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Abstract

Context: The existing literature on particle motion at the fundamental level is
sparse. Particles, whether classical or quantum, are assumed to move with a
continuous (even if uncertain) velocity. Purpose: The work prospects for a de-
scriptive theory of particle motion from a non-local hidden-variable (NLHV)
perspective. This is worth attempting for the potential to better understand
fundamental dynamics and kinematics. Method: The new physics provided
by the cordus theory was used to infer the mathematical representation of the
energisation behaviour of the inner structures, specifically the reactive ends.
From this, the motion function of the particle as a whole was determined.
Findings: In three dimensional space, the motion of each reactive end is an
irregular spiral displacement locus. The motion comprises a movement phase
and a brief immobile phase. This is called a “gait” as it is reminiscent of bio-
logical locomotion. Originality: A novel theory of particle motion is offered.
The theory predicts that motion comprises a complex spiral locus of the parti-
cle. This is unique among theories of physics. Further contributions are the
provision of explanations for several physical phenomena: ponderomotive
force, the nature of momentum, and bremsstrahlung radiation. Specifically, the
theory explains why photon emission would be increasingly concentrated in
the forward direction with increased electron energy. The theory provides a
means to bridge quantum mechanics and special relativity, because it accom-
modates both particle uncertainty and field transmissions.

Keywords

Fundamental Physics, Particle Motion, New Physics, NLHV Theory,
Wave Equation

1. Introduction

This paper addresses the ontological question of how particles move. The physi-
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cal laws and mathematical descriptions for velocity and momentum are well-
understood in physics and engineering, and not under debate here. However,
there is a lack of explanation of motion at the level of the fundamental particle.
In classical mechanics, the velocity of a particle corresponds to the rate at which
its location moves along a spatial trajectory, and this motion is presumed to be
continuous. The question of Aow the particle moves is therefore somewhat ir-
relevant when assuming a smooth space-time. It is simply taken for granted that
motion exists and is smooth. The existing literature on particle motion at the
fundamental level is sparse. There appears to have been a general assumption that
particles, whether classical or quantum, move with a continuous (even if uncer-
tain) velocity.

However, if space and time are discrete in some way, which is what quantum
mechanics (QM) implies, then the question does become relevant. In quantum
mechanics, the location is intrinsically uncertain, being represented with a prob-
ability distribution. How that relates to motion along the locus is ambiguous. An
explicit trajectory representation of this is provided by the de Broglie-Bohm pilot
wave theory [1] [2], though that theory is not widely accepted and does not gen-
eralise to a broader theory of physics. The Dirac equation provides a wave equa-
tion with a relativistic component. It therefore includes both special relativity
and quantum mechanics. The quantum Langevin equation provides a mathemati-
cal representation of the stochastic displacement and velocity behaviour of free
Brownian particles in a thermal heat bath [3] [4] [5]. However neither provide
an ontological explanation for motion. An additional complexity arises because
particles also have a de Broglie frequency, and how this relates to motion is un-
clear. The fundamental physics literature is almost non-existent on the onto-
logical question of how particles move.

Hence there is an unsolved problem in describing how particles move at a
more fundamental level. While it is possible to mathematically represent the ob-
served mechanics of where particles move, there is as yet no satisfactory expla-
nation of how this behaviour arises. Examples of these foundational questions
are: How does force cause velocity to change? Why is the product of velocity and
mass (momentum) conserved? What are the deeper reasons for the laws con-
cerning motion to have the forms they do?

The purpose of the current work was to prospect for a descriptive theory of
particle motion, from a non-local hidden-variable perspective. This is worth at-
tempting for the potential to better understand fundamental dynamics and kine-
matics. The approach uses the new physics provided by the cordus non-local hid-
den-variable (NLHV) theory [6]. The results predict that particle motion com-
prises a movement phase and a brief immobile phase. This is called a “gait” as it

is reminiscent of biological locomotion.

2. Method
2.1. Overall Approach

A new approach was taken based on hidden variable theory, rather than using
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classical continuum mechanics, quantum mechanics, or string theory. Specifi-
cally, a theory-building approach was taken, starting with the existing cordus
NLHYV theory. As a hidden variable theory, this proposes that fundamental par-
ticles have physical substructures, and the observable properties of the particle
arise from these substructures. The identity of these substructures has been in-
ferred by consideration of known phenomena [7]. The theory-building approach
used to construct the cordus theory generally was to apply abductive reasoning.
This started with empirical established phenomena (the double-slit device was
the original starting point), and then sought explanations that met three main
principles: economical in the number of hidden variables proposed (parsimoni-
ous); sufficient to qualitatively explain the phenomenon; and consistent with
other published parts of the theory. More description of the general method may
be found in [8].

2.2. Context

The cordus theory proposes that particles are two-ended string-like structures,
with substructures of reactive ends, fibril, and discrete forces. The numbers and
types of discrete forces determine particle identity (electron, proton, etc.). The
de Broglie frequency for the particle corresponds to the alternate energisation of
the two reactive ends, and this is important in what follows.

The structure of the electron is shown in Figure 1 by way of an example. Fur-
ther details about the structure and behaviour of particles under this theory are
provided in the references below.

These are radical elements, and each of them has been elaborated and tested
in other papers. The theory may seem unorthodox compared to QM, but has
been shown to have wide applicability, see Table 1. It also explains several phe-
nomena that otherwise have no explanation in conventional mechanics or quan-
tum mechanics. The theory is compatible with quantum mechanics (which be-
comes a stochastic simplification of a deeper and more deterministic mechanics),
general relativity (but introduces a new parameter called the fabric density of
space), and string theory (both propose open string-like structures, and the
number of parameters required to define a cordus particle is the same as some
versions of string theory). However the theory does not trace its origin to any of
those theories, but is instead an emergent designed solution, where the sub-
structures were determined by logical consideration of what hidden structures a
particle would need, for it to behave in the way that is observed (requisite vari-
ability).

2.3. Approach to the Motion Problem

In the present work, the theory-building used the same logical considerations to
infer a mechanism for how a particle would assuming the general assumptions
of the cordus theory were valid. The literature is exceedingly sparse on how a

particle might move at the deeper level, so no specific insights were gained from
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Figure 1. The representation of the electron’s internal and ex-
ternal structures. It is proposed that the particle has three or-
thogonal discrete forces, energised in turn at each reactive
end. Adapted from [9].

Table 1. Applications of the cordus theory. Adapted from [10] and [11].

Phenomenon explained Key concept Reference

Wave-particle duality in the double slit
4 aT/e particie duality i the double st One reactive end passes through each slit. [7]
evice

Derivation of optical laws from a particle Includes derivation of reflection and refraction laws, and Brewster’s Angle

(7]

perspective from particle basis.

- . . . (9] [12] [13]
Prediction of particle structures Electron, proton, neutron, neutrino species, photon (14] [15]
Explanation of the decay processes and

P . YP Dependency identified on neutrino species loading [13] [14]
prediction of a deeper decay model
Explanation for the selective spin
characteristics of neutrinos whereby the Spin direction arises from reaction between incomplete discrete force [14]
direction of spin is correlated with the = emissions from the particle, and the background fabric.
matter-antimatter species
Explanation for particle spin and

P P P Cordus particle structure naturally causes g = 2 [10]

derivation of the electron g factor g =2
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Continued

Explanation for the annihilation process

Provision of a mechanics for pair
production

Explanation of process of photon

emission

Synchronous interaction

Predicted structure of atomic nuclei and
explanation of stability for nuclides H to
Ne

Prediction of a mechanism for
asymmetrical baryogenesis
Origin of entropy

A theory for time as an emergent
property of matter rather than a universal
attribute

Nature of the vacuum and the
cosmological horizon

Origin of the finite speed of light

Quantitative derivation of the relativistic
Doppler and the Lorentz factor

A mechanism for how a particle detects
and moves in a field gradient

Unification of fundamental interactions

Description of the discrete force changes involved in remanufacture of

these particle identities. Includes a conceptual explanation of the

difference between otho- and para-positronium decay rates (ortho and [16]
para refer to spin combinations of the bound electron and
anti-electron/positron).

Rearrangement of discrete forces changes the particle identity. [17]

Excess energy in the electron changes its span, which is opposed by

18] [19
bonding constraints. (18] [19]
Synchronous interaction between discrete forces of different matter [20]
particles causes the strong nuclear force
Protons and neutrons are arranged in a nuclear polymer. The rules for
this arrangement, and for the bridge neutrons, are inferred and are (21] [22]

qualitatively consistent with observed stability/instability/non-existence of
all nuclides in this range.

Predicts a decay path for remanufacture of the antielectron to the proton

" [12
This also solves the asymmetrical leptogenesis problem. [12]
Fabric increases the Irreversibility of geometric position of particle. [23]
Time arises from the interaction between the frequency of a particle and [24]
the local density of the fabric.
Vacuum comprises fabric of discrete forces from massy particles. [25]
Determined by fabric density, hence variable with epoch of universe and [26]
local distribution of mass.
Derivation accomplished from a particle perspective. Identifies fabric (6]
density as a covert variable.
“The operation of force is proposed to occur from the interaction between
the energisation sequence of the particle, with the field gradient, resulting
in discrete displacement motions of the particle. Specifically the particle 1]

sub-structures sweep through a volume of space during their energisation
cycle. This locus is warped by the incoming field, hence preferentially
displacing the particle along the gradient.”

“All the interactions can be attributed to the discrete force emissions from
the particle, more specifically from the different attributes thereof. Thus

the electrostatic appears to arise from the direct linear effect of the discrete
forces; magnetic from bending of the flux tube; gravitation from handed [8]
energisation sequence; strong from the synchronisation of emissions; and
weak from rearrangement of discrete force emissions hence

remanufacturing of particle identity.”

that direction. Rather, the conceptual initiator arose from [8] [11] which pro-

pose mechanisms for how force operates at a fundamental level. The connection

between force and motion might not be an obvious one, but the useful starting
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point was the observation that theoretical prediction that force was an emergent
effect for a deeper process of displacement of the reactive ends [8], Ze. that dis-
placement was the primary effect. Acting on this theory, and extending it on
logical grounds, lead to the theory presented here. Implications for motion were
drawn from the force theory, and elaborated into lemmas (indicated §). Then
these were applied to develop a theory for motion. Finally, the theory was tested
for how it explained other phenomena.

In this context a lemma is a theorised principle, in the form of a proposition.
They are not necessarily proven but rather are tentatively accepted as correct,
and then used as subsidiary propositions for the further development of the the-
ory. Lemmas are used throughout the construction of the cordus theory. There is
an expectation that lemmas in one part of the theory will not contradict those in
other parts. So far this has been preserved. Hence the lemmas provide the logical
consistency across the theory. Confidence in the lemmas arises to the extent that
the resulting theory gives satisfactory explanations of other known phenomena.

Hence the application to other areas as shown in the latter part of the results.

3. Results

3.1. Mathematical Representation of Motion Parameters

Consider a text particle, e.g. an electron. Per the cordus theory, it has two reac-
tive ends, and these take alternate turns to energise. At energisation, the reactive
end makes a discrete field emission. The following premises are used to develop
a theory for motion under this NLHV architecture.

Lemma §1: Potential energy of discrete field emissions has a sin? (6’/ 2) func-
tion

In this theory fractional charge (which corresponds to colour charge in QM),
is represented by an emission in one [7] of the three directions [a, r,t] , see [8]
[11]. Hence an electron with a total charge of 1 has fractional charge energisa-
tion in all three directions, and this is represented as e[al, rl,tl] . The discrete
force, or more specifically its potential energy U, varies between 0 and 1 over a
full cycle. The shape function for this is sin? o, / 2 [8] [11]. For the individual
axes, the shape functions are offset at thirds of the phase angle &, and expressed

as:
U, =Qsin? 4 (1)
2
For [a] component: 6 =65,
For [7] component: 6, =[§+1§j3p (2)
For [{] component: 6, = (§+E)Sp
2 3
where

Q1is magnitude, assumed unity for simplicity

Sp is matter/antimatter species, represented as 1 or —1 respectively (sign
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convention).

Implications—Even during the sinusoidal null emissions in one axis, the other
axes are populated. The flux tube represents the aggregation of the discrete
forces. Consequently there are no breaks in the flux tube, which supports an as-
sumption made in the relativistic Doppler part of the theory [6].

Lemma §2: Ability for reactive end to move is complementary to energisation

The mobility of reactive ends is assumed to be related to their degree of de-
energisation. This is a key assumption in this part of the theory. A reactive end is
assumed to be immobile at the phase of maximum energisation (which corre-

sponds to maximal emission strength of discrete forces), and is maximally
mobile when de-energised. The mobility of the reactive end to move is comple-

., 0
mentary to its emission state. Hence for potential energy U, = QSInZE' , the

Mobility M, is:
M. =cos® - (3)

and ranges from 0 to 1.

Lemma §3: The reactive end moves in a circular orbital motion around its
mean position

The mobility is important for reasons relating to mobility and external per-
turbation. First, it leads to the conclusion that the reactive end of a stationary
fundamental particle moves in a circular locus around its mean centre. This or-
bital motion arises because the vector sum of the mobility in the three directions
[a,1,4, results in a circular orbit. We propose that this motion is causal to the
emission of the discrete forces U,;. This has the consequence that the vector
normal to the orbital plane is the same as the mathematical representation of the
discrete force emission. Hence, for an electron with discrete forces e[al, rl,tlJ
the normal to the orbital is [1, 1, 1] in the [a, 1 #] directions. The corollary is that
there is a correspondence between particle identity, which is represented by dis-
crete force emission portfolio [12], and the orbital motion of the reactive end.
This correspondence further implies that an emission in say the [a] direction
corresponds to an orbit in the [ #] plane.

The position of the reactive end in its orbit is given by:
RE; = Rge €0s(6,)C, 4)

where
Rge is the orbital radius, being a small unknown value,
2]

. is per Equation (2).

C, is sign of charge and takes the values 1 or —1 for negative or positive
charge respectively (cordus sign convention).

The second outcome is that the mobility also represents the susceptibility of
the reactive end to external perturbation. This occurs via incremental distortion
of the orbit, under a field or acceleration [11]. This displacement is not constant

through the energisation cycle, because of the phase dependency on the mobility.
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For the case of gravitation, this has been shown to eventuate as a distorted spiral
locus, see [11]. A formulism for displacement follows later.

Lemma §4: Continuity of motion is stored as shear in the fibril

A body that is in motion will continue with that motion unless acted on by an
external force (Newton’s law). However at a fundamental level it is odd that a
body, once it has been put in motion, should continue that motion indefinitely.
What preserves velocity? This lemma represents the proposition that the conti-
nuity of motion is stored as shear in the fibril itself. The fibril is that substructure
that connects the two reactive ends. It is proposed that once this internal shear is
created, by an initial external interaction, it is preserved, and the particle con-
tinues with that velocity. At this point the physical nature of this shear is not
elucidated—we merely propose its existence and show its implications for mo-
tion.

Specifically, the process is anticipated as follows.

1) Initial acceleration of the particle arises by external discrete forces causing
the reactive end to shift its energisation location in a translational displacement.

2) This requires a change in energisation timing for the reactive end, hence a
change in frequency of the fibril. This also changes the span of the fibril, since
frequency and span are inversely proportional. It may be necessary for the parti-
cle to emit excess energy, hence bremsstrahlung (see below).

3) The translational displacement of the reactive end, as set up by the external
acceleration force, is stored in the fibril. We hypothesise it is stored as a type of
shear force.

4) This shear is applied continuously to both reactive ends, which respond to
it to the extent that they can, ie. to the extent that they are nof responding to
external discrete forces (when they are de-energised). As the emissions of the
two reactive ends are complementary, this means that there is no moment when
the shear is ineffective in moving one or other of the reactive ends forward.

5) The amount of internal shear can be added to or reduced by further exter-
nal interactions at the reactive ends. Hence the store of velocity is accumulated
or reduced as the particle experiences various episodes of acceleration.

6) A shear component may also be created in the roll direction of motion
(with respect to the fibril span), and this is proposed to correspond to circular
polarisation.

Acceleration is the process of establishing this shear, by initially prescribing
the translational displacement of the reactive ends. At each subsequent energisa-
tion cycle this shear is preserved, even after the accelerating force is removed.
The shear is zero for stationary particles. A formulism for shear is given below.

Lemma §5: Displaced motion of reactive depends on mobility and shear

The orbital positional coordinates of the reactive end [RE,,RE,,RE,| have
an added translational motion due to the velocity shear, and this is called the
displacement. This is a deviation away from the circular orbit of the reactive end.

The displacement s, of the reactive end in each of the three axes is deter-
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mined from the integral of the mobility, with the product of the shear 7, hence:
s, =r.[coszﬁd9=r ﬁ+£sin6’i (5)
2 2 2

The motion displacement for a nominal shear is shown for the three axes, in
Figure 2.

Consider linear motion in the [a] direction. The integral of s, from Equa-
tion (4), over one energisation cycle of 2 gives the total distance S, moved by
the particle in one cycle:

S = (6)

This may also be expressed as

S, =v/f )

where v is the magnitude of the mean particle velocity, and fis its frequency.

Hence
= v/(n f) (8)

Thus the fibril shear is proportional to the velocity and inversely proportional
to the frequency (or energy).

The frequency for the electron of 511 keV, per the relativistic formulation [27]
is @=7.81E20s™, hence the period is 8.04505E-21s, and the frequency is
1.24E+20 Hz. With a velocity 0.1 the shear per Eqn 8 is

=Y _768x10 M (8b)
nf cycle
In what follows, much larger values are used, e.g. 7 =0.5, for illustrative pur-

poses.

Figure 2. Motion displacement shear 7=0.5 for the three axes, for an elec-

tron. The total displacement per cycleis P, =7r.
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3.2. Motion Parameters

Hence for each of the directional axes [a], [7], and [#] there are a set of parame-
ters that define the motion state: potential energy of the emissions in that direc-
tion U, ; mobility; position of the reactive end in its orbit (for a stationary parti-
cle); and motion displacement during the cycle s; which is in response to the
velocity shear 7 .These parameters are shown in Figure 3, for 7=0.5.

The displacement parameter s; is of the greatest interest since it describes
the deviated locus of the reactive end, and hence the motion of the particle over
multiple cycles. Note that it is an incremental motion, characterised by having a

stationary or dwell period.

(a)

(b)
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(©)

Figure 3. Motion parameters of the reactive end in the [a], [7], and [£] direc-
tions, as a function of energisation, for an electron with 7=0.5. (a) Motion
parameters of the reactive end in the [a] direction. (b) Motion parameters of
the reactive end in the [r] direction. (c¢) Motion parameters of the reactive end
in the [{] direction.

3.3. Motion in One Direction

An interesting effect is observed when examining the emissions in one axis, say

[a], as a function of location. There are several aspects to this, as follow.

3.3.1. Compressed Pulse of Emissions—The Discrete Force

Both the strength of the emissions U, and the displaced position of the reac-
tive end s, depend on the phase angle, but differently. Consequently if emis-
sions are plotted against the displacement, then a localised effect is apparent, see
Figure 4. The emissions strengthen rapidly while the displacement stalls, creat-
ing a peak.

The result is the emissions are compressed into a pulse during motion, at least
when one axis is considered. This confirms and expands on the idea in the early
works of the theory, where the emissions were premised to comprise a “discrete
force” travelling in a flux tube [6]. Depending on which functionality one wishes
to emphasise, the emissions can be thought of as either smooth or discrete. Parts
of the theory that use the smooth emission concept are the theory for the relativ-
istic Doppler [6], whereas the discrete concept is apparent in the explanation for
asymmetrical baryogenesis [12] and the remanufacture of particle identity more
generally (decay) [14] [28]. Either perspective is suitable for the synchronous
(strong) interaction [20] and the explanation of nuclear structure [21] [22]. Note
that the pulse effect depends on the energisation phase &, and also the velocity,

though this is not apparent in the figure as the data have been normalised.
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Figure 4. Emissions in [a] as a function of displacement in the same direction.
Displacement has been normalised by dividing by P, =z . Red dots indicate

sample locations of the reactive end, and show how it initially moves quickly,
slows to a momentary stop, and then quickens its displacement again.

3.3.2. Gait Locomotion of Two Reactive Ends

Up to here all the analysis has been on one reactive end only. An interesting ob-
servation is obtained when examining both reactive ends, see Figure 5. This shows
that the one reactive end quickly advances while the other is tending towards
being stationary. As the fibril connects the reactive ends, it means that the fibril
itself takes oblique angles during the motion. As the energisation alternates, so
each reactive end in turn has an opportunity to move forward. An equivalent
explanation is that the particle moves by partially tunnelling its de-energised re-
active end forward at each energisation cycle. This is consistent with another
part of the theory that explained the operation of interferometer partial mirrors
[29]. As the reactive end moves, it drags the fibril with it, hence causing yaw on
the fibril, and a zig-zag motion of the particle.

Thus velocity, in this interpretation, is discrete translational displacement per
frequency cycle. In contrast classic physics tends to see velocity as a continuous
motion, and quantum theory sees it as an intrinsic (or mathematical) property of
the particle, and also implies it is continuous (albeit uncertain).

We refer to this motion as gait, as it is similar to the bipedal gait of human
locomotion, where one foot is fixed to the ground while the other does the toe
off, swing-through, and heel strike. Conceptually there need be no issue with the
idea that a gait locomotion can result in an overall velocity that is approximately
continuous.

Note that the emissions of the two reactive ends (A and B) are complementary.
The potential energy in the emissions of A are of the form UA =sin’ (6/2)
while those at the B reactive end are UB, = cos’ (6/2) and this sums to unity.
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Figure 5. Energisation phase determines the potential energy of a reactive end and also its displacement progression, resulting in a

pulse of emissions.

3.3.3. Regression of the Flux Tube

As the particle moves forward the discrete force emissions propagate out into
space at the local speed of light, over a spherical front. Over one gait cycle the
particle itself moves forward a distance S,. Meanwhile the discrete forces have
moved radially outward to a distance of ¢/fwhere cis the speed of light. Conse-
quently the locus of the flux tube trails (regresses) behind the particle. This is

similar to the light cone concept in relativity. On average this angle is given by
B=tanv/c )

where S is measured from the normal to the velocity. Hence for a stationary
particle S =0" and for one travelling at the speed of light S =90". However
since the motion of the particle is non-uniform, the location from which the
emission occurs needs to be taken into account. The result is a bent locus of the
emitted field, see Figure 6 (dashed line).

Thus the flux tube for a moving particle trails the motion with an average
orientation angle determined by its velocity and the local speed of light (which
in turn is affected by the fabric density &, but with many small jogs corre-
sponding to the phase where the energised reactive end stalls in its forward mo-
tion. This is consistent with the magnetism part of the theory, where the interac-
tion is proposed to be communicated to remote moving particles by this distor-
tion of the flux tube, see [11]. This variability of potential energy U, is propa-
gated out into space with the flux tube. Thus a remote particle will receive a
compressed pulse of electrostatic field, with the jogs in the flux tube conveying
information about the motion of the basal particle (magnetism). The three phases

of the emissions [U,,U,,U,] convey the gravitational information [8].
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Figure 6. Locus of emitted discrete field in the radial (z) direction.

3.4. Orbit Motion of Reactive end during Translational Motion

For each of the directional axes [a], [], and [#] there are a set of parameters that
define the motion state: potential energy of the emissions in that direction U,;
mobility; position of the reactive end in its orbit (for a stationary particle); and
motion displacement during the cycle s; which is in response to the velocity
shear 7.

At the end of the energisation cycles the motion displacement s; does not
undo the effect (as occurs with the orbital), but instead accumulates. Thus over
multiple cycles the displacement accumulates, see Figure 7.

Motion in the [a] direction corresponds to no change in the orbital positions
in the [7] and [{] directions, and the overall effect is a spiral motion of the reac-
tive end, see Figure 8. This is not a smooth helix, because of the aforementioned
dwell part way through.

The idea of the reactive end moving in a circular orbit goes some way to pro-
viding a physical explanation for particle frequency. A key principle in QM is
that of particles having a relationship between frequency & energy (E =hf ),
and wavelength & momentum ( p =h/4 ), hence wave particle duality. Within

QM there are two different formalisms for frequency, based on relativistic and
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Figure 7. Cumulative displacement in the [a] direction over multiple ener-

gisation cycles, for an electron with 7=05 and R, =1.

Figure 8. Motion of the reactive end over one energisation cycle, showing the spiral nature of
the movement, for an electron with 7=0.5 and Ry =1. Vertical axis is [z]. Note that the

helix angle is not constant, but rather is a periodic variable.

Schrédinger nonrelativistic considerations. The relativistic one is believed to be
more accurate [27]. The frequency of the electron for the relativistic version is
=7.81E20 s7!, hence the duration of one cycle is 8.04505E-21s. However there is
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no physical description for frequency within QM, which is understandable since
QM assumes 0D point particles. The present theory provides an explicit repre-
sentation for frequency as the periodic energisation of the reactive ends, and the

concurrent circular motion of the reactive end.

3.5. A Note on Time

The analysis has been with energisation as the variable, rather than time. Degree
of energisation & is the proxy for time. The reasons for this are somewhat com-
plex because the theory integrates both the relativistic and quantum concepts of
time, as follows.

In this theory time at the macroscopic scale is an emergent property of matter
[24]. Specifically time arises from the energisation sequence of particles. It is
emergent because particles emit discrete fields as part of their energisation, and
hence an observer will experience a fabric of discrete forces from the surround-
ing spatial distribution of matter. In turn this fabric affects the macroscopic pas-
sage of time, by obstructing the emissions of the particles in the observer’s own
timepiece whether that be a mechanical, biological, atomic, or any other type of
clock. Thus time dilation occurs in regions of higher fabric density &, or higher
gravitational field [6] [24].

This raises a deeper question: What determines the frequency of the particle?
As one critic of this theory observed, “time cannot be defined as oscillation fre-
quency of a particule, because frequency itself requires time” [30]. However we
believe the answer is that the frequency is intrinsic to the type of particle, and is
traced back to leptogenesis [12]. Hence an electron with discrete force structure
of e[al, rl,t1:| will always have the same rest mass and frequency when meas-
ured in the situation of Earth, irrespective of what locus through space and other
fabric densities that electron took to get here. In non-Earth situations where the
fabric density is different, the frequency of the electron is expected to change [6].
However this will not be detectable from within the same situation, because all
the particles in that situation will be likewise affected.

Hence at the particle level it is useful to ignore the effect of fabric density and
instead consider the energisation sequence as the origin of time. The theory does
not extend to describe the mechanism that regulates the energisation. At the mac-
roscopic level of general relativity, the precise energisation details are less im-
portant than the malleability of particle frequency when subject to different fab-
ric density, hence time dilation. At this level the single direction of time becomes
apparent, due to entropic interactions between particles [23]. Also, at this level
time can be approximated as a continuous phenomenon, as opposed to a dis-
crete one. While the behaviour within a particle is coherent, at a macroscopic
scale time is more obviously represented by the relatively slow non-coherent mo-
lecular interactions such as mechanical and physiological processes. There is no
conceptual difficulty accommodating personal cognitive time and the simultane-

ity of interactions with other people in this model.
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3.6. Application of the Theory to Other Motion Phenomena

3.6.1. Ponderomotive Force
The ponderomotive force moves a charged particle—of either sign—towards the
weak field area when exposed to an inhomogeneous oscillating electromagnetic
field. The mathematical derivation is well-established. The physical explanation
per the current theory is that the orbital motion of the reactive end always has a
component in the direction of the gradient of the external field, i.e. the reactive
end moves up-gradient and down at each orbit. In this way the reactive end is
able to sample the gradient of the external field [11]. The oscillating external
field is neutral in its effect but its existence causes the reactive end to have more
difficulty expressing its own discrete forces. This difficulty is greater at that part
of the orbit experiencing the stronger field, e.g. closer to the source. Hence the
reactive end favours that part of the orbit where it experiences less external har-
assment, and moves in the direction of weaker field. Thus the particle moves
towards the weak field region.

The bending of light in a gravitational field could be considered an inverse
ponderomotive force. The explanation is as above, except the photon has the os-
cillating field [15] and it experiences more resistance to motion in regions of

higher external field gradient (or higher fabric density).

3.6.2. Linear Momentum

As shown above, this theory offers an explanation for a body continuing with
velocity until acted on by an external force (Newton’s law). However it is not
immediately obvious—from an ontological perspective—why momentum should
be the product of velocity and mass, and why this should be conserved. Derivation
of the classical momentum equation from Newton’s 3" law for a collision is
based on the two bodies experiencing the same impulse, Ze. the product of reac-
tion force and time duration. The theory provides a physical explanation of this
at the particle level.

Consider two cordus particles in a collision. Call the moving one the protago-
nist, and the stationary one the antagonist. We propose that momentum may be
understood as the force response that an antagonist particle must make if it is to
arrest the motion of the protagonist particle. The protagonist particle has a pulse
of force emissions (see above) over a period of time (one frequency cycle). The
antagonist particle is subject to all of this (namely IUdt ), and must deal with it.
The faster the protagonist moves the shorter the available interaction time and
hence the antagonist has to mount a proportionally greater force response. Also,
the emissions of the protagonist are increased by having more discrete forces,
which relates to mass. In this theory, particle identity, and therefore also rest
mass, is determined by the portfolio of discrete forces emitted by a particle [12]
[31]. The more numerous these emissions the greater the mass. Hence both ve-
locity and mass are included in the momentum formulation.

The explanation for why momentum is the product, rather than some other

function of velocity and mass, is that the velocity of a particle arises from the fi-
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bril shear and its mass by the number of discrete forces, and there is no co-depen-
dency between these variables. Both contribute in linear proportion to the mo-

mentum.

3.6.3. Mass and Momentum of the Photon
What about the momentum of the photon? The question relates to how a parti-
cle without mass also has momentum. This phenomenon may be explained in
the cordus theory by noting that the photon emits discrete forces differently to
massy particles: it emits only one discrete force (not a set of three), it emits and
then withdraws its discrete force (rather than let it propagate further out into
space), and while one reactive end emits the other withdraws (oscillatory reac-
tive end behaviour) [29]. The absence of a mass property therefore arises be-
cause the photon’s discrete force lacks the (a, 1, ) energisation sequence, hence
lacks the handed torsional effect that is necessary for mass and gravitation [11].
The apparent mass effect arises because when a photon strikes and is absorbed
by a massy particle [18] such as an electron, the energy in the photon goes into
the energisation of the recipient electron: specifically the frequency increases
[19]. That corresponds to more rapid energisation of the electron. Since particle
mass is determined by the number of discrete force emissions and the frequency

thereof, the overall effect is to increase the mass of the recipient particle.

3.6.4. Bremsstrahlung Radiation under Deceleration

When moving under deceleration the gait of the particle has to be shortened.
This is because the decelerating force acts at the reactive ends and causes them to
be dislocated (retarded) in their progression. To shorten the gait involves the
energisation cycle of the reactive end being truncated, so that some discrete force
emissions cannot be completed. This abandonment of energisation requires the
corresponding discrete forces to be expunged from the particle. They are instead
released as independent discrete forces, which is a photon. The mechanism for
this emission at the sub-particle level is shown in Figure 9. Several of these prin-
ciples were adopted from [18] [19], with one important difference: in the brems-
strahlung case it appears that the photon reactive ends may detach sequentially,
rather than simultaneously as in [18] [19].

The span of the photon is parallel to that of the electron. The gait theory of
motion, with its inclined fibril, naturally concludes that the photon would be
emitted in the forward arc. Furthermore, the higher the energy of the electron,
the greater its frequency and the less inclined its fibril ( f# — 0" in Equation (9)),
so the photons ought to be emitted in a narrower forward cone. This is indeed
what is observed in practice, with photon emission direction being increasing
concentrated in the forward direction as electron energy increases [32].

The cordus theory suggests that if the bremsstrahlung electrons were all con-
trolled for the orientation angles of the fibril [10], then the photon emissions
ought to be directionally anisotropic in a bi-lobed distribution.

A neutral particle does not emit bremsstrahlung. The tentative explanation in

the cordus theory is that the neutral particle only exists because it comprises two
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Figure 9. Proposed process whereby a photon is emitted from the electron in bremsstrahlung. The shortening of the electron gait

results in photon emission.

or more fundamental particles of opposite charge, with their reactive ends co-
located and synchronised in emissions. For an example of this applied to the
neutron see [14] [20]. In this theory, charge sign is represented by medially vs.
distally directed emissions for positive and negative charge respectively. Hence,
the bremsstrahlung emission is proposed to be internally short-circuited: that of
the negative discrete force is opposite in effect to that of the positive, so the
whole emission is self-contained within the particle. The member particles ac-
commodate the deceleration distress experienced by the other.

4. Discussion
4.1. Findings

The main finding is that, under this theory, the motion of a particle involves
each reactive end taking a spiral-like locus, with the reactive ends being in oppo-
site states of energisation. When viewed in one axis only, the motion appears as
a gait, with each reactive end moving forward in turn. During motion, the emis-
sions are compressed into a pulse or discrete force, at least when one axis is con-
sidered. These findings substantiate other parts of the cordus theory which as-
sumed the existence of discrete forces (e.g. in the synchronous interaction bind-
ing the atomic nucleus [20] [22]) and of the flux tube (e.g. the relativistic con-
siderations [6]).

We propose that the verification of the theory is provided by two mechanisms.
First, the paper shows how the theory is consistent with observable motion phe-
nomena (ponderomotive force, linear momentum, mass and momentum of the
photon, bremsstrahlung radiation). This part of the work provides a descriptive
treatment of the phenomena, which contributes to a potentially improved un-
derstanding of the underlying effects. The second mechanism of justification is
provided by the wider theory, which provides multiple points of comparison
with existing empirical observable phenomena. It also provides explanations for
phenomena that are poorly understood by existing theories, e.g. asymmetrical
baryogenesis [12], and nuclide stability [21]. Moreover, these explanations are

DOI: 10.4236/jmp.2021.1214110

1949 Journal of Modern Physics


https://doi.org/10.4236/jmp.2021.1214110

D. J. Pons

coherent across all parts of the theory. Furthermore, it provides a single frame-
work that covers aspects of particle, wave, and gravitational phenomena [8]. No
claim is made that these justifications are at the level of proof, nonetheless they
do provide a degree of confidence that the theory has sufficient merit to be con-

sidered as a candidate new theory of physics.

4.2. Contrast to Existing Theories

The philosophical basis of the cordus theory is that of physical realism—that
physically observed attributes arise from physical substructures to the particle.
This is different to the premise of quantum mechanics, where the fundamental
particle is a zero dimensional (0-D) structure and its observables are attributed to
intrinsic variables. As shown here, the idea of a particle having two ends leads to
the idea that particle motion involves the reactive ends moving non-continuously.
This is somewhat unexpected. Nonetheless the idea has several plausible aspects.

First, for any one reactive end, the position and velocity are conjugate vari-
ables, being derivatives of action. This is consistent with the Heisenberg uncer-
tainty principle, hence the results are conceptually consistent with quantum me-
chanics. This is further reinforced by observing that the cordus theory predicts a
potential energy of the reactive ends of the form sin? o, / 2 (Equation (1)), with
the other reactive end taking cos’ /2. This is significant as the total energy in
the particle is unity. This type of relationship is broadly consistent with QM.

Second, the idea of the reactive end moving with an orbital motion provides a
physical explanation for frequency that is consistent with QM (which lacks a
physical explanation for frequency). This orbital motion is related to the energi-
sation cycle of the fibril and hence to the frequency of the particle itself.

Third, the flux tube with its three energisation components is consistent with
prior cordus work that derived the relativistic Doppler from flux tube considera-
tions [6]. Hence the theory accommodates both those great theories of physics,
gravitation and quantum mechanics [8].

Fourth, the theory is qualitatively consistent with the observed behaviour of
emissions in bremsstrahlung, specifically the forward direction of emission, and
the narrower cone of emission with higher frequency.

Finally, the concept has some similarity with de Broglie’s idea of the pilot wave
[1] [2], in that one might consider the cordus theory as approximately equivalent
to linear locus with a superimposed wave component.

Thus the gait locus of particle motion, while it seems strange at first, is com-
patible with other theories of physics, and with other developments in the cor-

dus theory.

4.3. Critique and Future Work

While the motion of the particle is evident in the gait of the reactive ends, at a
still deeper level the velocity of the particle is proposed to be a property of the

shear in the fibril. The fibril is the structure that carries this property and causes
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the other structures (reactive ends and their emissions) to behave accordingly.
At this time the theory does not anticipate how the internal shear interaction is
physically based. It seems to imply a still deeper structure. In the case of quan-
tum mechanics there is reason to believe that no deeper structure is permissible
within that theory [33], though it can be argued that constraint merely arises be-
cause QM assumes from the outset that particles are 0-D points. In the case of the
cordus theory there appears to be at least one level deeper, and potentially more.
The mathematical representation of the energisation and position of the reac-
tive ends is a welcome development, since a common critique of previous re-
viewers of the theory has been the lack of a mathematical formulism. However,
more remains to be done since there are other variables that need inclusion, see
[10]. The number of such variables is similar to that of string theory. Hence the
cordus theory may be compatible with string theory, but if so the correspon-
dence of variables between them is not easy to establish. To fully describe a cor-
dus particle it seems necessary to use a combination of continuous and discrete

parameters, and it is not clear how this may be achieved.

5. Conclusions

The findings are that, under the assumptions of this theory, the motion of a par-
ticle occurs by each reactive end making an irregular spiral displacement in three
dimensional space. The motion comprises a movement phase and a brief immo-
bile phase.

This work makes several original conceptual contributions. The first is the
conceptual contribution of offering a novel theory of particle motion. The exist-
ing literature on particle motion at the fundamental level is sparse. There has
been a general assumption that particles, whether classical or quantum, move
with a continuous (even if uncertain) velocity. The present gait theory suggests
that at the deeper level this apparent continuity is made up of a more complex
spiral locus of the particle. Another contribution is the derivation of a formulism
for the energisation and mobility of the reactive ends, based on a set of plausible
lemmas. This leads to an explicit relationship for the orbital motion of reactive
end during translational motion, and hence the prediction of an irregular spiral
motion of the particle. Further contributions are the provision of explanations
for several physical phenomena: ponderomotive force, the nature of momentum,
and bremsstrahlung radiation. Specifically, the theory explains why photon emis-
sion would be increasing concentrated in the forward direction with increased
electron energy. Another novel contribution of a broad kind is that this theory
provides a means to bridge quantum mechanics and special relativity, because it

accommodates both particle uncertainty and field transmissions.
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Abstract

The intriguing Koide relation between lepton masses,
0 - m,+m, +m,
-

-~ ~2/3, involving electron mass m,, muon mass
m,, and tau mass m,_, was first presented in 1982. The reason why Q, ~2/3
has long been unclear. However, describing Standard Model fermions as
spheres with radius (Compton wavelength)/4, allows only three fermions in
each charge state and avoids the infinite energy density of point particles. Then
the Koide parameter Q, ~2/3 because the electron Compton wavelength is
more than 200 times the muon and tau Compton wavelengths. A tau mass
equivalent of 1776.98 MeV, within experimental error bars, would result in
Q, =2/3. The analysis is discussed in the context of efforts to extend the
Standard Model of particle physics.

Keywords

Koide Relation, Standard Model Fermions, Extending the Standard Model

1. Introduction

People have wondered about the nature of fundamental particles for centuries.
Our best model of fundamental particles at present is the Standard Model of
particle physics that identifies the fundamental particles in our universe as
twelve spin 1/2 point particles. Those twelve fundamental fermions, all with spin
angular momentum h/ 2 where 7 is the reduced Planck’s constant, are com-

2e e
prised of three charge e leptons, three charge 3 quarks, three charge ~3

quarks, where e is the electron charge, and three massless neutrinos with zero

charge. Unfortunately, we know the Standard Model is incomplete, because ob-
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servations [1] of neutrino oscillations show that neutrinos must have non-zero
mass.
The quantum mechanical uncertainty principle tells us we cannot discern any

structure within a particle of mass m that has dimensions smaller than the

Compton wavelength | = That does not mean there can be no structure

¢t

with dimensions less than the Compton wavelength, but only that we can’t di-
rectly observe it. We can make progress by assuming [2] fundamental fermions
in the Standard Model have radius (Compton wavelength)/4, even though we
can’t directly observe objects of that size. That assumption avoids the problem of
the infinite densities of point particles and it has consequences relevant to the
Koide relation [3] between lepton masses.

The mass and pressure distribution inside fermions with radius (Compton wa-
velength)/4, involving their volume ~ 13, their surface area ~ 12, and their di-
ameter | / 2, results in cubic equations [2] for fermion Compton wavelengths |,
allowing at most three particles in each charge state. Describing the mass and
pressure distribution with surface and linear elements requires minimum surface
hG

shell thicknesses and axial core radii on the order of the Planck length |, =, |—-.
C

The total particle mass is then the sum of the mass equivalents of pressure, m/2,

. . b
in the volume, the mass equivalent of surface pressure ZSIZ , and the core mass

4 | s 4 p(l $ | 2 | .
LI.So —mp|—| ==n=|—| +4nS| — | +2L| = |. The discriminant A of the
3 4 3 2.4 4 2

resulting cubic equation for fermion Compton wavelengths Al°—~BI*>~Cl =0,
with A=9—716p, B :é, and C=2L,is A=B?C?-4AC?. Since the discri-

minant A of the cubic equation for fermion wavelengths is positive regardless of
the sign of B, the cubic equation in | has three real roots corresponding to
three fermion Compton wavelengths in each charge state. So, if one were to ask
why there are only three lepton masses in the Koide lepton relation, the answer
would be that describing Standard Model fermions as objects with radius (Comp-
ton wavelength)/4 allows only three leptons.

The background presented above regarding fermions with radius (Compton
wavelength)/4 provides some insights into the otherwise somewhat puzzling
Koide relation between lepton masses. First, it explains why only three lepton
masses can be involved. Second, as shown in the following, the Koide parameter
Q, #2/3 is a consequence of the fact that the electron Compton wavelength is
more than 200 times the muon and tau Compton wavelengths.

The following analysis is based on Particle Data Group 2020 data [4] spe-
cifying Standard Model fermion masses to six significant figures and the six
significant figure value #C=197.327 MeV-F, where 1F =1x10"8cm, from
CODATA 2021 [5] and NIST Reference on Constants, Units, and Uncertainty.

This precision is necessary to show why the Koide parameter Q, is so close to
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2/3.

2. Koide Q and Lepton Wavelengths

The lepton mass equivalents* m, =0.510999 MeV, m, =105.658 MeV , and

m_=1776.86 MeV define the lepton Compton wavelengths by | = hc/ mc’ . The
lepton wavelengths |, =386 F, |, =1.87F, and I, =0.111F then determine
three parameters |I,,l,,,,and 6, related to the three roots of the cubic equation
[2] in | that describe the axial, surface, and volume energy distribution within
leptons. Then, as seen below, the Koide parameter Q, = 2/3 because the elec-
tron Compton wavelength is more than 200 times the muon and tau Compton
wavelengths, and a tau mass equivalent of 1776.98 MeV, within experimental [4]

error bars, would resultin Q, =2/3.
Written in terms of Compton wavelengths, Koide’s parameter is

1 1 1
4
Ie I,u IT

Q= 5 - Solutions to the cubic equation [2] in | for leptons
1,2.1
NN

with radius 1/4, specifying the axial, surface, and volume energy distributions

in leptons, are projections on the | axis of vertices of a Nickalls [6] equilateral
1
triangle centered on average lepton wavelength |, = §(|e +,+ Ir) =129.375F.

Those Nickalls wavelengths [6] are |, =1,,, +R, cosé,

L=l —%Rl cos 6, +§Risin 6,and | =1, —%Rl cos 6, —?Rlsin 6, , where
-1 l, -1

tang, =—=-———, 6,=0.00394944, and R =-—"2=256.773F, resulting

\/§(|e g ) cosé,
in Q, =0.666661. The electron Compton wavelength |, is much greater than
the muon Compton wavelength |, and the tau Compton wavelength | , be-
cause the electron mass m, is much less than the muon mass m, and the tau
mass M_, resulting in the angle 6, <1.So, Q, ~2/3 results from electron mass
less than 1% of muon or tau mass.

The scale of the equilateral triangle specifying lepton wavelengths is deter-
mined by the Nickalls radius R, of the circle circumscribing the triangle cen-
tered at |, =129.375F, and the orientation of the Nickalls triangle is deter-
mined by the angle 6, between the | axis and a line between the center of the
circle and the vertex corresponding to the largest Compton wavelength. Koide’s
parameter Q, is very sensitive to @, . Fixing R, at 256.773 F and |, at
129.375 F, an increase in 6, by only 0.007% to & =0.003944701 increases
Koide’s Q; to Q, =0.6666666. That increase in &, does not change the elec-
tron mass m, or the muon mass m,, but it does increase the tau mass m,
slightly to 1776.98 MeV, a result within PDG 2020 [4] error bars.

Analogous Koide parameters can be identified for quarks and neutrinos. Quark
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masses M, =2.16 MeV, m,=1270 MeV, and m, =173 GeV, with charge 2¢/3,
and my; =4.67 MeV, m, =93 MeV, and m, =4180 MeV , with charge —¢/3,
consistent with PDG 2020 data [4], result in Q,; =0.85 and Q,; =0.73. If
fundamental fermions are Godel solutions [2] to Einstein’s equations and elec-
tron neutrino vacuum energy density = (cosmic vacuum energy density),

m,, =0.00136 eV . Neutrino oscillation data [1] then estimate m,, =0.00858 eV
and m_, =0.0508 eV, with neutrino mass sum 0.061 eV about half Vagnozzi’s
upper bound [7] 0.12 eV, and Q, =0.48.

3. Concluding Remarks

None of the results and conclusions in the preceding discussion, except those
related to neutrino mass estimates, are affected by the following remarks. How-
ever, we can go further in considering the nature of Standard Model fermions by
identifying them with Godel solutions to Einstein’s equations rotating with an-

gular velocity  , with an average matter density p equal to the average fermion

1 1
mass density, pressure > pc’ from negative vacuum energy density —5 pc?,

2

and an effective internal gravitational constant G; = . If half of any fun-

4np

damental fermion charge is located at radius (Compton wavelength)/4 on the
axis of rotation, fermion rotation does not cause radiative loss of energy from
accelerated charge. The orientation of the fermion rotation axis is unknown un-
til the z component of fermion angular momentum is measured, so the fermion
mass will appear sinusoidally distributed on a disk of radius (1/4) perpendicular
to the line of sight.

Three positive Compton wavelengths in each charge state require negative
surface mass equivalent density S and positive mass L per unit core length. Neg-

1
ative Sresults from positive vacuum energy density 7 pc? within the shell that

1
is opposite the negative vacuum energy density —3 pC? in the volume. Then

the negative pressure equivalent mass inside the shell counters the positive pres-
sure equivalent mass in the volume. So, with no net pressure at the fermion sur-

face, no force acts to increase or decrease fermion size, as necessary for stable
fundamental fermions as Godel solutions within our universe. The sum of fun-

. .o T3 .
damental fermion mass components is y pl°, with surface mass component

2

T T R?
- plavglz and core mass component al(lavg —Tj So, the surface mass

32
. s 3 Iavg .
multiple of the total mass is 57 and the core mass multiple of the total
RZ
2
Iavg _T
mass is VT The surface mass and core mass multiples increase in mag-

nitude with decreasing | because smaller fermion volumes at smaller | de-
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crease the volume occupied by positive pressure from negative vacuum energy
density of Godel solutions, but the magnitude of the ratio (surface mass)/(core
211

avg

5~ increases with l.

mass) =-—
Iazvg e
4
The internal gravitational constant G, for fundamental fermions with radius
| / 4, identified as Godel solutions to Einstein’s equations, is determined by Go-

48h

del’s relation @ =2,/nG,p with the fermion matter density p=W and
mc

the angular velocity @ of the Godel solutions. Fermions with radius 1/4 and

. L 2m( 1Y 2n_ (1Y 1, .,
core radius r have moment of inertia | =——| —| +——S5lI 1 +EL|I’ . The

52\4 34
last term in 7is negligible because I < |, so the resulting internal fundamental
3l

fermion gravitational constantis G, = ———-.
m(1-1,)

h 8c
The angular velocity of the fermion spheres is @ =— and the

21 0211,
tangential speed V; of points on the spherical shell equator as a multiple of the
V. I 2|
speed of light is — = @a__ 4
¢ 4c 021-1,

the Godel solutions corresponding to the lowest mass fermions in each charge

. Closed time-like curves can exist within

V.
state, where —>1. Such closed time-like curves would be unacceptable in Go-
C

del cosmologies, because they seem to prevent evolution of the cosmos in time.
However, they are not problematic in the case of first generation Standard Mod-
el fermions that do not evolve in time from their creation to annihilation.

Classical physics idealizes the force of gravity between extended bodies as the
force between point masses concentrated at the center of mass of each body. The
mathematical construct corresponding to the center of mass of extended Stan-
dard Model fermions provides a link to the idealization of point particles in
quantum mechanics. At the instant of particle-antiparticle creation, the centers
of mass of the respective Godel solutions to Einstein’s equations coincide and
their spin axes are oppositely aligned. Correspondingly, at the instant of particle-
antiparticle annihilation, the centers of mass of the respective Godel solutions to
Einstein’s equations coincide and the spin axes are oppositely aligned.

This description of Standard Model fermions as Godel solutions to Einstein’s
equations is fully consistent with experimental evidence. Any unfamiliar charac-
teristics of this description of Standard Model fermions should not be a reason
for abandoning the model, given the equally unfamiliar (at the time) aspects of
quantum mechanical description of atoms, and early indications from general
relativity of the existence of black holes.

Future work should focus on efforts to understand the interactions of various
Godel solutions to Einstein’s equations bearing half of any associated charge at

radius (Compton wavelength)/4 on their axis of rotation. Such a simple combi-
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nation of ideas from general relativity and quantum mechanics may provide
further insight into the nature of elementary particles, but it is certainly nof the
long sought unification of general relativity and quantum mechanics. Any such
unification must face the fundamental difficulty that general relativity can be
seen as a theory of space, while quantum mechanics is a theory describing events
within space.
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Abstract

This study investigates the diffusive motion of a Brownian particle in a 2D
tilted periodic potential, where bias force is exerted in the x direction. The
dimension effect is revealed by simulating the Langevin equation. The diffu-
sion coefficient in x and y directions is a nonmonotonic function of the bias
force, and a massive enhancement is observed in x and y directions in com-
parison with the case without a tilt in x direction. The underlying physical
mechanism is explored.

Keywords

Surface Diffusion, Tilted Periodic Potential, Dimensionality, Langevin
Simulation

1. Introduction

Many physical situations can be described by the diffusion of a Brownian par-
ticle in a tilted periodic potential; such situations include Josephson junctions
[1], rotating dipoles in external fields [2], rotation of molecules in solids [3], su-
perionic conductors [4], charge density waves [5], mode locking in laser gyros-
copes [6], diffusion of atoms and molecules on crystal surfaces 7], particle se-
paration by electrophoresis [8]. For the diffusion of an overdamped Brownian
particle in a tilted periodic potential, an exact analytical expression for the effec-
tive diffusion coefficient is derived for arbitrary potentials and arbitrary strengths
of the thermal noise [9]. The effective diffusion coefficient in a critically tilted
periodic potential may be, in principle, arbitrarily enhanced in comparison with
the potential-free thermal diffusion. A study has shown that in the underdamped
case the diffusion coefficient is increased exponentially by a decrease in temper-
ature in a certain interval of bias force [10], which originates from the correla-

tion time of velocity increases exponentially with an increase in the inverse tem-
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perature. The nonmonotonic behavior of the effective diffusion index and su-
perballistic diffusion are observed [11] when the noise intensity is weak and the
external force is close to the critical value at which local minima of the potential
just vanish. Lévy particles exist in either a running state or a long-tailed behind
state, the distance at which the two-state centers increase with time plays a de-
finitive role in superballistic diffusion. Langevin simulation has shown that for
super-ohmic damping and certain parameters, the diffusive process of a particle
in a titled periodic potential sequentially undergoes four time regimes: therma-
lization, hyperdiffusion, collapse, and asymptotical restoration [12]. A reforma-
tional ballistic diffusive system is considered a marginal situation that does not
exhibit the collapsed state of diffusion. The diffusion properties of a vibrational
motor, in which an additional time-dependent driving brings the system out of
equilibrium and the other time-periodic driving fills the role usually played by
noise, are investigated in [13]. The diffusion coefficient exhibits a nonmonotonic
function of bias force due to the coexisting attractors, and an enhancement of
diffusion phenomenon was observed. The analytical form of the effective free
energy function in the model of entropic resonance is changed with addition of a
bias force in a periodic potential, as shown in [14].

For surface diffusion problem, at least two degrees of freedom are concerned.
Several multidimensional effects have been investigated. Based on the previous
research on one-dimensional periodic potential, this paper extends to two-dimen-
sional, thus highlighting the innovation. Molecular dynamics simulations con-
ducted based on the Bhatnagar-Gross-Krook model have shown that the x-y
coupling suppresses a large proportion of long jumps causing a decrease in the
diffusion coefficient for all values of damping [15]. This effect can be attributed
to the narrowing of the saddles with respect to the well bottom. Two kinds of
approximation schemes, namely quasi-2D approximation and effective potential
approach, have been applied to predict the 2D diffusion rate of a particle [16];
the results of these schemes are qualitatively in agreement with the numerical
results. The 2D diffusion rate constant over noise intensity shows a nonmono-
tonic behaviors function of noise intensity, in contrast to the monotonic beha-
vior in 1D case [17] [18]. In the present work, the dimensional effect in a tilted

periodic potential is investigated.

2. Model

We consider a Brownian particle diffusing in a 2D coupled periodic potential
under the influence of Gaussian white noise; the particle is contact with a heat
bath at temperature 7'which provides fluctuation and dissipation. The dynamics

of the process is governed by the following Langevin equations

. . ouU
X=V,mv, +myv, +—=f +¢&,
OX

(1

y =V, mv, + myv +Q—(§
y’ y y ay !
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where Uis a 2D coupled periodic potential, given by

U =U (X, y)=U,[cos x+cos y]+u, cosxcosy, )

and & isazero mean Gaussian white noise satisfying the fluctuation-dissipation

theorem
(£(t)&(t) =2mykT(t-t), (3)

where f, is a constant force exerted in the x direction, m is the mass of the
Brownian particle, p is the damping coefficient, and kg is the Boltzmann
constant. The profile of the 2D tilted periodic potential

V (X, y)=Uu,[cosx+cosy]+u,cosxcosy— f x is plotted in Figure 1. What we
wish to investigate is the difference between the above-mentioned model and the
1D tilted periodic potential, and how the the bias force in x direction f, influ-

ences the diffusion in y direction.

3. Langevin Simulation Results and the Underlying Physical
Mechanisms

Langevin and the Fokker-Planck equations are most popular approaches for in-
vestigating surface diffusion. Although several analytical methods for the solu-
tion of 1D Langevin and Fokker-Planck equations are available [19], making any
analytical progress is usually difficult on a set of multidimensional coupled equ-
ations. We simulate the Langevin Equation (1) by the second-order Runge-Kutta
algorithm. In the calculation, the natural unit (m=1, k; =1), the dimension-
less parameter V, =1, and the time step At=10" are used. The results are
stable for time steps in the vicinity of the one we used. The test particles start
from the a potential well and have zero velocity. The number of test particles
N =2x10° is used to describe the surface diffusion motion of a Brownian par-
ticle. A quantity of fundamental interest in surface diffusion is the diffusion

coefficient, which is defined as
D — lim (4 (t))") /20t - tli_)rpo[<(Ax(t))2>+<(Ay(t))2>}/2dt, (4)

where d is the spatial dimension. The mean square displacement <(Af (t))2>
reveals a good linear relation at long times.

Figure 2 shows the influence of the tilt in x direction on the diffusion in ydi-
rection. The purpose of this figure is twofold. First, it presents a comparison of
cases with and without tilt. Second, it displays a nonmonotonic relation of the
diffusion coefficient with the tilt. The diffusion coefficient increases when the
bias force is exerted. The physical mechanism is as follows: the particle with a
high velocity in y direction accelerates in x direction, leading to a much larger
resultant velocity; consequently, the particle can across the potential barrier in y
direction along a direction between x and y axes, and the running state in y di-
rection is formed. The coexistence of the locked state and running state results
in rapid diffusion. Such a physical picture is confirmed by the velocity distribu-
tion in y direction (Figure 3). We can see that the number of particles with high
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Figure 1. The profile of the 2D tilted periodic potential.

Figure 2. Diffusion coefficient in y direction versus the bias
force in x direction. Where T =03, V, =1, y=0.2.

Figure 3. Velocity distribution in ydirection. Where T =0.2,
V,=1, =02, f,=05,andtime t=300.

positive velocities is obviously greater than that with negative values. The non-
monotonic dependence on bias force can be explained as follows: as the bias
force increases, the resultant velocities tend to x direction, and the number of
particles in running state in y direction decreases gradually. These phenomena
imply that the diffusion in one direction can be controlled by exerting a force in
another direction. A comparison of the diffusion coefficient for x direction in

two and one dimensions is shown in Figure 4. The dependence of the diffusion
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Figure 4. Diffusion coefficient in x direction versus the bias
force in x direction. Where T =03, V, =1, y=0.2, (a) for
2D case; (b) for 1D case.

coefficient on the bias force presents a nonmonotonic relation. In contrast to the
diffusion coefficient arriving its maximum when f, < f,. (f,  is the critic tilt
where the potential barrier vanishes, here f,, =0.5) in the 1D case, the maxi-
mum is achieved when f, > f, in two dimension case. The coexistence of the
locked state and running state leads to a rapid diffusion, the locked state survives
under f, > f,. in the 2D case due to the diffusion in y direction and coexis-
tence of the locked state and running state. The massive enhancement of the
diffusion coefficient in x direction in the 2D case is attributed to the coexistence
of the locked state and running state in y direction benefits the maintenance of
locked state for x direction. For periodic potential without bias force, the particle
wanders in various directions before it jumps along x direction, leading to a
slower diffusion in the 2D case compared with that in the 1D case [15]. However,
the rapid diffusion in tilted periodic potential in y direction that comes from the
coexistence of locked state and running state benefits the maintenance of locked
state for x direction. In addition, the coexistence of two states leads to rapid dif-

fusion in medium to long periods.

4. Conclusion

We studied the diffusive motion of a particle moving in a 2D tilted periodic po-
tential, where bias force is exerted in x direction. The diffusion coefficients were
presented as nonmonotonic functions of bias force. The dimensionality is em-
bodied in the interplay of the diffusion in xand y directions. Hence, it is possible
to control the diffusion in one direction by applying force in the vertical direc-
tion. Bias force helps the particle form a running state in y direction, and leads
to rapid diffusion, which benefits the maintenance of locked state in x direction,
and leads to a rapid diffusion in this direction. The diffusion coefficient in x di-
rection in the 2D tilted periodic potential exhibits massive enhancement com-

pared with that in the 1D tilted periodic potential.
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Abstract

It is shown how to build a simple but exact theory of a relativistic Fermi gas at
0 °K, which is based in a recently reported analytic formula for the energies of
a relativistic spin-0 particle in a box. A white dwarf star is then simulated as a
sphere filled with a relativistic Fermi gas. The Chandrasekhar mass limit is
simply obtained using this model. We then discuss, using the proposed ap-
proach to relativistic quantum mechanics, how the interplay between the spe-
cial theory of relativity, quantum mechanics, and gravity determines the sta-
bility of the matter.

Keywords

Quantum Mechanics, Relativistic Fermi Gas, Relativistic Quantum Mechanics

1. Introduction

The theory of a non-relativistic Fermi gas is commonly discussed in the context
of the theory of metals in solid state physics [1]. The theory of a non-relativistic
Fermi gas is built from a well-known analytical expression, which gives the ener-
gies of a non-relativistic spin-0 particle in a three-dimensional infinite well (par-
ticle in a box) [2]. The Pauli exclusion principle is used, in the non-relativistic
theory of a Fermi gas at 0 °K, for taking care of the fermion nature of the par-
ticles forming a Fermi gas [1] [2]. However, this relatively simple theory cannot
be directly extended to the relativistic domain [3] [4]. This is because no such
analytical expression was known, until recently, for the energies of a relativistic

spin-0 particle in a box. In this work, we show, for the first time, how a simple
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but precise theory of a relativistic Fermi gas can be constructed. We use for this a
recently reported analytical expression for the energies of a relativistic particle in
a box [5] [6] [7] [8]. As it is shown in the Appendix, this analytical expression
was obtained by solving a surprising Schrodinger-like but quasi-relativistic wave
equation; therefore, using the same mathematical techniques required for ob-
taining the non-relativistic formula [2] [5] [6] [7] [8] [9].

In what follows, first, in Section 2, some results of such a simple theory of a
relativistic Fermi gas, at a 0 K temperature, are presented. While the conse-
quences for solid state physics of this theory will be presented elsewhere, here, in
Section 3, these results are used, for the first time, for obtaining in an alternative
way, simple but precise, the Chandrasekhar mass limit of Fermi gas stars. Then,
in Section 4 is presented a discussion about how the interplay between quantum
mechanics, Newtonian gravity, and special relativity determines the stability of

the matter. Finally, the conclusions of this work are given in Section 5.

2. The Approach

The theory of a non-relativistic Fermi gas, formed by N non-interacting fermions
with spin-1/2, is based on the knowledge of the analytic expression of the ener-
gies corresponding to a 0-spin particle trapped in an infinite well (particle in a
box), which can be easily calculated using the Schrodinger equation [1] [2]. The
fermion nature of the particles is included by considering the Pauli exclusion
principle, which is purely quantum in nature, and implies that only two fer-
mions can simultaneously be at the same quantum state [1] [2].

Only recently, an analytic expression giving the energies of a spin-0 particle
trapped in an infinite well was reported [5] [6] [7] [8]. This result was obtained
using the GPPP (Grave de Peralta-Poirier-Poveda) method [5] [6] [7] [8] [9]. A
fast review of the GPPP method is described for self-suffice reasons in the Ap-
pendix. It is worth noting that, first, there is an excellent agreement between the
energies calculated using the analytic formula [5] [6] [7] [8], and the energies
numerically calculated using the Dirac equation [10]. Second, it is well unders-
tood the relationship between the GPPP method and the Dirac equation [11].
Consequently, we can now construct a simple but exact theory of Fermi gases,
which is valid from the non-relativistic to the ultrarelativistic regime. For doing
this, we just need to repeat the same steps often follows for constructing the
non-relativistic theory of a Fermi gas but using the new energy formula. We
should start by substituting the non-relativistic formula for the energies of a
quantum particle of mass m in a cubic box of size L [1] [2]:

2h2
\n\zhw’ n=(n.n,n), n,,, =12 M

by the corresponding formula for a relativistic particle [5] [6] [7] [8]:
e’

_ 2 _(,_ 2
W ey = (e )
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In Equations (1) and (2), 4 is the reduced Plank constant [1] [2], and yis the

especial relativity Lorentz factor [5]-[12]:

P ?
e L L ®

m-c mc

In Equation (3), p is the magnitude of the linear momentum of the particle in
the box, and (¢) is the speed of the light in the vacuum. In the non-relativistic
limit, L >> 7/mc; therefore y~ 1 and then Equation (2) coincides with Equation
(1). In the ultrarelativistic limit, L < 7/mc; therefore y 1, thus Equation (3)
also gives the correct relation between Eand p for an ultrarelativistic particle [3]
[4]:

In|
By = PG By =" N @)

In the thermodynamic limit, N >1, each quantum state corresponds to a
point in the “n-space” with energy given by Equation (2) [1]. In the ground state
of the Fermi gas at 0 °K, all the energy levels up to the Fermi energy (£y) level are
occupied, and all the higher levels are empty [1]. The ground state is then
represented by a three-dimensional isotropic and uniform Fermi sphere. There-
fore, the number of states in the Fermi sphere and its radius are related by the

following equation [1]:
3
1 4 3 3N
N =2x—x—mn|n:|" =N |=| —| . 5
gl = -2 ®
In Equation (5), the factor of two expresses the two spin states, and the factor
of 1/8 expresses the fraction of the sphere that lies in the region where all ny,,,
are positive. Substituting Equation (5) in Equation (2), and replacing I? by V*7,

we obtain a formula for Ex

2(q 2\2R3 23 2/3
E. :m(ﬂj =(y-1mc?, y = \/1+(3n2 )2/3 r2 (Ej : (6)

(y+9m (v Y

It is straightforward to show that Equation (6) gives the correct values of Erin
both the non-relativistic and the ultrarelativistic limits [1] [3] [4]. Moreover,
Equation (6) is valid in all this range. The rest of the theory of a Fermi gas is
constructed from the analytic formula for Er[1]. For instance, the total energy of

the Fermi gas when it is in its ground state at 0 "K is:

5 ) \23 NG
E, :h_[3vij ON%dN'z NOE, . 7)
m y+

The integral in Equation (7) can be easily calculated in the non-relativistic (&
= 3/5) and the ultrarelativistic (8 = 3/4) limits. Consequently, Equation (7) with
0 slowly changing from 3/5 to 3/4 gives the exact value of Erin the relativistic
and ultrarelativistic limits [1] [3] [4], and it is a good approximation to Erin
between these limits. The degeneracy pressure of the Fermi gas is then calculated
as [1] [3] [4]:
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(ET , hon-relat

oV 4
(ET , ultrarelat
Vv

We should emphasize here that the existence of the degenerate pressure in a

P=- ®8)

Fermi gas is a purely quantum effect.

3. The Chandrasekhar Mass Limit

Using the Fermi gas as a model, it is possible to calculate the Chandrasekhar
limit, 7e., the maximum mass any white dwarf star may have (without significant
thermally generated pressure) without collapsing into a black hole or a neutron
star. The latter is a star mainly composed of neutrons, where the collapse is also
avoided by neutron degeneracy pressure [13] [14].

A simple model for a Fermi gas star, formed by N >1 spin-1/2 particles of
mass m, is a spherical star of radius r formed by a Fermi gas of total mass Ms =
Nm and constant density p = My V, with V= (4/3)n/’. Using this model, the to-
tal kinetic energy of the gas (associated to the degeneracy pressure) is Eras given
by Equation (7). Consequently, when including the Newtonian gravitational
energy [13], we obtain for the total energy of the star (Ey):
GM?

.

ES(r):ET(r)_aG 9)

In Equation (9), Gis the gravitational constant, and the parameter a¢ is equal
to 3/5 = 0.6 for a constant density sphere, but it takes slightly different values
depending on the details of de internal structure of the star (p(r)). Using Equa-
tions (6) and (7), substituting V by (4/3)n/*, and rearranging Equation (9 ), we

obtain:
VRS GM? 3\ a M2
E.(r)=0a S —a Soa=|—| —, r=l+5—— (@10
(1) (y+1)r* ° r (4} m 7 ¢t r? (10)
Or alternatively:
a MZ? GM?
Es(r):H[ I+ —— -1 M —qg —=. (11)
ccr

The radius of the Fermi gas star can be then estimated as the values of r for
which E¢r) has a local minimum. When the particles forming the gas move at
non-relativistic speeds, it is easier to use Equation (10) with y = 1. Solving the

equation d£¢/dr= 0, we obtain:

r=— % ___ (3—”]2/3i | [ﬂf m (12)
_ = . .
acGMP |14 ) o |"Um ) My

For obtaining Equation (12), we used the following relations involving the

Plank’s length (/) and mass (mp):
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hZ h2 . hz m 3 hG hc
Gm” ~ Gm’ e, Gm® =l FP e = = ™G (13)

Therefore, a non-null radio, which decreases monotonically when A4 increas-
es, exists for any star mass. This indicates the existence of an equilibrium be-
tween the centrifugal influence of the degeneracy pressure (a purely quantum
mechanical effect) and the crushing gravitational force in the massive star. In
contrast, when the particles forming the gas move at ultrarelativistic speeds, we

can use either one of Equations (10) and (11) with:

JaM{®

c r

~
~

>1. (14)

For obtaining:
Es(r)=~ (ac\/EM;‘/3 —aGGMSZ)l. (15)
r

Consequently, E; — - when r— 0; ie, the star collapses, when:

0\ Br(m, )
M > Mg, =| 2| 25 M| .. 16
S Ch [aej 4(mj P ()

We obtained an excellent agreement with the Chandrasekhar mass limit (M,
=~ 1.43 solar mases) [3] [11] [12], when taking m = 1.992 times the Hydrogen
mass (my), and ag = 0.4725. Finally, using Equations (11) and (13), and solving
the equation dE¢/dr= 0, we obtain:

T e | (m Y m Y| (M)
I T R R

The dependence of r (in solar radii) on Mj (in solar mases) corresponding to

Equation (17) is shown as a continuous red curve in Figure 1. We used here the
same values of m, and ag reported above. The parameter = 7 was needed for
qualitatively matching previously reported radius-mass relations [3] [14]. This
indicates that the inclusion of effects related to the internal structure of the stars
are needed for making detailed quantitative calculations [3] [13] [14]. Neverthe-
less, the overall picture discussed in this Section is correct, and the collapse
(r — 0) of the ultrarelativistic Fermi gas star in now evident when My — M.
Clearly, Equation (17) coincides with Equation (12) in the non-relativistic limit,
Le, when Mg <« M, . The dependence of r on My corresponding to Equation
(12) is shown as a discontinuous blue curve in Figure 1. Note that the gravita-
tional collapse of a Fermi start can only be predicted when the effects of the

especial relativity are included in the model.

4. Stability of the Matter

The curves shown in Figure 1 describe the stability of huge cosmological objects
formed by numerous quantum particles. However, these curves streakily resem-

ble other curves that were obtained while describing the stability of elemental
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Figure 1. Radius-mass relations in a Fermi gas star model, relativistic (con-
tinuous red curve) vs non-relativistic (discontinuous blue curve).

particles and atoms [5]. It has been shown that a good estimate of the size of a
Hydrogen-like atom, which is formed by an electron of mass m. bounded to a
nucleus of charge Ze, where e is the absolute value of the electron charge, can be
obtained as the value of r minimizing the energy of the electron in the atom (£),

which is given by the following expression [5]:

2 2 2
E(r)= h = ze L= 1+(7L_c) ) (18)
(y+1)m,r®  Amer r

Equation (18) is like Equation (10) but with the relativistic quantum mechanics
term, E7(r), substituted by the relativistic quantum mechanics kinetic energy of
the electron, and the gravitational energy of the Fermi gas substituted by the
Coulombic energy of the electron in the atom [2] [5] [15].

It is not then surprising that the dependence of the size of the atom (r) on Z as
shown in Figure 2(a), resembles the curves plotted in Figure 1. In this case, a
non-relativistic description (continuous blue curve) predicts atoms with any val-
ue of Z should all be stable. However, when special relativity in included in the
model (red points), and Z < 137, the electrical force between the nucleus and the
electron tends to collapse the atom but pure quantum mechanical effects stabilize
it. In contrast, atoms with Z > 137 are unstable (the electron collapses to the nuc-
leus, r — 0) and thus these atoms should not exist [5]. Indeed, no atom with Z>
118 has ever been observed.

The following hypothesis, explaining why there are not elemental quantum par-
ticles with a mass larger than the Plank mass [5] [16], is much more closely re-
lated with the previous discussion about the fate of Fermi gas stars. If an elemen-
tal particle of mass m were able to interact gravitationally with itself, due the
spread of its mass density through its wave function [5] [16] [17], the energy of
the free particle could be estimated using the following equation [5] [16]:

2 2
E(r)z h Gm .

(y +1)mr? o
With y given by Equation (18). The value of r that minimizes Equation (19)

(19)

was found solving the equation d£/dr= 0 [5] [16]:

4 3
r=ap 1—(%} , ap =1 (%} . (20)
P
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Figure 2. (a) Calculated radii of hydrogen-like atoms in X, (reduced Compton wave-
length) units as a function of Z for (continuous blue curve) y = 1 and (red points) y>1.

(b) Calculated radii of the radius of a quantum particle, in Plank units, as a function of m
in Plank units for (discontinuous blue curve) y = 1 and (continuous red curve) y>1.

In contrast, for the non-relativistic case; ie., using Equation (19) with y =1, it
was found that r = ap [5] [16]. As shown in Figure 2(b), a non-relativistic de-
scription (discontinuous blue curve) predicts elemental particles with any mass
are possible. The dependence of r (in Plank units) on m (in Plank units) corres-
ponding to Equation (20) is plotted in Figure 2(b) as a continuous red curve.
When special relativity is included in the model, and m < mp gravity tends to
collapse the particle, but pure quantum mechanical effects stabilize it. However,
r -0 when m— m;; thus, as it is well known, no elemental particles with mass
larger than the Plank mass could exist [5] [16]. Moreover, Figure 2(b) shows that,
close to the particle collapse, the size of the particle is ~ ap. This factor also ap-
pears in Equations (12) and (17). A comparison of Equations (17) and (20), and
Figure 1 and Figure 2(b), reveals the transition from stable to instable is more
abrupt for a single particle than for a Fermi gas star.

The stability of atoms, the so-called stability of the first kind [18], disappears
when the combined effects of special relativity and electrostatic overcome the sta-
bility provides by quantum mechanics effects, thus producing the collapse of su-
perheavy atoms. The stability of single quantum particles, a kind of zero-order
stability, disappears when the combined effects of special relativity and gravity
overcome the stability provided by quantum mechanics effects, thus producing
the collapse of elemental particles. While elemental quantum particles with a mass
larger than the Plank mass may not exist [5], massive cosmological bodies formed
by an extremely large number of quantum particles do exist. The stability of the
white dwarfs and neutron stars is an instance of the so-called stability of the
second kind [18]. This stability also disappears when the combined effects of spe-
cial relativity and gravity overcome the quantum effects, associated to the Pauli

exclusion principle, that makes the stability possible.

5. Conclusion

We have shown that the analytical expression of the energies of a relativistic
spin-0 particle trapped in a cubic box, which can be obtained using the GPPP ap-
proach (as shown in the Appendix), can be used as the foundation of a simple

but exact theory of a Fermi gas, which is valid from the non-relativistic to the ul-

DOI: 10.4236/jmp.2021.1214113

1972 Journal of Modern Physics


https://doi.org/10.4236/jmp.2021.1214113

R. Lopez-Boada, L. Grave de Peralta

trarelativistic regimes. For instance, we were able to obtain the Chandrasekar mass

limit using this approach and, due to the simplicity of our approach, we were able

to illustrate the interplay between gravity, quantum mechanics, and special theory

of relativity that determines the stability of matter.
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Appendix

The Poirier-Grave de Peralta equation [5] [19]:

2

o>

., p=-inv. (A1)

a2
inlwo| P vlw 5= 14
( c

ot 7+1)m m

is fully Lorentz-covariant [5]. It can be shown that for a particle in the box, Equa-
tion (Al) exactly reduces to solving the following Schrodinger-like equation [5]
[19]:

.. 0 " )
ih—¥Y=-——"—VY+VV. (A2)
ot (y+1)m
In Equation (A2), yis not an operator but the parameter (GPPP approach) [5]:
V= 1+ 22 ESch’ ESch :<V/Sch| ﬁz |V/Sch>' (A3)
mc 2m

In Equation (A3), Ess and s are the energy and wavefunction, respectively,
of the particle in a box calculated by solving the Schrédinger Equation [2]. Clearly,
Equation (A2) is the Schrodinger equation when y = 1. Moreover, Equation (A2)
can be solved as the Schrodinger equation is solved [5] [6] [7] [8] [9]. For a par-

ticle in the box [5]:
242
n°h 2 2
E, =—In", y=,1+—E..,. (A4)
I (;/+1)mL2|| 4 V" me?

Equations (2) and (3) follows directly from the substitution of Eg; = £, given
by Equation (1) in Equation (A4). It should be noted that there is an excellent
correspondence between the energy values calculated using Equations (2) and (3),

and the numerically calculated energies using the Dirac’s equation [10].
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Abstract

Paraphrasing Descartes: A Life form entity “thinks’ therefore it exists. Our
research method is to take evolution to be change or adjustment in order for
the entity to “survive.” Such evolutionary “adjustments” are expected to occur
after the Life form entity has evolved into a thinking “cyborg” or “humanoid”
Life form. That is a life forms whose intellectual and physical capabilities are
extended beyond normal by a combination electronic, organic and mechani-
cal means. Ultimately an Accelerated Evolutionary adjustment is expected to
be to be accomplished by a physical modification of “cyborg” or “humanoid”
Life form entities by themselves or by other such entities. Here we define a
humanoid as a cyborg self-controlled by an electronic artificial brain that has
“freewill”. The major law for all life forms resident in our Universe be they
amoebas, fungus, bugs, or bunnies, human or non-human humanoids is sur-
vival of the fittest. We speculate that humans are not the only life form that
has been, is, or will be present in our Universe—but due to the necessity of
survival, no matter how they started out, inevitably their most probable des-
tiny is to wind up as spheres of living-thinking, mental material orbiting a
star or galaxy. The most fit life forms require the most effective protection or
shield against “predators” ranging from viruses, bacteria, parasites, dangerous
life forms, etc. essentially protection or shield against ANY adversarial or
dangerous life form or environmental danger such as radiation. The effec-
tiveness of such a shield is directly proportional to their resistivity to preda-
tors and other dangers and inversely proportional to their area; the smaller

> <«

the predator’s “target” the better. In the future such Life form entities may be
“built not born” or adjusted by other entities. It is proposed that manipulative
appendages such as human limbs e.g., arms, legs, hands, etc. will disappear
and possibly evolve into “mind-controlled” or “thinking-controlled”, artifi-
cial-intelligence implemented external mechanisms and devices. How would
life forms evolve to maximize volume, required to house their increased
mental capabilities consisting of cognitive/microelectronic material of the

highest possible density, and minimize surface area for protection? Since
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the sphere is the geometric figure exhibiting the largest volume to area ra-
tio, their shape would be spherical. Life forms could, therefore, evolve into
spherical “artificial” planets orbiting stars or galaxies—powered by “starlight”.
We will not, however, consider directly the incorporation of multiple Life forms
in the same sphere. Science fiction is utilized only to illustrate concepts.

Keywords

Evolution, Cyborg, Humanoid, Brain Communication, Life Form,
Cosmology, Magnetic Nanoparticles

1. Introduction

This paper investigates the evolution of life forms in our Universe. Paraphrasing
Descartes: A Life forms entity “thinks” therefore it exists. We take evolution to
be change or adjustment in order for the entity to “survive.” Such evolutionary
“adjustments” are expected to occur after the Life form entity has evolved into a
thinking “cyborg” or “humanoid” Life form. A humanoid is a cyborg self-con-
trolled by an electronic artificial brain that has “free will”. That is a life form
whose intellectual and physical capabilities are extended beyond normal by a
combination electronic, organic and mechanical means. Ultimately an Accele-
rated Evolutionary adjustment is expected to be to be accomplished by the phys-
ical modifications of “cyborg” or “humanoid” Life form entities by themselves or
by other such entities. We will greatly reduce our paper’s scope to carbon-based
chemical activities of the organic animal variety, inclusive of, but not restricted
to Homo sapiens. The major law for all life forms resident in our Universe be
they amoebas, fungus, bugs, or bunnies, human or non-human humanoids is
survival of the fittest. (Or, more generally, life forms more suited to the envi-
ronment are more likely to survive) as suggested by [1] Charles Darwin (1859),
[2] Herbert Spencer (1852) and others. We will utilize Homo sapiens simply as
an example to speculate on how life forms will evolve. We speculate that humans
are not the only life form that has been, is, or will be present in our Universe—
but due to the necessity of survival, no matter how they started out, inevitably
their most probable destiny is to wind up as spheres of living-thinking, mental
material: life forms orbiting around and nourished by radiation from stars and/or
galaxies. That is our speculation or model. We are therefore suggesting a “Work-
ing Hypothesis”, which is defined ( Wikipedia) as a hypothesis that is provisio-
nally accepted as a basis for further research in the hope that a tenable theory
will be produced, even if the Aypothesis ultimately fails or is significantly mod-
ified (Isaac Newton’s Principia Mathematica, as significantly modified by Eins-
tein, is an example). It is essentially an encouragement for further research.

The more fit life forms require the most effective protection or shield against
“predators” ranging from viruses, bacteria, parasites, dangerous other life forms...

essentially protection or shield against ANY adversarial or dangerous life form
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or environmental danger such as harmful radiation. The effectiveness of such a
shield is directly proportional to their resistance to predators and other dangers,
such as harmful radiation, and inversely proportional to their area. That is, the
smaller their exposed area, the smaller a target they present to any and all pre-
dators and dangers such as radiation. Resistance of the shield will be determined
by the characteristics of the predators or environmental dangers encountered
and for this study is not considered to be a major issue. For example, their shield
may be variable in absorption from near black body (for absorption of radiant
energy to power them) to high reflectivity of harmful radiation, particles, or
projectiles, etc.

The most fit life form will have maximized imagination'. Maximum imagina-
tion is functionally defined as the entity who can best define imagination. A cir-
cular definition or argument of course somewhat similar to the circular orbit of
the entity around a star or galaxy. In this regard. Science Fiction is utilized to il-
lustrate concepts, especially in section 4.

Whether or not Life form civilizations will winnow down to one or a few is
another issue not directly addressed herein. It may well be that ultimately life
forms congregate into subgroup civilizations in order to implement and foster
collective activities. Friendship with other life forms, which is involved in the
formation of subgroup civilizations and on the winnowing down of Life form ci-
vilization’s number, may be a thing that affects a life form’s psychological and or
physical health and wellbeing. Friendship is extremely complex—in fact, too
complex to analyze properly. For example, the demands that maintaining a life
form’s relationships with other life forms makes on the brain’s computing power
is so great that the number of friends Homo sapien life forms can have at any
one time might currently be, very roughly limited to around 150. British evolu-
tionary anthropologist Robin Dunbar (who works at the University of Oxford)
in Malcolm Gladwell’s Book, The Tipping Point, stated that there are different
layers of friendship or fellowship, depending on how close you are with some-
one, which is impossible to analyze in great detail. We will, therefore, not ana-
lyze directly the incorporation of multiple Life forms in the same sphere.

As mentioned in the Introduction, all life forms are expected to become elec-
tronic, organic or mechanism-enhanced or “cyborgs” or “humanoids” and in the
future we may be “built not born” or adjusted or modified by other entities. It is
proposed in Section 1 that manipulative appendages such as human limbs e.g.,
arms, legs, hands, etc., after thousands or millions of years of non-use, will
disappear and evolve into “mind-controlled” or “thinking-controlled”, artificial-

intelligence-implemented external mechanisms and devices. An example is shown

'Albert Einstein is reported to have stated: “Imagination is more important than knowledge. For
knowledge is limited to all we now know and understand, while imagination embraces the entire
world, and all there ever will be to know and understand.” The most FIT life form will have max-
imized imagination. Maximum imagination is functionally defined as the entity who can best define
imagination. A circular definition or argument of course, but possibly somewhat similar, imagina-
tively, to the circular orbit of a Life form entity around a star or galaxy. In any event, the more fit life
form will have a large amount of knowledge and be “quick thinking”, but even more importantly
exhibit the most imagination.
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in Figure 1 and Figure 2, in which an artificial arm and hand take control of an
external device.

Figure 2, first-ever successful mind-controlled robotic arm without brain im-
plants in 2019, using novel sensing and machine learning techniques, Bin He
and his lab (He, B. 2020) have been able to access signals deep within the brain,
achieving a high resolution of control over a robotic arm.

https://www.youtube.com/watch?v=UkZquERz0Qo.

All such controls and communications will be by mind and between similar
life forms mind to mind. Such controls and communications are not anticipated
to involve significant external systems such as antennas, but only devices “inter-
nal” to a given life form. How would life forms evolve to maximize volume, re-
quired to house their increased mental capabilities consisting of cognitive/elec-
tronic material of the highest possible density, and minimize surface area for
protection—that is be a smaller target for predators? Since, as previously men-
tioned, the sphere is the geometric figure exhibiting the largest volume to area ra-
tio, their shape would be spherical. Please see Figure 3 for a science-fiction pic-
ture of such a life form.

Figure 1. An artificial arm and hand take
control of an external device. From Fig-
ure 2 of [3] Baker and Baker (2016).

Figure 2. Breakthrough in non-invasive mind-control of robotic limbs
([4] He, B., 2020).
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Figure 3. Fictional picture of a spherical life form the
1953 Science-Fiction Movie “Invaders from Mars.”

We believe that life forms will evolve into spheres composed of living mental
material whose size will be determined by their density needed to properly func-
tion, environment, and the local gravitational field. That is, the sphere’s mass
will need to allow necessary movement and be “sustainable” in the sphere’s local
gravitational field. For their sustenance or energy, Life forms would, therefore,
evolve into spherical “artificial” planets composed of high-density living mental
material orbiting stars or galaxies—nourished and powered by “starlight.” Their
inter-Life form and inter-stellar communications, to be discussed in Section 2.5,
would be by means of mind-controlled and brain activated transceivers of
high-frequency gravitational waves (HFGWs). As discussed in the footnote 1, the

most fit life forms are expected to have maximized imagination.

2. Amazing Trends in Life form Evolution

2.1. The Rise of the Cyborg and the Humanoid Spheres

We agree with J. A. Hodgson (as quoted by [5] L. Jones (2021)): “We don’t
know, but, certainly, human genetic variation is increasing. Worldwide there are
roughly two new mutations for every one of the 3.5 billion base pairs in the hu-

»

man genome every year...” says Hodgson.

«

...which is pretty amazing—and
makes it unlikely we will look the same in a million years.” We are speculating
that the engine of change or adjustment of a life form is adaptation to a (final)
form that survives. We believe we can conjecture intelligently on the evolutio-
nary path that survival brings life forms on in our Universe. Notice that we are
considering any “life form” not necessarily a specific life form. But one of the
primary premises of our conjecture is that “All roads lead to Rome”. That is in-
dependent of their initial condition, all surviving humanoid life forms in our
Universe will eventually reach the same spherical final life form on stellar orbit
given about stars or galaxies in a sufficient length of time, such as many billions
of years (possibly hundreds of billions of years as will be mentioned in Section
4). Because it is such an amazing and dramatic anatomical change predicted for
life forms after their reconfiguration to humanoids, we have and will continue to

emphasize (perhaps over emphasize) the eventual change from limbed creatures
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to a spherical form quite frequently,

As was mentioned in [3] Baker and Baker (2016) “...advance has been taking
shape over the past several millennia, but most dramatically over the last few
decades. Broadly speaking this amazing advance is the introduction of electronic
components into the human body and especially into the brain.” As a specific
example of such advancement is the actual mind control of a mechanical hand
shown in Figure 4. Here we see an actual Homo sapien life form whose mind,
via an electronic interface, controls a mechanical hand to feed herself a candy
bar and can feel the bar via haptic feedback?!

Prosthetic in Figure 5 enables a wide range of daily activities, such as zipping

a suitcase, shaking hands, and petting a cat?.

Figure 4. An actual Homo sapien person whose mind, via
an electronic interface, controls a mechanical hand to feed
herself a candy bar. From Figure 2 of [3] Baker and Baker
(2016).

Figure 5. Inflatable robotic hand gives amputees real-time
tactile control. Please see:
https://www.itproportal.com/features/future-of-artificial-i
ntelligence-for-2020.

*Haptic feedback is the use of fouch to communicate with users. Most people know the feeling of a

vibration in a mobile phone or the rumble in a game controller—but haptic feedback is much more
than that. [32] (Robert Blenkinsopp, 2020).
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As pictured in Figure 6, Ai-Da is the world’s first ultra-realistic artist robot
powered by AI and named after Ada Lovelace, the first female computer pro-
grammer in the World. She is a humanoid with human facial features and a ro-
botic body created by the Oxfordians, a group of cutting-edge art and technolo-
gy experts formed in 2020. Please see: https://en.wikipedia.org/wiki/Ai-Da.

In the near future, the clear outcome would be for Homo sapien and, in gen-
eral ALL “advancing” Life forms in our Universe, eventually to evolve into a
combination cybernetic or electronic and biological being: a “cyborg” or even to
a “humanoid”, a cyborg controlled internally by an organic brain as shown in
Figure 6, Figure 7. As the Life form cyborg “controllers” begin to control their
ever improving (evolving) cyborg “helpers”, the difference between them begins
to narrow, a distinction without a difference: For example, the “transformation”
or “mental implants” in the mouse brain [6] Vetere G., Tran L. M., Moberg S., et
al. (2019) and, as will also be mentioned, tagging neurons, the mind-to-mind
communication of Figure 8 and the prosthetics examples, of Figure 1 and Fig-

ure 5 will essentially join the controller and the associated “cyborg” functions.

Figure 6. “Hello, Baker’s residence. They are unavailable right now.
Please leave your name and number. I am the Baker’s Cyborg, Ai-
Da, Robot/ Humanoid ID number 823. If you are a Cyborg, please
leave your Humanoid ID number and maybe we can get together

sometime.”
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(a)

(b)

(0)

Figure 7. (a) This is the near present-day cyborg, showing the devel-
opment of machine learning: An AI cyborg. Eventually, more ad-
vanced cyborgs may evolve into (b); (b) This is one outcome of the
evolution of cyborgs—human features and personality traits programed
by a machine learning AI cyborg or humanoid. It is to be completely
renovated and evolved to someone like the fictional spherical hu-
manoid in Figure 3; (c) Elon Musk predicts Artificial Intelligence
will be better than humans at everything, including sports, in the
year 2030.
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Figure 8. Brain-to-brain direct communication [20] (Power (2014) and
[21] Grey (2016)). Mind Melds and Brain Beams: The Dawn of Brain-
to-Brain Communication
(https://www.youtube.com/watch?v=SObhSqYglvQ).

Robert F. Service (2013) [7] said in the Journal SCIENCE “The beginnings of a
cyborg world have already arrived...!” and [8] Manuela Veloso who suggests
that we “Embrace a robot-human world” (2015). It is suggested that such cyborg
forms of intelligent beings would allow advanced civilizations to endure at least
hundreds of thousands of years. In the future, [9] Greene (2017) said, there is a
good possibility that humans will find a way to merge with their machines:
“We’re already finding, on much shorter timescales, [that the] distinction be-
tween biological beings and artificial beings is starting to blur,” Greene said. “I
could see a new kind of hybrid species out of the biological and the synthetic.”

What if also an Artificial Memory could be implanted in your or a humano-
id’s brain? Just imagine an Artificial Education—your brain filled with Artificial
Knowledge! Experiments reported by [6] Vetere G., Tran L. M., Moberg S., et al.
(2019) indicate “...we created a fully artificial memory in mice. Similarly to a
natural memory...” More recently a Boston College team [10] (Denny, 2020)
modified mice’s brains with light-sensitive proteins from algae DNA. Denny’s
team can tag neurons that encode individual memories with glowing molecules.
This enables them to see, under a microscope, which cells were active when a
mouse learned something, and which cells were active when it remembered
something. In addition, once they’ve labeled a memory neuron or neurons, they
can switch it off and on with a laser using a technique called optogenetics. This
Artificial Education is somewhat like taking Soma in the book Brave New World
to “go” on vacation, while laying down in bed in your home: creates memories of
a vacation for you.

However, “Naked Knowledge” may not be as important as we might first
think. Naked knowledge of paints, canvases, art history, etc. would not an artist
make! Artificial simulation of abstract thinking would probably be extremely
difficult to implant in memories as well as muscle-control protocols for physical
action, e.g., sports and emotions like love, feelings and hate or dislike. Perhaps

these mental functions are involved in other parts of the brain not analyzed like
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the basolateral amygdala portion observed in the just referenced study. Although
implanted in memory hypnotically, the fictional conditioned response of the
soldiers in the movie “Manchurian Candidate” (1962) was “Raymond Shaw is
the kindest, bravest, warmest, most wonderful human being I've ever known in
my life” according to the story they all still did not like him! Also suggested by
Frank J. Tipler (http://www.franktipler.com/) in 1994. So, BEWARE: one must
take extreme care about whose rendition of history or any other “facts” is being

implanted in your or any life form’s brain®.

2.2. Artificial, Accelerated Evolution

One probable evolving Life form (e.g., cyborg or humanoid) would involve the
replacement or repair of their “parts” especially if they were largely composed of
electronic components as we predict for human life forms in the future. Such
cyborgs and humanoids would be essentially immortal or at least very long-lived
until they are replaced or significantly repaired.

An almost obvious development would be “Life form Evolution” that is, re-
placement parts could also be the installation of improved or upgraded parts—in
fact, complete change or adjustment of the design of all future “models” of one
“line” of humanoids. Such adjustment amounts to Accelerated Evolution and
humanoids building humanoids. We now embark on the treacherous trail of
considering “judgment”, “consciousness”, “personality”, “freewill,” etc. in order
to predict humanoid evolution. Again, we invoke our paraphrase of Descartes:
“A Life form entity ‘thinks’ therefore it exists.” Thus the design of the most sur-
vivable Aumanoid entity boils down to the definition of “thinks.” And that boils
down to imagination (“knowledge” is just an implant in an organic or electron-
ic-brain part of a humanoid entity). So, EVOLUTION is by survival of the Life
form entity or entities having the BEST IMAGINATION. Therefore, we leave it
to you, dear reader, to suggest what Life form entity would have the best imagi-
nation leading to its survival and we make a full circle. Figuratively speaking, that

circle is the orbit about our star.

2.3. The Specific Steps of Life form Evolution

The following compact summaries of the evolutionary steps of life forms in our
Universe, specifically humanoids, are all based on survival of the fittest.

1) When all operations of life forms, such as locomotion and control of devices as
shown in Figure 1, Figure 2, Figure 4 and Figure 5, are accomplished by mind-
control, perhaps in a few hundred or millions of years, the fit Life form entities will
eliminate their hands, arms and legs as completely unessential encumbrances.

2) The most efficient manner in which needed energy can be collected and de-
livered to a humanoid will be to place the humanoid or humanoid civilization on

orbit, artificial planets about a long-lasting stellar energy source. The radiant

*Naked Knowledge speaks to the importance of the Turing Test: a machine can still, to this day in
2021, not tell you what an orange actually TASTES like unless a human gives it the information to
state.
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energy from that energy source would probably be delivered by photovoltaic
conversion.

3) The more survivable fit life forms will seek protraction from pernicious
predator entities, radiation, micrometeorites, etc. by the humanoids assuming a
smaller surface or target area and a higher density internal composition, that is a
spherical form composed of very resistant surface material.

Advanced humankind is evolving into a cyborg entity having a complete ar-
tificial education. Furthermore, such entities could well be repairable and in-
clude technological improvements in their “parts” as time goes by. As mentioned,
in a sense cyborgs could be immortal and constantly improving, or evolving. In
any event, it is concluded that the Life form entity’s lifespan on our Earth will
dramatically increase with the advent of advances in evolutionary cyborg and
eventually humanoid technology. Obviously, such an advance would produce a
myriad of current problems for humanity such as the necessity for stringent
population/birth control and other; new governmental-paradigms to manage
not only transition to a huge aging population, but possibly an “ageless” popula-
tion, mentioned in [3] (Baker and Baker (2016)). Indeed, an “ageless” popula-
tion, could be free of “earthly human needs and desires” and encounter new, yet

to be determined, evolutionary pressures.

2.4. Distinction without a Difference

As discussed the Life form “controllers” begin to control their ever improving
(evolving) cyborg “parts,” the difference between them begins to narrow a dis-
tinction without a difference: for example, the “transformation” or “mental
implants” in the mouse brain [6] Vetere G., Tran L. M., Moberg S., et al (2019]),
the mind-to-mind communication of Figure 8 and the prosthetics examples, of
Figure 1 and Figure 5 essentially joining the controller and the associated “cy-
borg” function to a reasoning or thinking hAumanoid entity is inevitable. Will
life forms in the future be “born or built”? Again, we ask the questions: Will
they be “assembled” by putting parts together or being grown together or
both? Will Life form entities be eternal in the sense of the reparable survivors
being the more “experienced” entities? We have suggested that evolution and
survival of the fittest will take their evolving electronic brains to achieve free-
will, imagination and become humanoids. Therefore, the answer to the ques-
tions is YES.

The research progress is real, as a mix of biologists, materials scientists, and
nanotechnology experts are chipping away at a host of challenges. “I see it as
building a seamless interface between cells, tissues, and electronics,” says Alek-
sander Noy, a bio-nano-electronics expert at Lawrence Livermore National La-
boratory and the University of California, quoted by [7] Service (2013). For now,
most of these efforts are focused on providing better health care and quality of
life for patients (Figure 4 and Figure 5). Neuro-Engineers at Stanford are using

measurements of brain activity to help restore function in people who are para-
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lyzed. Recently, working with a man paralyzed from the neck down, the re-
searchers implanted two arrays of tiny electrodes in a part of his brain responsi-
ble for hand movement [11] (Willett, et al (2021)). As the man imagined writing
letters, the scientists used machine learning to translate his brain activity into
letters on a screen. Using this system, the man could write 90 letters per
minute—more than doubling the previous record for typing via brain activity.
The pace of the incorporation of enhancing technologies into “man” is on an
exponential growth scale.

<

Over time, we anticipate devices “...that will make us better athletes and sol-
diers,” or even reduce our facial wrinkles! For example, the Electrolift® mask de-
vice developed and discussed by [12] Baker (2013) “A few years ago these things
were science fiction. But now we are seeing the emergence of real devices and
applications,” stated [13] Noy (2011). “And fast...” says Zhenan Bao, an organic
electronics expert at Stanford University in California: “The competition is fu-
rious” according to [7] Service (2013). The idea of fusing man and machine has
long tantalized humanity. Over the past century, researchers have pioneered
myriad efforts to use electronics to measure biological activity and sometimes
even alter it. According to Underwood (2013), Geoffrey Ling, a top biotechnol-
ogy research official at the Defense Advanced Research Project Agency (DARPA),
challenged neuroscientists to do something extraordinary: Develop an implanta-
ble device in a human brain that can reverse memory loss. Also UCLA’s Brain
Institute and other universities are developing electronic prostheses that interact
with brain regions critical to memory. Victims of stroke may soon have im-
provement due to brain implants that still allow individual decision making or
“thinking” [14] (Ganguly et al (2015). Michael McAlpine, a mechanical engineer
at Princeton University0, and colleagues [15] (Machens, (2012)) reported in the
May 1, 2013 issue of Nano Letters [16] (Mannoor (2013)) that they’ve made the
first 3D printed functional organ: a bionic ear that “hears” acoustic sounds and
ultrasounds. “We’re trying to see if one could introduce augmented functionality
that a human wouldn’t ordinarily have...” McAlpine says. “Organs from the
lab...” appear to be realistic even today as discussed in the June 18, 2015 issue of
Nature [17] (Marx, 2015).

2.5. Communication

A step in that direction is presented in [18] Hirschberg and Manning (2015). An
obvious conclusion is that evolution will produce some form of efficient and
unmitigated, yet editable, direct brain-to-brain or mind-to-mind intercommu-
nication (Figure 8). Certainly, the direct “plug” to one brain that transfers
thoughts to control a complex prosthetic device, Figure 2, Figures 4-6), could
eventually be expected to direct thoughts to and from another brain. In another
advance a tiny brain transplant helped a blind teacher see letters again [19]
(Chappell (2021)).

The nonprofit Battelle team gets even fancier with their “Brain Storm” nano

DOI: 10.4236/jmp.2021.1214114

1986 Journal of Modern Physics


https://doi.org/10.4236/jmp.2021.1214114

R. M. L. Baker Jr. et al.

transducers: magnetic nanoparticles wrapped in a piezoelectric shell. The shell
can convert electrical signals from neurons into magnetic ones and vice-versa
(Figure 9). This allows external transceivers to wirelessly pick up the trans-
formed signals and stimulate the brain through a bidirectional highway. The
magnetometers can be delivered into the brain through a nasal spray or other
non-invasive methods, and magnetically guided towards targeted brain regions.
When no longer needed, they can once again be steered out of the brain and into
the bloodstream, where the body can excrete them without harm.

It is essential to identify and quantify the means of their interpersonal inter-
communication. A step in that direction is presented in [18] Hirschberg and
Manning (2015). An obvious conclusion is that evolution will produce some
form of efficient and unmitigated, yet editable (we really do not want all of our:
“thoughts” transmuted to others without editing), direct brain-to-brain or mind-
to-mind intercommunication (Figure 8). Certainly, the direct “plug” to one
brain that transfers thoughts to control a complex prosthetic device, (Figure 2,
Figures 4-6), could eventually be expected to direct thoughts to and from a
brain to another. “By creating a more accessible brain-machine interface that
doesn’t require surgery to use, DARPA could deliver tools that allow mission
commanders to remain meaningfully involved in dynamic operations that un-
fold at rapid speed,” (Figure 10). Al Emondi, DARPA’s program manager for
Next-Generation Nonsurgical Neurotechnology, said in a statement:
(https://www.bizjournals.com/columbus/news/2019/06/17/battelle-lands-20-4m-

to-develop-brainstorm-tech.html The shell can convert electrical signals from

neurons into magnetic ones and vice-versa. This allows external transceivers to
wirelessly pick up the transformed signals and stimulate the brain through a bi-

directional highway. The magnetometers can be delivered into the brain through

Figure 9. The nonprofit Battelle team gets even fancier with their “Brainstorm” trans-
ducers: magnetic nanoparticles wrapped in a piezoelectric shell.
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Figure 10. Envisioning the bioengineered soldier of the future through DARPA research
programs, Combining DARPA research programs to imagine what super-human capabil-
ities a futuristic soldier could have.

(https://www.bizjournals.com/columbus/news/2019/06/17/battelle-lands-20-4m-to-devel
op-brainstorm-tech.html)

a nasal spray or other non-invasive methods, and magnetically guided towards
targeted brain regions. Please see Figure 11. When no longer needed, they can
once again be steered out of the brain and into the bloodstream, where the body
can excrete them without harm.

Gravitational waves would be the most appropriate means of communication
to a life form other advanced life forms since they are far-reaching and pass
through all matter without attenuation. Such waves would necessarily be of high
frequency (unlike the very low frequencies of black-hole merger signals) in order
to accommodate the largest information bandwidth. Hence they would be
High-Frequency Gravitational Waves or HFGWs.

What is the nature of Gravitational Waves themselves? Please examine the
following chart in Figure 12 that compares water waves with gravitational waves.
Dicusion of the LiBaker High-Frequency Gravitational Wave (HFGW) Detector
or receiver and the HFGW generator or transmitter can be found in [22] Baker
(2017) pages 121-122 and 93-112, respectively. Advanced models of such tran-

sceivers would support Life form communications in future.

2.6. Consider the Early Change of Our Homo Sapien Life Form or
Species

According to [23] Haldane (1929) the primitive Earth’s atmosphere was essen-
tially reducing, with little or no oxygen. Ultraviolet rays from the Sun induced
reactions on a mixture of water, carbon dioxide, and ammonia. Organic sub-
stances such as sugars and protein components were synthesized. These mole-
cules “accumulated till the primitive oceans reached the consistency of hot di-
lute soup.” The first reproducing things were created from the Primordial Sea
(Figure 13) and then moved from the Hydrosphere to the Lithosphere (Figure
14).

DOI: 10.4236/jmp.2021.1214114

1988 Journal of Modern Physics


https://doi.org/10.4236/jmp.2021.1214114
https://www.bizjournals.com/columbus/news/2019/06/17/battelle-lands-20-4m-to-develop-brainstorm-tech.html
https://www.bizjournals.com/columbus/news/2019/06/17/battelle-lands-20-4m-to-develop-brainstorm-tech.html

R. M. L. Baker Jr. et al.

At some point a primordial organism randomly built the mechanisms needed
to replicate its genetic structure, thus really becoming the first life form as in
Figure 13. This life form or organism would have had only a single gene. Then

Figure 11. Battelle created this infographic to explain the theory of using magnetic na-
noparticles to wirelessly transmit brain signals for outside software to decode.

Figure 12. Gravitational waves as described in this diagram are ripples in spacetime, but
can be utilized for communications, somewhat like sound or radio waves.
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Figure 13. Beginning of life on our Earth in the Primordial Sea. All
living beings on the Earth evolved from the “Single Cell” that appeared
before the Precambrian Era.

Figure 14. Our Earth’s Life form moves from the Hydrosphere to the
Lithosphere.

cosmic rays came down and, so to speak, “shuffled the gene deck” and variants
appeared to selectively survive and reproduce according to “survival of the fit-
test” [1] [2] (Spencer, 1852; Darwin, 1859). Next would come our Earth’s human
Life form’s change in the Biosphere as shown in Figure 15. Then human life
forms begin to occupy outer space in our Universe as in the space station shown
in Figure 16. Such a location would be prophetic of the life form’s celestial-orbital,
final destination and residence described in Figure 20.

Maybe not be the “Final” frontier for distant-future life forms in a Multiverse
(Figure 17). Purely speculative signals “adjacent” Multiverse are discussed in
Section 5 of [3] Baker and Baker (2021).

By the way, a quite different approach to the bigger question of the evolution
of our Universe itself is given by [24] Vilenchik, L., and Vilenchik, M. (2019)
and by [30] Baker (2020) in his “Rollout Theory”.

3. Past Progress and Adjustment Motivated by Survival
3.1. Recent Possible Adjustments

Life forms will need to adjust to any change in their environment in order to
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Figure 15. Our Earth’s human Life form’s change in the Biosphere.

Figure 16. Some of human life forms occupy Outer Space: “The Final
Frontier”.
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Figure 17. May not be the “Final” frontier for distant-future life forms in a Multi-
verse. From Figure 15 of [3] (Baker and Baker, 2021).

survive. Assuming there’s no catastrophic events such as discussed in the next
Section 4, which terminates the majority of life forms on the planet, we hypo-
thesize Homo sapien Life form evolution will continue to select traits to improve
survivability. As related to life forms on Earth, Glaciers grow for about 90,000
years and then, mainly due to unavoidable perturbations of the Earth’s orbit
about the Sun, take one or more 10,000 year periods to collapse or melt during
the resulting unavoidable periods of considerable climate change such as global
warming. [25] (Berger, 2021, Hays, Imbrie, Shackleton. 1976). Present life forms
(humans, other animals. marine life, etc.) themselves, especially Humans, due to
their current need to cultivate, transport, prepare, consume, digest and expel
“nutritional residue” (sewage) create climate change. This is part of “...anthro-
pogenic global climate change,” According to [26] Michael Desai and his col-
leagues (Desai, 2019), “...the largest (climate change) probably being greenhouse
gas produced by these world’s food-production systems.” There are adverse ef-
fects due to our human Life form’s industrial activities and their use of conta-
minants to the atmosphere, lithosphere or, in general to the life form’s neigh-
borhood environment. The use of fossil fuels produces some atmospheric con-
tamination and climate change, but their effect are smaller than the climate
change caused by the World’s food-production systems. As has happened for

millions of years, temporary sea-level, atmospheric composition, etc. changes may
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result, but no major changes or adjustments in Homo sapien life form’s structure

or operation are expected to occur; at least not over next 20,000 to 30,000 years.

3.2. Mind Boggling Progress and Adjustments

The MEANS of Evolution for some life forms is expected to radically change in
the near future. Homo sapiens as well as any and all life forms in our Universe
will participate in the “Cyborg Revolution” Possibly the first major operational
change in life forms, specifically Homo sapien life forms, is exhibited in Figure 4
and Figure 5, that is total mind control of mechanisms and equipment exterior
to the life form. For example, turning on lights or an electric motor simply by
thinking about the action. This progress, after perhaps thousands of years, would
suggest the mind-boggling prospect: that, since they are no longer necessary,
evolution would actually eliminate the need for external appendages such as
hands and arms. Such appendages would be no longer be of competitive advan-
tage. After tens of thousands or hundreds of thousands of years of non-use it
would be reasonable to get rid of such appendages. “Just about everybody who
thinks about trait evolution focuses on traits that are beneficial,” writes first au-
thor [27] David Lahti (2009), a biologist at Queens College. “But few people
think about traits (or body parts) that are useless, or that are becoming less use-
ful over time will be no longer be of competitive advantage...” for survival At
this point, life forms such as human life forms and/or humanoid life forms
(Figure 6), would be beginning to evolve into mainly “mental material” and
commencing their evolution journey over perhaps millions or billions of years
into a more secure (and survivable) spherical form. Such a Life form is fictional-
ly described in Figure 3. We are now discussing time intervals in “Astronomer’s
time units” of millions and hundred billions of years. Evolution to a spherical
form is easier to visualize by specifically, considering the humanoid Ai-Da shown
in Figure 6. In her case the contraction of her parts and mental material to a
spherical form could be imagined as a rather straight forward mechani-
cal/electronic modification or rearrangement of her “parts”.

What about other life forms existing at this evolutionary time in the “Terre-
strial Part” of our Universe (home to the Homo sapien life forms)—the farm
animals, pets, fish, birds, butterflies, mycelium, jungle beasts, bugs large and
small, bad bacteria, viruses, fungi, et al? If they are unfit to survive or for artifi-
cial accelerated evolution, then they will NOT survive (our Universe is NOT a
kind or gentle place). As long as they provide, comfort, amusement, service, etc.
and do not “bother” the higher intellectual level life forms (in this case very ad-
vanced Homo sapiens, cyborgs, humanoids et al), they will NOT evolve relate to
or effect in any way the evolutionary path of the evolving advanced forms under
consideration. They will, in fact, NOT be members of the elite “Survivor's Club”!
Whose members are evolving advanced life forms (eventually including cyborgs
and humanoids). The early life form Survivors essentially exhibited as lined up
in the evolutionary parade at the top of Figure 15 will survive, and the rest will

simply be neglected and left to perish. Like everything else in our Universe, all

DOI: 10.4236/jmp.2021.1214114

1993 Journal of Modern Physics


https://doi.org/10.4236/jmp.2021.1214114

R. M. L. Baker Jr. et al.

life forms have an opportunity to survive: “Survival of the Fittest” or “Law of the
Jungle” Most probably do not become members of the Survivor's Club and as we
suggest perish.

It is amazing how our brain and body can actually dramatically change in size
and function as they might well do over time. Figure 18 actually shows how mi-
nibrains can “grow” crude eyes. This opens up the possibility that cyborg com-
ponents need not always be electronic, but they could also be organic. Further-
more, the “design” of a life form could be accomplished by a system of con-
trolled growth they cannot feel or love, for example. It’s scary to think they will
evolve and be able strategize even about things no human “put into them” but
that could happen. We just don’t know for sure if it will or when it will happen,
possibly along a different evolutionary path. As mentioned in the Introduction,
we restrict our study to “animals”, but if, for example, a microscopic bacteria,
fungus (for example a two-billion-year-old mycelium fungus, Helen Briggs,
“World’s oldest fungus raises evolution questions”, BBC News, 25, April, 2017),
somehow can develop an “intelligence” to “design”, mentally remote control ALL
its external functions and “install” some functional bacteria “part” and include
or grow it in a new “model” of such a bacteriniod, then it might somehow par-
ticipate in the Survivor's Club and eventually wind up on stellar orbit! Same goes

for bunnyniods!

3.3. Life form Sustenance Found on Stellar Orbits

The next gigantic evolutionary step or steps, (each step now requiring hundreds
of thousands, millions or perhaps billions of years in Astronomer’s time units to
accomplish), we suggest is that all life forms will evolve not to require “food” for
survival. Rather life forms would find nourishment from the energy they collect
directly from starlight. The most efficient way to accomplish that would be to
install life form or Life form civilization on orbits about stars and/or galaxies
that the life form and/or Life form civilizations orbit. (In the “Terrestrial Part” of
our Universe, it is our star, the Sun.). The concept here is that nourishment or
energy that the life forms require will evolve efficiently, not from the ancient
practice of farming various crops, which collect energy from the Sun to grow, in
order to provide the energy our life form’s body requires after food preparation
of the crops. NO, but energy directly from their star’s “sunlight” to electrical
energy (photovoltaic converted). The days of “hunter-gatherers” and “pasto-
ralism and/or horticulturalism” will be completely over. Therefore a life form’s
ability to obtain energy directly from a star or stars will not result in any
contaminants entering their “neighborhood” from food consumption, processing
or waste disposal. A very “clean” Universe is anticipated. Essentially, we will be
transformed, over millions if not billions of years, from a spherical blob-like
embryo baby material of today, shown in Figure 19, to a spherical blob-like
ball of embryonic mental material orbiting stars or galaxies shown in Figure
20.
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Figure 18. Two cup-shaped protrusions form rudi-
mentary “eyes” in a lab-grown brain tissue. Picture
from p 947, Science 373, Issue 6558, August 27, 2021.

Figure 19. A human embryo of today, grown in the la-
boratory for 12 days [29] (Powell, (2021)).

Figure 20. Artistic representation of the ultimate evolu-
tion of life-forms in our Universe to become living-thin-
king, mental material occupying spheres orbiting and
nourished by a star or galaxy.
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It’s hard to imagine that all other life forms will “eat” from starlight, become
spheres and disappear off the Earth and other bastions of life in our Universe to
orbit stars. And, also to fathom that the same evolution occurs for all other
“Earths” in our Universe. We are considering change over millions or even bil-
lions of years of years from now. The evolutionary parade on the top part of
Figure 15 is also very hard to imagine and sparked extreme controversy [28]
(Larson, 2006): “How could we arise from monkeys much less fish?” But where
did our fish fins go? And our Monkey tails—we know we had them since we still
have tail bones? However, our evolution is ALL TRUE! Therefore it is not un-
reasonable to predict that in a few hundred thousand or million years we will
become armored spheres, orbiting a star and feeding off its radiation -- Bon Ap-
petitel.

Actually, we will have “Accelerated Evolution” in which we predict “change”
can be achieved by manipulation of parts of the eventual “humanoid” life forms
populating our Universe, such as A7-Da (shown in Figure 6). Of course it is im-
possible to assert that ALL life forms in our Universe participate in the same
evolutionary process, probably not in concert, but it is our best guess.

The period of time for the incubation, development and possible demise of a
Life form civilization may be billions of years. As discussed in the “Rollout
Theory of our Universe” [25] (Baker, 2020) and “Detection and Determination
of the Variation of the Speed of Time” [31] (Baker, Baker and Li, 2021) because
of the very high speed of time in our early Universe (extreme red shift stars),
millions and billions of “years” as observed by astronomers today may appear to
last only seconds today. Plenty of time for the formation and evolution of many
Life form civilizations, especially if the speed of time increases since the begin-
ning of our Universe.

As far as locomotion is concerned, a corollary would be the life form’s ability
to operate vehicles and/or devices to translocate the life form itself as suggested
in the science-fiction movie from which Figure 3 was extracted. There also may
be progress in a life form’s ability to change, like a chameleon, its protective sur-
face or shield from a shiny surface to reflect unwanted radiation like the Golden
Tortoise beetle, to a black body to absorb energetic radiation required for power
and “solar-sailing like” translocation. This is somewhat like the Klingon ships

“cloaking” ability in the science-fiction television show Star Trek.

3.4. Proposed Ultimate Specifications of the Life form of Our
Species

3.4.1. Shape

Life forms of our human species, and perhaps other non-human life forms, are

expected to evolve having a shape to maximize volume, required in order to

house their increased mental capabilities consisting of cognitive/micro-electronic

or “living organic” material of the highest possible density and locomotion me-

chanisms, etc. and minimize surface area or their target area they present to any

and all predators for protection? Since it is the geometric figure exhibiting the
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largest volume to area ratio is a sphere its shape would become spherical.

3.4.2. Weight

It is anticipated that the fit, survivable life forms of our species, and perhaps
other non-human life forms, would locate themselves in the weightless free-fall
of outer space. Therefore, weight would be of no consequence. Their mass might
be minimized’ for enhanced mobility and in order to house their increased
mental capabilities consisting of cognitive/microelectronic material of the high-
est possible density; and a low-mass propulsive mechanism. Their actual size or
dimensions (e. g., diameter since spherical) would be defined by their maximum
volume. Although their volume might be considered to be unconstrained, since
they are assumed to become on orbit about a star or stars (e.g., orbiting a ga-
laxy), if they present too large of an area, then danger from debris, radiation,
predators or other dangers might be increased as their exposed area is increased.

Therefore some compromise would be struck.

3.4.3. Locomotion

Since it is anticipated that the fit life forms would locate themselves in the
weightless free-fall of outer space, orbiting a star or galaxy, they would not re-
quire Jocomotion, except a small amount for orbit-keeping, or mobility for har-
vesting or collecting food or energy. Nevertheless, Jocomotion would be required
in order for the Life form to avoid predators and other dangers. Therefore, they
would require some propulsive mechanism such as “solar sailing”, electrostatic
propulsion or be equipped in order to scoop up materials from the space in their

immediate vicinity and electrically accelerating it for propulsion.

4. Demise

(“So many ways, so much time” Bobbie Baker, 1936, the “Kiddish Country” and
Battle Cry, January/February 2019 issue,)

Albert Einstein is reported to have stated: “Imagination is more important
than knowledge. For knowledge is limited to all we now know and understand,
while imagination embraces the entire world, and all there ever will be to know
and understand.”

Following that edict, we will utilize the imagination from Science-Fiction
movies to suggest possible situations resulting in the demise of a Life form civi-
lization:

Very Little Bugs (“War of the Worlds,” 2005 [“The smallest among us (mi-
crobes) could Kkill off their entire Martian civilization!”]) (“Andromeda Strain”
1971 [Virulent pandemic, e.g., COVID-9999999, from outer space.])

Very Big Bugs (“Them,” 1954 [Giant Ants attack], “Godzilla,” 1998)

Lethal Orbital Collision (“When Worlds Collide,” 1951,)

Lethal Encounter (“Alien,” 1979 [Deadly monsters unleased on other life-
form civilizations. By the way, probably it was the author of this horror movie,

Dan O’Bannon, who imaginatively reminds us that cyborgs need not always be
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filled with electronic components, but that organic components {like those in the
Movie’s character “Ash”} might also do nicely.])

Mental Self Destruction (“Forbidden Planet,” 1956 [Mind control of a
nightmare monster killed the Krell Life form civilization.])

Extinguishing of Mother Star/Galaxy (“Forbidden Planet,” 1956 [Destruc-
tion of the central “Mother” planet at Movie’s end]) [A star with a mass like our
Sun can continue fusing hydrogen for about 10 billion years. On the other hand,
if the star, which a more mature spherical Life form has chosen to orbit is very
small, with a mass only a tenth that of our Sun, it can keep fusing hydrogen for
more than the 100 billion years during the early Universe. ]

Overtaken by Cybernetic Devices (“Rise of the Machines, Terminator 3,”
2010), (“Westworld,” 1973 [Amusement park androids that malfunction and begin
killing visitors, could kill off any Life form civilization that enjoys amusement.])

Police, “Robocop,” 1987 (“The Day the Earth Stood Still,” 1951 [Powerful ro-
bot Gort, policing the Universe and destroying ANY “dangerous” Life form civi-
lization it finds.])

Politics (“Survival of the fittest” scientifically determined law {Spencer, 1852;
Darwin, 1859} unavoidably replaced by an attractive “Welfare State,” which has
a fatal attraction for and enslaves the electorate by providing “free” goods and
services in return for maintaining, by election (tyranny of the majority), a huge
and powerful central government. A powerful government that unavoidably and
ultimately is attracted to and directed by a resourceful, nefarious leader (e.g.,
Mao Tse Tung, Maduro, Pol Pot, Hitler, Peron, Stalin, Mussolini, Castro, et al
leading to the demise of a Life form civilization)

Sports (“Predator,” 1987 [Encounter with a creature that has “fun” hunting
and killing an entire Life form civilization]), “Hunger Games.” 2012 [Promotes
the “fun” of killing off a Life form civilization’s “people”], “War Games,” 1983
[Computer takes over a ballistic-missile system and thinks it’s all just a “game”
to destroy countries including the “tit-tat toe” game, which the computer finds
cannot be won.])

Artificial Intelligence. Elon Musk in the 2018 documentary about artificial
intelligence, Do You Trust This Computer? “If Al has a goal and humanity just
happens to come in the way, it will destroy humanity as a matter of course
without even thinking about it, no hard feelings.” Musk warns that the creation
of superintelligence could lead to an “immortal dictator.” That would end a civi-
lization as we know it

Nutrition (“Soylent Green,” 1973 [“People live in the streets and line up for
their rations of water and Soylent Green. That’s a high-protein foodstuff alle-
gedly made from plankton cultivated in the seas. But actually from the bodies of
people who die” leading to a demise of a Life form civilization])

Dream “Machines” (“13™ floor,” 1999 [“A newly completed virtual reality
simulation (VR) of 1937 Los Angeles discloses some extraordinary situations.”])

(The “Matrix”, 1999 [In which intelligent machines have been created to distract
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humans while using their bodies as an energy source. When computer pro-
grammer Thomas Anderson uncovers the truth, he is drawn into a rebellion
against the machines along with other Life form civilizations who have been
“freed” from the Matrix. But if the programmer fails, then a demise of a life-
form civilization would ensue.)

Slow degradation of a life form (Not truly a DEMISE, but gradually wither-
ing away to a life form “nothingness.” Similar to the famous comment by Gener-
al Douglas MacArthur: “Old Soldiers never die—they just fade away!”).

Suicide or lack of will to go on.

5. Conclusions

It is easier to conclude a simple sequence for Life form Evolution rather than a
precise time-ordered sequence. For all Life forms in our Universe, be they amoe-
bas, fungus, bugs, or bunnies, human or non-human humanoids, the simple se-
quence in time we suggest is:

1) Complete Life form’s conversion to a cyborg and/or (for Homo-sapiens)

Humanoid configuration as being the very fittest life form since it would be
both repairable and improvable by other life forms.

2) Inclusion in brains exhibiting a communications capability: e.g., brain to
brain, brain to machine, brain to HFGW transceiver, etc. communication capa-
bility. Thus, the supporting electronic circuits will need to be very close together
and electronic “brain” components of minimum volume.

3) Developed and implemented artificial education function.

4) Elimination of the need for external appendages such as hands, arms and
legs by cognitive control of locomotion and all external devices and mechanisms.

5) Development and fabrication of minimum target or surface area shields for
protection of life form’s Predators.

6) Optimum (because of 2) and 5) constraints) for all Life forms to be spheri-
cal in shape—no other solid-geometrical shape will be as fit.

7) Direct conversion of stellar radiation ENERGY to the energy needed for the
life form to function.

8) Artificial, Accelerated Evolution would involve the replacement or repair of
their “parts” especially if they were largely composed of electronic components
as we predict for human life forms in the future.

9) Direct conversion of stellar radiation energy to the energy needed for the
life form to function.

10) Life form’s ability to operate vehicles and/or devices to translocate the life
form itself by means of an appropriate propulsion to adjust stellar orbits—artifi-
cial planets.

11) Selection and translocation to an appropriate stellar-orbital locations
achieved.

BUT what will the Life form do for the justification for its Existence and for

Amusement?
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a) Imagination, leading to curiously, leading to understanding, leading to:

b) Creativity and the justification for its existence. For example, discovering and
analyzing in detail our human life form would certainly justify “their” existence!

¢) Amusement: for example:

i) Sports (e.g., Bowling),

ii) Games,

iii) Exploration,

iv) Hobbies,

v) Art,

vi) Movies, etc. and, of course,

vii) SEX (returning to the science-fiction movie’s aspect of imagination, we
suggest the “Orgasmatron” from Woody Allen’s movie “Sleeper”, 1973).

MAIN CONCLUSION*

Spherical form: As outlined in Section 5, the only reasonable ultimate design
that the Life forms in our Universe will take is the one capable of adapting to en-
vironmental change by repair and design change by itself or by other life forms.
Therefore, the only shape having a minimum volume (exhibiting the minimum
inter component distances) and the smallest target area (for protection) is, by
the laws of Solid Geometry and Physics, a sphere. Possibly the shape of a liquid
drop of any mass or density in gravity-free space is a model. Also we agree with
Itai Yanai’s and Martin J Lercher’s conclusion [33] from Gee’s Book: A (Very)
Short History of Life on Earth, that “...our Earth will be uninhabitable to even
the hardiest organisms, spelling the final doom for Earth-evolved-life unless, per-
haps, some earthlings manage to escape into space first.” We agree, but we be-
lieve that the earthling will probably escape and inhabit spheres orbiting stars
and galaxies!

Motivation: Other active life forms in our Universe are probably more curious
about us (about our human life form) than we are about theirs. That curiosity
and resulting creativity would serve to encourage and justify “their” existence!
(Consider the curiosity of the little extraterrestrial botanist in the fanciful 1982
Science-fiction movie “ET”.) Also “they” would have probably evolved not to
just a spherical shape composed of mind or “thinking” and “communicating”
matter orbiting a star (Figure 20), but to an enormously greater level of intelli-
gence, imaginationl and observational capability than have we! Therefore, let’s
reformulate our search for extraterrestrial life from looking for their signals to
striking up a conversation by greatly enhancing our ability to propagate a “Hello
There. How Are You?” Signal. But Beware: please see [3] “Application of High-
Frequency Gravitational Waves to the Cataclysmic Event of Our First Encounter

with Intelligent Extraterrestrial Beings”.
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Abstract

By applying the relevant contents of time-dependent perturbation theory in
present quantum mechanics, this paper operates the Hamiltonian operator on
the existing steady-state wave function of the hydrogen atoms, creates the for-
mula of the average energy loss per collision of a single photon with a neutral
hydrogen atom. Then, by operating the Hamiltonian operator on the wave
function of a helium atom, the expression of photon energy loss is extended
to each bound electron in the neutral atoms of the general element. Applying
theoretical derivation, it concludes that the photon’s energy, momentum, and
frequency decrease with distance in an exponential attenuation law, or the
wavelength increases with distance in an exponential growth law during the
propagation in intergalactic space, the photons collide with neutral atoms in
the medium. Compared with Hubble redshift law, we discover that these laws
conform to the so-called Hubble redshift or cosmological redshift in form
and quantity. Therefore, this paper reveals a new physical mechanism—the
quantum redshift effect of the photon in astronomy, astrophysics, and cos-
mology, thus challenging Hubble’s law and the Big Bang theory.

Keywords

Hamiltonian Operator, Perturbation Theory, Hubble Redshift, Cosmological
Redshift, Quantum Redshift Effect, Hubble Constant

1. Introduction

The Big Bang theory considered the “Redshift” be evidence that the universe is

expanding. Whether the redshift is evidence has always been a matter of great

debate. The reason for the controversy is that after that explanation, few people

have done in-depth research on the physical mechanism of the origin of the

redshift, and physicists do not seem to be interested in this question, but rather

in dark matter and dark energy. How photons travel through intergalactic space

with a redshift is a mystery. Since discovered quasars in the 1950s, the redshift is
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not entirely consistent with Hubble’s law and the so-called cosmological redshift,
leading physicists to revisit the origin of redshifts. There have been many theo-
ries in history, such as tired light theory, photon aging theory, intrinsic redshift
theory, physical constant change theory, new tired light theory. But no one can
fully reveal its physical mechanism to convince the Big Bang theorists. So, what

way can solve this mystery?

2. The Collision of a Single Photon with a Free Electron

This section attempts to explore the physical mechanism of the origin of redshift
employing classical electrodynamics. There are different opinions in astrophys-
ics about whether the intergalactic space medium is neutral gas or plasma gas.
Assuming the intergalactic medium is thin plasma rather than a continuum. The
electrodynamic treatment of electromagnetic wave propagation in continuous
media is not adopted. This paper uses the term “photon” rather than “light”; and
utilizes the ideas of the size and shape of a single photon [1]. Suppose a photon
collides with an electron in a plasma, how much energy lost the photon does,

and what direction the photon travels.

2.1. Relationship between Compton Scattering and Thomson
Scattering

Suppose that photons travel from distant galaxies to Earth through intergalactic
space, where the medium is a thin plasma that is consisted of electrons and pro-
tons. Photons can only collide with a free electron or a free ion, but it is almost
impossible to with both simultaneously. Since there is no mutual constraint be-
tween electrons and nuclei, the way to deal with photons colliding with charged
particles is classical electrodynamics rather than quantum mechanics.

In the energy calculation, the energy lost by the collision of photons with free
electrons is much larger than that lost by the collision of free protons. Therefore,
only that between the photon and the free-electron is considered, not between
photon and proton.

When a single photon collides with a free electron, one of the effects may oc-
cur. The first effect is the Compton effect and the second effect is the Thomson
effect.

The probability of a Compton effect occurring in a collision between a single

photon and a free electron is [1]

_The

= 1
Pe =2~ (1)
And the probability of the Thomson effect is
2A—7A,
= 7T 2
Pr 22 @

Here, A; is the Compton wavelength of an electron, and A is the wave-

length of a photon.
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Apparently, for photons in the optical band, the wavelength is longer than the
Compton wavelength, ie, 4> ;. Therefore, the probability of the Compton
effect is very low, but the energy lost in each collision is relatively high. When
photons in the optical band collide with free electrons, the probability of the
Thomson effect is much higher than that of Compton scattering, the energy lost
by photons in each collision is relatively low.

The paper “the size and shape of a single photon” deeply discussed the Comp-
ton effect, which found that the condition for the Compton effect is: First, the
photon wavelength is small enough to meet A <7l /2; Second, although it does
not meet A <A /2, the electron is collided by the edge of the photon. Under
such conditions, the interaction time cannot reach the photon vibration period
that the electron ejects by the photon electric field. In Compton scattering, both
the electron and the photon change direction. Therefore, the photon no longer
travels in a straight line.

In Compton scattering, if the interaction time between electron and photon
reaches one period, 7, there is no Compton effect. In this case, the Thomson ef-

fect will occur.

2.2. Thomson Effect of Single Photon-Single Electron

This section focuses on the Thomson effect when a single photon collides with a
free electron.

Suppose the photon propagates along the Z-axis at the velocity ¢ the electric
field vibrates along the X-axis, and the mass of the electron is M, . The charge of

the electron is -e. The electric field strength of photon is
E = E, sin w[t—ij 3)
C

where E; is the amplitude of photon electric field strength, @ is the angular
frequency of photon electric field vibration, and #is time.

Assuming that the electron initially rests at the origin of the coordinate OXYZ,
the initial position is X, =0, the initial speed is X, =0, omitting z/c=0 in
the brackets of the sinusoidal function, the electric field force of the electron

acted by the photon is
F, =—eE,sinwt (4)
When an electron vibrates in the electric field of a photon, electromagnetic

radiation will occur. In turn, the radiation acts on the electron, causing the elec-

tron to subject a damping force proportional to the moving velocity X
f= =70 mex (5)

where y, isthe damping coefficient of the electron

2 2
e"w
Yo=———= (6)
6ne,m,C
where &, isthe vacuum dielectric constant.
DOI: 10.4236/jmp.2021.1214115 2005 Journal of Modern Physics


https://doi.org/10.4236/jmp.2021.1214115

Z. L. Xu

The resultant force on the electron is
F =mX=—eE;sinot —y,m,x (7)

Thus, can list the following equation

. , ek, .
X+ yo X =——=sIn wt

m, (8)
X, =0;% =0

By solving this equation, the velocity of the electron is

ek .
>‘<:—0[(;/0sma)t+a;cosa)t)—a)e’7°‘] 9)
m, (a)2 + yg)

The displacement of the electron is

ek, ) [(a;z —y2 ) _(a)ze’mt —7¢ cos wt + wy, sin a)t)] (10)

X=———
2 2
mea)}/0<a) +70

The work done by photon to the electron is

X T
W = [ F.dx = [ Fxdt (11-a)
0 0
= ¢’Ey T[sina)t[(;/osina)t+w005a)t)—we‘y°‘]dt (11-b)
me(a)2+}/§)0
e’El 1 ok T
=~ 0 Sy T+—— (1-e7 11-
me(a’zwé){ﬂo w2+7§( ) o

where T'is the period of photon vibration [1].
Under the condition of y; < @ and ), < @,, take the approximate

e 7" ~1-y,T, the above formula becomes

2E2 2 T
w-—S5 |1 g, @7l (11-d)
me(a)2+;/§) 2 o+,

3e’E?
- T (11-¢)
2m, o’ %o

e

Use Equation (6), and the above equation becomes

3
W =2na ((ha)z))z (11-f)
m,c
=3Z—T-hw (11-g)
P

Here utilizing the following relationship:
The relationship between the electric field strength of a single photon and the
photon frequency [1]

2
¢E, = 12 (12)
C
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The fine structure constant

e2

a =
4ng,hc

(13)

The classical electron radius formula

e2
r

-—° (14)
* 4mg,m,c?

The Thomson scattering cross-sectional area of classical electron

o :%nrg (15)

The cross-sectional area of linearly polarized photon [1]
op =22 (16)
T

In the above formulas, 7 is the reduced Planck constant.

Equation (11-g) shows that the work done by a photon to an electron is equal
to the ratio of three times the cross-sectional area of the electron to the cross-
sectional area of the photon multiplied by photon energy. Every time a photon
and a free electron occur Thomson scattering, the energy lost by the photon is
W = (30T /op)ha). It means that the energy lost by the photon is that inter-
cepted by the electron.

In macroscopic electrodynamics, express the formula of Thomson scattering
of a beam of light by a single electron as the power of electron scattering as the

following:
P =0l (17)

where |, is the intensity of the incident beam of light. In classical electrody-
namics, the light intensity |, is independent of photon frequency.

The difference between Equations (11) and (17) represents the difference be-
tween a single photon and a beam of light.

Equation (9) shows that when the photon interacts with the electron for a pe-
riod 7; the electron gets the recoil velocity or the recoil momentum in the X-direc-
tion; in turn, the photon momentum also changes in the X-direction, which means
that the photon no longer propagates in a straight line.

Summary:

1) Because Compton scattering and Thomson scattering will change the direc-
tion of photon motion, once Compton scattering or Thomson scattering occurs
on the path of propagation to the Earth, it cannot be received by observers on
the Earth. Therefore, Compton scattering and Thomson scattering cannot be the
cause of extragalactic galaxy redshift.

2) The occurrence of the Compton effect and Thomson effect depends on
plasma, so it can infer that the neutral gas dominates the intergalactic medium

rather than plasma.
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3. Collision of a Single Photon with a Hydrogen Atom

3.1. Size Comparison between Photon and Atom

Photons of different wavelengths have different sizes. For studying the energy
loss in the collision between a single photon and an atom, it is necessary to un-
derstand several typical photon size parameters. All photons mentioned in this
paper are linearly polarized photons.

Here, the electric field size of a photon refers to the length of the photon along

the electric field direction, and the formula is [1]

L. _2, (18)
T

The photon cross-sectional area formula is as Equation (16).

Photons in Table 1 refer to:

1) The microwave corresponding to the maximum energy distribution of the
cosmic microwave background;

2) Infrared corresponding to the maximum energy distribution of human
thermal radiation;

3) The most sensitive light of the human eye;

4) Ultraviolet light with the shortest wavelength;

5) An X-ray used in the Compton experiment [2];

6) y-rays produced by electron pair annihilation;

7) y-rays produced by proton pair annihilation;

As well known that the order of magnitude of the diameter of an atom is 107
- 10~° m. The table indicates that the electric field size of ultraviolet light with the
shortest wavelength is greater than the atomic diameter. The electric field size of
photons with a longer wavelength than ultraviolet light with the shortest wave-
length is larger than the atom diameter.

According to the comparison between the size of the photon electric field and
the atom diameter, photons are divided into two categories. Photons whose elec-
tric field size is larger than the atom diameter are called soft photons, and pho-
tons whose electric field size is smaller than the atom diameter are called hard

photons.

Table 1. The wavelength, electric field size, and cross-sectional area of some photons.

Photon Wavelength/m Electric field size/m Cross-sectional area/m?
1 7.4 x 1072 4.7 X 1072 4.0x%x 1078
2 1.0 x 107° 6.4x10™* 7.4 x 107
3 5.3 x 1077 3.4 %1077 2.1x 107
4 1.0 x 107® 6.4 %107 7.4 x 1072
5 7.1x 1071 4.5x 1071 3.7x 107
6 2.4 %1072 1.5x 10712 42 x107%
7 1.3x 107" 8.3x 107 1.2x 107
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3.2. Soft Photons and Hard Photons Collide with Atoms to
Produce Different Effects

Soft and hard photons have different physical effects when they collide with
atoms.

Because the electric field size of a soft photon is greater than that of an atom,
when a photon collides with the atom, the whole will be immersed in the photon
electromagnetic field, resulting in the atomic nucleus and electrons in the atom
being affected by the photon electromagnetic field simultaneously. As shown in
Figure 1 is the collision model of soft photon-atom.

Because the electric field size of the photon is shorter than that of the atom
when a hard photon collides with it, the photon can’t be to collide with the
whole atom but enter its interior. The photon can collide only with one of the
nucleus or electrons in the atom, and it is impossible to collide with the electron
and nucleus simultaneously. As shown in Figure 2 is the collision model of hard

photon-atom.

hoton — &
P atom
Figure 1. A soft photon collides with an atom.
T o
electron™
/electron
electron ™\

\_electron
\\‘O»,.,____,._..----""’

Figure 2. A hard photon enters into an atom and strikes one
of electrons.
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In this way, when a photon enters the atom, one of the following two situa-
tions may occur:

The first is Compton scattering, in which the propagation direction of pho-
tons will change.

The second is that if the cross-sectional area of the hard photon is small enough,
the photon may penetrate atoms unimpeded without colliding with any kinds of
particles.

Summary:

When a single photon collides with an atom, it is necessary to distinguish be-
tween soft photons and hard photons. Only soft photons can interact with the

nucleus and extranuclear electrons simultaneously.

4. The Energy Loss in a Collision between the Photon and
Hydrogen Atom

The focus of the following study is the collision of a soft photon with a hydrogen
atom.

Why study the collision of a soft photon with a hydrogen atom? It is for two
reasons:

First, only the soft photon can collide with the nuclei and the electron simul-
taneously because of its large size.

Second, in quantum mechanics textbooks, the only atom studied is hydrogen,

and the treatment of helium and the higher elements is approximate.

4.1. Correction of Hamiltonian

Classical electrodynamics can deal with the collision between photons and free
electrons. Quantum mechanics can deal with that between a photon with bound
electrons.

When there is no external electromagnetic field, extranuclear electron of a
hydrogen atom are only affected by the electric field of the nucleus, and the Ha-
miltonian can express as

P;
2m

e

H, = +U(r) (19)

where P, is the momentum of the extranuclear electron and U (r) is the
electric potential energy of the electron in the electric field of the atomic nucleus,

which can express as

1 €
U(r)=————=— 20
() dng, 1 (20)

When the photon electromagnetic field suddenly acts on the hydrogen atom,
the nucleus and the extranuclear electron are affected by the photon electro-
magnetic field simultaneously, which will change their kinetic energy and poten-
tial energy. Since the mass of the hydrogen nucleus is 1836 times that of the

electron, the kinetic energy it gets is negligible, so only the electron is consi-
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dered.
Suppose the functions of electric field strength and magnetic induction strength

of electromagnetic wave of a photon be

E = E, sin a)(t—ijex (210)
C

B = B, sin w(t—fjey (21-2)
C

whose vector potential A conforms to

OA
E=—— 221
o (22-1)
B=VxA (22-2)
Regardless of the integral constant, integrating can obtain
A= Edt=—EOexJ'sinw(t—£jdt (23-a)
c
E
=—¢0s w(t —Ej e, (23-b)
[ C
ot 2) i
:E[e ( c]+e ( J}JX (23-¢)
20

The sudden appearance of the electromagnetic field of the photon causes two
changes of extranuclear electrons:

The first is the change of electron momentum caused by the vector potential
of the photon electromagnetic field

AP’ = —eA (24)

Acted by the photon electromagnetic field, the momentum of the electron

becomes
P=P,+AP' =P, —eA (25)

The second is that the scalar potential of the photon electric field causes the
change of the electric potential energy of the electron:

V(r)=—eE-r :—eonsinw(t—éj (26)

Thus, when the photon electromagnetic field acts on the hydrogen atom, the

Hamiltonian is

1 2
H—R(PO—eA) +U (r)+V(r) (27)

e

In addition, the orbital magnetic moment and spin magnetic moment of the
electron will also cause the change of potential energy in the photon magnetic field.
This potential-energy term can incorporate into the term V (). The calculation
result can show the splitting of atomic energy-level, that is, the Zeeman effect.

Quantum mechanics textbooks have a detailed discussion [3] @O, which omits
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here.

Discussing the correction term V (I‘) in detail in quantum mechanics text-
books clarifies the physical mechanism by which photons are absorbed by atoms
as a whole or atoms are excited by photons to emit photons. The change in mo-
mentum AP’ =—eA, which is overlooked usually in textbooks, hides a profound

secret.

4.2. Basic Theory of Hamiltonian Operator Operation

According to the general textbook of quantum mechanics [4], the Hamiltonian

operator corresponding to the Hamiltonian of Equation (27) is

~ 1 ~ 2 A -

sz—me(Po—eA) +U (r)+V(r) (28-a)
-t |32+0(r)+\7(r)—i(ﬁ-A—A-ﬁ)+iA2 (28-b)
2m, ° 2m \ ° °/" 2m,

where the momentum operator is

P, =—ihV (29)

Generally speaking, P, does not commute with A, so there is a relationship
P,-A—A-P, =—iaV-A (30)
However, for photons, since the electromagnetic wave is a transverse wave,

applying Equation (23-b) can obtain V-A =0, then P, commutes with A, so
Equation (30) becomes P;-A—A-P; =0 that the Hamiltonian operator (28) can

express as
~ 1 o4, e s &
H=——P;+U(r)+V(r)——A-P, + A (31)
2m, m, 2m,
Group this representation into four parts:
The first part is
N 1 2, -~

=——~FP, +U (r 32
o =om, Fo (r) (32)

e
It is the Hamiltonian operator of the Hydrogen atom when it is not affected
by the photon electromagnetic field, and it is the Eigen-operator of the hydrogen

atomic system.

The second part is
H, =V (r)=—eE,%sin a)(t—éj (33)

It is the potential energy of an atom as an electric dipole, and this term takes
as a perturbation term. This paper refers to herein as the first correction term.
The third part is

Hy=——A-F, (34)
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This term is proportional to the dot product of the momentum vector of the
extranuclear electron caused by the action of the photon electromagnetic field
and the Eigen-momentum vector, which is called the second correction term in
this paper.

Since the photon propagates along the Z-axis, the photon electric field vibrates
along the X-axis, as described in Equation (21-1); The vector potential of the

photon vibrates along the X-axis, as described in Equation (23), so that
A-P, = AP, = A(—ihﬁj (35)
OX

For a photon whose wavelength far exceeds the atomic radius, the time dif-

ference @z/C can ignore, so that

E., . .
A=—"(e"" +e')e 36
Zw( ) i (36)
Combining (35) and (36) obtain
N i .. 0
A-P, =2 (e +e')| -ih— 37
0 20)( )( axj (37)
Substituting (37) into (34) obtain
T =-2APB (38-a)
me
5 (e +e™ )(—ihi) (38-b)
2m, OX
The fourth part is
2 22
" € 2 € EO ot —iwt 2
=—A"=——(e“ +e 39
T 2m, 8m,w’ ( ) (39)

This term is purely a change in kinetic energy caused by photon action. It re-
fers to as the third correction term.

So the representation of the Hamiltonian operator is

A1, eE, i .. 0
H=—P+U(r)+V(r)—— (" +e")| -ih—
2m, ° (r)+v(r) 2mea)< ) X
(40)
ezEg ot —iwt 2
+ (e e )
8m,w

This representation is relatively complete, including both kinetic energy cor-
rection term and potential energy correction term. Usually, to highlight the fo-
cus of the problem, textbooks only consider the potential-energy correction term

rather than the kinetic energy correction term.

4.3. Derivation Using Perturbation Theory

In quantum mechanics, successfully solving the Schrédinger equation for hy-
drogen atoms obtain a set of eigenvalues and eigenfunctions of the atomic state.

Considering a hydrogen atom is in an eigenstate and is affected by an external
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single photon electromagnetic field. According to the usual treatment method,
use the H of Equation (40) acting on the assumed wave function, set up the
Schrodinger equation, and solve it to obtain the eigenfunction and eigenvalue.
But it is too complicated to deal with the problem in this way. It is not easy to
solve the new Schrodinger equation. Therefore, quantum mechanics usually re-
gards the electromagnetic field of incident photons as a perturbation in the
steady-state. Therefore, using perturbation theory to deal with the collision of a
photon with a hydrogen atom is appropriate. To deal with the perturbation prob-
lem is to use the approximation method [3] @ [5] (D. This paper only makes the
first-order approximation, ignoring the second-order and higher-order correc-
tions.

Under the steady-state wave function of the hydrogen atom @, there is a

relationship
- .. 0D
H,D, = Iha L=E ®, (41)
ot
The eigenfunction of H is ¥ , expanding in eigenfunction ®, of 7:10 is
Y=>a, (t)o, (42)
n
Its Schrodinger equation is
i’ _ iy (43)
ot

Substituting (42) into (43) to get
oo
|hzq) ( ) |hz 2 (1) p
Applying Equations (41) and (44) can obtain the following equation

iny @, dad—t(t) = a, (t)H'D, (45)

n

=Y a, () H0, + X a, () H'D, (44)

n

Multiply the conjugate wave function ®,, of ®, on both sides and inte-

grate over the whole space to get
mz jcp @ dr—Za (1)@, Ho,dr (46)

where

[o,®.d7 =05, (47)
The eigenfunction of H, is ¢, , thus
7_10¢n = En¢n (48)

In this way, expanding the steady-state wave function ®, of H, in its ei-
genfunction ¢, can obtain
i

—Eqt

D, =ge" (49)

Substituting it into the integral on the right side of (46) and setting
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My = [0 $rd7 (50)
Equation (46) becomes
da_ (t :
iflz a(.;t( ) — zan (t)H,;nE'wm"t (51)
where
1
Oy = E( Em - En) (52)

is the Bohr frequency.
Before the perturbation starts, the system is in the kth eigenstate @, of H,,

which can obtain the following from Equation (42)
a, (0) = Oy (53)
Now consider only the first order approximation, that is, substitute Equation
(53) for the @, (t) in the summation sign X in Equation (42), thus obtained by
Equation (51)
da,, (t , _
i rfnjt( ) = z5r1l<7_41'1nelwmnt = H;kelwmkt (54)
Hence, the first-order approximation is
1 e 1 aiont A+
a, (t) _E.[()Hmke < dt (55)
In this way, the change probability can calculate based on the following:

p=a,(t)a,(t)=[a, ()| (56)

4.4. The Operation of the Three Correction Terms of the
Hamiltonian Operator

1) The Operation of the First Correction Term

All quantum mechanics textbooks are very detailed in the first correction term
of Hamiltonian operator [3] ® [5] @.

Applying the correction value of Hamiltonian operator (33) to Equation (50)

can obtain
My = [ dn a7 (57-a)
_ 1 * o ot —iwt
- —EeEOMm % (€ —e " )dz (57-b)
= —ieE X (e‘“’t —e"’”t) (57-¢)
- i 0 *mk
where
X = [ R d7 (58)
Substitute (57-c) into (55) to get
1 ’ iomet’ A+
a, (t)= o [ Heemdt (59-a)
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eE

Zh J'O X (eimt' _ e—iwt’ )eirumkt’dt! (59-b)
¢E it o g
=2—h0xmk j;(e'”’t gt )e i’ it (59-c)
= mk.[ |: (omk +@)t i(Onk —@ :Idt (59-d)
i(Omk+o)t i(Onk—o)t _
=£xmk s L_¢ ! (59-¢)
2n (o +0) (0 —)
The probability of change is
Pl (t) = a'I(mk (t) a‘1mk = |a1m (t)|2 (60-a)
e?E2|x [
= %l} (60-b)
where
sin® l(wmk o)t sin’ l(a’mk O (052 wt — cos a, tcos ot
I, = 2 2 - Ok (61)

(@ + a))2 oy —

|ka| in the above formulas can’t get a clear expression. This paper won’t go
deep into what value to take.

2) The Operation of the Second Correction Term

For the operation of the second correction term of the Hamiltonian operator
7:Q , follow the steps from Equation (57) to Equation (61):

Applying Equation (38-b) to Equation (51)

My = [ 4140 d7 (62-a)
y (—ihij@ (ei‘"t +eit )dr (62-b)
OX
eEO iot —imt ( j
=————(e“" +e7 ih— |¢d 62-
el )¢ fdz (62-0)
eEO iwt —imt
=———7—(e“ +e P 62-d
Zmea)( ) xmk ( )
where
«( ., O
mek = J-¢m _Ih& ¢de (63)
Substitute (62-d) into (55) to get
1 iont’ ¢!
3 (t)zaﬁw'mke it (64-a)
1 eEyPo i/ ot | ooiot iomkt’
=—— 2 | (gt 47!t )e!emkt dt! 64-b
i ame bl ) (64)
_ 1 eEOmek U i(op +o)t’ i( ok —o)t '
T INE e Jat (64-c)
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i(“’mk +o)t _ i(“’mk 7&1)1 _
_ LB € 1.8 1 (64-d)
in 2mo | i(oy +o) (o —)
= eEO mek ei(mmk Hg)t —l+ ei(wmk 7‘0)1 —1 (64_e)
2mhw | (on+0) (o —o)
The probability of change is
* 2
P, (1) = @ (1) By = |a'2m (t)| (65-a)
&’EZ|Po|’
= —mghzw§ r, (65-b)
Sinzl(a) -o)t Sinzl(a) +o)t 2
mk mk —
T, = 2 + 2 N €os” wt —cos w,, t cos wt (66)

(@ — @)’ (@ + @)’ O = "

|mek| in the above formulas can’t get a clear expression. This paper won’t go
deep into what value to take.

The operation results P, (t) and P, (t) of 7—21' and 7%' are very similar:
First, |x, |’ corresponds to |P,,|*, further discussion of these two factors will
explain the selection rule of atomic energy-level transition. Second, I'; corres-
ponds to I', in the formulas.

The meaning of these formulas is clear that when @ =z*®,,, the system re-
sonates, so there are two possibilities: In the first case, ® = @, , the atom takes
the energy of the photon as %@ whole absorbed, the photons disappear, and
the atomic energy level changes from low energy level E, transition to high
energy level E_ ;In the second case, @=-a,,, excited by photons, its energy
level changes from high energy level E, transition to low energy level E_,
emitting a photon with energy A, .

However, if m =k, from Equation (52) can obtain ®,, =0, so that Equation
(60) becomes

22
RL(1) = 555 (- cos 0t (67)

Since the photon length is L =4, substituting the vibration period 7 of the

photon into the above formula can get

e’E; 2 2

H(T):—hzwz [Xom| (1—cOS@T )" =0 (68)

Similarly, if m =k , Equation (65) becomes

22
e E 2 . 2
PZ (t):WZOCOZ|mek| sin“ wt (69)
Substituting the vibration period 7 of the photon into the above formula can
get
e’E? 2 .,

P (T) :—mthOwZ P | sin T =0 (70)
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Equations (68) and (70)show that that the results of the first correction term
7:[1' and the second correction term 7'?2' operating on the wave function of the
hydrogen atom are that the atom absorbs or emits photons, and its energy level
undergoes a transition. At the same energy level, the photon energy cannot be
absorbed or emitted.

Therefore, it is more appropriate to combine P,(t) and P,(t) for discus-
sion.

e’E? P.[
R (D) =R ()P, <t>=h—2°[|xmk|2r1+'mz .| rz} 712

Employing Equation (12) can get

2
P., (t):w—;{a)2|xmk|zrl+|me;| rz} (71-b)
c m;

The characteristic of these two effects is that the energy of photon absorbed by
the atom either absorbs the whole photon or does not absorb the photon energy
at all.

3) The Operation of the Third Correction Term

Now consider the third correction term 7:@' of the Hamiltonian operator.
According to Equation (39) and (50), this part of the Hamiltonian operator does
not contain parameters about spatial coordinates. Therefore, for function inte-

gration over space, the integrand function is constant, so can obtain

M = [ 4, d7 (72-a)
22
= —8;'} (e +e) 5, (72-b)

Substituting it into Equation (55) can get

1t r Alont’ A+
ay, (t)=ﬁ [ et (73-a)
_1 e j‘(e““"+e-‘”")25 elomtdt! (73-b)
- mk
i7 8m,e” *°
1 €°E2 (1 it it \2
=——29 (e +e7) dt’ (73-c)
in 8m, o Io( )
22 -
e’E
_1 02(t+s'”2“’t) (73-d)
ih4m. 20

This formula shows that the absorption of photon energy by an atom is inde-
pendent of the change of the atom state; that is, it can absorb the fractional
energy of photon only under the condition of the same energy level. The proba-
bility of absorbing photon energy is

22 . 2
Ps(t)=|a3m(t)|2={ i [Hsmmﬂ (74)

4rm, o 20

The energy absorbed by an atom from a photon is
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(eE,)" (. sin Zwtjz
AE, (t) = hoP, (t) = ——| t+ 75
(1) (1) 16hm§w3[ 20 72)

Since the interaction time between photon and atom is equal to the period T
of photon vibration [1], using the physical quantity Equation (12) of a single
photon and the relationship @T = 2n, from Equation (75), the energy absorbed

by the atom from the photon is
3

ag, =% (o)
3 4 (mecz)z

Using the classical electron cross-sectional area Equation (15) and photon

(76-a)

cross-sectional area Equation (16), the Equation (76-a) can change into

3n 3ot

AE, = (76-b)

8a o,
where ais the fine structure constant, as Equation (13).

Obviously, from Equation (76) that after a single photon collides with a hy-
drogen atom, the photon energy absorbed by the hydrogen atom is m/8a =53.8
times of the energy absorbed by the electron when Thomson scattering occurs
between the photon and the free electron.

The characteristic of this effect is that the atom absorbs the fractional energy

of a photon and will not cause the energy level transition of the atom.

4.5. Comparison of Results

Comparlng the operation results of the correction terms of the Hamiltonian Hl
TQ and 7’% is helpful for a deep understanding of their physical meaning.

1) The Difference in Physical Mechanism

Although both P,_,(t) and P,(t) have the meaning of probability, they have
different physical meanings.

At present, quantum mechanics is interested in the absorption and emission
of photons and the energy level transition of atoms. Therefore, there is often on-
ly the Hamiltonian operator correction term 7'21’ and 7:(,2' but not 7:(,; .

Then, how to understand that the physical meaning of P_, (t) is the proba-
bility of an atom absorbing or emitting a photon, or the probability of an atom’s
transition.

For example, if P,,,(t)=0.01, the atom has a 1% chance of absorbing the en-
tire photon. That is to say, if 100 photons hit 100 atoms respectively, on average,
one of the atoms absorbs one of the photons. The atom either absorbs all the
photon energy or does not absorb the photon energy at all. It doesn’t mean that
each atom absorbs 1% energy of each photon. If resonance occurs, the probabil-
ity that the atom absorbs a photon will have a resonance peak.

Therefore, the physical meaning of P, (t) is the rate of loss or increase in
the number of photons when photons collide with atoms. So, the effect of 7:4'

and H, correspond to the attenuation effect of the number of photons.
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Equation (74) is generally ignored in quantum mechanics. An important rea-
son is that compared with the resonance phenomenon represented in Equations
(60) and (65), this term is insignificant; Another reason is that it is impossible to
derive Equation (76) from Equation (74) under the condition that the size and
shape of a single photon are unknown.

Then, what is the effect of the term 7:@' ?

The physical meaning of P;(t) is that an atom fractionally absorbs the energy
of a photon, and it does not have an energy-level transition. Since the interaction
time between them is equal to the vibration period of the photon, hence t=T

in Equation (74), from which can obtain

2
R (1)-2{22) @

4 \ 'mc?

For example, if a photon with an energy of 5.1 eV collides with an atom, be-
cause m,c> =0.51MeV =5.1x10° eV, the energy lost by the photon is only
2.46x107° x iw . The rest of the photon energy is not absorbed, and the photon
continues to travel forward after reducing fractional of energy.

Generally speaking, the energy loss rate of a photon colliding with an entire
atom is insignificant due to ha)/ m,.c’ < 1.

Therefore, the physical meaning of P,(t) is the loss rate of photon energy
when a photon collides with an atom.

If a distant celestial body emits a large group of independent photons, it will
encounter atoms on the way to the Earth. The number of these photons will de-
crease according to the probability of P, (t), and the remaining photons will
continue to propagate. The energy of each photon decreases in proportion to
P (1). A

It means that the effect of 7, corresponds to the energy attenuation effect of
a single photon. If the phenomenon that the photon energy decreases on the way
of propagation is called redshift, then this paper calls it the quantum redshift ef-
fect.

It is a newly discovered redshift effect different from the previously Doppler
effect redshift, gravitational redshift, Compton effect redshift, etc.

The correction term of the Hamiltonian operator 7:(6,' shows that the essence
of this effect is that the atom absorbs a fractional of energy of the incident pho-
ton and converts it into the kinetic energy of the extranuclear electron. What
happens after the electron absorbs this part of the energy? The atomic system
does not undergo a transition, but the atom converts this part of energy into
low-frequency radio radiation.

The classical electrodynamic method cannot accurately express the two dif-
ferent absorption concepts. Only by applying quantum mechanics can the theory
of quantum redshift effect be derived.

2) Meaning in Photometry

A large number of photons in a beam of light, as long as they encounter a

large number of atoms on the way of propagation, the number of photons will
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inevitably decrease, resulting in absorption lines on the photometric spectrum.
The absorption lines in photometry as the Lya forest is the result of the Hamil-
tonian 7:4' and 7%' . This effect does not occur during the collision of photons
with free electrons. Therefore, the appearance of the absorption line of the pho-
tometric spectrum as the Lya forest proves that photons encounter atoms on
the way of propagation.

In the photometry of distant luminous objects, absorption lines and redshifts
are always accompany each other; that is, any spectrum with redshift must have
absorption lines; conversely, any spectra with absorption lines must appear red-
shift.

Summary:

1) The correction terms of the Hamiltonian operator, 7:‘1’ , 7:(2' , in the elec-
tromagnetic interaction between photons and atoms represents the probability
of the number of photons absorbed or emitted by atoms, that is, the rate of in-
crease or decrease in the number of photons, and also represents the probability
of the energy level transition of the atom. The effect of decreasing or increasing
the number of photons appears as absorption lines and emission lines on the
photometric spectrum.

2) The correction term of the Hamiltonian operator, 7:[3' ,in the electromag-
netic interaction between photons and atoms represents the absorption rate of
single-photon energy or the loss rate of single-photon energy by the atoms. The

redshift of the spectral line is evidence of the quantum redshift effect.

5. Collision between Photon and Helium Atom and Its
Analogy

5.1. Energy Loss in the Collision of Photon and Helium Atom

With the successful treatment of the collision between photons and hydrogen
atoms, solving the problem of that between photons and other element atoms
will be easy. As long as adding a momentum change term caused by the photon
vector potential, as in Equation (24), and adding a scalar potential-energy of
each extranuclear electron caused by the photon electric field.

When there is no photon electromagnetic field disturbance, the Hamiltonian

of the helium atom is

P2 PZ
Hy,, :2;:9 +2r2:e+U1('1)+U2(r2)+U12('12) (78)

Due to the emergence of photon electromagnetic field, adding the correction
momentum term generated by a vector potential to the momentum of each
extranuclear electron, such as Equation (24), and at the same time, adding elec-
tric potential energy term generated by a scalar potential to each electron, such
as Equation (26), the Hamiltonian of helium atom becomes:

(P, —eA)’ (P eA)’
2m 2m

e e

Hye = +U(r1)+U2(r2)+U12(r12)+V1(r)+V2(r) (79)
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In the same way as the hydrogen atom problem, the Hamiltonian operator can

be divided into four parts:

N 1 /- ~
Hie :R(Puz) + Pz%)+u (rl)+U2 (I’2)+U12 (rlz)
+V(r)+V, (r)
_ eEO (ei(ut_,’_eiwt)[_ihi]_ eEO (ei(ut+eiwl)[_ihij (80)
2m,@ ox ) 2me 0X,
22
+ 4emE2)2 (eiwt +e—i[ot )2

The meaning of each part of the Hamiltonian operator represented by this
formula is:

The first part (the first row) is the Hamiltonian 7:(He0 corresponding to Equ-
ation (78) when the helium atom is not disturbed by the photon electromagnetic
field. The result of the operation on the steady-state wave function of the helium
atom is the eigenvalue of the helium atom.

The second part (the second row), V; (I’) +V, (I’) , is the scalar potential ener-
gy of two extranuclear electrons of helium atom acted by photon electromagnet-
ic field, which operator is 7:1(;,(91, and represents the first correction term of the
Hamiltonian operator. The result of its operation can explain the number prob-
ability of atomic absorption and emission of photons. If the atom is in a state
where the photon energy reaches the energy level difference, the probability of
absorption or emission increases sharply, resulting in a resonance peak.

The third part (the third row) represents the second correction term 7:(,'%2 of
the Hamiltonian operator. When it acts on the eigenfunction of the helium atom,
two similar to Equation (38-b) appear in the Hamiltonian operator; It can ex-
plain the number probability of atomic absorption and emission of photons.

The fourth part (the fourth row) represents the third correction term 7:(,'%3
of the Hamiltonian operator of the helium atom. When it operates on the eigen-
function of the helium atom, the value of the operation result is twice that of the
Hamiltonian operator of the hydrogen atom.

The method to deal with helium atoms interacting with photons is the same as
the method to deal with hydrogen atoms interacting with photons. At first, re-
garding the eigenvalue and eigenfunction of the Hamiltonian operator 7:tHeo as
known quantities, then treating the other three factors 7:(;,51, 7'2,;&2 , and 7:{,;83
as correction terms, rather than using the Hamiltonian operator to directly cal-
culate on the preset wave function to set up the Schrédinger equation and then
solve it.

Disregard the first correction term 7%,'481 to highlight the other point because
this term describes the probability of energy level transition due to atomic ab-
sorption or emission of photons.

Like the second correction term of the hydrogen atom, the second correction
term of the Hamiltonian operator of helium atom, 7:(;%2 , will produce two val-

ues like Equation (65).
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Like hydrogen atoms, the physical effect of ﬁgel and 7‘2,'492 operation results
is that the photon energy absorbed by the atom either absorbs the whole photon
or does not absorb the photon energy at all.

Now, pay special attention to the last term of the Hamiltonian operator, the

correction term is as follows

22
7 eEO

He3 —
“ dmoe

. (e‘“’t ret )2 (81)

Corresponding to the calculation result of the hydrogen atom, Equation (76),

the energy lost by a single photon in collision with a helium atom is

2 (ho)’
AE,, = 2x“—(—)2 (82-a)
* (me?)
or
AE,, =259 jy (82-b)
o op

It shows that the energy lost by a photon in a collision with a helium atom is

twice that expressed by the Equations (76-a) or (76-b).

5.2. Inference

For an atom of element number N, there are NV extranuclear electrons. When a
photon acts on it, N kinetic energy terms, N x(P, —eA)2 / 2m, , appear in the
Hamiltonian, and N correction terms, as described in Equation (39), appear in
the Hamiltonian operator of NV electrons. The operation result of each correction
one corresponds to the photon energy loss as described in Equation (76).
Reasoning: a photon propagating in the thin intergalactic media, if it is not
absorbed by the atom when it collides with the atom with element number N,

the energy lost by unabsorbed photons is
2 I 3
pponT o) Bron,,
4 (mecz) 8a o,

(83)

Therefore, the energy lost by a photon is proportional to the number of elec-
trons bound in the atom that it collides with on its propagation path.

Summary:

As the photon collides with the atom, the energy loss of the photon is propor-
tional to the number of extranuclear electrons of the atom encountered. Thus,
only the total number of electrons bound in atoms is needed to calculate the

energy lost by the photon.

6. Attenuation Law of Photon Frequency

6.1. Propagation of Photons in Thin Atomic Gas

If there are bound electrons on the path of photon propagation, and their num-

ber density is N,, the cross-sectional area of a photon is &}, then the photon
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travels distance cdt in time interval dt, and the swept volumeis dV =0 cdt,
the number of electrons encountered is dN, =n,dV =n,o cdt, the photon loses
energy every time they collide with electrons, as described in Equation (76), so

the energy lost by photons in time interval dt is

dhw =—n,opcdt ~3—no-—Tha) (84-a)
a op
3n
=——~cCo;nhdt (84-b)
8a

where N,0,C can be called the collision frequency of a photon and bound elec-
trons.

Equation (84) can express as four equivalent equations

d(ha)) 3n

— 4+ coyn, (hw)=0 85-1
dt  8a (o) 851)

i(h—‘”j 3 o, [h—wj =0 (85-2)

dt\ c 8a c

do 3 o nw=0 (85-3)

dt 8«

4V 3% o ny =0 (85-4)

dt 8«

When ¢= 0, the initial frequency is V,, and set

3n
H, =—co;n, (86)
8
If n, is homogeneous, integrating the Equation (85) can obtain
_Ho,
v=ve M =ye ¢ (87-1)
where the relationship between distance and time, r =ct, is used.
If n, isinhomogeneous, integrating the Equation (85) can obtain
rH 3n r
~[§%dr —=—or [yNe(r)dr
v=ve "¢ =yess * (87-2)

Representing the above formula as the wavelength changes with time or dis-

tance can obtain

A= 2™ (87-3)
or
rHog 3 o [T (r)d
2=l e " = g ena TR (87-4)

Equation (87) shows that if a photon encounters atoms when propagating in
space, its frequency decreases with distance in exponential attenuation law; In
other words, its wavelength increases with distance in exponential growth law.

In the above formula, H, is the attenuation rate of the photon frequency.
The speed of light ¢ the fine structure constant a and the electron Thomson
scattering cross-sectional area o are all known physical constants; only the

bound electron density N, is an unknown constant. To be sure, N, is inho-
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mogeneous along the path of photon propagation.

6.2. Damped Motion of A photon

Photon propagates in intergalactic space with neutral atoms, and its momentum
decreases gradually due to the damping effect of the medium.

From Equation (85-2), it is apparent that photons make damping motion in
intergalactic space. It shows that the constant H, is the damping coefficient of
photon motion. This damping coefficient is also the attenuation rate of photon
frequency, energy, and momentum; or the growth rate of wavelength.

Summary:

The collision between photons and atoms on the propagation path causes the
photon frequency to decrease with distance in exponential attenuation law or the
wavelength increase with distance in exponential growth law. The motion of pho-
tons is a damped one. The attenuation rate of photon frequency, e, the damp-
ing coefficient of the photon, is directly proportional to the number density of

extranuclear electrons encountered on the path of photon propagation.

7. Negation of Hubble’s Law
7.1. Comparison with Hubble Redshift Formula

In 1924, Hubble studied a large number of data of extragalactic galaxies and con-
cluded that the redshift is

z-4"h _Hoy (88)
Ay c

This relationship is called Hubble’s law of redshift. Here H, is the Hubble
constant, cis the speed of light, and ris the distance from the observed galaxy to
the Earth.

Using Equation (87-3), the redshift formula is

7-4"h g (89)
A

Ho, H
Under the first-order approximation, €¢ =1+—2r, the formula above is
C

given by

A- H
744 _Ho, (90)
o c
It is apparent, Hubble’s redshift law is only another expression under the
first-order approximation of the Equation (87-3).
If interpreting formula (87-3) as classical Doppler effect, then

Voo
l+—=gC (91)
c
or
V =H,r (92)
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This formula is known as Hubble’s law.

Due to the redshift effect in the photon-atom collision, the energy of photons
decreases with the propagation distance, ie., the redshift depends on the propa-
gation distance of photons. Therefore, mainstream scholars often attribute this
phenomenon to the universe expansion, the so-called cosmological redshift [5]
. Even they almost express the redshift Z directly as the regression speed of
luminaries and intergalactic media. It is a serious misinterpretation. How can
the phenomenon caused by the quantum redshift effect of photons take as evi-
dence that the universe is expanding?

In the Big Bang theory, the reciprocal of the photon’s damping coefficient,

1/H, , is regarded as the universe’s age. It is unbelievable.

7.2. Comparison between Damping Coefficient and Hubble
Constant

H, in Equations (90) (92) is called the Hubble constant in Big Bang cosmology.
After nearly a century of measurement, the recognized value of this constant is

close to
H, =70 km/s-Mpc = 2.27x107**/s (93)

As can be seen from Equation (86), H, is not a constant. No one has ever
obtained an exact value in the measurement of nearly a century. Because it is re-
lated to the bound electron density on the path of photon propagation, but the
atom density in intergalactic space is not uniform, H,; is not a constant. How-
ever, with the increase of the measurement distance, the measured atom density
in intergalactic space tends to average, so N, is also getting closer to the average
electron density in cosmology space.

If considering the redshift as caused by the collision between photons and
electrons in atoms, the electron density in intergalactic space in the whole un-
iverse is given by

8a

n, = H, = 0.705/m* (94)
3nco;

The results show that to meet the numerical requirements of the Hubble con-
stant, the average density of bound electrons in intergalactic space is 0.7electrons
per cubic meter. Hydrogen is the most abundant element in nature, accounting
for about 71% by mass; followed by helium, accounting for about 27%; The total
atomic mass of the other ones is about 2%.

According to the number of atoms, hydrogen atoms account for 91.2%, he-
lium atoms account for 8.6%, and the total number of one of the other elements
is less than 0.2%. Because hydrogen atoms have the minimum mass and are easy
to escape from stars and galaxies, the proportion of hydrogen atoms in interga-
lactic space may be higher than 91.2%. So it can estimate that the mass density of
intergalactic matter is about 1.2 X 107 kg/m”.

The actual observations [6] are that the typical density of intergalactic matter
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within the large clusters is 2 x 1072 kg/m?® and that outside is 4.6 x 107* kg/m’.

The density of electrons bound to atoms in the intergalactic matter can meet
the numerical requirement for the photon energy attenuate rate. But because the
mass density in intergalactic space differs by seven orders of magnitude, the at-
tenuate rate of photon energy varies with the path it travels. Therefore, the Hub-
ble constant is not a natural constant and cannot be accurately measured.

Summary:

The attenuation law of photon frequency is evidence of the photon quantum
redshift effect. It is unreasonable to regard it as evidence of the expansion of the

universe.

8. Discussion

8.1. Classic Problems Worth Discussing

1 )Will the Image of the Light Source Become Blurred?

Does the redshift caused by photons passing through the intergalactic me-
dium make the light source look fuzzy?

Since the discovery of redshift, some scholars always think that if there is a
medium on the way of light propagation, the image of the light source will be-
come blurred.

Of course, there is always a small amount of plasma in the intergalactic me-
dium. So part of photons are scattered by the plasma, but these photons cannot
enter the eyes of observers on the Earth. Therefore, the image of the light source
will not be blurred.

Because the medium is mainly composed of electrically neutral atoms, how-
ever, there is always a part of photons that do not change their propagation di-
rection after the collision.

Because there are positive and negative charges in neutral atoms; for example,
in the hydrogen atom, the nucleus has a positive charge +e, and the extranuclear
electron has a negative one —e. In the soft photon electromagnetic field, the pro-
ton and the extranuclear electron are acted by an electric field force with equal
magnitude and opposite direction simultaneously. So they obtain recoil mo-
mentum with the same size and opposite direction simultaneously.

Conversely, the photon is simultaneously acted by the two forces of the nuc-
leus and the extranuclear electron, which are equal in magnitude and opposite in
direction. The photon momentum in the direction perpendicular to the propa-
gation direction remains unchanged, and the photon still propagates in the origi-
nal one.

However, there is plasma near some celestial bodies. When the photons emit-
ted by these objects pass through the plasma, the photons are scattered by the
plasma around these objects, so they cannot travel in a straight line. Therefore,
their images are very blurry. Some quasars are such confused celestial bodies.

2) Will the Intergalactic Medium Temperature Rise? Will Space Become Bright?

The existence of the intergalactic medium is a fundamental condition for caus-
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ing redshift. Perhaps opponents will refute: will photons collide with atoms in
the medium and transfer fractional energy to them, make the medium tempera-
ture rise continuously, raise the temperature of cosmic space, and even become
bright?

It should explain from two aspects:

First, the intergalactic medium is so thin that it emits light weakly, if at all.

Second, from the principle of atomic absorption of photon energy, the unab-
sorbed photons only lose a fractional, as described in Equation (76). It will not
cause the medium temperature to rise continuously. Because atoms absorb this
part of the energy, they radiate it as radio waves, which is why high redshift ob-
jects are often radio sources. In the whole space, the light energy emitted by the
luminescent body is transformed into radio waves by the medium, so the ab-
sorbed energy equals the emitted radio wave energy. Therefore, the temperature
of the medium remains unchanged. The photons reduce to that of microwave
background radiation, which is invisible light. Finally, the photons disappear
gradually.

8.2. Several Ideas to Explain Redshift Are Worth Discussing

1) Is the New Tired Light Theory Correct?

The new tired light theory should be the latest theory before the quantum
redshift effect.

The scholar Lyndon Ashmore proposed a New Tired Light theory [7] [8]. He
believed that the universe is static, and redshifts are produced by an interaction
between photons and the electrons in the intergalactic medium.

He derived the Hubble constant as H, =2n,hr,/m, is very close to Equation
(86) derived by this author through quantum mechanics. (Here N, is the elec-
tron density in intergalactic space, A is the Planck constant, I, is the classical
electron radius, and M, is the electron mass).

He also believes that electron gas condenses to a crystal state when both the
Fermi energy and electron temperature are small compared to the energy of mu-
tual repulsion, so the electron gases are arranged into Wigner crystals regularly
[9].

Although the main point of the new tired light theory has some correct ingre-
dients, there are at least three difficulties in this view.

The first difficulty was that the author had no idea of the size of the photon.
Since any one-dimensional size of a photon in the optical band is much smaller
than the Debye length of a plasma, the probability of a photon colliding simul-
taneously with an electron and proton is extremely low. As a result, as revealed
by Compton scattering and Thomson scattering, the propagation direction of
photons must change.

The second difficulty is that the intergalactic medium must be highly ionized
or composed of an electronic lattice. If so, how to explain the absorption of

atoms in intergalactic space?
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The third difficulty is that the electrons of intergalactic matter are composed
of electrons arranged in Wigner crystal, which is purely imaginary and too un-
realistic.

2) Have There Been Any Other Correct Theories in History?

In the history of physics, there have been Doppler effect theory, tired light
theory, photon aging theory, intrinsic redshift theory, gravitational redshift theory,
general relativity universe expansion theory, new tired light theory. However, in
these views, except that the new tired light theory has some correct ingredients,
the other cannot stand theoretical scrutiny.

Electrodynamics has no correct method to explain the origin of redshift. Only
quantum mechanics is the right way to explain the origin of redshift. However, if
the physical quantities of a single photon structure are unknown in advance, can
a concise and clear formula such as Equation (76) be derived only from the
theory of quantum mechanics? Quantum mechanics is successful in dealing with
the law of atomic energy-level transition and understanding the spectral struc-
ture. However, it is unable to deal with the collision between a single photon and
an atom.

This paper can accurately deduce the energy loss formula of a single photon in
the photon-atom collision, “The size and shape of a single photon” is the theo-
retical basis. Only by understanding the size, shape, and structure of a single
photon can the author deal with the collision between a single photon and a sin-
gle atom with quantum mechanics and discover the quantum redshift effect.

Summary:

1) The physical mechanism of the redshift caused by the photon-atom colli-
sion will neither blur the image of the light source nor cause the universe tem-
perature to rise or even the space to become bright.

2) The theory of the shape and size of a single photon is the basis and premise
for solving redshift. The physical mechanism of the redshift has not been cor-
rectly explained for a long time in history because of errors in physics theories.

The quantum redshift effect is a newly discovered natural law.

9. Conclusion

The explanation of the physical mechanism of the origin of the Hubble Redshift
by Big Bang cosmologists cannot withstand theoretical scrutiny. Applying the
correction of the Hamiltonian operator in quantum mechanics and the deriva-
tion of time-dependent perturbation theory conclude that Hubble redshift or
cosmological redshift is the result of photon energy loss caused by photon collision
with atoms on the path of propagation. On the way of propagation, part of the
photons is absorbed by the atoms in a resonance manner, so absorption lines ap-
pear on the photometric spectrum. For those unabsorbed photons, the average
energy loss caused by each extranuclear electron is AE = n” (ha))3 / 4(mec2 )2 =
(3no; /8ao, )hw . In this way, photons frequency decreases with propagation

distance in the attenuation law v =, exp {—(371/ 8a) oy _L: n, (r)dr} , or the wave-
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length of photons increases with propagation distance in the growth law A=
Ao EXP {(37[/ 8a) oy J: n, (r)dr} . This phenomenon is the quantum redshift effect.
The so-called Hubble constant is essentially the attenuation rate of photon
energy, momentum, and frequency; or the growth rate of wavelength. The Hub-
ble constant can express as H, = 3nCo;n, /8a , which is not a true constant. Its
value is directly proportional to the bound electron density in intergalactic space
on the path of photon propagation. Hubble constant has nothing to do with the
age of the universe. Photon redshift cannot support the theory of the universe’s

expansion and that of the big bang.
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Abstract

In the relativistic mechanics, we obtain a difference between the time scale of
a one-dimensional motion having a larger velocity and the time scale of a
similar motion with a lower velocity. This calculation does involve usually
also the differences of parameters other than time. Basing on the invariance
of a pair of the mechanical parameters, it can be shown that the difference of
two scales of time can be attained independently from the differences of the
other physical parameters.

Keywords

Time in the Special Relativity Theory, Relativistic Invariance of Some Special
Differences of the Mechanical Parameter

1. Introduction

In principle, any calculation of a change of the scale of some mechanical para-
meter in the special relativistic theory is accompanied by an insight into the scale
changes belonging also to other parameters than that taken into account [1]. But
recently an invariance of the differences of parameters belonging to different
mechanical scales has been pointed out [2]. Our aim became to demonstrate that
this situation allows us to estimate the size change of a single mechanical para-
meter alone. The scale of time has been chosen as our basic example.

In the first step, we present the Lorentz transformation of the variables pair
t,X into the pair t',x’ [2]. Next the intervals t'—t and x'—x are calculated

in terms of tand x. Finally the quanta of the electric capacitance in the hydrogen
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atom and their change with the quantum number are examined.

2. Lorentz Transformation and the Invariant Expressions
for the Mechanical Parameters

If the Lorentz transformation is specified for the variables pair (t,x) going into

the pair (t',Xx’), the corresponding transformation formulae are:

xy
pot L ¢ (1)
V2 V2
- 15
c c
and
tf
X =——C =+ X =. (2)
1= =Y
c c

The tand ¢'are the time coordinates, the x and x"are coordinates of position
in the particle one-dimensional motion along the axis x; so the changes of two
parameters are involved. The vis a speed between the system labelled by (t',x’)
and that labelled by (t, X) . We obtain for the difference [2]

r 2 2
72 _x? =| 12 —2xt L4 x2 Y } ! {tzv—z—thX+x2} !
i c c c

2 2 2
¢l Y 1-Y
c c
B 2 2 1 3)
Vv v
=|t? 1-— -x? 1-— 5 =t - %2
i c )],V
CZ
The result in (3) indicates the invariant behaviour of the difference
t!2 _XIZ :tZ _XZ (33)

upon the Lorentz transformation formulae in (1) and (2). From (3a) it comes
out that

2 —t? =x? —x* = At(t'+1) = AX(X'+X) (4)
on condition we put
At=t'—t (4a)
and
AX = X'—X. (4b)

Our aim is to point out that the above properties concerning the transformed
and non-transformed parameters of fand x can lead to a simple reference be-
tween t'and £

3. The Difference of t' and t Represented as a Function of
Some Remainder Parameters

We multiply Equation (1) by fand Equation (2) by x. A simple rearrangement of
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terms leads to the formulae:

2
t— t = vxt l 5)
V2 VZ Cc
1- 2 l—c—2
and
2
X'X_X—:_Ll_ (6)
2\¥2 V2 C
IR
The difference of (5) and (6) leads to the result:
2 2
t’t—x’x—t—xm=0, (7)
Y
C2
or with the aid of (3a) to the formula:
22 12 12
t't—x'x = tox X . (8)

2\/2 2 \/2
C c

The result in (8) is dictated by the property (3a). The calculations done farther
in the paper refer to the non-primed coordinates system

Another approach to the rearrangement of terms in (8) gives:
t? -t =x"? -2 9)

By taking into account (4a) and (4b) we have:
2 —t? = (t'—t)(t'+t) = At (2t + At),

(92)
X% —x% =(X"=x)(X"+X) = AX(2X + AX),
but in virtue of (9):
At(2t+At) = AX(2X + AX). (10)
The left-hand side of (8) can be transformed into
(t+At)t—(x+AxX)x =t* = x* +tAt — XAX, (11)
SO
2% 2 2 2,2
tAL - XAX = (P -x)=(t =) (11a)

indicating a positive value of (11a) on condition t>X.
An effect of (4a) and (4b) leads together with the relation (3) to the formula:

7 —x? =(t +At)2 —(x+Ax)2
= t2 = x® + 2(tAt — xAX) + (At ) —(Ax)° (12)

=2 —x?
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so the last step of (12) gives
2(tat-xax) == (At)" -~ (ax)* | (13)
or

(AX)® +2xAx - (At)* - 2tAt = 0. (13a)

4. An Equation for the Interval At and Its Properties

Because of (11a) we have

1
2 2 _
tAt—(t —X ) R ]/2—1 = XAX, (14)
c
therefore
lAt—l(tz—xz) Y qax (14a)
X X

A final equation for the interval At is obtained from the relations (11a), (13)
and (14a):

2(tAt—xAX) = 2(t )| 1| = —(At)" + (Ax)
=]
c
_ 2
2 t 1 2 2 1
\
=)
C
- (15)
2 (tY, o 2 1
:—(At) +(;j (At) —FtAt(tz—Xz) ﬁ—l
a6l
c
2
2 22 1
+5 (=) ﬁ‘l
1-| =
g
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In effect the equation coupling the pairs (t’, X') and (t, X) becomes

(5 o et s
gl

C
: (16)
(%)
- 1 2 2 1
- 1| 2(t X ) -1 =0,
(o (o
|: c c
We divide (16) by (%) —1} and get the equation:
; 2
(a0 -] — 1| —
= 2ol
c c
- : (17)
2 1
—2X ﬁ—l =0
at
=
which gives
() —2tat[ [+ [ =3[ ] +2¢¢[ ] (17a)
or
(18)

(at—t[ 1" =[] +2¢[].
The contents of the square brackets in (17a) and (18) is represented in (17).

Taking the square root of (18) we obtain:

1 2 y2
at—t| ————1|=x{[ T +2[]} . (19)
v
(]
c
We divide both sides of (19) by
y
B I (20)

From this equation we have:
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A ]2+2[]}M. (21)

We see from (21) that the ratio At/t is a sum of a constant dependent solely
on V/c increased by the ratio X/t multiplied by another constant term de-
pend solely on v/c.

The next step concerns solution of the equation for Ax. We obtain from

(13a)
(Ax)" + 2xax = (At)" +2tAt | = (Ax)" + 2xAx - At[2t+ A =0, (22)
This gives
—b+/A
AX, = 23
X2 2 (23)
where
b = 2x, (24)
A=b?-4ad, (25)
a=1 (26)
—d = At[2t +At]. (27)
The solution of (22) gives:
—2x+4[4%° +8tAL + 4(At)’
Ax,, = \/ 5 (at) = X £ [X2 + 2tAt +(At)’
- (28)
At
=—X£X 1+2§+( 2) .
X X

Assuming Ax to be a small number the square root in (28) is taken next only
with a positive sign. We obtain (Ax+ X)2 = X%+ 2tAt + (At)2 or

(AX)® +2xAx = 2tAt +(At)”. (29)

On the basis of the result in (21) we obtain for the right-hand side of (29) the
expression dependent solely on fand x

1

The term (At)2 can be readily obtained from (21) as a function of #and x.

2tAt+(At) = 2t° 1|+ 20{[ T Jrz[]}]/2 +(At?. (30)

5. The Calculation of Ax= x'—X

We do it by taking into account the relation (9):
2 —t? = (t'—t)(t'+t) = At (2t + At)

(31)
=X = x? = (X' =X)(X'+X) = AX(2x + Ax).
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We obtain:
AX 1:\/(AX+2X)Z :\/x2+2xA)Z+(Ax)2 _ 1+At(2t2+At) (32)
X X X X

where expression At(2t+At) is represented by (30).
It seems interesting to compare both terms entering the product entering the

last square root in (32). We have [see (19)]

1 2
A=t —=——1|+x{[ ] +2[ ]} (33)

&

whereas
1 v
2 A=t g+ wx{[T+2[]) (34)
s
In effect:
t2 12
a2+ at) =—— —t r 2t [ 2] e ([T 2]} 69
TN
c c?
Therefore
12
Ax 2| 1 2 1
EEP Rl I Al (20 oo

The expressions entering the empty brackets in (17a)-(21) as well as in (30)
and (33)-(36) are fully represented in Equation (17).

6. Example of Distance x Representing the Quanta of the
Electric Capacitance and Their Change

An example of xand Ax can be presented by considering the electric capacitance
C of the condenser. A reference to Cand the charge g of the condenser is given
by the formula [3]:

_a
V= = (37)

where V'is the potential difference. On the other side, when the potential differ-
ence (37) is applied to the resistance R, the current intensity 7/ produced by Vand

Rbecomes

i= (38)

v
=
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Let us assume that 7 is representing the electric current done along the n-th

electron orbit about the nucleus of the hydrogen atom. Then

) e q
"TRTTT (39)
Here [4]
3.3
T, =20 (40)
em

is the time period of the electron motion along the 2 th orbit, m is the electron

mass;

g=e (41)

is the absolute value of the electron charge. Then it can be shown that R is the
quantum parameter [5]
R=— (42)

e2

valid for all orbits n in the atom. It is worth to note that the R size in (42) is
equal to the resistance characteristic for the integer quantum Hall effect; see e.g.
[6].
By taking into account (39), (41) and (42) we obtain for C
T, 2n’n’e®  nn’

C =2

—= . 43
" R e‘m h  e’m (43)

Evidently the lowest quantum of the capacitance C, corresponds to the orbit
n=1:
hZ
C, =——=0.53x10"°cm. (44)
e'm
The size of C, is equal to the radius of the shortest orbit in the hydrogen
atom. Further C, ( n> 1) increase proportionally to n® [see (43)], whereas the
orbit length remains proportional to n?.
The dimension of C, is
iw erg® -sec’ N

Ci~—
e’m erg-cm-g

n

cm. (45)

In this way we find that
C,~cmn~ X (46)

A relativistic change of x modifies the x entering (46) into x+ Ax.

7. Euler-Lagrange Equation Applied in Examining the
Particle Mass

In [2] an attempt is done to apply the Euler-Lagrange equation in examining the
behaviour of the particle mass m. A special application may concern the force F

acting on a moving particle when it is reduced to a single term [3]:
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Fe—om—t——x=—x (47)

This holds on condition

% =0, or Xx=const. (48)
dt

The Lagrangian function let be [2]:
L=-[m+gp(t,x) |v1-%’ (49)
where ¢ is a time component of the vector potential denoted—for historical

d
reasons—by —go(t, X). The derivative d—f can be joined with the mass deriva-

dm
tive pral so the Euler-Lagrange equation becomes

doL (dm de) X oL oOp »)
— o =4z === P12 50
dt ox [dt dtj 1-x2 OX OX (50)
Equation (50) gives:
F:xd—m:—d—¢X—a—¢(1—x2)=—d—¢X—6—¢’+a—‘”x2. (51)
dt dt OX dt ox  OXx

Evidently for 2—(0 >0 beginning from X=0 the formula (51) can provide
X

us with Ftending to an expression representing a positive F >0.

8. Summary

In the paper, the problem of a change of the interval Af of a single mechanical
variable—namely the time #—due to the existence of a non-vanishing velocity
v of a moving one-dimensional system has been examined. First a simple de-
pendence on v for the change At of the variable ¢ is obtained, next a similar
dependence is calculated for Ax equal to the change of the position coordinate

X.
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