t  o f  a  point o f  t h e  ether, a n d  not o f  a  "little mass" 
( i n s i d e  t h e  e l e c t r o n ) .

T h i s  eliminates t h e  ethereal wind, b e c a u s e  t h e  m o t i o n  o f  a n  e l e c t r o n  

i m p l i e s  no motion o f  a n y  mass. W h a t  i n  r e a l i t y  h a p p e n s  i s  a  m o t i o n  o f  

t h e  s t r u c t u r a l  o s c i l l a t i o n s  f r o m  o n e  p o i n t  o f  t h e  e t h e r  t o  o t h e r s .  T h e  s a m e  

h o l d s  f o r  a l l  e l e m e n t a r y  p a r t i c l e s  a n d ,  t h e r e f o r e ,  f o r  m a t t e r .

A c c o r d i n g  t o  S a n t i l l i  [27], inertia i s  t h e  resiliency b y  t h e  ether a g a i n s t  

c h a n g e s  o f  m o t i o n .

I t  a p p e a r s  t h a t  t h i s  s e c o n d  p o i n t  i s  s i g n i f i c a n t  f o r  t h e  p a p e r  b e c a u s e  

n o b o d y  w i l l  a c c e p t  t h e  e t h e r  a s  a  u n i v e r s a l  s u b s t r a t u m  u n l e s s  t h e  e t h e r e a l  

w i n d  i s  d i s m i s s e d .

3. World creation by oscillation.
S a n t i l l i  a l s o  p o i n t s  o u t  i n  p a p e r  [2 7 ]  ( a s  w e l l  a s  i n  s u b s e q u e n t  w o r k s ,  

s e e  r e v i e w  [3 4 ])  t h e  t h o u g h t  p r o v o k i n g  c o n s e q u e n c e  o f  t h e  a b o v e  v i e w  t o  

t h e  e f f e c t  t h a t  "space i s  c o m p l e t e l y  filled u p  b y  t h e  ether", w h i l e  "matter 
i s  c o m p l e t e l y  empty", t o  s u c h  a n  e x t e n t  t h a t ,  i n  t h e  e v e n t  " t i m e  c o u l d  b e  

s t o p p e d "  ( i .e .  n o  o s c i l l a t i o n s i o n s ) ,  t h e  e n t i r e  u n i v e r s e  w o u l d  d i s a p p e a r .
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4. No privileged reference frame.
T h e  ether a s  a  u n i v e r s a l  s u b s t r a t u m  i s  a d d i t i o n a l l y  d i s m i s s e d  o n  g r o u n d s  

t h a t ,  t h e  e x i s t e n c e  o f  a  u n i v e r s a l  s u b s t r a t u m  w o u l d  i m p l y  t h e  e x i s t e n c e  

o f  a  privileged r e f e r e n c e  frame w i t h  c o n s e q u e n t i a l  v i o l a t i o n  o f  s p e c i a l  

r e l a t i v i t y .

B y  c o n t r a s t ,  S a n t i l l i  p o i n t s  o u t  i n  [2 7 ]  a n d  [3 4 ]: A  u n i v e r s a l  s u b s t r a t u m  

i m p l i e s  n o  v i o l a t i o n  w h a t s o e v e r  o f  s p e c i a l  r e l a t i v i t y ,  b e c a u s e  o n e  w o u l d  

never b e  a b l e  t o  a s c e r t a i n  theoretically a n d  experimentally, w e a t h e r  a  

m a s s  i s  at rest w i t h  t h e  u n i v e r s a l  s u b s t r a t u m  -  w i t h  t h e  c o n s e q u e n t i a l  l a c k  

o f  e x i s t e n c e  o f  a  p r i v i l e g e d  r e f e r e n c e  f r a m e .

5. The beginning end of incompleteness.
T h e  r e f e r e e  a l s o  s u g g e s t e d  t h e  q u o t a t i o n  o f  E i n s t e i n ' s  c l a i m  i n  [2 8 ]  

o f  t h e  " l a c k  o f  c o m p l e t e n e s s "  o f  quantum m e c h a n i c s  a c c o r d i n g  t o  t h e  

(probabilistic) C o p e n h a g e n  i n t e r p r e t a t i o n ,  b e c a u s e  t h e  a b o v e  s h o w n  p a ­

p e r  i n  f a c t  p r e s e n t s  a  f o r m  o f  " c o m p l e t i o n "  o f  quantum m e c h a n i c a l  waves.

6. "Quantum waves" and the Hamiltonian.
A n o t h e r  g e n e r a l  c r i t i c i s m  o f  t h e  ether a s  a  u n i v e r s a l  s u b s t r a t u m  i s  

t h a t  i t  i s  "external" ( i n  t h e  s e n s e  o f  b e i n g  o u t s i d e )  o f  o u r  w o r l d  ( o f  c l a s ­

s i c a l  "mass-points"). M a t h e m a t i c a l l y  t h i s  m e a n s  t h a t ,  t h e  e t h e r  can­
not b e  r e p r e s e n t e d  w i t h  t h e  Hamiltonian i n  t h e  S c h r ö d i n g e r  e q u a t i o n  

H ( r ,  p)ip(t, r) =  Eip(t, r) s i n c e  t h e  H a m i l t o n i a n  c a n  o n l y  r e p r e s e n t  m a t t e r .

S a n t i l l i ' s  c o n f i r m a t i o n  o f  E i n s t e i n 's  c r i t i c i s m s  o f  q u a n t u m  m e c h a n i c s  [2 9 ] 

[3 0 ] ,  i n c l u d i n g  t h e  "completion" o f  q u a n t u m  m e c h a n i c s  i n t o  t h e  c o v e r i n g  

hadronic m e c h a n i c s  [3 1 ]  [3 2 ]  [ 3 3 ] ,  h a v e  b e e n  c o n c e i v e d  t o  represent the 
ether v i a  t h e  isotopic e l e m e n t  T  i n  t h e  Schroedinger-Santilli isoequation 

H ( r , p) . . tp{t.r) =  E ip(t,r).

7. Interaction by "isotopic ether mechanics".
T h e  l a s t  p o i n t  m e n t i o n e d  b y  t h e  r e f e r e e  i s  t h e  i n d i c a t i o n  t h a t ,  t h e  i n t e r ­

a c t i o n s  c h a r a c t e r i z e d  b y  t h e  isotopic e l e m e n t  T  ( o u t l i n e d  j u s t  a b o v e )  c a r r y  

no potential energy t h a t ,  i n  t u r n ,  c a n  o n l y  b e  i n t e r a c t i o n s  b e t w e e n  matter 
( o s c i l l a t i o n s )  a n d  t h e  ether.
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Abstract
This paper concerns the derivation of quantum uncertainty relation 

from brane cosmological model. It is based on representation of our 
Universe as a four-dimensional shell (brane) with finite thickness in 
the additional space. This model was introduced by Gogberashvilly 
and Rundall-Sundrum for the construction of interactions hierarchy 
and for expanding Einstein’s general relativity laws to  higher dimensions. 
W ith that, the thickness of brane is defined by the time of initial 
brane spontaneous creation. I t  is shown here tha t the Heisenberg 
uncertainty relation is a consequence of such cosmological model 
because we, being bound to four-dimensional space, are not able 
to measure precisely the param eters of particle movement in such a 
brane waveguide formed in the additional dimension.
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1 Introduction.
Q u a n tu m  m ec h a n ic s , w h ich  m a th e m a t ic a l  a p p a ra tu s  w as c re a te d  b y  S ch rö d in g e r 
a n d  H e isen b e rg , is b a se d  o n  th e  u n c e r ta in ty  p r in c ip le , a c c o rd in g  w h ich  th e  
u n c e r ta in ty  o f m u tu a l  m e a s u re m e n t o f p h y s ica l v a lu es , c a n n o t  b e  m a d e  low er 
so m e  level [1]. E in s te in  w ith  c o a u th o rs  h a d  p u t  in  d o u b t  th e  co m p le te n e ss  
o f q u a n tu m  m ec h a n ic s  [2]. C o p e n h a g e n  g ro u p  o f p h y s is is ts  le a d  b y  B o h r 

b e liev ed  t h a t  i t  is su ffic ien t to  co n s id e r  in  p ra c t ic e  o n ly  th e  r e s u l t  of m e a su re m e n t 
a n d  th e  w ave fu n c tio n  d e sc r ib in g  th e  q u a n tu m  s ta t e  of p a r t ic le  ex p e rien ces  
c o llap se  u n d e r  th e  m e a s u re m e n t [3]. A fte rw a rd s , i t  w as sh o w n  e x p e rim e n ta lly  
t h a t  p a ra d o x ic a l  s i tu a t io n  d e sc r ib e d  b y  E in s te in , P o d o lsk y  a n d  R o sen  [2]

E v e re t t  h a d  p ro p o se d  a p p ro a c h  d iffe re n t in  re s p e c t  to  C o p e n h a g e n  g ro u p
[4]. I t  s u p p o se s  th e  s im u lta n e o u s  o b je c tiv e  e x is te n c e  o f m u lt ip le  U n iverses, 
e a ch  o f th e m  c o rre s p o n d in g  to  i ts  ow n H ilb e r t  sp ace . T h is  m an ifo ld  is 
p o s s ib ly  in fin ite . Q u a n tu m  m e a s u re m e n t tra n s fe r s  o b se rv e r  in to  o n e  or 
a n o th e r  U n iv e rse . T h e  a p p ro a c h  close to  i t  is a p p ro a c h  o f h id d e n  v a riab le s  
d e v e lo p e d  in  [5]. W ith in  th is  a p p ro a c h , S c h rö d in g e r  e q u a tio n  o n  th e  w ave 
fu n c tio n  is s u p p le m e n te d  b y  e q u a tio n  o n  lo ca l h id d e n  v a r ia b le  d efin in g  
o b je c tiv e ly  th e  d e n s ity  of p ro b a b il i ty  fo r a  p a r t ic le  to  b e  in  o n e  o r a n o th e r  
s ta te .  I t  d e te rm in e s  th e  r e s u l t  o f m e a s u re m e n t m a k in g  th e  w ave fu n c tio n  
e n ti ty  m o re  rea lis tic .

H ere , w e co n s id e r  th e  th re e -d im e n s io n a l t r a j e c to r y  o f p a r t ic le  in  fo u r­
d im e n s io n a l b r a n e  in  f iv e -d im en s io n a l u n iv e rsa l  sp a ce  as h id d e n  p a ra m e te rs . 
T h e n  th e  w av eg u id e  e q u a tio n  a t ta in s  th e  v isu a l sen se  d e sc r ib in g  th e  p ro p a g a tio n  
o f p a r t ic le  a s  a  w ave in  su c h  m e m b ra n e  u n iv e rsa l  w av eg u id e . In  su ch  a  
w av eg u id e , i t  is p o ss ib le  a lso  to  c o n s id e r  a lso  th e  c o rp u s c u la r  p ro p a g a t io n  of 
p a r t ic le  a s  s p ira l  z igzag like  p ro p a g a t io n  of th is  p a r t ic le  w i th  th e  re flec tio n  
fro m  th e  b o u n d a r ie s  o f w av eg u id e . W ith  t h a t ,  sp in  m o m e n t o f p a r tic le  
c a n  b e  r e g a rd e d  as th e  m e a n  o f s p ira le d  p a r t ic le  m o v e m e n t q u a n tiz a t io n  
in  th e  u n iv e rsa l  sp a ce  in  c o n tr a s t  to  th e  o r b i ta l  m o m e n t d e sc r ib in g  sp ira l 
m o v e m e n t o f p a r t ic le  in  o u r  sp a ce  t h a t  is s i tu a t in g  o n  th e  b r a n e  su rface .
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2 Uncertainty relation
L e t ’s c o n s id e r  fo r s im p lic ity  th e  s in g le -d im e n s io n a l z ig zag  like  sch em e  for 
p ro p a g a t io n  o f a  p a r t ic le  in  su ch  u n iv e rsa l m e m b ra n e  (b ra n e ) . I t  u ses tw o- 
d im e n s io n a l m o d e l [6, 7] t h a t  is sh o w n  in  F ig . l  in  g e n e ra l a n d  i ts  p ra c tic a lly  
s t r a ig h t  lin e  p a r t  sh o w n  in  F ig . 2 o n  th e  s h o r t  ran g e , ra n g e .

T h e  b o u n d a r ie s  o f su ch  w av eg u id e  c a n  b e  re g a rd e d  as cosm olog ica l 
d o m a in  w alls  f ir s t  th e o re tic a l ly  co n s id e red  b y  [8] a n d  [9]. L a te r , to ro id a l 
co sm o lo g ica l m o d e l w as in tro d u c e d  [10], w h e re  la rg e  c irc le  o f to r  is tim e
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F ig u re  1: T w o -d im e n s io n a l m o d e l o f  u n iv e rsa l m e m b ra n e .

F ig u re  2: W av eg u id e  m o d e l o f p a r t ic le  p ro p a g a t io n  in  u n iv e rs a l  m em b ran e .

a n d  sm a ll o n e  is o u r  th re e -d im e n s io n a l sp ace . So, o u r  m o d e l h e re  in  F ig .l  
c o rre sp o n d s  to  th is  tra n s v e rs a l  c irc le  o f th is  to ro id  m o d e l. W ith  t h a t ,  th is  
to ro id  to p o lo g y  c o u ld  b e  a t ta in e d  b y  U n iv e rse  in  th e  c o u rse  o f B in g  B ang .

W e h av e  th e  p o s s ib ili ty  to  d e te rm in e  th e  p a r t ic le  c o o rd in a te  o n ly  w h e n  it  
is s i tu a te d  o n  th e  b ra n e  su rface . L e t u s  d e n o te  th e  u n c e r ta in ty  o f c o o rd in a te  
as th e  h a lf  o f  d is ta n c e  b e tw e e n  tw o  su ccessfu l m e a s u re m e n ts  A x  w ith  m in im a lly  
p o ss ib le  t im e  b e tw e e n  th e m . T h e  m in im u m  v a lu e  o f t im e  b e tw e en  su ch  
m e a s u re m e n ts  is re a liz e d  a tm a x im u m  sp e e d  o f p a r t ic le  re p la c e m e n t fro m  
o n e  re f le c tio n  to  a n o th e r  in  h o r iz o n ta l  d ire c tio n , i.e. a t  th e  m o v em e n t of 
p a r t ic le  w ith  s p e e d  of l ig h t. P a r tic le  sp e e d  in  o u r  sp a ce  is d e fin ed  a s  th e  r a te
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of i ts  r e p la c e m e n t a lo n g  i ts  t r a je c to ry  b e tw e e n  tw o  p o s it io n s  o n  b ra n e  (F ig . 
1). A c tu a l  v e lo c ity  o f p a r t ic le  is d e te rm in e d  b y  i ts  t r a je c to r y  in  u n iv e rsa l 
w av eg u id e  (F ig . 2). T h e  m a x im a l s p e e d  o f p a r t ic le  rea liz e s  w h e n  p a r tic le  
m oves c o m p le te ly  in  o u r  sp a ce  a n d  m in im a l v e lo c ity  rea liz e s  w h e n  p a rtic le  
re flec ts  fro m  u p p e r  b o u n d a ry  a t  th e  p o ss ib ly  m o s t s te e p  tra je c to ry . T h e  
m o v e m e n t o f p a r t ic le  c a n  b e  im a g in e d  in  q u a n tu m  p ic tu re  as th e  s tep w ise  
c h a in  o f t r a n s i t io n s  (q u a n tu m  ju m p s )  in  h o r iz o n ta l  a n d  v e r t ic a l  d ire c tio n s  
(F ig . 2). W ith  t h a t ,  th e  u n c e r ta in ty  o f v e lo c ity  is d e te rm in e d  b y  th e  r a te  
of p a r t ic le  t ra n s m is s io n  o n ly  in  v e r tic a l d ire c tio n . I t  is e q u a l  to

Δ ν  =
Ay
r (1)

w h ere  A y  is th e  th ic k n e ss  of m e m b ra n e  a n d

r =
Δ χ

c

is th e  t im e  d u r a t io n  o f o n e  z ig zag  m o v em e n t. I t  c a n  b e  o b ta in e d  from  
a n d  (2) t h a t

Δ χ Δ ν  =  ^

(2)

(1 )

(3)

T h e  p re c is io n  of th e  d e te rm in a tio n  o f p a r t ic le ’s c o o rd in a te  in  th e  u n iv e rsa l 
sp a ce  ( th a t  is in  r a d ia l  d i re c tio n  in  F ig . l  a n d  v e rtic a l  d ire c tio n  in  F ig .2) is 
d e fin ed  b y  b r a n e  th ic k n e ss . T h e  p rec is io n  of a ll m e a s u re m e n ts  is d e te rm in e d  
b y  m in im a l v a lu e  o f e n e rg y  u n c e r ta in ty . In  re la tiv is t ic  th e o ry , th is  v a lu e  is 
e q u a l to  th e  e n e rg y  o f p a r t ic le ’s re s t  m a ss  m e 2. L e t ’s c o n s id e r  th e  p a r tic le  
a t  r e s t  as  th e  p a r t ic le  t h a t  is n o t  m o v in g  o n  b r a n e  w h ich  m o d e l is sh o w n  in 
F ig . 1 a n d  th e  b r a n e  as q u a n tu m  o b je c t  t h a t  is r o ta t in g  s im u lta n e o u s ly  in  
th e  c lockw ise  a n d  co u n te rc lo ck w ise  d ire c tio n s . T h e n , w e w ill see  t h a t  th e  
en e rg y  o f p a r t ic le  a t  r e s t  is c o m p o se d  fro m  k in e tic  m o v e m e n ts  of th is  p a r tic le  
in  tw o  o p p o s ite  d ire c tio n s  t h a t  is e x a c tly  e q u a l m e 2. O n  th e  o th e r  h a n d , 
th is  p a r t ic le ’s en e rg y  u n c e r ta in ty  is eq u a l to  en e rg y  of p a r t ic le  as d e  B ro g lie  
w ave hu> — w h e re  ω is f req u en cy  a n d  Λ is d e  B ro g lie  w a v e len g th . A t 
th e  p ro p a g a t io n  in  th e  w av eg u id e  th is  w a v e len g th  m u s t  b e  re s o n a n t  to  its  
th ic k n e s s  Λ =  A y . H ence, we h av e

(4)
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T h a t  co in c id es  c o m p le te ly  w ith  k n o w n  re la tiv is t ic  fo rm u la  for c o o rd in a te  
d e te rm in a tio n  p rec is io n  [11]. T h e  s u b s t i tu t io n  o f (4) in to  (3) gives

h
A x A p = ~ .  (5)

W h e n  p a r t ic le s  m ove a lo n g  th e  b r a n e  w ith  th e  v e lo c ity  less th a n  th e  
sp e ed  o f lig h t, h o r iz o n ta l  u n c e r ta in ty  A x  in c re a se s  a n d  r e la t io n  (5) tra n s fo rm s  
in to  th e  H e isen b e rg  u n c e r ta in ty  p r in c ip le

h
A x A p  >  —. (6)

T h u s , g lo b a l u n iv e rsa l  m e m b ra n e  m o d e l (b ra n e )  y ie ld s  th e  u n c e r ta in ty  
p r in c ip le  o f q u a n tu m  m ec h a n ic s  d e sc r ib in g , as  i t  seem ed  b e fo re , o n ly  m icro sco p ic  
w orld . T h is  d e s c r ip tio n  o f p a r t ic le ’s m o v em e n t p ro ce e d s  o n  th e  c o rp u sc u la r  
level b y  th e  in tro d u c tio n  of o b je c tiv e ly  e x is tin g  a d d it io n a l  d im e n s io n s  in  
th e  f ra m ew o rk  o f m e m b ra n e  u n iv e rsa l w av eg u id e  w ith  th e  th ic k n e ss  eq u a l 
to  p a r t ic le ’s d e  B ro g lie  wave.

3 Conclusion.
T h u s , in tro d u c tio n  o f a d d it io n a l  d im e n s io n s  g ives th e  p o s s ib ili ty  for q u a n tu m  
m ec h a n ic s  to  b e  m o re  c o m p le te  e x p la in in g  th e  u n c e r ta in ty  of p a r t ic le  p a ra m e te rs  
m e a s u re m e n t b y  i ts  c o rp u sc u la r  p ro p a g a t io n  in  th e  u n iv e rsa l  m e m b ra n e  
w av eg u id e . I t  c o rre sp o n d s  to  th e  th e o ry  o f h id d e n  v a ria b le s  t h a t ,  in  th e  
c o n tr a s t  to  th e  th e o ry  of lo ca l h id d e n  v a ria b le s  in it ia l ly  c o n s id e re d  b y  J o h n  
B ell [12, 13], is n o n lo c a l o n e  s in ce  p o in ts  in  a d d it io n a l  d im e n s io n s  h av e  
n o n lo ca l c h a ra c te r  in  re s p e c t  to  lo ca l p o in ts  in  o u r  sp a c e - tim e . E v en tu a lly ,
B ell w ro te  in  h is  b o o k  [14]: ” If  a  h id d e n -v a r ia b le  th e o ry  is lo ca l i t  w ill n o t 
ag ree  w ith  q u a n tu m  m ech an ic s , a n d  if i t  ag ree s  w ith  q u a n tu m  m ech an ic s  
i t  w ill n o t  b e  lo c a l.” T h u s , n o n -lo c a l h id d e n  v a ria b le s  u se d  h e re  s u p p o r t  
q u a n tu m  m e c h a n ic s  y ie ld in g  i ts  m a in  i te m  - u n c e r ta in ty  p r in c ip le .

In tro d u c tio n  o f su ch  a d d it io n a l  d im e n s io n s  m ak es , a lso , g e n e ra l re la tiv ity  
m o re  p h y s ic a lly  s u b s ta n t ia te d .  G e n e ra l r e la t iv i ty  th e o ry  s ta te s  t h a t  g ra v ita t io n  
is a  co n seq u e n c e  o f sp a c e - tim e  c u rv a tu re , b u t  th e  c u rv a tu re  its e lf  is ju s t  a  
m a th e m a tic a l  a b s tr a c t io n . W ith  th e  o b je c tiv e  e x is te n ce  o f m u ltid im e n s io n a l
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sp a c e - tim e , o u r  fo u r-d im e n s io n a l sp a c e - tim e  is th e  in se r tio n  in  th is  m u ltid im e n s io n a l 
sp a ce  a n d , a c c o rd in g ly  to  one  o f F r ie d m a n  so lu tio n s  of E in s te in  e q u a tio n , 
is d e s c r ib e d  b y  fo u r-d im e n s io n a l s p h e re  w ith  scalar· c u rv a tu re  c h a ra c te r iz e d  
b y  ra d iu s  o f th is  sp h e re . T h e  fin ite  th ic k n e ss  in  a d d it io n a l  d im e n s io n s  y ields 
q u a n tu m  d e s c r ip tio n  of rea lity .

A u th o rs  e m p h a s iz e  th e i r  g r a t i tu d e  to  A lek sey  S o lov iev  a n d  M a n su r  Z ia td in o v  
fo r u se fu l d iscu ss io n s .
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Abstract
The hypothesis that empty space and particles are made up of 

four-dimensional (4D) spheres of space whose diameter is Planck's 
length provides a privileged frame of reference or ether, so that the 
relativistic effects are due to the true Lorentz contraction of physical 
objects. On the other hand, the fact that the particles are also formed 
by 4D spheres allows us to deduce the relativistic effects from the 
structure of the atoms.

Keywords: Space-time discrete; Fundamental length; Special 
relativity; Planck length; Fundamental inertial frame; Privileged 
frame of reference; Lorentz-Fitzgerald contraction; Time dilation.
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1 Introduction
Space is a fundamental quantity in physics, because it cannot be defined 

through other fundamental physical quantities. In classical physics, time is an 
absolute fundamental quantity. For Newton, space and time are independent and 
absolute entities. For Einstein, space and time are instead united in a 4D structure 
called space-time. According to general relativity, this space-time is continuous 
and relative. Concepts such as the relativity of simultaneity, length contraction, 
time dilation, etc., apparently make no sense and collide with human experience. 
On the other hand, in quantum mechanics, energy, momentum, spin, and most of 
the properties of matter, are discrete.

In quantum gravity models, space-time is discrete, that is, it has a fundamental 
length that cannot be divided into smaller ones. The discrete space hypothesis, in 
principle, collides with Einstein's theory of special relativity, because for an 
observer moving at constant speed, this fundamental length would be shorter.

Can space and time be divided into smaller and smaller units, or is there a 
limit? Are space and time a continuum or are they composed of indivisible 
discrete units? These and similar questions were raised by Greek and medieval 
philosophers, such as Zeno of Elea presents in the Paradox of Plurality [1] and 
Maimonides [2] in the Guide for the Perplexed.

2 Planck length
According to general relativity, space-time is continuous. However, there is no 

experimental evidence for this. We're probably convinced of continuity as a result 
of education. In recent years however, both mathematicians and physicists have 
asked if it is possible that space and time are discrete? Smolin states that space is 
formed from atoms of space: “If we could probe to size scales that were small 
enough, would we see atoms of space, irreducible pieces of volume that cannot be 
broken into anything smaller?" that he calls “Atoms of Space and Time” [3].

Minimum values of volume, length and area are measured in Planck units [3]. 
The Planck scale combines gravity (G), quantum mechanics (h) and special 
relativity (c) [4], Padmanabhan shows that the Planck length provides a lower 
limit of length in any suitable physical [5]. “It is impossible to construct an 
apparatus which will measure length scales smaller than Planck length. These 
effects exist even in flat space-time because of vacuum fluctuations of gravity [6].

Planck assumed that Newton's gravitational constant, Planck's constant and 
the speed of light were the most important universal constants. Using a 
dimensional analysis, he obtained the Planck mass, length, time and energy [7, 8]. 
There are several theories that predict the existence of a minimum length) [9,10], 
These theories are related to quantum gravity, such as string theory and double 
special relativity, as well as black hole physics [11-13]. "... a fundamental 
(minimal) length scale naturally emerges in any quantum theory in the presence
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of gravitational effects that accounts for a limited resolution of space-time. A? 
there is only one natural length scale we can obtain by combining gravity (G), 
quantum mechanics (h) and special relativity (c), this minimal length is expected 
to appear at the Planck scale” [4].

Messen showed that the minimum length a, is given by the total energy of the 
universe Eu in a four-dimensional space, Eu = he/2a. The different excitations of 
space-time give rise to different particles [14]. we learned already from the 
development of relativity and quantum mechanics that Nature can impose 
restrictions on our measurements because of two universal constants: the velocity 
c and the quantum of action h. Could Nature impose a third restriction, resulting 
from the existence of a universally constant quantum of length a and a universally 
constant quantum of time a/c?" [15],

Haug proposes different methods of measuring the Planck length 
independently of the gravitational constant G. The Planck length is both a 
physical measurement and the diameter of the true fundamental particle: “The 
gravitational constant is a composite (derived) constant, while the Planck length 
represents something physical; it is the shortest reduced Compton wavelength 
possible. According to recent developments in mathematical atomism, there are 
also strong indications that the Planck length is the diameter of the only truly 
fundamental particle, namely an indivisible particle that together with void is 
making up all matter and energy” [16],

On the other hand, Haug, raises the hypothesis that Hesisenberg’s uncertainty 
principle collapses on the Planck scale [17, 18]. The search for a quantum theory 
of gravity leads to a generalisation of the Heisenberg uncertainty principle (GUP) 
on the Planck scale. Adler uses Newtonian and general relativistic gravity and 
modifies the uncertainty principle with an additional term “In both theories it is 
clear that the extra term must be proportional to the energy or momentum of the 
photon, so on purely dimensional grounds the order of magnitude of the extra 
term is uniquely determined. As a consequence there is an absolute minimum 
uncertainty in the position of any particle such as an electron. Not surprisingly 
the minimum is of order of the Planck distance. In view of the absolute minimum 
position uncertainty one may plausibly question whether any theory based on 
shorter distances, such as a space-time continuum, really makes sense” [19]. 
Other authors [20, 21], also conclude that, on the Planck scale, the fluctuations are 
of the same order of magnitude as the distances involved.

“We propose a GUP consistent with String Theory, Doubly Special Relativity 
and black hole physics, and show that this modifies all quantum mechanical 
Hamiltonians. When applied to an elementary particle, it implies that the space 
which confines it must be quantized” [22]. The same authors solve the Klein- 
Gordon and Dirac equations corrected by GUP: “We again arrive at quantization
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of box length, area and volume and an indication of the fundamentally grainy 
nature of space" [23],

In doubly special relativity, a second parameter independent of the observer is 
introduced, in addition to the speed of light. It is postulated as the second invariant 
parameter: Planck length [24-27], mass [28, 29] or energy [30, 31].

3 Discrete space-time (DST)
One of the main objections to discrete space-time is that the existence of a 

discrete space-time atom is incompatible with the contraction of length and the 
time dilation of special relativity. However, it must be borne in mind that for 
lengths and times close to the Planck scale, the Pythagorean theorem is not 
verified. Therefore, some authors use a modified distance formula [32-35], 
Specifically, Crouse and Skufca derive the relativistic phenomena of Lorentz- 
Fitzgerald contraction and time dilation using a modified distance formula that is 
appropriate for discrete spaces, They “show that length contraction of the atom of 
space does not occur for any relative velocity of two reference frames. It is also 
shown that time dilation of the atom of time does not occur”. "... It was shown 
that when applied to distances near the Planck scale, the new formula yields 
distances much different than those predicted by the Pythagorean theorem. But 
for larger length scales, the distances calculated with the new formula converge 
to those calculated using the Pythagorean theorem. When using the new distance 
formula in the otherwise typical derivations of time dilation and length 
contraction, one sees that the atom of space and atom of time are indeed 
immutable - true constants of nature and independent of the speed of any 
observer” [36].

Quantum particles in discrete space-time are studied in relation to relativistic 
dynamics [37, 38]. Farrelly and Short studied the causal evolution of a single 
particle in discrete space-time [39]. There is evidence of discrete structures on the 
largest scales, for example superclusters and the redshift [40]. Cowan already said 
in 1969 that redshift can only occur with discrete values [41]. This was 
subsequently confirmed by Kaiisson [42],

As early as 1930, Werner Heisenberg used discrete space-time to explain the 
electron's self-energy. For Werner Heisenberg, Henry Flint and Arthur Ruark, the 
discretisation of space-time is inherent in uncertainty relationships [1], Interest in 
discrete space-time has increased in recent years due to the appearance of loop 
quantum gravity [43-45].

4 Ether or fundamental inertial frame
In the Michelson-Morley experiment to explain the constancy of the speed of 

light, Lorentz assumed that the arm of the interferometer contracts (Lorentz- 
Fitzgerald contraction) [46, 47] in the direction of the movement of the Earth,
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which also gives rise to time dilation [48] thus maintaining the absolute 
immobility of the ether [49], which is also the logical conclusion of the 
Michelson-Morley experiment.

From the time of Einstein's theory of special relativity, the ether theory was 
abandoned and Einstein's point of view was accepted: " There is no room for ether 
in special relativity." During the 20th century it was taught that the Maxwell- 
Lorentz ether does not exist, there are only "fields" in a vacuum [50].

The reason for abandoning the Lorentz-FitzGerald hypothesis is illustrated in 
Einstein's words: “The introduction of a ‘luminiferous ether ’ will prove to be 
superfluous inasmuch as the view here to be developed will not require an 
‘absolutely stationary space’ provided with special properties” [51].
However, Einstein was convinced of the existence of the ether, even though there 
was no proof. Einstein introduced the concept of "new ether" in 1916, to refer to 
space-time, since it has physical properties. In a letter to Lorentz he says: ‘7 agree 
with you that the general theory of relativity is closer to the ether hypothesis than 
the special theory. This new ether theory, however, would not violate the principle 
of relativity, because the state of this gßV-  ether would not be that of rigid body 
in an independent state of motion, but every state of motion would be a function of 
position determined by material processes” [52].

Again in 1920 writes: “Recapitulating, we may say that according to the 
general theory of relativity space is endowed with physical qualities; in this sense, 
therefore, there exists an ether. According to the general theory of relativity space 
without ether is unthinkable; for in such space there not only would be no 
propagation of light, but also no possibility of existence for standards of space 
and time (measuring-rods and clocks), nor therefore any space-time intervals in 
the physical sense. But this ether may not be thought of as endowed with the 
quality characteristic of ponderable media, as consisting of parts which may be 
tracked through time. The idea of motion may not be applied to it. ” [53],

Therefore Einstein accepts the existence of a static ether. The majority of 
physicists of the time (Newton, Faraday, Fizeau, Maxwell, Lorentz, Poincare, 
Planck and many others) considered that ether was a real substance [50]. Dirac, 
Schwinger and other physicists also believe the existence of the ether is possible. 
Even today the idea of the ether is still valid and different studies are still being 
carried out [54-57],

For Isaev, 20th century physics is the physics of the ether. “It is shown that 
there exists a new physical reality -  the Ψ-ether. All the achievements of quantum 
mechanics and quantum field theory are due to the fact that both the theories 
include the influence of Ψ-ether on the physical processes occurring in the 
Universe. Physics of the XXth century was first of all the physics of Ψ-ether” [50].
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Ether is also used as a privileged frame of reference in the theory of 
gravitation. [58-68], This gives rise to an alternative interpretation of special 
relativity, initiated by Lorentz [48] and Poincare [69, 70],

As the result of the Michelson-Morley experiment was not completely null, 
but smaller than expected, Cahill and Kitto reinterpreted the experiment, taking 
into account the index of refraction of air. This gives rise to “an absolute speed of 
the Earth ofv = 359+54 km/s, which is in excellent agreement with the speed of v 
= 365+18 km/s determined from the dipole fitt, in 1991, to the NASA COBE 
satellite Cosmic Background Radiation (CBR) observations” [71].

For Cahill, space is a quantum foam system and, in 2004, he analysed a total 
of seven experiments in relation to ether drift; they include the Michelson-Morley 
experiment and Cahill concludes that absolute motion has been detected in these 
experiments. ”...an analysis of date from seven experiments demonstrates that 
absolute motion relative to space has been observed by Michelson and Morley 
(1887), Miller (1925/26), Illingworth (1927), Joos (1930), Jaseja et al (1963), 
Torr and Kolen (1981), and by De Witte (1991)” [72], The speeds obtained in 
these experiments are in perfect agreement with the speed of the solar system 
obtained from the radiation of the cosmic microwave background. On the other 
hand, said radiation indicates that there is a privileged reference system that, in 
principle, is in contradiction with the theory of special relativity.

The privileged frame of reference has been used in quantum mechanics. “In 
the context of modern quantum field theory we instead introduce the structured 
quantum vacuum, which fulfills the role that Einstein assigned to the non-material 
ether. ” [73]. “It is generally assumed that the physical vacuum of particle physics 
should be characterized by an energy momentum tensor in such a way to preserve 
exact Lorentz invariance. On the other hand, if the ground state were 
characterized by its energy-momentum vector, with zero spatial momentum and a 
non-zero energy, the vacuum would represent a preferred frame” [74], And is 
also used to explain the rotation curves of galaxies [75].

Finally, the characteristics of the Higgs field are reminiscent of those of the 
ether. Ultimately, the ether theory continues to be used today, although it is called 
the structured quantum field, quantum foam, fundamental inertial frame, 
privileged frame of reference, etc. All this clearly indicates that space-time has 
structure, is discrete and its length corresponds to Planck's length.

5 Gedanken experiment
5.1 Alice and Bob move away at relativistic speeds

Suppose Alice and Bob walk together at the speed of one step per second. At a 
given moment they decide to separate, so that their trajectories form an angle a  = 
90 - φ = 90 - arc tag 3A = 52.1°. Let us analyse the situation after five steps or five
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seconds. For Alice (Figure 1), Bob moves away at the speed of 0.8 steps per 
second along the x-axis, and at the speed of 0.6 steps per second along the y-axis. 
Therefore after five seconds Bob's coordinates will be (4,3)· However, from Bob's 
point of view, the situation is different, since for Bob, it is Alice who moves away 
(Figure 2) and therefore it is Alice who has travelled four steps in the x direction, 
and three in the y direction.

Figure 1. Alice and Bob's situation in Alice's framework

Figure 2. Alice and Bob's situation in Bob's framework.

Each observer chooses the direction of their movement as the vertical axis, so 
that the axes are turned at an angle of 52.1°, counter-clockwise. If we now change 
the speed of one step per second, by the speed of light in vacuum c, we have a 
symmetrical situation, equivalent to the paradox of the twins. On the y-axis we 
have seconds and, on the x-axis, light seconds. In Alice's frame (Figure 1), Bob 
moves away for five (tA) seconds at the speed 0.8c, so Bob has moved away four 
light seconds (x0 = v tA = 0.8c 5), while the clock Bob will score:

tB ~ lA V l -  v2 / c 2 =3 seconds (1)

However, in Bob's frame (Figure 2), Alice is the one that has drifted away for 
five seconds at speed of 0.8c, so Alice is within four light seconds of Bob and her 
watch will tick three seconds. Therefore, in Alice's frame of reference, Bob's 
clock runs slow, while in Bob's frame of reference it is Alice's clock that runs 
slow. Furthermore, special relativity implies that, since Alice takes three seconds 
(tß) for Bob, it turns out that Bob has travelled a contracted Lorentz distance of:
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x = xq\1 -v2 / c2 = vtAy l - v 2 / c2 = vtB = vxty = 2A light seconds (2)
The velocity v is in the x (vx) direction, while Bob's time (tB), in Alice's frame, 

is in the y direction (ty). Obviously on the xy plane, the above equation is not 
applicable and neither on the xt plane, so there is no distance contraction.
In Alice's frame, Alice moves five seconds on the vertical axis t, and Bob moves 
five seconds in space-time (xt plane). In Bob's frame of reference, he moves five 
seconds on the vertical axis t, and Alice moves the same time but in the xt plane.

The twin paradox is resolved by keeping in mind that the receding twin has to 
accelerate, decelerate, and turn around, so it cannot say that it is at rest in its frame 
of reference. ”...the accelerated twin cannot say that he is at rest because the 
gravitational field he experiences has no source. It is an ad hoc gravitational field 
introduced into the description when we say that twin A is at rest and B travels” 
[76],

5.2 Alice and Bob approach at relativistic speeds
Now suppose Alice and Bob are approaching with a speed of 0.8c. Bob has a 

chronometer that will start when both intersect, while Alice has made an isosceles 
triangle using 3 mirrors, as shown in Figure 3.

mirror B

Figure 3. Start of timing according to Alice.

Alice's frame. When Alice and Bob meet, Bob sends a photon or pulse of light to 
Mirror A, while starting the stopwatch. The time Bob takes to travel the distance 
between mirrors A and C will be:

ta = — = —— - 100 ns (3)
v 0.8c

We choose segments b, so that the photon that hits mirror A and that is 
reflected in mirror B, reaches mirror C at the same time that Bob, results:

ta = — => b = 50 ns (4)
c

this way, the photon and Bob reach mirror C at the same time, therefore, the 
photon will stop the stopwatch (Figure 4). Obviously, the distance between Bob’s 
stopwatch and mirror A or C must be negligible compared to segment b or 
included in said segment.
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Figure 4. End of timing according to Alice. Stopwatch stopped.

Bob's frame. Like before, Bob has a chronometer that will start when both 
intersect (Figure 5).

mirror B

38.4 ns light /  \ 38·4 11S 'igh'
'Alice v=0.8c*

mirror / \̂ \ \ \ mirror C

_  , 4 8  ns lieh t
B ob

Figure 5. Start of timing according to Bob.

In this case, Alice gets closer to Bob and therefore the mirror triangle will 
contract in the direction of movement, according to special relativity. In this way 
the distance Bob has to travel is:

a ' = a V l - v 2 / c 2 = 4 8  ns luz ( 5 )

and it will take a time:
tf, =  —  =  ία sll-v2/c2 =  6 0  ns ( 6 )

v

Since the height of the triangle does not contract, its value will be the same in 
any reference frame, then:

h =  sib2 + {a/2 f  =  3 0  light -  ns ( 7 )

Instead, the distance the photon must travel is:
d = 2b’= 2yJ(a'/2)2 + h2 =  7 6 .8  light - ns ( 8 )

Therefore, the light pulse will reach mirror C after Bob has passed (Figure 6) 
and consequently the stopwatch will not stop.
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Bob

Figure 6. End of timing according to Bob. Stopwatch running.

In short, depending on the frame of reference, the stopwatch will be stopped 
or will continue to ran. It is a thought experiment that can be studied by speeding 
up Alice, speeding up Bob, or both. In any case, it is a paradox, since the watch 
cannot be both stopped and working at the same time.

6 Lorentz contraction
For Lorentz, Poincare, Amelino-Camelia and other authors, what contracts is

the object, not the space. “....  according to FitzGerald-Lorentz length
contraction, different inertial observers would attribute different values to the 
same physical length. The idea that the Planck length should play a truly 
fundamentall role in the structure of space-time appears to be in conflict with the 
combined implications of the Relativity Principle and Fitgerald-Lorentz length 
contraction"...“The Planck length could play a similar role in fundamental 
physics, i.e. it could reflect the properties of a background, but then the presence 
of such a background would allow to single out a “preferred" class of inertial 
frames for the description of the short-distance structure of space-time” [24].

Therefore, it is necessary to somehow justify this contraction of the object, for 
which the structure of the elements that make up the atoms must be known. It is 
enough, for this, to focus on the hydrogen atom, since from it all the others are 
obtained.

6.1 Contraction of the particles
The hypothesis is that the universe is made up of four-dimensional (4D) space

spheres whose diameter is Planck's length lp = VGti/c3 . Each of the spheres has
two possible states, state at rest and movement of rotation. Rest spheres are empty 
space, and the rotational motion of the spheres gives rise to different properties of 
the particles. Of the four dimensions, three are observed as space (x, y, z) and the 
fourth (u=ct) spatial dimension is observed as time. Planck's four-dimensional 
spheres are atoms of space and time that Smolin comments [3].
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In addition the 4D Planck sphere has two rotations, one in three-dimensional 
space and one in the fourth dimension. Rotation in the fourth dimension (cou) 
rotates the u-axis and another spatial axis around any two axes. For example, the u 
and y axes spinning around the x and z axes. In the rotation in space (ωβ) it is 
rotated around the u-axis and another spatial axis. For example, the x and z axes 
spinning around the u and y axes,

Each Planck 4D sphere can rotate both in 3D space and in the fourth 
dimension (u = ct, Figure 7), resulting in the following possible combinations [77- 
81]:

• zero rotations (vacuum space);
• one spatial rotation, coe (photons);
• one rotation in the fourth dimension, cou (neutrinos);
• two rotations i.e. one spatial rotation, coe, and one rotation in the fourth 

dimension, oou (first-generation electrons and quarks).

Static spatial spheres are not observed; it is what we call empty space. We can 
observe the spheres that rotate on themselves as elementary particles, such as 
electrons, photons and the first generation of quarks and neutrinos. The energy of 
rotation in the fourth dimension gives rise to the mass at rest and the period of 
rotation in the fourth dimension gives rise to the electric charge.

11

Figure 7. Rotations of a 4D Planck sphere
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Figure 8. 2D representation of an electron
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The 4D Planck spheres are linked by Planck’s force, so that spinning one of 
them will drag it to adjacent spheres. The linear velocity of rotation (Figure 8) 
will increase as we move away from the rotating sphere, until the speed of light c 
is reached at a distance r, then

v = a)ulp (9)
c = iwur (10)

The resting mass of the particle is due to the energy of the rotation [77, 79- 
83],

E = me2 =— ha>e = ha>u = (11)2 Λ,
Where the reduced Compton wavelength X, is the diameter of the particle 

c = coe% / 2 . The mass can also be considered as the space in the fourth dimension of 
the 4D Planck sphere, projected onto the 3D sphere that we observe as a particle 
[81]·

The equation that determines the characteristics of the particle is c = ω r. An 
equation with two unknowns ω and r. In the same way that a skater increases his 
rotation by shrinking his arms, particles increase their rotation with increasing 
energy and at the same time decrease their radius r. Therefore, the value of the 
mass is not determined except for the maximum (Planck mass) and minimum 
(mass at rest) values [79, 81, 83].

u

Figure 9. Rotation and displacement velocity of the electron

The rotation coe in the space of the Planck 4D sphere determines the speed of 
translation of the particle in 3D space; the greater the energy, the greater the 
speed. Speed corresponding to the De Broglie wavelength.

A = /i/mv (12)
Where v = coe λ/2π is the speed of displacement in 3D space, and the 

wavelength λ, is the distance that the particle travels while to rotate a complete 
round.

The rotation coe is the one that generates the De Broglie wavelength. The 
rotation cou is what generates the Compton wavelength. Since both rotations are 
perpendicular, their moments also will be (Figure 10).
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mv
Figure 10. Particle momentums

me = ^(mv)2 + (m0c)2 (13)

From where
m  = mQ

V l-v 2/c2
(14)

At small speeds, m and mo coincide, but at relativistic speeds the mass m 
increases due to the increase in the rotation energy.

The electron is a Planck sphere in the minimum energy state (mo). The 
maximum energy will be the Planck energy (mp c2). This gives us a maximum 
speed for the electron.

Haug [16, 84] has suggested that there is a maximum velocity for any particle 
with a rest mass, as given by the previous equation para m igual a la masa de 
Planck. Haug has calculated this maximum speed with 50 decimal places [18].

4D Planck spheres are always spheres regardless of the movement of the 
observer. As energy increases, the rotation of the particles increases and therefore 
the size decreases. The relativistic effects are due to the contraction of physical 
objects as they move through 4D space. 4D space can be considered a 
fundamental frame of reference or "ether" according to the alternative 
interpretation of the special relativity of Lorentz [48], Poincare [69, 70] and others 
[58-60]. “The “relativistic” effects, which essentially follow from the Lorentz 
transformation, are all due to the "true ” Lorentz contraction of physical objects 
as they are moving through the "ether” or fundamental inertial frame” [66].

6. 2 Contraction of atoms
Each atom is made up of a nucleus and one or more electrons rotating around 

the nucleus. In turn, the nucleus is made up of protons and neutrons that are called 
nucleons. Nucleons are made up of a triad of up and down quarks with positive 
and negative electric charges, respectively.

While the mass is the energy of the rotation of the fourth dimension, the 
electric charge is the period of that rotation. Therefore the mass and the electric 
charge are related by the Planck constant.
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Obviously, in the previous equation, the electric charge is in seconds. Just 
multiply by an ampere to have the electric charge in coulombs, an arbitrary unit of 
electrical charge.

Rotation a\, generates the electric charge, and rotation oje of the electric charge 
generates a magnetic field that will have two components: a spatial component 
and another in the temporal or fourth dimension direction. The spatial component 
originates the anomalous magnetic moment of the electron [79, 81] while the 
component in the temporal direction causes the electrons to attract each other. The 
union or collision of three electrons gives rise to the quark down, which will have 
a rotation equal to three times the rotation of the electron and therefore its charge 
will be 1/3 of the electric charge of the electron. In the same way, the shock of 
three positrons gives rise to two quarks up, which will have a rotation equal to 3/2 
of the rotation of the positron and therefore its charge will be 2/3 of the electrical 
charge of the positron [79, 82],

The energy of the rotation of the quarks, originates the mass of the quarks. By 
joining three quarks, a new rotation is generated, that originates the mass of the 
protons and neutrons that make up the nucleus [79]. Therefore, as the energy of 
the object increases, the nuclei that make up the atoms contract, as a consequence 
of the increased rotation of the constituent quarks.

In addition to the nucleus, we have electrons. Next, let's look at the electron in 
the hydrogen atom. In 1913, Bohr drew the hydrogen atom with a proton in the 
nucleus and an electron that spins in circle orbits around the nucleus (Figure 11). 
In a circle orbit, the electrostatic force of attraction (Fe) is equal to the centripetal 
force (fc ), then:

If we consider that the speed of the electron in the free state is v = ac [83], it 
results in:

Figure 11. Bohr atomic model
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2
K —  = m v r  = ti (17)v

Then the electron has a minimum angular momentum equal to h. The total 
energy results:

E  =  - m v 2 - K ^ —  = ̂ — - K — p  (18)
2 r  2 m  h

The system will be stable in the state of minimum energy, thus annulling the 
first derivate:

d p  m  h
(19)

Therefore, in the hydrogen atom the electron is in the free state, with minimal 
energy and with a minimum moment equal to h, so it cannot radiate energy.

In addition, it must be taken into account that Coulomb's law is only valid for 
charges at rest, so the effect of speed must be taken into account. That makes the 
orbit that the electron describes open, so it moves around a spherical surface of 
radius:

»·- — = «o (20)
mv

Which is the Bohr atomic radius.

Figure 12. Electron orbital sphere

The electron moves at all times over ao radius sphere (figure 12) until it is 
observed, as the electron absorbs the energy of the observation and then 
modifies its angular momentum, still, the Heisenberg’s uncertainty principle is 
always verified in a way that the quotient between the energy it has and the 
acquired energy as a result of the observation is the wave function. From that 
function it is easy to deduce the Schrödinger equation' [78, 79].

Einstein was right when he said: “1 think that a particle must have a separate 
reality independent of the measurements. That is an electron has spin, location 
and so forth even when it is not being measured. 1 like to think that the moon is 
there even if I am not looking at it" [85],

The electron, in the hydrogen atom, rotates around the nucleus with a 
minimum energy and a minimum angular momentum h. In any other atom, the 
energy of the electron will be greater and the angular momentum will be greater
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than or equal to h. Therefore, by applying energy to the object, the electrons will 
increase their momentum mv, bringing them closer to the nucleus due to the 
principle of conservation of angular momentum. If mv increases r decreases (mvr 
= n Pi).

Therefore, the movement relative to the ether affects the nucleus and the 
distance of the electrons from the nucleus, causing the contraction of the object. 
Or in FitzGerald’s words: “We know that electric forces are affected by the 
motion of the electrified bodies relative to the ether, and it seems a not 
improbable supposition that the molecular forces are affected by the motion, and 
that the size of a body alters consequently” [47]. The contraction of the object is 
due to the decrease in the number of 4D Planck spheres in the core, it does not 
change the size of the spheres. It also decreases the number of 4D Planck spheres 
between the nucleus and the electrons.

Obviously, in the paradox of the isosceles triangle of mirrors, the contraction 
of the object undoes the paradox, because if the sides of the triangle are chosen 
properly (equation (4)), the chronometer stops in both frames of reference.

Ultimately, due to the movement relative to Planck's 4D spheres that make up 
empty space, the particles increase their rotation and consequently the object 
contracts. Planck's 4D spheres constitute a privileged frame of reference or "ether" 
that remains motionless. The size of these spheres depends on the Planck length 
and the speed of light, which are the two constants used in the doubly special 
theory. Planck's 4D spheres originate the space-time structure proposed by 
Amelino-Camelia. “7 propose a general class of space-times whose structure is 
governed by observer independent scales of both velocity (c) and length (Planck 
length), and I observe that these space-times can naturally host a modification of 
FitzGerald-Lorentz contraction such that lengths which in their inertial rest frame 
are bigger than a ‘‘minimum length” are also bigger than the minimum length in 
all other inertial frames" [24],

7 Time dilation
The time dilation has been verified on many occasions: in airplanes [85, 86] 

and in satellites of global positioning systems [87], Even today, experiments are 
earned out to increase the precision of the measurements made [88, 89] and 
recently by an international group of physicists by accelerating lithium ions used 
as a clock in motion [90],

When we apply energy to the electron, its wavelength decreases. In the same 
way, when applying energy to an atom, the distances of the different energy levels 
decrease and therefore the frequency of each transition increase.
Combining equations (11) and (14)
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E  =
he—  = ncu = me 2 WqC2

Vl - v 2 /c 2

he _ hcoQ 
/Iq Vi - v2 / c2 Vi - v2 / e 2

(21)

Therefore, by decreasing the period of the transition, the time for the same 
number of transitions will decrease. Hence, the atomic clock in motion indicates a 
shorter time than the atomic clock at rest. The equation (21), can be put in 
function of the period of rotation.

t = r0Vl- v2 /c 2 (22)
On the other hand, in the International System the second is defined as the 

duration of 9 192 631 770 periods of radiation corresponding to the transition 
between the two hyperfine levels of the ground state of the Cesium 133 atom. 
The two hyperfine levels of the Cesium atom get closer, it is not the space that 
contracts and pulls them. This approach results in shorter transitions. The size of 
the atoms is reduced, due to conservation of angular momentum, as a consequence 
of increasing the momentum mv, as the speed increases with respect to Planck's 
4D spheres, which constitute empty space.

We need the concept of inertial system to be able to know which object moves 
(twin paradox). However, the particles know perfectly what particle is moving, 
because their energy in space (hco) is greater than their energy at rest (hcoo). 
Therefore the period t, which corresponds to the rotation <bu does not vary with the 
speed. What varies is the time that the particle moves in space (Figure 13).

Figure 13. a) observer at rest, b) observer in motion at speed v. c) observer in 
motion at the speed v’> v

8 Expansion of the universe 
8.1 Flat space-time

The equation that determines the characteristics of the particle is c = ω r, it is 
the same that determines the expansion of the universe r (x, y, z) = c t. As space 
expands, the fourth dimension u = c t expands.

Since the fourth dimension u is perpendicular to the other three, it is.
r 2 ( x , y , z )  + u 2 = 2cV (23)

Deriving twice with respect to t, it results:..
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dr du - 2 r — + u —  = 2 c l  
dt dt

( 24 )

2 d 2r + r—y  + 
dt2

+  M -
d \  
dt2

What we can put in the form:

d 2r
dt2

du
~dt

d 2u

= 2c

(26)

+ « ^  = c2 (27)
dr

( 25 )

Equation (26) can be put:
v2 + v2 = c2 (28)

Being v the speed in space and vu the speed in the fourth dimension. That is, 
the vector sum of the speed in space and in the fourth dimension is constant and 
equal to the speed of light. Therefore, the movement in space-time is reduced to a 
constant movement at the speed of light c in the xt or ru plane, as seen in section 
5. At rest (v = 0) we move in the fourth dimension at the speed of ligh.

Clearing the speed in the fourth dimension, it turns out:
v„=Vc2 - v 2 (29)

Dividing by c and multiplying by t, we obtain:
ί'=—i = /V l-v2/c2 (30)

c
The equation above is the relativistic formula of time dilation. Furthermore, 

the previous formula indicates that we can consider time as two-dimensional. 
There is a time in space (t), which we observe as space, and there is a time in the 
fourth dimension (t ’) that we observe and measure as time. The vector sum of 
both times is constant and independent of the speed of the observer.

The expansion of the universe implies that the entire universe moves at the 
speed of light, so that when applying energy to an object, to move it with respect 
to another, it changes the direction of its movement. This change in the direction 
of movement is what produces the contraction of the moving object and the time 
dilation.

8.2 C urved  space-tim e
We assume that the universe is a 4D hypersphere, formed by Planck's 4D 

spheres, which expands at the speed of light, resulting:
r2(x,y,z) + u2 -  R2 = c2t2 (31)

Deriving twice with respect to t, it results
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d 2r

Ί ? '
What we can put in the form:

d 2r d 2u

d 2u 
1 dt2

(32)

( 33 )

,  z -° (34)dt dt
As before, we obtain, that the movement in space at speed v, is reduced to a 

movement in the xt or ru plane at constant speed equal to the speed of light c. 
In any case, what cannot be done is multiply the time (t '= tu) elapsed at speed v „ 
by the speed in space v, since both speeds are perpendicular, except for v < < c. 
This would be equivalent to calculating the distance traveled in the x direction, in 
the form x = t and vx, instead of x -  t vXi when an object moves at constant speed 
v, in the xy plane, during time t.

9 Conclusion
The cosmic microwave background indicates that there is a privileged 

reference system. This privileged system, according to the hypothesis of this 
paper, must be formed by Planck 4D spheres that remain immobile and whose 
size is independent of the speed of the observer. Under this hypothesis, space does 
not contract, the object formed by Planck's 4D spheres contracts, so that as the 
energy applied to the object increases, it reduces its size with increasing frequency 
of transition between the two levels hyperfmes of the cesium atom. This results in 
a temporary dilation of the moving watch.

The twin paradox, in today's physics, is solved by claiming that there is no 
symmetry because the travelling twin has to accelerate and is therefore not an 
inertial system. However, acceleration causes a change in velocity in the 
travelling twin, and according to this study, that increased velocity causes object 
contraction and temporal dilation.

It seems that the old idea that something should be at absolute rest is correct. 

Note Added in Proof
Since this communication was submitted, I have had knowledge of an article 

published by Professor Santilli in 1956. For Santilli, space must be a solid and 
incompressible medium. Being also the means of transmission of waves and 
forces. Matter is a dynamic modification of space.

“Space, that must transmit waves and forces, must be full, and matter, which 
must be a dynamic state of this space -  because it interferes and generates forces 
-  must be ’empty in relation to common concepts’. If we could stop all its
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movements for a moment, matter would disappear completely, as it actually does, 
whenever corpuscular radiation interferes” [91].
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