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ENIGMATIC ELECTRONS, PHOTONS, AND "EMPTY" WAVES 

MALCOLM H. MAC GREGOR 
Lawrence Livermore National Laboratoy 
University of California 
P. 0. Box 808, Livermore, C 4  94550, USA 

Abstract 

A spectroscopic analysis is made of electrons and photons from the standpoint of physi- 
cal realism. In this conceptual framework, moving particles are portrayed as localized 
entities which are surrounded by "empty" waves. A spectroscopic model for the elec- 
tron stands as a guide for a somewhat similar. but in essential respects radically differ- 
ent, model for the photon. This leads in turn to a model for the "zeron", the quantum of 
the empty wave. The properties of these quanta mandate new basis states, and hence an 
extension of our customary framework for dealing with them. The zeron wave fieid of a 
photon dif€ers in one important respect from the standard formalism for an electromag- 
netic wave. The vacuum state emerges as more than just a passive bystander. Its polari- 
zation properties provide wave stabilization, particle probability distributions, and orbit 
quantization. Questions with regard to special relativity are discussed. 

1. Enigmatic Electrons 

This Symposium is devoted to The Present Status of the Quantum Theory of Light. 
Thus it is primarily devoted to the properties of photons and electromagnetic waves. 
However, we know from the successes of quantum electrodynamics that electrons and 
photons are closely related objects, and as such should be studied together. In particu- 
lar. formalisms that can be shown to apply to one may also apply to the other. It is with 
this rationale that we start with a brief discussion of the electron. 

The enigma of the electron has long been recognized. In the context of classi- 
cal formalisms, its observed mass and spin angular momentum combine to mandate a 
Compton-sized particle (R - 4 x lo-" cm), and its observed charge and magnetic mo- 
ment lead to this same conclusion. But actual measurements of the "size" of the elec- 
tron lead to a vastly smaller upper limit (R 1 0 - l ~  cm). &art fi-om these spectroscopic 
paradoxes, the enigma of the electron is compounded by the Miculty of deciding 
whether it should be regarded as a discrete localized particle (in Compton and MBller 
scattering), or as a wave (in the Schriidinger equation, which makes no reference to par- 
ticles), or as sometimes one and sometimes the other (in electron virtualdouble-slit 



2 Malcolm H. Mac Gregor 

experiments). From the viewpoint of ph-vsical realism (PR), which we pursue here. real 
physical effects are necessarily produced by real physical entities. Since electron parti- 
cle and wave phenomena can be observed in the same experiment, localized electrons 
and extended electron waves must simultaneously exist (as must localized photons and 
extended electromagnetic waves). Although not in the mainstream of present-day scien- 
Mic thought, this PR viewpoint has had a long and continuing development [ 1 1. 

The postulated existence of the electron as a localized entity leads to the intel- 
lectual challenge of producing a spectroscopic model for the electron. This is more than 
just an idle curiosity. Since we can't actually "see" an electron, we have to represent its 
properties mathematically. The question is: what mathematics are we allowed to use? 
Classical physics provides us with equations for calculating spins and magnetic mo- 
ments, but do these equations apply to an object the size of the electron? Furthermore. 
what is the size of the electron? These questions have been dealt with in a recent mono- 
graph by the present author [2], and we here merely summarize the key results. 

The interactions of the electron are known to be purely electromagnetic, and to 
be point-like in nature. Thus the charge on the electron must be point-like. However. if 
its magnetic moment arises from a rotating charge, the radius of the current loop must 
be Compton-sized. Similarly, the spin angular momentum of the electron requires a ro- 
tating mass of Compton-liie dimensions. Since the electron mass does not contribute to 
its interactions. the mass must be non-interacting (neutrino-like). These properties of 
the electron lead to a model which consists of a non-interacting spherical mechanical 
mass with a charge on the equator. The sphere is rotating at the relativistic limit in 
which its equator is moving at or just below the velocity of light, c. If we calculate the 
inertial properties of the rotating mass relativistically [2], then this more-or-less classi- 
cal model gives the correct gyromagnetic ratio between the magnetic moment and spin 
angular momentum of the electron-which is a result that has sometimes been regarded 
as impossible to achieve. This model for the electron is shown in Figure 1. where the 
spin axis is tilted with respect to the z-axis of quantization at the quantum-mechanically 
prescribed angle eQM for a spin 1/2 particle. The standard spectroscopic features of the 
electron are reproduced. and also some intriguing quantum features. A comprehensive 
discussion of this model in given in ref. [2]. 

Figure 1. A spectroscopic mode1 for the electron [2] 
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2. Enigmatic Photons 

If we can devise a representational model for the electron. can we do the same for the 
photon? The answer is yes. if we are willing to extend our usual definition of basis 
states. The electron model shown in Fig. 1 features an ordinary electric charge e, but it 
requires the inclusion of a new basis state-a non-interacting mechanical mass. The 
photon model. in which photons carry spin angular momentum but have no net rest 
mass. leads to an additional basis state-a hole state. which must be regarded as a 
"hole" in the underlying vacuum manifold. With the addition of this state. we can accu- 
rately reproduce the standard properties of the photon. and we can also devise a quan- 
tum to represent the "empty waves" that surround and accompany the photon and guide 
it through space. Before we develop this model mathematically, we first discuss the 
properties of the vacuum manifold and of "hole" states, including their motion in an ap- 
plied external electrostatic field. "Hole" states Merent in an essential respect from the 
well-studied "negative-mass" states of special relativity. Many of the ideas we discuss 
here with respect to photons and empty waves have been described in detail in a recent 
publication [3], which gives pertinent references to the literature. 

3. Vacuum-state Particle-Hole Excitation Pairs 

The formalism of lattice gauge theory was developed by assigning a computational lat- 
tice to the vacuum state. In rough analogy to this, we conceptually picture the vacuum 
state as simultaneously containing two lattices-a "particle" mass manifold that is stud- 
ded with negative electric charges -e, and an "antiparticle" mass manifold that is stud- 
ded with positive electric charges +e. The excitations of these manifolds correspond to 
the vacuumJfluctuations that give rise. for example, to the C a s i i  effect [2,3]. A basic 
"particle-hole" excitation corresponds to the displacement of a "particle" mass m and an 
associated charge -e from its place in the lattice, with the concomitant production of a 
vacancy. a "hole", that appears as a (virtual) mass -m with a (virtual) charge +e. A cor- 
responding "antiparticle-antihole" pair is produced by exciting an antiparticle mass E 
and an associated charge +e from its place in the antilattice. These are the basic vac- 
uum polarization pairs. 

To study the behavior of these pairs, we must ascertain the equations of motion for 
"particle" and "hole" excitation states. The "particle" masses and charges are the ones 
we customarily deal with, and these states follow the conventional Newtonian equations 
of motion. The ''hole'' effective masses and charges, however, are different. The signifi- 
cance of a "hole" state in a mass manifold is that a degree of freedom is now available 
which was not there before. A neighbor can move into the hole and fill it, thereby cre- 
ating a new hole at the former position of the neighbor. If a mechanical "push" is ap- 
plied from (say) the left, the left neighbor is moved into the hole, so that the hole itself 
moves to the left, opposite to the direction of the push. Thus, mechanically, a hole state 
behaves formally like a "negative mass." It appears in Newton's equations with a nega- 
tive sign for the mass. But the behavior of the hole under an external electrostatic field 
is different The "hole" state behaves as if it has a positive charge, since the negative 
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charge which used to be at that location in the lattice is missing. However. in actuality 
the hole has no charge. An external electrostatic field will not act directly on the hole. 
but instead will act on the neighbors of the hole. Consider an applied electrostatic field 
that is directed so as to move a positive charge to (say) the right. It actually acts on a 
negatively-charged right-hand neighbor of the hole and pulls it to the left and into the 
hole, thus moving the hole to the right. Hence the "hole" moves under the influence of 
an electric field in the same manner as its associated "particle" does. It does not behave 
electrostatically like a negative mass. This may appear to be a trivial result. but it does 
not seem to have been noted before in the literature (until ref, [3]), and it is crucial to 
the behavior of vacuum-state excitations. 

With respect to possible vacuum-state excitations, consider first a hypothetical 
positive-mass, negative-mass pair that carry opposite electric charges. Such a pair, once 
excited, cannot de-excite: the positive-mass member is drawn electrostatically toward 
the negative-mass member. which, however. runs away from the positive-mass mem- 
ber. Thus this cannot be a model for a vacuum-state excitation. But now consider in- 
stead a positive-mass, hole pair (F- H + ) .  Once excited. it soon de-excites. with the 
two members being drawn together electrostatically. Thus this can serve as a suitable 
basis for vacuum-state excitations. Moreover, the P-H state can be prevented from de- 
exciting by setting it into rotation. If an appropriate frequency is assigned, the mechani- 
cal centrifugal forces and the Coriolis force balance out the electrostatic attraction, and 
a stable confguration is reached. This is essentially the model that we arrive at for both 
the photon and its associated "empty wave," as we will now demonstrate. (it should be 
noted that stable rotation is not possible for a positive-mass. negative-mass pair.) 

4. A Rotating Particle-Hole Pair 

One of the main tasks in constructing a model for a photon or an electromagnetic wave 
is to reproduce the jkquency. From the PR viewpoint. this model must exhibit a peri- 
odic motion. which is most logically a rotation. Figure 2 shows a rotating particle-hole 
(P-m pair as seen both in a stationary co-moving frame of reference (left) and a rotat- 
ing co-moving frame (right). The left figure demonstrates the manner in which the par- 
ticle and hole both follow the same circular orbit. even though the momentum vectors 
for the hole state are formally reversed. The right figure shows how the centrifugal 
force and Coriolis force act to counterbalance the inward electrostatic force [3]. 

Consider the orbit equations for the particle state P .  These are the force equation 

ma2r  = e2i4r2 (1) 

m r 2 a  = fit2 , (2) 

and the angular momentum equation 

where the positive mass has been assigned an angular momentum of tit2 (half of the an- 
gular momentum of the photon). Eli&ting the mass m. we obtain 

fico = e 2 / 2 r .  (3) 
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Figure 2. A rotating particle-hole pair, as viewed in stationary (left) and rotating (right) co-moving frames. 
The particle states at the top follow the standard Newtonian equations of motion. The hole states at the bottom 
have reversed momentum vectors. but behave electrostatically in the same manner as the particle stales. 

The energy quantum 60 is the Planck energy for a photon that has fquency a. and 
the term e2 /2r is the electrostatic energy of the rotating pair. Similar orbit equations for 
the hole state H can be written down, with a Coriolis force added. and the hole orbit 
matches that of the particle [3]. 

The spin angular momentum of a rotating P-Hpair is formally equal to zero. so it 
cannot serve as a representation of the photon. But it can serve as a quantum for the 
photon wave packet. Since this wave quantum necessarily carries only an infinitesimal 
amount of energy in addition to its zero angular momentum. we denote it as a "zeron". 
It closely resembles the photon. In particular, it carries the same rotational fresuency as 
the photon. We have the freedom in the model to adjust the "negative hole energy" so 
as to cancel out the positive energy components, including the electrostatic energy [3]. 

5. A Model for the Photon 

In order to reproduce the photon, it is necessary to simultaaeously create a particle- 
hole pair and an antiparticle-antihole pair, and to merge them together. The oppositely- 
charged hole states coalesce at the center, and the particle and antiparticle states rotate 
around one another, as shown in Figure 3 (left). Equations (1) - (3) also apply to this 
configuration, which reproduces the standard features of the photon [3], including its 
spin angular momentum A, longitudinal circular polarization. and total energy fia in the 
co-moving frame (the negative energies of the hole states cancel out the positive me- 
chanical energies of the particle states). The photon emerges electromagnetically as a 
traveling electric dipole, as shown in Figure 3 (right), a configuration which has been 
demonstrated to be consistent with Maxwell's equations [4]. Equations (1) and (2) have 
three variables. and thus are underconstrained. They admit solutions for all values of o , 
which is the result we require phenomenologically, since photons occur with a continu- 
ous range of energies. The problems associated with relativistic transformations are 
briefly considered in Sec. 12. 
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Figure 3. A model for the photon. as viewed in a non-rotating frame which is co-moving with the 
photon (left); and in the laboratory frame (right), where the photon is moving forward into the paper. 

Representation of a Circularly-Polarized Electric Wave as a Train of Zerons 

The photon is clearly an electromagnetic entity. The wave that sunrounds, accompa- 
nies. and guides the photon must also be electromagnetic: it is the electromagnetic 
wave. In the present model, we picture the electromagnetic wave as being composed of 
a cloud of synchronized zerons, each one of which carries the velocity and frequency of 
the wave. If the photon is traveling in a straight line, the wave is a plane wave. When 
the photon passes through a narrow slit, the part of the wave that also passes through the 
slit is ''jostled." with the zerons receiving lateral impulses from the slit edges. so the 
wave fans out in a spherical manner, as observed experimentally. Since the speed and 
rotational frequency of the zerons are unaltered. the phase relationships of the wave are 
maintained in this new geometry. Each zeron carries effective electric dipole charges, 
and these charges are responsible for the electromagnetic characteristics of the wave. 

A single photon has circular polarization. A single rotating zeron also has circular 
polarization (non-rotating zmns  quickly de-excite). Each of these quanta constitutes a 
transversely-rotating, forward-traveling electric dipole. A phase-shifted linear chain of 
these rotating dipoles gives a representation of a circularly-polarized electromagnetic 
wave, but not quite in the way that it is customarily represented. Figure 4 shows a suc- 
cession of phase-shifted electric dipoles. We can create wave motion with this ensemble 
of dipoles either by (a) moving this entire confguration foxward (to the right), or else 
6) keeping the dipoles fixed in space and setting them into rotation. With either choice, 
an observer at afixed location in space observes a rotating electric field, which is the 
way that circularly-polarized electromagnetic fields are conventional[v pictured [5].  
Choice (a) is the model that is customarily employed, and moving zero-phase (or con- 
stant phase) points of the wave train are used to track the phase relationships. However, 
a foxward-moving and rotating phase-shifted train of zerons (which is the configuration 
that is required in order to reproduce diffraction experiments) e'xhibits both of the mo- 
tions (a) and p), so that its charges tmce out the successive path positions shown in 
Figure 4. Thus. for this zeron wave train motioq Figure 4 becomes time-independent: 
an observer at afixed location in space observes a non-rotating electric field. From the 
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standpoint of the present phenomenology, this is a crucial result, and it has several im- 
portant ramifications, as we demonmate below. 

Figure 4. A succession of phase-shifted electric dipoles that can be used to represent a circularly-polarized elec- 
tromagnetic wave. Forward-moving and rotating zerons trace out the positions shown here. and thus appear at a 
fixed location in space with a fixed orientation of the electric field vector (in contrast to the usual formulation [SI). 

7. A Self-synchronizing Zeron Wave Packet 

As we have demonstrated in Figure 4, a train of rotating and forward-moving phase- 
shifted zerons all assume the same orientation as they pass a fvred region of space. 
They will thus linearly polarize that region of space. This linear polarization-the pro- 
duction of stationary particle-hole or antiparticle-antihole pairs of opposite polarity in 
the spatial manifold-persists as long as the zeron cloud is passing through, and then 
de-excites. The crucial point in this process is that the polarized vacuum state in tum 
acts back on the remaining portion of the zeron wave train and serves to accurately syn- 
chronize the individual zerons: it requires each zeron in the train to "foUow the leader" 
and pass through a region of space with precisely the same electric orientation as the 
preceding zerons. An "electric filter" is thus set up by the leading edge of the zeron 
wave train. and it rigidly controls the phases of the ensuing zerons. As long as each ze- 
ron maintains its original velocity and rotational frequency. this filter ensures that the 
spatial orientation of the successive zeron phases in a wave train will be such as to ac- 
curately reproduce the wavelength that corresponds to this velocity and frequency. Fur- 
thermore, since the spatial electric polarization is linear. this correlation will extend to 
Iatdy-adjacent wave trains, and hence to the entire wave packet of zerons. The spa- 
tial standing-wave pattern that is set up in the polarized vacuum state binds the individ- 
ual zerons together into a tightly-organized electromagnetic wave. 

If a photon wave packet is broken apart, as, for example, in passing through a half- 
silvered mirror, this Self-Synchronization mechanism logically s m e s  to recoIlstitute 
each shattered portion of the wave packet back into a unified ensemble of zerons. 

We can envisage this same kind of vacuum-state polarization occuning with 
conventional circularly-polarized electtomagnetic waves (Sec. 6). In this case, the elec- 
tric vector at a fixed point in space is rotating [5 ] ,  so the vacuum-state polarization 
manifold would consist of a collection of rotating but non-moving P-H pairs. One dif- 
ficulty with this picture is that P-Hpairs are more stable in a rotational mode than in a 
stationary configuration (Sec. 3), so the underlying vacuumstate polarization would be 
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slow to die away after the passage of the wave packet. This could lead to problems with 
energy conservation, and also with the linearity of the wave field in a system with many 
overlapping excitations (such as an atom). 

8. The Photon Double-Slit Experiment 

Although zerons produce a different pattern at a fvred region of space than do con- 
ventional electromagnetic waves (Sec. 6), they both lead to the same amplitudes in 
Fraunhofer, Fresnel. and Young interference experiments. When the phase-shifted di- 
pole ensemble of Figure 4 is shown as traveling to the right (the "conventional" wave 
picture), the point of "zero phase" also travels to the right, and wave phase relationships 
are commonly ascertained by tracking the motion of this zero-phase wave front. How- 
ever, in zeron wave packets the zero-phase points are fixed in space. But the phase rela- 
tionships can be ascertained by starting at a wavefront of wnstant phase and tracking 
the rotating zerons. 

It is instructive to picture a Young photon doubleslit experiment as reproduced by a 
conventional electromagnetic wave and by a zeron wave. The two cases are shown in 
Figure 5. At the position of a minimum (to the right) in the diffraction pattern, one path 
length (the left) is half a wavelength longer than the other. Thus two wave components 
that simultaneously reach the position of the minimum have come from original posi- 
tions in the incident wave packet which were displaced by half a wavelength. In the 
conventional case. these selected wave elements travel with constant phases, and they 
give the phases shown in the left diagram in Figure 5. In the zeron case, the same se- 
lected wave elements travel with rotating phases, and they give the phases shown in the 
right diagram in Figure 5.  All zerons pass through the slits with the same phase. In this 
particular example, the final zeron phases are shifted from the initial z m n  phases by 
180 degrees as compared to the corresponding conventional phases. but the relative 
phases between right and left in each case. and hence the interference amplitudes, are 
the same. Computer calculations of zeron phase fields for spherical outgoing waves past 
the plane of the slits accurately reproduced both double-slit and Fraunhofer wave ampli- 
tudes at the image plane. 

C t  

Figure 5. A double-slit diffraction minimum as reproduced by a conventional 
electromagnetic wave (left), and by a zemn electromagnetic wave (right). 
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9. The Transition from Wave Amplitudes to Probabilities 

A wave packet of zerons that travels in a straight line is organized by the underlying 
spatial polarization into an accurately synchronized plane wave. as described above. 
When this plane wave is incident on a narrow slit, a lateral disturbance is created in the 
zerons that pass through the slit, and they emerge on the far side with a distribution of 
lateral velocities. This effectively shatters the wave packet, which then spreads out in a 
cylindrical manner (Huygen's principle for a narrow slit) since each zeron keeps its 
original absolute velocity. Moreover. each zeron also keeps its original wave frequency. 
so the wavelength of the outgoing cylindrical wave matches that of the incoming plane 
wave. The leading edge of this outgoing wave packet polarizes the underlying vacuum 
state, which in turn acts back on the ensuing wave components to synchronize the 
zerons into a new wave pattern, just as in the formation of a plane wave. For multiple 
slits. or for wide slits. different components of the wave front interact to produce inter- 
ference patterns. In the case of Fraunhofer diffraction, for example. wave components 
from all across the slit combine together with slightly different phases to form the char- 
acteristic Fraunhofer fringes at the image plane. The induced polaniation of the under- 
lying vacuum state constitutes a electric standing-wave pattern with opposite polarity, 
that serves as a "negative template" for the overlying Fraunhofer amplitude distribution. 

By following the zeron quanta in detail, we can accurately reproduce the standard 
wave amplitudes that occur in the various photon interference experiments. But the 
problem then emerges of reproducing the quantum mechanical probability distributions, 
which depend on the absolute squares of the amplitudes. From the standpoint of physi- 
cal realism, we need to find a physical quantity which is relevant in steering photons 
through the zeron wave field, and which itself depends on the square of the zeron am- 
plitude. Such a quantity is provided by the underlying vacuum-state polarization. 

If zerons densely occupy a spatial region, so that they form overlapping amplitudes. 
then the polarization that they produce in the underlying vacuum state is proportional to 
the square of the zeron density. For example. two superimposed in-phase zeron elecuic 
dipoles have four times the internal electric field of a single zeron dipole. and hence 
produce four times the corresponding vacuum state polarization. Thus the vacuum state 
electric polarization created by a zeron wave field is a static mapping of the square of 
the zeron amplitude at each point in space, with the orientation of the vacuum-state 
electric field vectors opposite in direction to the orientation of the zeron electric fields 
which produced them. 

As a photon travels in a straight line with an accompanying zeron cloud, it is locked 
into the overall phase pattern of the plane wave packet. In fact, more than one photon 
can lock into the same wave packet, since photons are bosons. Where the packet strikes 
and passes through a narrow slit, or combination of slits, it shatters and reforms into a 
(cylindrical) interference pattern. A new standing-wave vacuum-state polarization pat- 
tern is produced whose local electric fields are proportional to the squares of the match- 
ing zeron amplitudes, and are opposite in sign. The gradients of the local vacuum-state 
electric fields are also proportional to the squares of the zeron amplitudes. 

When the photon in the wave packet passes through a slit, it is initially in the same 
phase as the adjacent zerons, and thus is attracted by the oppositely-charged local 
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vacuumstate electric fields. However. its single phase cannot continue to match the 
phase distribution of the interference pattern that is produced by multi-component zeron 
waves. Thus it starts to fall out of phase with the underlying vacuum-state electric po- 
larization pattern, and it is steered by the electric field gradients in the direction of the 
maximum local field intensity. Hence an ensemble of cylindricallydistributed individ- 
ual photon trajectories on the far side of the slit plane (which initially match the corre- 
sponding cylindricallydistributed zeron trajectories) are converted into trajectories that 
follow the electric field gradients of the vacuum-state polarization. These trajectories 
terminate so as to reproduce the standard probability distributions for observed photons 
at the image plane. The zerons themselves, as they leave the plane of the entrance slits, 
do not travel alone. They are constantly combining together in just the proper phases to 
reproduce the underlying polarization interference pattern (which their precursors pro- 
duced), so they are not deflected fiom their trajectories: their combined phases are in 
accurate correspondence with the interference pattern that is "etched" into the vacuum 
state. The single photon in the wave packet has no one it can combine with. so its phase 
cannot reproduce the complicated interference phases impressed on the vacuum. and it 
instead follows the electric field gradients. Approximate computer calculations were 
made of the photon steering by these electric field gradients (up to an assumed overall 
constant that specifies the strength of the interaction). and these calculations show gen- 
eral agreement with the above ideas. Thus the polarized vacuum state emerges as a 
mechanism for converting wave amplitudes into probability distributions. 

10. The Electron Double-Slit Experiment 

Double-slit experiments are carried out with electrons as well as photons. A charged 
filament in an electron microscope breaks an electron wave packet into two parts. 
which are electrostatically deflected around the filament and recombine at the far side 
to form a double-slit interference pattern. The fact that this kind of experiment closely 
duplicates the optical double-slit experiment, except for a large scaling in the distances 
involved, demonstrates that the formation of a zeron cloud around a moving electron 
must be closely analogous to the photon case discussed above. De Broglie showed that 
the frequency o of a zeron created by a moving electron is given by the equation 

(4) 
TheJi-equency of the zeron, which is uniquely related to the mass element m of the ro- 
tating P-H pair (Eqs. 1 and 2) ,  depends only on the relativistic mass of the electron. 
The "mass linkage" between the moving electron and the vacuum state evidently deter- 
mines the frequency of the vacuum-state excitations. The superluminal wave velocity 
of the zeron, assuming it has an infiitesimal (but nonzero) total energy, is given by the 
equations of perturbative special relativity [6]. Hence the de Broglie wavelength of the 
zeron is uniquely determined for each .electron energy. The important conclusions we 
can infer from these results for our present purposes are that electron waves deflect in 
electrostatic fields in the same manner as electrons. and that superluminally-moving 
(phase velocity) zerons. which are produced with a rauge of frequencies due to the 

2 h o  = mc . 

. 
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small  but finite electron energy losses during their emission (Eq. 4), combine together 
linearly to form subluminally-moving (group velocity) zerons. Photon waves also ex- 
hibit this same kind of wave velocity, group velocity relationship in a medium (such as 
air) where they travel with velocities less than c. 

11. The Quantization of Atomic Orbitals 

We have sketched the manner in which the polarization of the vacuum state by a ze- 
ron wave packet serves both to stabilize the wave packet, and also to relate wave ampli- 
tudes to probability distributions for the accompanying particles. One of the most 
spectacular consequences of this vacuum-state polarization may be its effect on atomic 
orbitals. As De Broglie showed the quantized Bohr orbits in an atom have path lengths 
which are integral numbers of electron de Broglie wavelengths. From the present PR 
viewpoint. this result is a consequence of the electric standing wave pattern that is 
formed in the vacuum state by the motion of the electron in its orbit: the pattern of the 
induced polarization must accurately close on itself. This can only occur when the path 
is an integral number of wavelengths. We can deduce from electron double-slit experi- 
ments that the zeron wave in an atomic orbital circles the atomic nucleus just like the 
electron itself does. Thus it will form a polarization pattern in the vacuum state that re- 
flects this orbital motion. The quantization of atomic orbits is fiequently spoken of in 
terms of the wave being single-valued (closing on itself), but the key point here is that 
for stability, the underlying vacuum-state polarization pattern must join at the "ends" to 
form a continuous standing wave. In fact, this cod@ration, once formed is so stable, 
and the electron is locked in so tightly, that it will not admit another electron into the 
same orbit. It will, however, admit a counter-rotating electron with opposite spin orien- 
tation. which traces out, shares, and reinforces this same spatial standing-wave polariza- 
tion pattern. The '"pairing force"" that this produces between matching electron orbitals, 
or matching proton or neutron orbitals in the nuclear shell model. is very strong, and is 
a reflection of the strong mutual polarization pattern produced by the counter-rotating 
matched particles. 

The orthogonality relation that exists among overlapping atomic orbitals is the con- 
dition that. on the average, the motion of a particle in one orbital is not perimbed by the 
underlying polarization fields of the other orbitals. 

12. Questions about Special Relativity 

The equations of special relativity were originally devised with respect to electro- 
magnetic fields, which move at velocity c. However, they apply equally well to elec- 
trons and other systems which move at much slower velocities. A difficulty with these 
equations is that we can use them to transform between various subluminal reference 
frames, but the frame moving at v = c is a special case, and the Lorentz transformations 
become singular at this velodity. Hence we have no mathematical way of trandoxming 
out of the frame co-moving with the photon and into the labomtory frame. 

The electron model that is shown in Figure 1 is relativistically correct [2]. Hence we 
might expect that the corresponding photon and zeron models. which are based on the 
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same type of (classical) equations for spins and electromagnetic effects. are also relativ- 
istically correct. Without the complete transformation equations. we cannot draw this 
conclusion. But we can make a few inferences. We know that masses scale relativisti- 
cally as rn = y m, , and frequencies scale as o= a,, / y , where m, and coo are the val- 
ues in the reference frame. and y = l/,/- v IC ) is the transformation factor for a 
velocities v relative to the reference frame. In Eqs. (1) and (2), the radius r is relativis- 
tically invariant. because the motion of the system is at right angles to r. Thus the cen- 
trifugal force term m o * r in Eq. (1) scales as l /y . The right hand side of Eq. (l), which 
is valid in the co-moving frame (Fig. 3, left), must be modified in a moving frame to al- 
low both for the relativistic flattening of the electrostatic field and also for the addition 
of the magnetic field that arises from the forward-moving charges (Fig. 3, right). When 
these factors are inserted. the right-hand side of Eq. (1) also varies as l/y [SI. Thus Eq. 
(1) exhibits the proper relativistic behavior. In Eq. (2), both sides are independent of y, 
so it is also relativistically correct. But since y goes to infinity at v = c, we cannot go in 
a continuous manner from the frame co-moving with the photon (Fig. 3, left) to the sta- 
tionary laboratory frame (Fig. 3, right). What we can say is that the photon has an 
experimentallydeterminable frequency oin the laboratory frame. and that it must also 
have a finite (but unknown) frequency o in the co-moving frame. so there is an effec- 
tive (but unknown) transformation parameter yEW that in some manner represents the 
proper way of going to the limit v = c in the Lorentz transformation equations. 

Final Remarks 

The models that we have presented here for the electron, photon. and zeron are mathe- 
matical models which accurately reproduce the known spectroscopic properties of these 
states. The discussion of wave fields. however, is largely qualitative. What we have 
tried to do is develop a plausible scenario for the manner in which these wave fields 
function. The key points with respect to waves are the use of zerons as wave quanta. 
the recognition that a train of zmns  has a fixed electric phase orientation at a station- 
ary point in space. and the consequent polarization of the underlying vacuum state to 
stabilize the z m n  wave packet. convert amplitudes into probabilities, and quantize 
atomic orbitals. 
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