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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 itselfis not a physically valid set of
equations since both ofthese 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:

e
1
. Itis 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']). They each observe two events such as
lightning strikes and measure the time difference between them to
be Atand 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 eqg. (1). In this case, attention
is centered on the stationary clocks inthe 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:

A=A (V) (At-vZ 2At) =~ AL, @)

This equation states that the moving clock from the standpoint of
observer O always runs slower than his by a factor of y(v). 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 ofzero 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]:

et =" (3a)
AX'= Ax-VAt (3b)
Ay'="_|Ay (30)
Az = y~IAz. (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 egs. (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 egs. (3c-d) he added a factor of y*1to the classical
relations for motion in directions that are perpendicular to the
relative velocity ofthe two observers. The mixing of space and time
coordinates in eg. (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 of 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
ofthe original. This means, for example, that eg. (3c) is changed to
Ay~ Ay’ (note that changing the sign ofv has no effect on the value
ofy). 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 VVoigt transformation which is
given below, where the aforementioned factor is designated as @:

At ="~(At- vc 2Ax) = gn 'At (5a)
AX' = {p(AX-VAY) (5b)

Ay' = <pr~'Ay (5¢)

AT = gy~"AL. (5d)

In particular, the factor ofy*2in eq. (4) is thus changed to (pV2based
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 ¢ to
be equal to y in egs. (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 eg. (3c). With @=y, 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 fthese 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 ofthe rates
ofany 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 egs. (5a-d). To begin with, it is necessary to
choose a suitable value for the degree-of-ffeedom parameter ¢. A
solution is readily found from eq. (5a):

ts\'-on 'At=—, (7)
from which one obtains the following value for @, namely
m=-L. (8)

Substitution of this value in each of egs. (5a-d) then leads to the
following transformation:
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(%)
(9b)
(9c)

AU = — AL (9d)
Uqgl
Because of its relation to the general transformation in egs. (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 eqg. (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
ofeq. (9a) must be At=At"/Q’, where Q' is not defined initially. Itis
easy to satisfy this condition, however, by requiring that Q-1/Q.
The corresponding condition for egs. (9c-d) is pg'/y2Q Q-I, or
simply nn'=y2 because of the reciprocal relationship of Q an Q'
already determined. Proofofthis equality is given below [7]. Italso
can be used to show that Galilean inversion leads to the inverse of
ed. (9b). In summary, the transformation of egs. (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 egs. (5a-d). The transformation of the velocity
components uxAx/At, ux-Ax'/At' etc. for the two observers results
from division of each of egs. (5b-d) by eq. (5a):

(10a)
(10b)

(10c)

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



- 128 .

transformation of egs. (3a-d) as well as for the LT. Multiplication
of each ofthese three equations by the Newtonian proportional time
relation of eq. (6) leads directly to egs. (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 =[(I- u*veQ)(l +u've'2)] “=[(1—uxve )l +rj\c2(ux- v))]

(ID

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

3. Comparison with experiment

The transformation in egs. (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 egs. (9a-d).

Recognition of this point opens up the broader question of
whether the latter transformation is consistent with all available
experimental findings. Italso remains to be shown how the constant
Q ineq. (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]. Itwas found that the rates of the clocks decreased as
their speed v relative to the earth's center of mass (ECM) increased.
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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)~1+0.5vXx'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:

Aty(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 ofeq. (12) in order to adjust the rates ofatomic 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 egs. (9a-d) to the
adjustment ofthe 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 eg. (6), namely as:

A\ 13

Q r{u) )

This parameter is also used in all four equations of the alternative

space-time transformation of egs. (9a-d). It is also important to

apply the Galilean inversion procedure to eg. (13) to see how the
corresponding relationship is perceived by O'. The result is:

.- Ku) 14

O yw) o

in agreement with the requirement mentioned in the previous

section: it is essential to have the inverse transformation of egs. (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 eqg. (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 eg. (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 egs.
(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 of 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.

Keywords: Light speed limit; Capacitor problem; Energy transfer;
Special relativity theory
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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].

2PHYSICAL 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 [B] 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 —ahIn[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 = ahIn[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

D

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
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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 WRITTEN 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

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

=F )

TT dP _TdVv dmm2

U - + = |; U (3)
We have the identity:
1dmV2 du 1dm, o
2 ot S M™WrwEtaw ! 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.



- 140

If we substitute the preceding equation in equation 2 and integrate, we
get the relation:

1 fT dm\J2 dm _
b d 4 YV2dt= FU (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 Ey = 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 = Howhich
gives F = 0.621010Hz.

Let us now assume that the internal kinetic energy of the particle in the
laboratory reference frame is Ex(i) = m(t)c2 and we impose the constraint

(2
dP _ (6)

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 = £//c, the above equation
can be written in the form:

mdfi__ dm . 2
2 dt dt[ P’ @)

u
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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:

2dR2  1dj _ 1 dm
I dt 7dt m dt ®)

it results the definition:
Log[i\ = Log r:]o m{t) = 7(i)m0 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 N
\ek] =m0c2(7- 1)« - mOU?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 EK —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:

1 n2

02- 1- .1+ Ek/moc2. (1D
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 = 7mo- 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) —T\be-i/Ai°
where No is the number of particles present at instant t = 0 and Aio 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 Aio allows to verify the time dilation formula At —nAto where both
measurements At and Aio 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:
(12)

By definition, we have:
EK[T] + EdA[T] = EW[N\ (13)

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 Ep[T\
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:

1 tn dmV2
2 , 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



- 144 .

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)

Fos aV 2t (16)

EwW[N] —~ 72 [U[n] + U[n —1]] m[m[ra]U[n] —m[n —IJU[n —1]] (17)
2n=1

After calculation, we have:
EK[N] = 05 *m0*dV2N2- 0.5*dm*dU2*T3 (18)
EW[N] = 05*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 dm]T _
ma+aU_F (21)

mMdUu dnmrm 2

muU- + - c]

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

=0 22)
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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 =
30m at the speed of light ¢ = 3 *108m/s is about T = 100ns. 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 —100ns = 7o = 2o =80 = © Rel
U * 108m/s 3.49 175 117 0.88 2.95
Rra 9.65 4.61 3.02 2.25 19.59
m* 10~3Lg 9.70 9.17 9.12 9.10 54.28
EK MeV 0.372 0.0886 00391  0.0220 147
E\r MeV 0.380 00888 00392 00220 252
Ed/Ek 0.02 0.0028 000085  0.00036  0.713
T = 200ns =b N=2 - —w Rel
U *108m/s 6.89 351 2.34 175 2.98
Rm 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 184 0.366 0.158 0.0884 5.49

Ed/Ek 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 = 4106 Volt. The numerical calculations in the above
tables prove that the ratio Ed/Ek 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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Alm,,7U]=F (24)
with the definition g2 = [L—U2/c2] 1which gives the following relation:

dg  73d ru2
d c2dt 2.

By using the preceding relation, we can rewrite equation 23 in a dyadic form

(25)

(26)

where the direct and inverse mass dyads have for definitions:

(27)

where | 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:

73 0 0
0 71 0 (28)
0 0 7-1



- 148 .

We recover the so-called longitudinal mi = 73mo and transverse mt =
77to 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:

gEWiOU = 77i0 [M]_1-F = Fe+ F( (29)

where the force applied to the particle has been partitioned in two forces,
one is the applied force Fe = 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 NacCl structure.
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I. Introduction
It is well-known that the theoretical base of particles is the standard model:
qg=(2!'3)e -(1/3)e -e 0

v id] Vv

1
C S M VM D
A A AT

The total charge number of per generation quarks is 3(2/3-1/3)=1, and the total
charge number of per generation leptons is yet (-1+0)=-1. The total charge of
per generation quark-lepton is 0. This is very symmetrical and beautiful theory.

After particles are classified, mass and lifetime are two main characters for
any particles. In this paper, we discuss various mass and lifetime formulas,
esp., for heavy flavor hadrons, and a simplified supersymmetry theory.

2. Accurate Mass Formula of Hadrons and Prediction

Based on two moving states of the emergence string: oscillation and
rotation, we derived its quantum potential and the equation, whose energy
spectrum is the GMO mass formula:

M =MO+AS+B[I(I + 2)
4

in which must assume that M =m 2 for mesons, and its modified accurate
mass formula [1-3]:

e2
M =MO+AS+B[I(l +1)-— 1. 3)

Based on the standard model and on the symmetry of s and c quarks in
the same generation, we supposed that the hadrons, which made of u, d and ¢
quarks, are also the SU(3) symmetry and are classified by octet and decuplet
[4,2,3], Itis a subgroup of SU(4) of u, d, s and ¢ quarks. Such we assume that
these masses of the octet obey the corresponding simple mass formulas only
by S->C in Egs.(2) and (3):

M =MO+ AC +B[1{1 +1) - (C2/4)], (4)
or M =MO0+AC +B[I(l +1) - (C2/2)]. (5)

Since when m(N)=939, m(A+¢) =2285,w (lc) = 2453MeV , from the two

corresponding mass formulas (4) and (5) we predicted w(Ecc)=3715 or

3673MeV [4,2,3], In 10 July 2017 LHC announced to observe a new doubly
charmed baryon E+ =ucc, whose mass is 3621.4+0.8MeV, and decay mode

is =** -» ANK~m+H1* [5,6], New experimental data agree more on Eq.(5) and
(3), whose error only is (3673-3621)/3621=1.4%. Moreover, there should have
Bc= dec , both form 1=1/2 doublet with near mass, and one of decay modes is
Ee-» AK~n*n° [7]. In 1994 we predicted that “if the experiments derive this

mass, it will show that our theory (hadrons made of u, d and c quarks are the
SU(3) symmetry) is right”[4].

According new experimental data m(p)=938.3, m(A*c)=2286.5 |,

m(L*c) = 2452.9 and m(E3) = 3621.4 MeV[6], it agrees with the mass relation
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4(p+=)=7N+Z(18238.8= 18458.4), (6)
whose error is (18458.4-18238.8)/ 18458.4=1.19%.
Further, for the Jp =3+/2 baryons form also a decuplet:
5++,8+,8°,5-(1=3/2);¢;+,¢:,c°(1=1);&;,;# ; 0=12)
and Q**. =ccc (I=0).

Their masses are possibly an equal-spacing rule, i.e.

M =MO0+aC. @)
Of course, these baryons obey probably the more accurate mass formulas
M = M0+aC +bC2,M = MO+a'l +b'l 2, (8)

which correspond to Eqgs.(2) and (5).

The Jp =0"' octet of heavy flavor mesons are m+~,n°(l =1);D+=cd,
D° = cu{l = 1/ 2) and their antiparticles; rfc= a(uu +dd) +b(cc). If their mass
relation is:

4m (D)= w(tr) + 3m(rfc)or 8m(D)=m{n) +7m(rfc), (9)
so w(?/c)=2444 or 2114MeV since m(;r)=137, m(D) =N867MeV. For the
Jp =T octet, m{p) - 110,m{D*) = 20\0MeV, so tn(n\ ) =2423 or 2187/We\.

For the Jp =\*/2 baryons, m( E*(usc) )=2467.7MeV, m( Ex(dsc) )=
2471.7MeV (1=1/2), m(Qc(ssc) )=2Q95.2MeV.

These octets and decuplet are a certain cross section of the diagrams of
the SU(4) multiplets, respectively. For the Jp - T /2 baryons, probably, the
masses of the triplet £ +,5°,5~(I=1), the doublet E €(usc) ,Ec(dsc) (1=1/2), and
the singlet = see (I=0) are approximately an equal-spacing rule, it is the
second series of series of heavy flavor baryons. Then the masses of
Q' =sss5,Q°c =ssc,D,& and Q ~ are only four hadrons for mixtures of second
generation, and their masses are should be equal-spacing too. It is the third
series of heavy flavor baryons. For the Jp - 3+/2 baryons, m ~ c¢)=2518,

m (Hc)=2646, so m(Clc(ssc))=27Q&MeV, these masses obey equal-spacing

rule. Such based on the known masses of 3+/2 baryons including ¢ quark [6],
other masses of baryons will be able to be estimated. Because X”"(vvo0,2518)-

A(uuu,1232)= 1286fe3m(c)-m(u), so m (Ecc)=3804 and 'n(Q~")=5090. From
the third series, we obtain m (Q ')=1672.1, yu(Q °)=2811.4, m (Q ~)=3950.7
and yn(Q ~)=5090. But, from the second series the known yn(X)=1385 and.

m( Ec)=2646.6, so c-u”1261.6 and m( Q” )=3908.2. Both m( Q~ ) are

different due to different of spin. Of course, these baryons obey probably the
more accurate mass formulas (8).

Such any one of masses of 3+/2 baryons including ¢ quark is known
again, for example, for £((2518.1) MeV (Jp =3+/2) [6], then other five

masses of other baryons will be able to be estimated.
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baryon Q' Ec A >r Qo0 Q*a Q7+
m(QXp) 1672 2646 1232 2518
m(est) input 2646 input input 3804 2811 3951 5090

Therefore, by using different ways we predict different m( Q*e )=3950.7, or
3908/Well, etc.

For the doublet =* = USC,E°C =0SC(1=1/2, S= -1, C=1) and both masses
are 2467.9 and 2471.9MeV, the singlet Q° =ssc (I=0, S= -2, C=1) and its

mass is 2695.2+x1.7MeV, and the singlet Q & = scc(I=0, S= -1, C=2), we can
assume that the simplest mass formula is:
M =M0+A(C~S)+B[I(l +1- (C- s)2/2], (10)
or M -M 0+A(C~S) +B[I(I+\)- (c1+52)/2], (1)
Some similar multiplets and mass formulas exist possibly in baryons and

mesons including b ort quarks. For instance, both mass spectra of l]J = CCand

Y =bb are similar; as in the neutral kaon system, D°- D° and B°- B°
mixings should exist.

Further, this method will be able to be extended to other potentials and
other heavy flavor hadrons. For example, based on the symmetry of quarks
model, we may suppose that the hadrons, which made of u, d and b quarks,
and of u, d and t all are the SU(3) symmetry. Itis a subgroup of SU(4) ofu, d, b

and t quarks. Such the eight Jp = /2 baryons form also an octet:
p=uud, n=udd (1=1/2); A4 -udb (=0); =+ - ub,Z’b=udb,Z~-b-ddb (1=1);
and =° -ubb,E"b=dbb (1=1/2).
Such the corresponding mass formulas are:
M =MO0+aB + b[I(l +\)- (B 2/4)\, (12)
or M =MO+aB +b[I(l +1)- (B2 2)). (13)
It is known the m (Ai))=5620, m(ZA)=5811.5(5811.3, 5815.5)/WeV [6], From the

two corresponding mass formulas, we may predict m(Ebb) =10396.8 or
10348.9/We\/, whose error is probably bigger due to weaker symmetry between
first (u,d) and third generations (t,b).

Generally, based on the symmetry of quark model we can suppose that
the hadrons, which made of s, ¢ and b quarks are the SU(3) symmetry. Similar,
the hadrons made of s, ¢ and t quark are also the SU(3) symmetry. Both are
two subgroups of SU(4) of s, ¢, b and t quarks, but these quarks are all I=0 and
very unstable. These mass formulas are possibly:

M =MO0+aS +a'C +a"B +bS2+b'C2+b"B2, (14)

or M =MO0O+aS+a'C+a'[B+b(S+C+B)2 (15)
The mixtures of three generations are m( Eh=usb )=5791.9MeV,
m(E~ =0sb)=5797.0 MeV(1=1/2). Other hadrons are m(A°6(«<7Z>))=5619.6/WeV/,

yu(Q 1 (ssb))=6046.1/Wey, etc[6].



- 157.

In a word, our research based some symmetries among different
generations is a quantitative and testable theory [8],

3. Lifetime Formulas of Heavy Flavor Hadrons

Based on the Y-Q and |I-U symmetries between mass and lifetime on the
general SU(3) theory, we obtained the lifetime formulas of hyperons and
mesons [1-3]:
A\2U ({/ +1)- g /2], (16)
and r=A'[(1/2) + 2I/(E7 + 1)-<2/2 -B 2/3]. (17)

They agree better with experiments [6],
Generally, lifetime of various hadrons can be classified by different times:

r

Lifetimes of mesons K°L,n~,K + are 10~8sec.

Lifetimes of hyperons =°,=~,2~,%+ and K°S,Q~ are I(T ,Osec.

Lifetimes of heavy flavor hadrons mainly are 1GT13sec.
Lifetime of m° is 8.4 x10 "I7sec.

Lifetime of X0 is 7.4x10 "20sec.

Lifetimes of J Iy and Y are KeV.

Lifetimes of other hadron-resonances mainly all are MeV.

For heavy flavor hadrons we propose their lifetime formulas. For =* (use),
A€(udc), E°(dsc)and Q-°(ssc), itis:
r=[1.4(2/-C2)-S +3.40]xI(T'3. (18)
Then r(E*)=4.4, r(A €)=2, r(E°)=1 and y(Q°)=0.6, and the experimental
data are (4.42+0.26), (2.00+0.06), (1.12+0.13) and (0.69+0.12)xI(T 13[6],

They all agree within the range of error. Further, for T(=**,ucc) =2.6 by this
formula (18), it agrees accurately  with the experimental data
(2.56+0.37)xI(T B [9],

For A°4(udb), (usb), E° (dsb) and (ssb), we propose the lifetime

formula:

T1=1[14.852-(/ +B - —5)]x10 -13. (19)

Then r(A°)=14.8, t (=" )=15.8, r (=° )=14.8 and y(Q ')=16.8, and the
experimental data are (14.70+0.10) , (15.71+0.40) , (14.79+0.31) and
(16.4+1.8)x10'B[6]. They all agree within the range of error.
For D\cd),D°(cl) and D*(cs), we propose the lifetime formula:
T=[4.1+6.3(2/- C2+Q)- S]x1(ris. (20)
Then r(Z)+)=10.4, r(D°)=4.1 and r(D/)=5.1, and the experimental data are

(10.4+ 0.07), (4.101 £ 0.015) and (5.04+0.04)x10~13[6], They all agree within
the range of error.

For BHub),B°(db) , B°(sb) and Bb{Cb) , we propose the lifetime

formula:
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1=[15+5.5(2/-02-5 2-,?) +p]x10-13. (21)
Then r(5+)=16, r(5°)=15, 1(B°) =15 and t(B”")=5, and the experimental

data are (16.38+0.04), (15.20 + 0.04), (15.09+0.04) and (5.07+0.09)xI(TB

[6], They all very agree.
We may unify these lifetime formulas for the heavy flavor hadrons to:

T=[r0+a(21-C2-B 2)-bS +cQ]x 10'13. (22)
It is a new method on lifetime of hadrons described by quantum numbers. They

are symmetrical with the corresponding mass formulas, and can be unified for
mass and lifetime.

4. Supersymmetry and Its Simplify

Supersymmetry is a very beautiful theory, and it combines string, and
derives the superstring. But so far any particles of supersymmetry are not
observed. We derived some new representations of the supersymmetric
transformations, and introduced the supermultiplets. Based on these
representations, Graded Lie Algebras and various formulations (equations,
commutation relations, propagators, Jacobi identities, etc.) of bosons and
fermions may be unified. On the one hand, the mathematical characteristic of
particles is proposed: bosons correspond to real number, and fermions
correspond to imaginary number, respectively. Such fermions of even (or odd)
number form bosons (or fermions), which is just consistent with a relation
between imaginary and real number. The imaginary number is only included in
the equations, forms, and matrixes of fermions. It is connected with relativity.
On the other hand, the unified forms of supersymmetry are also connected with
the statistics unifying Bose-Einstein and Fermi-Dirac statistics, and with the
possible violation of Pauli exclusion principle; and a unified partition function is
obtained [10,11]. Moreover, three quarks may be described by the Borromean
rings [12]. We discussed some unifications in particle physics. The quantum
statistics is unified by the nonlinear equations. Based on the gauge groups,
various unifications of interactions are researched. A developed direction of
particle physics and modern science is possibly the higher dimensional
complex space [10-12],

Now we discuss an approximate simplified supersymmetry theory based
on the known symmetrical particles and their excited states, and the Regge
trajectory formula S=AJ+B.

It is known that baryons (J=1/2,3/2) and mesons (J=0,1) possess
symmetry.

For SU(3) octet of u,d,s and their excited states:

J=1/2 5 «;A,2+30,2";Z°,Z'(in octet baryons first generation 2, second
generation 6)
J=0 me, K~°\n (in five mesons first generation 2, second

generation 3)

J=8/2  A;5%=%;Q(555) (in decuplet baryons first generation 4, second
generation 6)
J=1 p(770),®(782); (sd)
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For leptons there are:

J=1/2 B,V;U,T,VU,VT (six leptons first generation 2, second-third
generation 4)

J=1 r\W\Z°(1and 2

J=2, graviton.

In a word, bosons are all the degenerate states.

For SU(3) octet of u,d,c and their excited states possess structures of
complete symmetry:
J=12 1?2 «;AN*Z*+ 3% 5°:=;(,=°(in octet baryons first generation 2, second
generation 6)
J=0 n° ,DA\pc(ce) (in five mesons first generation 2, second

generation 3)

Second generation has the mixtures QO(SSC), and (see), (ccc) for J=1/2;
d; (cs) for J=0.

For SU(3) octet of u,d,b and their excited states possess structures of
complete symmetry:

J=1/2, known baryons are ; should yet
have Z(UUb,Udb,ddb), (in octet baryons first generation 2, third generation 6);

J=0, T[O,A;B'f(Ub),Bo(db) (in four mesons first generation 2, second
generation 2).

Moreover, J=1, Y(bb)

We combine supersymmetry and the standard model (1). Suppose the
second and third generations of quark-lepton are the different excited states of
the first generation. This will be the simplest particle model.

First generation

J=1/2  p(uud), n(udd) are stable J=3/2 A**(UUU),A (ddd)
J=0 n+ud),n°(ul,dd)

Second generation

J=1/2 (Fe(SSC), (see) J=3/2 £l~(sss), X +H{cce)

3=0  Ds(cs),(ss),pc(cc) J=1 J 1y(o0)

Third generation

J=1/2 (bbt), (btt) J=3/2 They are probably
(bbb), (ttt)

J=0 (tb),(bb),(tt) J=1 v (bb)

Therefore, the second and third generations are completely similar to the
first generation. Three quarks are the same, probably all J=3/2.
From the second generation begins, some mixing states of first and
second generations exist:
J=1/2  (uus), (uds), (dds); (uss), And (uuc), (ude), (ddc); (ucc),
(dss) (dec)

J=0 K+us),K\ds) and D+Hcd),D\cl)
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From this begins existence of the substabie states.
Further, some mixing states of first and third generations exist:

J=1/2 (uub), A° (Udb), (ddb); (ubb), And (uut), (udt), (ddt);
(dbb) (utt), (dtt)

J=0 B\ub),B\db) And (ut),(dt)
And there are some mixing states of second and third generations:
J=1/2 (ssb), (scb), (ccb); (sbb), (ebb) And (sst), (set), (cct); (stt),
(ett)
J=0 B7sb), Bl{ch) And (st),{ct)
Moreover, there are some mixtures of first-second-third generations
E°b(usb),E~b(dsb) , etc.

Quarks have three generations, gluons should have three generations. Or
second and third generation quarks are excited states of the first generation
quarks, so the corresponding second and third generation gluons will also be
the first generation excited states.
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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
guantum 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 ¢ 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
mass 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

an=n2h2/jue2=5.29x10"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. | believe that there is third possibility: For very high excited atoms, at
above near-macroscopic orbit three electrons seems 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 |
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
mass 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 ©+(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-7* superconductivity.

Moreover, the new charge cluster, no matter as negative or positive charge,
seems to have implied VIP.
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In 1995, the condensation numbers of87Rb and 1Li 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:

@
Since the spin singlet is an odd function of two nucleons nv n2, the wave
function @{tX-r 2) must be even, this is, @{tX-r2) = Hp(r2- ).
The pair creation operator in a momentum space K is:
A+="*V-V 0)
The many-body wave function of coherent state is:
IWBs >=c exp (X akPk)\0>. @)
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2). Fermion pairs condensation (FDC). For BEC, the critical temperature

Is:
n 23
9)
Tc="kBm {2.612 ©
Here the particle density is:
1 1
n=- A mdr 6
(gn)3-aB( ) g (©)
For fermions the particle density should be:
1 1
nr de ),

T (2my |
The corresponding critical temperature of FDPC is probably:

, FDPC 21w07 N, 3

, ‘ (8)
kB(2mf) '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:kl=o0. 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 Tpi),(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 same structure exist in atoms and nuclei,

etc. For example, for He nucleus the energy level of (/7T p 4),(77t nl) is the
lowest than (p t ni) and so on. For water molecule the energy

level of H T oH 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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FoeN-T-*_\ *, (10)
(o)
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, =an2. (11)
From this we derived a similar theory with the Bohr atom model, and obtained
the quantum constants H = (aGMO0)m of the solar system and corresponding

Schrédinger 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 of symmetry class 6 mm, it is natural to deal with
mechanical, electrical, magnetic, gravitational, and cogravitational properties. In
addition to the electromagnetic a and gravitocogravitic 0constants, the incorporation of
gravitational phenomena for these smart magnetoelectroelastics adds the gravitoelectric
G cogravitoelectric & gravitomagnetic 3, and cogravitomagnetic A constants. All ofthem
contribute to the value of the coefficient of the
electromagnetogravitocogravitomechanical coupling (CEMGCMC). The CEMGCMC
represents one of very important material characteristics because the dynamic
characteristics such as the bulk and surface acoustic wave speeds depend on it
Therefore, it requires experimental determinations ofthe @, 9, ¢, &, [3, and A. In addition
to the well-known relative parameters ole and aw, this report introduces the relative
material parameters 9g, 9F; &, Cr, fH, BB, &, Gg, Xh, and X, 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 ofae and awduring the last six decades. The knowledge
of the complete set of the material parameters for different magnetoelectroelastics can
provide a class of commercially fitting materials to constitute various technical devices
with suitable characteristics. This can actually contribute to the development of
infrastructure for signal processing based on the new fast waves that can propagate in
the solids at the speeds At = (£2)“12—»~ 101C1and A2= ({BT12—*- 101Ci, where CI
is the light speed in a vacuum. Also, the new fast waves can propagate in a vacuum at
the speeds Ao1 = (CoAo) 12—~ 1013Ci and Aoc2 = (§0P0)~/2 —*~ 101Xi. These speeds Ao
and Ao2 are already apt for development ofthe instant interplanetary communication.

Keywords: Continuous media; Magnetoelectric and gravitational effects; Four
potential coupling problem; Exchange material parameters.
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1 Introduction

The recently developed theory [1, 2] of the acoustic wave propagation
coupled with the electrical, magnetic, gravitational, and cogravitational
potentials (i.e. the four-potential acoustic wave) has provided some theoretical,
mathematical, experimental, and engineering problems. Successful
developments towards resolving all these problems can result in appearance of
infrastructure, with which it will be possible to have the instant interplanetary
communication based on some gravitational phenomena. This communication is
possible because theory [1] has introduced two new fast waves that can
propagate in both solids and a vacuum at speeds thirteen orders faster than the
speed of light in a vacuum, C1 —(€0H0)”12 ~ (yono)”12 ~ 3 X 108 [m/s]. Here it is
worth noting that Abbott et al. [3] have found in 2016 that the gravitational
waves can also propagate in a vacuum with the speed of light C1 ~ (yono)~v2.
Therefore, both the electromagnetic and gravitational waves are unsuitable for
the instant interplanetary communication. These new fast speeds /A0l = (Co20)" 12
-> 101X and/io2 = {EopoYu2 —> 10137 for signal processing are already enough
for the instant interplanetary (interstellar and even intergalactic) communication.
For this purpose, it is necessary to know measured values of the following
parameters for a vacuum: the electric constant €0, magnetic constant MO, gravitic
constant yo, cogravitic constant po, gravitoelectric constant o, cogravitoelectric
constant Co, gravitomagnetic constant fo, and cogravitomagnetic constant Ao.

The measurement tools are currently well-developed for determination of the
vacuum parameters €o and po. For a vacuum [4], the magnetic permeability
constant (magnetic constant) po = 4n x 10”7 [H/m] = 1.25663706144 x 10”6
[H/m] and the dielectric permittivity constant (electric constant) €0 = 10”
7(4ma2) = 8.854187817 x 10'12 [F/m] because Ci1 = 2.99782458 x 108 [m/s].
For solids, the electrical properties are known for many materials [5] and the
experimental tools [6] for determination of magnetic properties are also well-
developed. There are magnetoelectric solids [7, 8, 9] that possess the
magnetoelectric effect characterized by the electromagnetic constant a. The
magnetoelectric materials are suitable candidates for spintronics. For the
magnetoelectric materials there is the following condition of thermodynamic
stability: a2< ep [7, 8], where € and p are the electric and magnetic constants for
solids, respectively. To enhance the value of the electromagnetic constant a,
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composite materials are created [7, 8]. However there are hexagonal
monocrystals [9] that can commercially compete with the composites. For the
solids there is always a2 « ¢€p that can be readily rewritten as follows: Va»
Vem, where Va = 1lla and Vem = (ep)~v2 stand for the exchange speed and the
speed of the electromagnetic wave, respectively. For the solids, the
magnetoelectric effect is so small that there is even Va» Ci. This is an evidence
that the exchange speed can be significantly faster than the speed of the
electromagnetic wave propagating in a solid or a vacuum.

According to theory [1], the taking into account some gravitational
phenomena in the theory ofthe acoustic wave propagation in the magnetoelectric
materials can result in interactions of extra two subsystems (gravitational and
cogravitational) with the electrical and magnetic subsystems. This theory uses
the centennial postulation by Einstein that any kind of energy (and any change
in energy) is coupled with gravitation. In 1916, Einstein [10] has used an analogy
between the gravitation and electromagnetism that was first mentioned by
Heaviside [11] in 1893. This analogy was studied by many theoreticians. For
instance, Jefimenko in his book [12] has studied the gravitation and cogravitation
that are also called the gravitoelectricity and gravitomagnetism in the theory of
the gravitoelectromagnetism representing the purely gravitational theory. So, it
is natural that theory [1] uses the gravitational and cogravitational subsystems.
As aresult, developed theory [1] leads to the appearance of two new fast waves
propagating at the following speeds in the solids: A\ = (QA)~x2andAz = (§B)~v2,
where ¢, A, &, and B are the gravitoelectric, cogravitomagnetic, cogravitoelectric,
and gravitomagnetic constants for the solid, respectively. These two exchange
speeds can propagate thirteen orders faster than the speed of light, Ci. It is
possible to write the following thermodynamic stability condition: A \'» Vaand
A2>» Va.Therefore, A\ » Ci1and Az» C1.Also, it is natural to write down for
a vacuum: Ao1» Crand Ao2» CI1.These means thatthe parameters {Co, Co, Bo,
/lo} for a vacuum and the corresponding material parameters {C, & B, A} for the
solids must be known in order to evaluate the corresponding exchange speeds.

This report offers for the reader to deal with relative material parameters
instead of {¢, & B, A} for the solids. These relative material parameters will be
introduced in the following section. Each of them is relevant to one of the
following aforementioned material parameters for the solids: electric constant g,
magnetic constanty, gravitic constanty, cogravitic constant n. For the solids, the
constants € and y are well-determinable in the corresponding experiments that
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was mentioned at the beginning of this section. Concerning the constants y and
n, Li and Torr [13] in 1991 have presented Maxwell's equations for gravitation
in a form, where the cogravitic constant n of a superconductor is different from
the parameter no for a vacuum. One year later, Li and Torr [14] have discussed
the interrelationship between the magnetic and cogravitational fields in
superconductors and estimated the value of the relative cogravitic constant n of
a superconductor. In 1993, Ton- and Li [15] have continued their analysis of
gravitational effects in superconductors and studied some coupling between the
gravitational and electric subsystems via superconductivity. In 2016, Fiizfa [16]
has studied weak interactions in solids between the electric or magnetic
subsystem on one side and the gravitational or cogravitational subsystem on the
other side. Therefore, it is necessary to state that the parameters €, 4, y, and n can
be readily evaluated for various solids and naturally used for determination of
the material parameters {¢, &, B, A}. These last four parameters can be obtained
with known values of the relative material parameters introduced in the
following section. The third section provides some discussions.

2 The relative material parameters

In the transversely isotropic solid materials of symmetry class 6 mm, the
velocity of the anti-plane polarized bulk acoustic wave can be calculated with
the following expression [1]:

(D

In definition (1), the material parameters C and p are listed in table 1. Also,
the nondimensional parameter Kiangc is called the coefficient of the
electromagnetogravitocogravitomechanical coupling (CEMGCMC). This
coefficient can be calculated with the following formulae [1, 17, 18, 19]:

Memgc — 2

where

Zx = B2(uyn + 2BA0 - A2y - B2n- 02u) + h2(eyn + 2¢&6 - 02 -
Z2n _ Ely) + ga2(eun + 20&A - A2e - a2n- &2u) + B2(spy + 20BC -
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B2e —a2y —C2u) 4- 2BI(LPNn + EyA - 020 — ayn —{AD —EBD) +
2eg(allp + &0 + A2C - aAD - Cun - &EBA) -- 2eB(ayA + Oy + B2E -
aBl - BN - Epy) a-2lip(eNd + Zon + &2B - a0 - CAE - enP) +
2HP(ePO + Eay + (2A - adD - (&P - €Ay) + 2p/(ePA +Eul + a2 -
alA - aBg - epo) ()

Z2= (gp - a2)(yn - 02) + {BE& - A{)2- (&2uy + P Zen + A2y +
{2un) + 2(ya&X + naBql + eBA0 + pl&0 - alAd - aB&l) (4)

Table 1. The material parameters of the magnetoelectroelastic solid, their
fundamental physical dimensions5and estimated values.

Material parameter, symbol Dimension Estimated values
Mass density, p kg/m3 103

Elastic stiffness constant, C kg/(mxs2) 109to 1011
Piezoelectric constant, e kg12/im 32 0.1 to 10
Piezomagnetic coefficient, h kg 12/ (m 1/2xs) 0.1 to 103
Piezogravitic constant, g kg/m?2 105to 1010
Piezocogravitic coefficient,/ s 1 10"16to 10"8
Electric constant, ¢ s2/m?2 CB_OS-—O o‘_B
Magnetic constant, p - 10-6 to 10"3
Electromagnetic constant, a s/m 10-16to 10'12
Gravitic constant, y kgxs2/m3 1010to 10u
Cogravitic constant, n m/kg 10“28to 10“27
Gravitocogravitic constant, 9 s/m 10-16 to 10“12
Gravitoelectric constant, kg 1/2xs2/m 52 10“8to 10-2
Cogravitoelectric constant, & s/(kgl/2xm 1/2) 10”~5to 10“40
Gravitomagnetic constant, B kg 1l/2xs/m 32 10~ to 10
Cogravitomagnetic constant, A m V2/kg 12 10 40to 10“35

All the material parameters present in (3) and (4) are listed in table 1. This
form (4) can be naturally rewritten in the following forms [19]:

Z2 = (ep - &E(.My - B2) + (alb - A)2- (02ep + a2yn + A2ey +
¢2un) + 2(ya&A + noaBq + eBAD + pg&o - LEPA - af&o) (5)
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Zi = (ey ~ {(un - A2) + (ab - BE)2- (02ep +a2yn + E2uy +
B2en) + 2(ya&\ + napl + eBAD + uc&0 - &PA - alAd) (6)

It is necessary to state that forms (4), (5), and (6) are equivalent. It is also
necessary here to mention useful physical dimensions of some combinations of
the material parameters. With table 1, one can find the following equalities: [p!C\
= [ep] = [yn] = [a2] = [52] = [a#] = [CA] = [EB] = [s2¥m2]. These two parameters
(1) and (2) are very important. Indeed, the speeds of both the new interfacial
acoustic SH-wave [17] and the new dispersive acoustic SH-waves [18] in plates
(thin films) actually depend on them. In equivalent forms (4), (5), and (6), the
reader must focus on the first two terms on the right-hand side. It is clearly seen
that in each equivalent form there are two first terms that consist of two
cofactors. Using these two terms, it is possible to borrow the following
inequalities from work [19]:

y2-02 o2 $2

0< — <1,0<—<10<—<1 ©)
EPYN Y yn

o<0MI<io<0<I1, 0<M-<1 8
egyn en Ky

0<"-<1,0<-<1,0< —<1 )
eygyn gy un

Using inequalities (7), it is possible to write down the following relative
magnetoelectric (ME) coefficients [20] listed in table 2:

dE a

Ue =dH~I (10)
H_dH7 a
aH= o~ (1)

because it is convenient to deal with the following dimensionless parameter
listed in table 2:

dE dH _ a2

12,
dH d E ~ ¢€p
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Table 2: The relative material parameters ag, ae, &g, 9F, &€, L&, Bm, B, L&, cg, Xn,
and Ag, their fundamental physical dimensions, and estimated values.

Material parameter Dimension Estimated values
ae m/s 10'6to KT*
an s/m 10-10to 10"8
9g m 2/ (kgxs) 10'%6to 10“2
&F kgxs/m2 1011 to 105
Ce kgl2m 12 102to 106
Cy m Y2kg 12 10'1Bto 10"12
Ce m 32/ (kgt/2xs) I0'®Hto 10“2
Cr kg ¥2xs/m32 10'17to 10“13
RH kg1l/2xs/m32 1to 104

Re m 32/ (kg 1/2xs) 10 Bto 10"
Xh m 12kg 12 SPEae o @
AE kgl2m 12 10-12to 10'8
agaH, 999, RnRkc, GeCy > 10'6

CeCr > 10'®

XhXF > 1076
asamn9o9p > 10-32
(e&pBHPo - > 10'8
CeCgXhXF - > |10'&

In (10) and (11) there are the partial first derivatives dE/dH and dH/dE,
respectively, where E and H stand for the electric and magnetic fields. Relative
parameter ag (10) is called the linear ME voltage coefficient that is the quantity
generally measured during experiments [7, 21, 22]. The ME coefficients a¢ (10)
and a// (11) are for the direct and converse ME effects [20]. The ME voltage
coefficient ae can be defined under the open electric circuit condition and
expressed as ae - o/e, where € is the effective permittivity (electric constant) for
a solid. Similarly, the converse ME coefficient a# (11) can be determined under
the open magnetic circuit condition and expressed as follows: a// = a/y, where p
is the effective permeability (magnetic constant). The ME coefficient au can be
easily found in experiments similarly to the ME voltage coefficient. For instance,
the dielectric constante = 11.9¢0 for CnCb [20] and therefore, the measured value
of a - 2.67 x 10'12 [s/m]. This means that the exchange speed Va = lla for
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monocrystal CviOs is equal to Va= 3.75 x 101l [m/s] > C1 - 2.99782458 x 108
[m/s] and even Va » Ci1. With the effective permittivity € and the effective
permeability y, the value of a can be measured for composites that can provide
significantly stronger ME coupling. For composites, the effective parameters ¢
and p can have very complicated forms [20].

Similar to the exchange between the electric and magnetic subsystems in the
treated solids, an exchange between the gravitational and cogravitational
subsystems can exist. Exploiting inequalities (7), it is therefore natural to
introduce the following relative cogravitogravitic (CG) coefficients listed in
table 2:

06 L, (13)
op — F (14)

Therefore there is the following dimensionless parameter:

£Gde £2

i9% i9f Y

(15)

In (13) and (14) there are the partial first derivatives dG/dF and dF/dG,
respectively, where G and F stand for the gravitational and cogravitational fields.
Expressions (13) and (14) for the direct and converse CG effects can be used for
experimental measurements of the gravitocogravitic constant & for both
monocrystals and composites. For composites however, the forms for the
effective gravitic constant y and the effective cogravitic constant n can be found
for an individual composite and can be very complicated.

Similarly, it is possible now to utilize inequalities (8). So, it is also natural to
introduce the following relative cogravitoelectric (CE) coefficients that are listed
in table 2:

f dE _ £
B dF B € (16)
f 9f£ £ A7

dE n
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As a result, the following expression can be written:

r.(F= = ii (18)

dF dE en

Using inequalities (8), it is also possible to introduce the following relative
gravitomagnetic (GM) coefficients listed in table 2:

AN -S -f°f <19>

(20)

Coefficients (19) and (20) as the cofactors represent the following
dimensionless form present in inequalities (8):

= 3HEE=£

dG dH gy

(21)

Finally, it is possible to employ inequalities (9). Therefore, to introduce the
following relative gravitoelectric (GE) coefficients listed in table 2 is natural:

(22)

N N—
Zg T dE y& (23)
These coefficients produce the following form present in inequalities (9):

77 = (24)

dGdE ey

With inequalities (9), it is natural to introduce the following relative
cogravitomagnetic (CM) coefficients listed in table 2:
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dH_ A

AH (25)
dF_ A

Moo T (26)

These relative cogravitomagnetic coefficients provide the following form in
inequalities (9):

i i - 21 27)

AhAf ~ dF dH - un

3 Discussion

The physical dimensions of all the relative material parameters are listed in
table 2. It is expected that all of them can be measured for both monocrystals
and composite materials. However, the experimental determination of the
introduced material parameters requires creation of proper experimental tools.
So, a lot of experimental setups must be combined in order to measure all the
material parameters of the smart magnetoelectric materials incorporating the
gravitational phenomena. This is suitable for a large research organization. All
the material parameters for the treated case, namely {p, C, e, h,g,f €, ,vy,n, a,
8, (, A\, & B} listed in table 1 are necessary to calculate propagation speeds of
various acoustic waves. It is expected that one, two, or several parameters of {a,
8, C,A & B} can be crucial for the existence of some (surface) acoustic waves. It
is also expected that the experimental determination of the relative parameters
{#0, 8¢, &€, &€, Bie Bo, g, Cg, AT, Ag) listed in table 2 is preferable because there
are successful measurements of relative magnetoelectric coefficients (10) and
(11) [20] during the last several decades. Indeed, Astrov [23] has experimentally
determined the electromagnetic constant a for the monocrystal CteCb in 1960.
However, many composite materials show significantly stronger ME
interactions. This allows the manufacture of various magnetoelectric technical
devices such as the wireless powering systems [24, 25], energy harvesting [26],
tunable inductors [27], magnetic-field sensors [28-35], gyrators and transformers
[36, 37], dual electric-field- and magnetic-field-tunable microwave and
millimeter-wave devices [38-42], and miniature antennas [43-46]. It is expected
that using suitable monocrystals or created composites with 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 A-communication must
be used when there is a necessity to communicate with the home planet because
the A-communication based on the new fast waves propagating at the speeds Aoi
= (ZoAoTv2 —>1013C1 and /N2 = (Zopo)~v2 —» 1013 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 {go, U0, yo, no, 00, <4 @ ’lo, @, o} for a vacuum must be also known.
Today, only the values of the parameters {€o, yo, yo, no} for a vacuum are well-
known. Therefore, the rest parameters {00, So, @3 ‘lo, (3 po} 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 agan, SgSt, gnpd, and GeCg are larger than 1016 Therefore there
are possibilities to properly measure the values of the relative parameters 9c, 9+,
Rn, Bc, Ge, and CGg because the values of ce and sh are precisely measured for the
last several decades. For the proper measurements of the rest parameters ze, Cr,
Xn, and X (Zege > KR and xnxf > 1076 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, 9, Ce,
Cr, Be1, Bo, G, Cg, X, and Xr defined by formulas (13)-(27) and listed in table 2.
These parameters are natural implement to the well-known relative material
parameters ag and am that are successfully measured during the last several
decades. Experimental determinations ofall 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,fepu,y,n a,9, A &PBY}listed in table 1. The complete set of the
material parameters will allow for the researchers and engineers to study the
acoustic wave propagation in the (composite) solids. Also, this will actually
contribute to the development ofthe instant interplanetary communication based
on the new fast waves propagating in both the solids and a vacuum at the speeds
thirteen orders faster than the speed of light in a vacuum. So, it is possible to
state that this work has touched some gravitational engineering research arenas
for new communication era based on gravitational phenomena.
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Abstract

It shall be shown that the ,,ominous"” wave function ¢, 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 anormalised, 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 Schrodinger.
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A NEW APPROACH TO ETHER RESEARCH:

The fundamental question of quantum mechanics.

Can one hope foran atomic theory that avoids the Copenhagen inter-
pretation? Answer from aproven ,quantum expert”:1

In principle, yes, - but then all current quantum
field theories (QED, QCD, etc.), which so well reflect
the structure of m atter, had to be abandoned.

As asupplementto the Copenhagen interpretation of Y- and in accor-
dance with Erwin Schrodinger'Soriginal view2 - the following thesis is
presented and explained below:

The psi - Thesis

Schrodinger's wave function Y means: the electro-
magnetic field state- ofthe ever omnipresent ether.

Erwin Schrodinger: the "'secret' ether physicist.

Erwin Schréodinger was - with certainty - acompletely "convinced ether
physicist", for life.

This statement is a fact, practically unknown today, butitis very easy to
understand, because Schrodinger worked fora whole decade as assistant
of Franz Exner (1910 until Exner's retirementin 1920)3 and was there in
charge of his students, for whom Prof. Exner gave each year nineteen
fully elaborated lectures on ether physics.4

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

2 Kumar (2009), (12), ,,Ein spater 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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In this sense, Schrodinger wrote at that time, among others, a great
treatise on dielectrics, "naturally” (atthat time still) based on an ether.5

From about 1920 onwards Schrodinger hardly ever said anything about
this "delicate” subject, because from then on,6 (at the latest) classical
mechanical ether theories were generally considered to be overcome,
contradictory, etc.7

Nevertheless, Schrodingerremained an "ether-believer” throughouthis

life, in later years especially in the sense of Einstein's unified field theory.8

The great Y-puzzle.

Schrodinger's ominous wave function tpwas introduced in 1926,9but
even though almosta century has passed since then, its significance re-
m ains one of the greatest puzzles in physics to this day, especially the fact
that ipm ustbe described with strangely complex numbers. Forexample,
it has even been claimed that the imaginary part of iphas no physical
meaning.10

LU was - and still is today - regarded as something intangible, even
ghostly, but above all immeasurable. Heisenberg found Schrédinger's

theory to be "crap", indeed.

It was in this sense that the following, often quoted mocking poem was

5Schrédinger (1914), (20), ,,Die Maxwellsche Theorie der Dielektrika", S. 157.

6 1909 e.g. already Einstein (1909), (6), Zum ... Strahlungsproblem, S. 718. -
Atherhypothese: ein tiberwundener 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.

8This is clearly shown by Schrédinger's private correspondence with Bom, Einstein
and others. See Meyenn (2011), (23), Div. Ausziige 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 Relativitat (ab 1917), S. 100-101 - Das
Einstein-Debakel (um 1946) und die ,,Einstein-Schweinerei'"', S. 368-373.

9Schrodinger (1926), (21), Quantisierung als Eigenwertproblem.

10Gassner/Muller (2019), (9), 7.10 Zeitabhé&ngige Schrddingergl., S. 382 / Einschub:
Komplexe Zahlen, S. 389.
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w ritten at that time in "honour of Erwin":11

Erwin with his "psi" can do,
Calculations many - quit a few.

Butone thing yet, has notbeen seen:

W hat does this "psi" - actually mean?12

Finally, Schrédinger's wave function was interpreted as a "complex-
valued probability wave' - meaning an abstract wave that, does not
even move in Nnormal three-dimensional Space.13

Robert B. Laughlin aboutSchrddinger's cat:
The ludicrousness of this idea is self-evident.

From Robert Laughlin's book (2005), (13):
A Different Universe - Reinventing Physics
Chapter 5: Schrodinger's Cat, p. 47-57.

The decision in favour of this "‘probability-definition™ proposed by
M ax Born (at the Solvay Conference 1927) was made against massive

resistance from Schrédinger, de Broglie, Bohm, Einstein, and others.14

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

12 German Poem by Erich Huckel - (partly special translation by GZ.)

13 Kumar (2009), (12), ,,Ein spéter erotischer Ausbruch®, S. 271 - und: Die Bellsche
Ungleichung, S. 402.

14 Kumar (2009), (12), Einwande gegen die Kopenhagener Deutung von y, S. 10, Bild
23, 304-305,314, 318-321,327,333,335,337,340,347, Usw., USW.
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Nevertheless, it is still the onIy officially recognized definition, so that

practically all universities - worldwide - still teach today:15

Schrodinger's wave function l]Jmeans the "probability ampli-

tude" of the electron's "whereabouts".16

The problem of the "Schrdodinger cat", for example, is a direct conse-
qguence of this "probability” interpretation17 (also known as the measure-

mentproblem), which involves an, up to today, open question:18

When, where and how does the probability wave, IeSp. v,
. collapse ... ?19

Surprisingly, the Schréodinger equation remained indispensable up to
now and became, among other things, the prototype of all quantum me-
chanical wave equations.20

Schrodinger's original, intuitive derivation.

The actual origin oftherenown Schrédingerequation was Schrédinger's
idea that, atom s are oscillating systems, whose electrons oscillate around
theirnucleus in spherical FeSONancCe w ith the ether medium.2L

15 Bleck-Neuhaus (2013), (1), Der ,,uberzeugende Beleg" fir die Wahrscheinlichkeits-
Deutung der Wellenfunktion g, 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 Schrodinger-Gleichung, S. 719. / Interpretation als Wahrscheinlichkeitsamplitude,
S. 722

17 Gassner/Mdiller (2019), (9), Schrédingers Katze, S. 338.

18 Mehrere Biicher wurde dazu verfasst, z.B. David Peat (1997) Who is afraid of
Schrddinger's Cat?

19 Kumar (2009), (12), Solvay 1927, S. 323-324. / siehe auch Gassner/Miiller (2019), (9),
Kann man die Quantenmechanik auch anders verstehen, S. 400-406.

20 Meyenn (1998), (15), 2. Bd.: Schrédingers Wellenmechanik, Quantenfeldtheorie und
Kausalitat, S. 296-300.

21 Schrodinger (1926), (21), Quantisierung als Eigenwertproblem: Die Vorstellung, dass
die Elektronen von Atomen schwingen, S. 375.
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The decisive impetus for this was provided by de Broglie's dissertati-
on,22 according to which Schrédinger- as Schrodinger's notebooks show -
firstderived the new wave equation by means ofthe usual wave equation
and the de Broglie relationship p—h/)\ (which is stillunexplained today),
"purely classical™. since Schrodingers classical derivation is rarely shown
nowadays,23 it is briefly reproduced here.

Starting point is the classical equation for waves of all kinds (sound

waves, electromagnetic waves, etc.)

v2©o - i © = 0. (1)
For harmonic waves (linear elastic type) generally applies: & = eiu}t,
o = jwellk and © — —a;2 eialk

The following applies too: C = Av, k = 2n//\ und ® = 2TV, also

c = w/k, thus 1/c2 = X2/w?2.
Used in (1), these two relationshipsresultin the so-called time-indepen-

dentwave equation:24
V2D + AP = 0, )

From the total energy ofallmechanical systems E—T +V —@mvz2/2) +
V = {p2/2m) + V follows immediately P2= 2m(E — V).

From de Broglie's wavelength A = h/p and K= 2n/a  follows k2 =
an2p2/hz.

The last two relationships together yield k2 = (An22m{E—V))/h2.

Inserting A2 into the wave equation (2) (with replacementof ® —>l]J), im -
mediately results the importanttime-independent SChrﬁdingerequation

- where 'aS'stands for atomic system, 'ee’ for electrostatic (potential).

Qyr2
V2tp+ 21 T -(E as-<€>ee)ip = 0 3)

2 Kumar (2009), (12), der Dualitéats-Prinz, S. 186-189 - und: Ein spater 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. (12).
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The solution of the ~-puzzle.

The ground state of the ether, which Schréodinger originally (certainly
still 1926) assum ed,25 shall be called zg. Then deviations from z0cause
different scalar potentials ®,-, whose gradients are called field vectors
A. All @, can then be represented by the dimensionless space function
0 < Ip(X,y,2) < 1as o, = oo Ip,similarly F, by A = Fqip.

The charge €ofelectrons causes an electric potential, butiftheir mass
M represents electromagnetic energy,26Zit also represents a charge-related
electric mass potential ®nie = me2/e, increasing the normal zero potential
of the ether and enabling "special atomic waves".

w ith @NE equation (3) results the following "‘atomic wave equation™:

-v 2(Pneg) = -gnh2>~v2yP= (Bs- o @)

On the rightin (4) is the kinetic energy of the m atter waves - i.e. the
difference between the total energy of the atomic system E&Sand the
electrostatic potential ®~) -, whose am plitude varies in space (especially
radially) according to ip.

On the left side of (4) is the negative gradientor force increase which
"drives" the atOmiC wWavesS of the ether - in accordance with the electric
mass potential (®ne P) of the electron mass m acting in an atom.

The usual electromagnetic energy denSityEdoes notcause any change
anywhere, also notinside atoms. Only the force fields E and H do this
according to Maxwell's equation527 Correspondingly, €ought to be a
function of these two fields (E und H).

The energy density € of the fields E and H, which is significant for

electromagnetic waves (e.g. light) - but also that within atoms - can

25 Schrodinger did not miss the opportunity to refer in his "Heisenberg work" (from
March 1926) twice explicitly to ether-wave lengths. See Schrédinger (1926), (22), Uber
das Verhaltnis 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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(and often is) represented, taking into accountthe relations D = Eannd
B = poH,by the two vectors Eand H, as follow s:28

e ="(ED + HB) = (5)

= (\/1E)2+ (\/fH)2=f £2+ f H2 6>

Since the two vectorial fields £ and H (according to M axwell's equa-
tions) are strictly perpendicular to each other, the overall state of an
electromagnetic field can also be represented by combining the two field
variables Eand Hinto a single complex-valued field variable Y (E,H) -
(attention!) with an "unreal com plex" physical unit:

U=(\/fEH+

The conjugate-complex product (resp. square) ljJ*l.lJ (for ip2)then gives
for the energy density € (E, H) of the ether- now again with cOrrectand
real physical unit [E/Q 1):29

€= @®me (Y P*) = &me Y*y = ®

According to exactly this mathematical method of conjugated com plex

multiplication30 - referring to the wave function of Schrédinger ip(r, D) -

28 Meschede (2010), (14), 8.4.4 Energiedichte und Energiestrémung, S. 448 - Erste (nicht
nummerierte) Gleichung fiir 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.

0 Meschede (2010), (14), 14.6 Grundzlge der Quantenmechanik, siehe dort bezliglich
Matrizen, Vektoren und Operatoren, S. 698.

(7)
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the so-called probability density P(r,t) = x*"™p= \Xp(r,t) |2 is defined and

calculated .31

This perfect analogy of the calculation method, as well as the equality
of the results for €shown in (6) und (10), leads to the following conjecture:

Schrodinger's wave function ipcan not 0n|ybe interpreted "exclusively™

as the probability am plitude32 Y0ofa complex-valued probability density
P(Xp) of so-called probability waves P(xp),38 butalso - according to (7)
and fully in the sense of Schrodinger - as a very real electromagnetic
state of the om nipresent material €ther, which is elegantly represented
in form of a single complex-valued variable Xp(X,y,z, t) - representing an
"energy distribution factor, norm alised to I .34

Now itcould be argued thatthe complex-valued combination of two
field strengths of fundamentally differentnature isinadmissible, because
this would "lump apples and pears”together - whereby the latter is ac-
tually true. In this respect, however, itshould be noted that the sign (+
or-)ofcomplex-valued numbers does notm ean addition or subtraction,
butis merely intended to represent the factofcombined orjOint action,
in this case with respect to the acting energy of an electromagnetic field.

W hat really matters in the context of Schrédinger's wave mechanics
of matter waves is the energy acting in electromagnetic fields, which is
simply given, completely "legal” and correct- as shown above -, by the
usual conjugate complex multiplication of Schrédinger's complex-valued
wave function X2

This fact means among others: The matter waves postulated by de

Broglie, which shortly afterwards were also theoretically explained by

3L 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 Schrédinger-Gleichung fiir das Wasserstoffatom, S. 719,
und auch 15.6 Wie strahlen Atome, S. 740-742.

2 Meschede (2010), (14), 15.2.2 Schrddinger-Gleichung fiir das Wasserstoffatom, S. 719,
eine Gleichung vor (15.8): ¢ als Amplitude elektronischer Wahrscheinlichkeitsverteilung.

3B 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 - itis even indispensable for experimental physics.

A This is, in short, exactly what the "psi-Thesis" (on page 2) says.
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Schrédinger, are scalar energy waveS with properties completely different
from the vectorial electromagnetic waves. The equations of Maxwell
resp. Schrédinger describe two different fields (of the ether) - roughly
comparable with speed- and temperature-fields of any gas.

This essential difference between the two states (of the ether) just consi-
dered, is clearly shown by the factthat, Schrodinger's "wave packets" -
unlike electromagnetic waves, which is often regretted - dissolve rapidly

and are thus inconsistent. The cause of this kind ofbehaviour is simple:

Schrodingers more general, time-dependentwave-equation35,descri-
bes the equalisation process of differing energy states (of the ether) and
therefore is of a mathem atical form similar the general diffusion-equation

(for gases and liquids).36

Also within atoms electromagnetic fields waves of different material
density in form of small vibrations (of ether) do exist, similar to sound
vibrations ofcommon substances. The accumulations ofincreased m aterial
density (of the material ether), which vibrations always produce, can be
interpreted as masses, quite in line with Einstein's idea of matter. Einstein

distinguished matter and fields as follows:

Matter is w here much energy is concentrated;
a field iswhere there is little energy 37

Actually - in accordance with Einstein's so-called energy-mass equiva-

lence E = mc2 - Einstein should have said:38

Mass iSw here there is much energy - because the matter of the omni-
present ether medium isnotonly the base of all fields, but also the base
of all masses.

This possibility of confusion is a consequence of the currently common
refusal of authoritative physicists to acceptor acknowledge the existence

of a material ether medium, so that even famous physicists - also e.g.

I Meschede (2010), (14), 15.6.1 Atomare Antennen, S. 743, GI. (15.47).

36 Meschede (2010), (14), 6.5.5. Diffusion in Gasen und Ldsungen, S. 278, Gl. (6.49).

37 Infeld (1969), (11), Feld un Materie, S. 223.

3B Meschede (2010), (14), 13.8.2 Der 4-Impuls, S. 649, nach Gl. (13.34), siehe auch S. 617
unten.
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Einstein and Heisenberg - often "lump together" the two actually very
different terms MasS and Mmatter, leading to general confusion.39

The hardly known ,,Maxwell-Dirac-Analogy".

The Dirac equation represents a significantimprovementofthe Schro-
dinger equation.40 However, in standard textbooks of physics this theo-
retically very importantequation only in exceptional cases is assigned a
similarly high significance as the world-famous equation of Schrédinger.41

Therefore, abrief formal overview of the Dirac equation will be given
here, also showing a following surprising fact: The Dirac-equationw ith
M = 0,i.e. for an atom withoutelectron, represents nothing else but an
alternative formulation of Maxwell's equations for the "em pty space" -
respectively the em pty ether.

The "original™ Dirac equation.

Dirac chose the following mathem atically very elegant and compact

formulation for his relativistic wave equation of quantum mechanics:42

[po+pi(<r,p)+p3mc]y = 0. 11)
The usual quantum mechanical operator definitions for momentum P
and energy W (W = po) were used (in the spatial representation).
. 1 h
p= —h— and W =1ih—, with h= — (12)
dx at 2Ir

3 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 Stegmadller called this the "staircase joke" of
the 20th century. Schrodinger, 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. Schrodinger (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.

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

&2 Dirac (1928), (5), §2.The Hamiltonian for No Field, S. 615, - Gl. (9)
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Thus, this relativistic wave equation (11) for an electron with rest mass

mo reads - somew hat less compactly expressed:43

3y oY 13w

ZhS i_]g/r_l_‘m\_l_ c df 3 + moc a4d¥ = 0, (13)

The four expressions O\ ... a4 mean the four-row Dirac matrices shown

immediately below .44

( 001\/00 0 -i\
6010 0 0 +i 0
0100 /" 00— 0 o (14)
U 00y) \+i 0 0 g
(o 01 O\ /10 0 o\
0O 00 -1 01 0 0
1 00 O 7/ o0 -1 0 (15)
VO-lO O/ 0 0 -w

These four-row matrices (14) and (15) are complex-valued and were
firstderived by Dirac based on sophisticated mathem atical considerations

from the following three two-row spin variables O\, O-lund <7345

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[-1]) — 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 empty Dirac equation.

Ifin Dirac's equation of the form (13) the parameter mo = 0 is set, i.e. the
Dirac equation withoutelectron is considered, the empty Dirac equation
results.

Because the four Dirac matrices (14) and (15) each have fourrows and
are of complex-valued type, the Dirac equation (13) represents a system of
four complex-valued equations for four complex-valued components Yi

...Y4o0facomplex wave vector (resp. spinor) Y.

Accordingly (because of mo = 0), the "empty" system of equations
Dirac's reads (fully expressed):46

iaYi yy4 .oy4d aY3_
c dt dx dx dz
Idy2 dy3 .dY3 dv4
C dt dx 1dx dz

c dt '(.ix 1dx dz
18Y4 QOYi 6% _9y2

c dt + dx + *dx dz

(17)

(18)

(20)

These four complex-valued equations are - which may surprise some
physicists - nothing else than Maxwell's equations in a strange guise.

This becomes apparent after a shortcalculation, as the fourcomponents

Y i...Y4arereplaced by the following complex expressions:47
Yi=i(E2) Y3= (H2) (1)
Y2=i (Ex+ iEy) Y4= (Hx+ iHy) (22)

W hen the substitutions (21) vimd (22) are applied to (17) und (18), they

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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are transformed to the following relationships'48

1 dEz dHx . .dH,
- b dx T dx
dHz
dz =

+

0 (23)

und

_ ldEx+ [9Ey\ .\
( lc dt c dt)

+ =0 (24)

A fter separation of the real and imaginary components of the two
complex-valued equations (23) and (24), the following four real-valued
relationships, known to every physicist, become apparent:89

N+ = Idkx= (dliz mA
dx dy dz C dt dy dz )

und
UEy /dHx dHz\ 1dEz _ (dHz dHv\
c dt \ dz dx ) ' Cdt v dx dz )

A fterapplying the same substitutions (21) and (22) to the two equations
(19) and (20) using the same procedure, the then resulting two equations,
together with (23) und (24) resultin the known four Maxwellequations for
empty space (i.e. withoutthe presence of electrically charged bodies.) In
short: The complete setofempty Maxwell equations is obtained. Those
equations are, in a notation thatiscommonly used today:

div E = o; divH=o0 (25)
= —rotH; i"=rottE (26)

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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This highly significant physical factis NOta novelty. Ithas been docu-
mented in the German physics literature (atleast) since 1937 in a formerly
well-known (and here already repeatedly cited) textbook on theoretical
physics by Schaefer. However, a detailed footnote there expressly warns

againstoverestimating this result.50

The first hint to such an analogy was already given by Darwin only
two months after Dirac presented his famous equation.51

Also in today's literature this importantintrinsic connection between
guantum mechanical and electromagnetic w aves is still mentioned, but
extremely rarely.52

The ominous complexity in physics.

Imaginary numbers have even been called magic and supernatural. But
actually they are simply a consequence of (+1)(-|-1) = (—1)(—1) = +1,
so that \f— = V+T should be true, which is impossible.

So,in order to be able to operate mathem atically "logically"w ith roots,
the root of —1 had to be assigned anumber iwith "special meaning".

The use of Iprovides an additional, purely mathematical dim ension -
without any physical meaning or significance.53 Therefore, the expressi-
on \/—I can be assigned many different meanings - without explicitly
naming them. The only required condition is:

The realand the imaginary partofcomplex-valued numbers muststand
at right angle (in space) to each other. 1n schrédinger's tpitis Eand H,
who stand normal, butin Dirac's case itis the Spatial components of E
and H ,which stand atrightangle to each other 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

5 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.

5 The Schrodinger equation concerns one scalar energy, whereas the Dirac equation
concerns six vectorial momentums.
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Conclusion:

The Dirac equation was created by complex-valued decomposition of
the Schrodingerequation.

A corresponding decom position of Schrodinger's wave function tp, in-
to arealand animaginary part, makesitpossible to interpretthe conjugate
complex '‘square of ip" as a scalar energy state. This fact then allows an
explanation of the experimentally proven atomic waves and the still very
mysterious Matter waves of Schrédinger described by

Schrodinger's matter waves are:
longitudinal scalar waves of electromagnetic energy,
of the ever omnipresent material medium,
called ether.
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Appendix:

Seven comments by the referee.

In this Appendix, the author would like to outline the following SEVeEN
aspects indicated by the referee during the submission of this paper.
Their presentation in an appendix, rather than via revision of the paper
itself, was suggested by the referee him /herself.

1. Santilli's early concept (1956).

The firstpaperwrittenby R. M. Santilliin 1956 (see Rf. [27] and itsreview
atthe beginning of Chapter 3 of Ref. [34]), was devoted to the existence of
the ether as a universal substratum for the creation and propagation of
electromagnetic waves.
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As established experimentally, electromagnetic waves are "‘transversal
waves" (in the sense thatthe oscillations are perpendicular to the direction
of propagation) and, according to Santilli, that feature is only possible if
the €therhas characteristics similar to a form of ""rigidity,"hence the title
of paper [27]: «Perchd lo spazio erigido» ("W hy space is rigid").

This pointisimportant for the analysis presented in this paper because
scalar waves may one day prove to be superluminal that, in turn, is only
possible for Iongitudinal waves (with oscillations parallel to the direction
of propagation) that, in turn, isonly possible fora "rigid" ether, otherwise
scalarwaves would be conventional electrom agnetic waves.

2. No "etheral wind"'.

Santilli published paper [27] for the primary intent of dismissing the
old criticism of the ether as auniversal substratum given by the "ethereal
wind".

From the quantum law E = hV, the electron is an "oscillation" with
0.829 1020 Hz, butofa pointofthe ether, and Notof a "little mass"
(inside the electron).

This eliminates the ethereal wind, because the motion of an electron
implies NO motion of any MasS. W hat in reality happens isa motion of
the structural oscillations from one pointofthe ether to others. The same
holds for all elementary particles and, therefore, for matter.

According to Santilli [27], inertia is the resiliency by the etheragainst
changes of motion.

It appears that this second point is significant for the paper because
nobody will accept the ether as auniversal substratum unless the ethereal
wind is dismissed.

3. World creation by oscillation.

Santilli also points outin paper [27] (as well as in subsequent works,
see review [34]) the thoughtprovoking consequence of the above view to
the effect that "'Spaceis completely filled up by the ether™, while ""matter
is completely €mpty", to such an extentthat, in the event "time could be

stopped" (i.e.no oscillationsions), the entire universe would disappear.
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4. No privileged reference frame.

The etherasauniversalsubstratum is additionally dismissed on grounds
that, the existence of a universal substratum would imply the existence

of a privileged reference frame with consequential violation of special
relativity.

By contrast, Santilli points outin [27] and [34]: A universal substratum
implies no violation whatsoever of special relativity, because one would
Nnever be able to ascertain theoretically and experimentally, weather a
mass is atrestwith the universal substratum - with the consequential lack
of existence of a privileged reference frame.

5. The beginning end of incompleteness.

The referee also suggested the quotation of Einstein's claim in [28]
of the "lack of completeness” of qUaNtumM mechanics according to the
(probabilistic) Copenhagen interpretation, because the above shown pa-
perin factpresents aform of "“completion" of qUaNtUM mechanical Waves.

6. "Quantum waves" and the Hamiltonian.

Another general criticism of the ether as a universal substratum is
thatitis ""external®™ (in the sense of being outside) of our world (of clas-
sical "'mass-points'). M athem atically this means that, the ether Can-
NOtbe represented with the Hamiltonian in the Schrodinger equation
H (r, p)ip(t,r) = Eip(t, r) since the Ham iltonian can only represent matter.

Santilli's confirmation of Einstein's criticismsofquantum mechanics [29]
[30], including the "completion" of quantum mechanics into the covering
hadronic mechanics [31] [32] [33], have been conceived to represent the
ethervia the iSotopic element T in the Schroedinger-Santilli isoequation

H(r.p) . tpft.r) = Eip(t,r).

7. Interaction by "isotopic ether mechanics".

The lastpoint mentioned by the referee is the indication that, the inter-
actions characterized by the isotopic element T (outlined justabove) carry
no potential energy that, in turn, can only be interactions betw een matter
(oscillations) and the 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.

With that, the thickness of brane is defined by the time of initial
brane spontaneous creation. It is shown here that 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 parameters of particle movement in such a
brane waveguide formed in the additional dimension.
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1 Introduction.

Quantum mechanics, which mathematical apparatus was created by Schrédinger
and Heisenberg, is based on the uncertainty principle, according which the
uncertainty of mutual measurement of physical values, cannot be made lower
some level [1]. Einstein with coauthors had put in doubt the completeness
of quantum mechanics [2]. Copenhagen group of physisists lead by Bohr

believed that it is sufficient to consider in practice only the result of measurement
and the wave function describing the quantum state of particle experiences
collapse under the measurement [3]. Afterwards, it was shown experimentally
that paradoxical situation described by Einstein, Podolsky and Rosen [2]

Everett had proposed approach different in respect to Copenhagen group
[4]. It supposes the simultaneous objective existence of multiple Universes,
each of them corresponding to its own Hilbert space. This manifold is
possibly infinite. Quantum measurement transfers observer into one or
another Universe. The approach close to it is approach of hidden variables
developed in [6]. Within this approach, Schrédinger equation on the wave
function is supplemented by equation on local hidden variable defining
objectively the density of probability for a particle to be in one or another
state. It determines the result of measurement making the wave function
entity more realistic.

Here, we consider the three-dimensional trajectory of particle in four-
dimensional brane in five-dimensional universal space as hidden parameters.
Then the waveguide equation attains the visual sense describing the propagation
of particle as a wave in such membrane universal waveguide. In such a
waveguide, it is possible also to consider also the corpuscular propagation of
particle as spiral zigzaglike propagation of this particle with the reflection
from the boundaries of waveguide. W ith that, spin moment of particle
can be regarded as the mean of spiraled particle movement quantization
in the universal space in contrast to the orbital moment describing spiral
movement of particle in our space that is situating on the brane surface.

2 Uncertainty relation

Let’s consider for simplicity the single-dimensional zigzag like scheme for
propagation of a particle in such universal membrane (brane). It uses two-
dimensional model [6, 7] that is shown in Fig.l in general and its practically
straight line part shown in Fig. 2 on the short range, range.

The boundaries of such waveguide can be regarded as cosmological
domain walls first theoretically considered by [8] and [9]. Later, toroidal
cosmological model was introduced [10], where large circle of tor is time
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Figure 1: Two-dimensional model of universal membrane.

Figure 2: Waveguide model of particle propagation in universal membrane.

and small one is our three-dimensional space. So, our model here in Fig.l

corresponds to this transversal circle of this toroid model. W ith that, this

toroid topology could be attained by Universe in the course of Bing Bang.
We have the possibility to determine the particle coordinate only when it

is situated on the brane surface. Let us denote the uncertainty of coordinate

as the half ofdistance between two successful measurements Ax with minimally

possible time between them. The minimum value of time between such

measurements is realized atmaximum speed of particle replacement from

one reflection to another in horizontal direction, i.e. at the movement of

particle with speed of light. Particle speed in our space is defined as the rate
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of its replacement along its trajectory between two positions on brane (Fig.
1). Actual velocity of particle is determined by its trajectory in universal
waveguide (Fig. 2). The maximal speed of particle realizes when particle
moves completely in our space and minimal velocity realizes when particle
reflects from upper boundary at the possibly most steep trajectory. The
movement of particle can be imagined in quantum picture as the stepwise
chain of transitions (quantum jumps) in horizontal and vertical directions
(Fig. 2). With that, the uncertainty of velocity is determined by the rate
of particle transmission only in vertical direction. It is equal to
Ay

av= 0

where Ay is the thickness of membrane and

AX

r=" @

is the time duration of one zigzag movement. It can be obtained from (1)
and (2) that

AxAv = A (3)

The precision ofthe determination of particle’s coordinate in the universal
space (that is in radial direction in Fig.l and vertical direction in Fig.2) is
defined by brane thickness. The precision of all measurements is determined
by minimal value of energy uncertainty. In relativistic theory, this value is
equal to the energy of particle’s rest mass me2. Let’s consider the particle
at rest as the particle that is not moving on brane which model is shown in
Fig. 1 and the brane as quantum object that is rotating simultaneously in
the clockwise and counterclockwise directions. Then, we will see that the
energy of particle at rest is composed from kinetic movements of this particle
in two opposite directions that is exactly equal me2. On the other hand,
this particle’s energy uncertainty is equal to energy of particle as de Broglie
wave hu> — where w is frequency and Ais de Broglie wavelength. At
the propagation in the waveguide this wavelength must be resonant to its
thickness A= Ay. Hence, we have

(4)
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That coincides completely with known relativistic formula for coordinate
determination precision [11]. The substitution of (4) into (3) gives

h
AxXAp=-~. (5)

W hen particles move along the brane with the velocity less than the
speed of light, horizontal uncertainty A x increases and relation (5) transforms
into the Heisenberg uncertainty principle

h
AxAp > — (6)

Thus, global universal membrane model (brane) yields the uncertainty
principle of guantum mechanics describing, as it seemed before, only microscopic
world. This description of particle’s movement proceeds on the corpuscular
level by the introduction of objectively existing additional dimensions in
the framework of membrane universal waveguide with the thickness equal
to particle’s de Broglie wave.

3 Conclusion.

Thus, introduction of additional dimensions gives the possibility for quantum
mechanics to be more complete explaining the uncertainty of particle parameters
measurement by its corpuscular propagation in the universal membrane
waveguide. It corresponds to the theory of hidden variables that, in the
contrast to the theory of local hidden variables initially considered by John
Bell [12, 13], is nonlocal one since points in additional dimensions have
nonlocal character in respect to local points in our space-time. Eventually,
Bell wrote in his book [14]: ”If a hidden-variable theory is local it will not
agree with quantum mechanics, and if it agrees with quantum mechanics
it will not be local.” Thus, non-local hidden variables used here support
guantum mechanics yielding its main item - uncertainty principle.
Introduction of such additional dimensions makes, also, general relativity
more physically substantiated. General relativity theory states that gravitation
is a consequence of space-time curvature, but the curvature itself is just a
mathematical abstraction. W ith the objective existence of multidimensional
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space-time, our four-dimensional space-time is the insertion in this multidimensional
space and, accordingly to one of Friedman solutions of Einstein equation,

is described by four-dimensional sphere with scalar- curvature characterized

by radius of this sphere. The finite thickness in additional dimensions yields
gquantum description of reality.

Authors emphasize their gratitude to Aleksey Soloviev and Mansur Ziatdinov
for useful discussions.
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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.
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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: “1f 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 inflat space-time because of vacuumfluctuations ofgravity [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 Euin 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
¢ and the quantum of action h. Could Nature impose a third restriction, resulting
from the existence ofa 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 ofspace” [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 occurfor 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
guantum 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 roomfor 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 {uminiferous 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 gl ether would not be that of rigid body
in an independent state of motion, but every state of motion would be afunction 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. “1t is shown that
there exists a new physical reality - the Wether. All the achievements of quantum
mechanics and quantum field theory are due to the fact that both the theories
include the influence of Wether on the physical processes occurring in the
Universe. Physics of the XXth century wasfirst ofall the physics of Y-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 knvs, which is in excellent agreement with the speed ofv
= 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, whichfulfills the role that Einstein assigned to the non-material
ether. ” [73]. “1t is generally assumed that the physical vacuum ofparticle 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 - @ =90 - arc tag 2\ =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 ~1AVI-v2/c2 =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
(tB) for Bob, it turns out that Bob has travelled a contracted Lorentz distance of:
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x=xq\1-v2/c2 =vtAy I-v2/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
gravitationalfield he experiences has no source. It is an ad hoc gravitationalfield
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.

mnorB

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=—=——-10ns (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).

Bdrslgt/ | 34 Bigh
‘Alice\=08ct
mirror/ A\ \ \ \ mirror C

Bob

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'=aVi-v2/c2 =48 MBIz (5)
and it will take a time:
tf=— =iwsSll-v2/c2=60 5 (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/2f =30 light- s (7)
Instead, the distance the photon must travel is:
d=2=2yJ@a/22+h2=765 lignt-ns (s)

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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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
framesfor 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 Ip=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 (wp) 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, oace (photons);

* one rotation in the fourth dimension, oou(neutrinos);

 two rotations i.e. one spatial rotation, ak, and one rotation in the fourth
dimension, aw (first-generation electrons and quarks).

il

Figure 7. Rotations of a 4D Planck sphere

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.
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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 ¢
is reached at a distance r, then

v=p (9

c=iur (10)
The resting mass of the particle is due to the energy of the rotation [77, 79-
83],

E=me2=jlwe=fmu= (1)

Where the reduced Compton wavelength X is the diameter of the particle
C=ce% /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 ¢ = wr. An
equation with two unknowns wand 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 axin 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=lilmv  (12)

Where v = ae M2m is the speed of displacement in 3D space, and the
wavelength A, is the distance that the particle travels while to rotate a complete
round.

The rotation ae is the one that generates the De Broglie wavelength. The
rotation o 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 =~Nmv)2+(mc)2  (13)

From where

m= M (14)
VI-v2/c2

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’” orfundamental inertialframe”” [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 &\, generates the electric charge, and rotation geof 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:

Figure 11. Bohr atomic model

If we consider that the speed of the electron in the free state is v = ac [83], it
results in:
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2
K v =mvr =i (17)
Then the electron has a minimum angular momentum equal to h. The total
energy results:
E=-m v2—K"r—:’2\;— K—»p (18)
The system will be stable in the state of minimum energy, thus annulling the
first derivate:
19
dp m h ( )
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:

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 Schrodinger equation’ [78, 79].

Einstein was right when he said: ““Lthink 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
=nA).

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 molecularforces 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 | observe that these space-times can naturally host a modification of
FitzGerald-Lorentz contraction such that lengths which in their inertial restframe
are bigger than a “minimum length’” are also bigger than the minimum length in
all other inertialframes™ [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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VI-v2/c2 NgVi-v2/c2 Vi-v2/e2
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=0VI-v2/c2  (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 (hooo).
Therefore the period t, which corresponds to the rotation $udoes 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 ¢ = wr, 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.

r2(x,y,z) tuz =2¢cV (23)
Deriving twice with respect to t, it results:..
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I'ﬂ'FUE =QC% (24)
dt dt

2+ rd—2yr+ + M-d \ =2c (25,
dt2 dt2

What we can put in the form:

du

a (26)

d2r +« deu =c2 (27)
dt2 dr

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 ¢ 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 ¢ and multiplying by t, we obtain:

i':Ti =/VI-v2/c2  (30)

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 Curved space-time
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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d2r d2u
1?° 1dt2
What we can put in the form:

(32)

33

d2r d2u
s a2 T G4
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 X 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, | 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 andforces, 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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movementsfor a moment, matter would disappear completely, as it actually does,
whenever corpuscular radiation interferes’ [91].
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