Particle Physics Insights ﬂ Iberiss ArsrEres

OPEN ACCESS
Full open access to this and
thousands of other papers at

PERSPECTIVE http://www.la-press.com.

A Proposal for the Structure and Properties of the Electron

VNE Robinson

ETP Semra Pty Ltd, 244 Canterbury Road, Canterbury, NSW, 2193, Australia.
Corresponding author email: viv@etpsemra.com.au
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well as matching the known properties of an electron it also makes predictions of previously unknown properties, pointing out that they
may have been detected but not recognized as such.

Keywords: electron, photon, spin, relativistic corrections, electric charge, magnetic moment, dimensions, de Broglie wavelength

Particle Physics Insights 2011:4 1-18

doi: 10.4137/PP1.S7102

This article is available from http://www.la-press.com.
© the author(s), publisher and licensee Libertas Academica Ltd.

This is an open access article. Unrestricted non-commercial use is permitted provided the original work is properly cited.

Particle Physics Insights 2011:4 1


http://www.la-press.com
http://dx.doi.org/10.4137/PPI.S7102
http://www.la-press.com
http://www.la-press.com/particle-physics-insights-journal-j105
http://www.la-press.com
mailto:viv@etpsemra.com.au

Robinson

&,

1. Introduction

Although the electron was the first of the sub-atomic
particles to be detected and it is the most widely
manipulated sub-atomic particle,"? there has never
been an adequate structure proposed for it. Reasons for
this include different properties the electron appears
to exhibit under different circumstances. At times
it behaves like a particle, at other times like a wave.
Sometimes it behaves like a point particle yet it pos-
sesses a property once described as angular momentum
and has a magnetic moment as if it had a dimension
closer to that of the Compton radius %/mc.’

It has a zitterbewegung (zbw) associated with it.*¢
It has a charge of exactly the same magnitude yet
opposite polarity to that of a proton, even though it is
some 1,836.1526 times less massive than the proton.
Its charge doesn’t increase when the mass of the elec-
tron is increased with velocity. Its quantum mechani-
cal behavior has resulted in some physicists asking
“what really is an electron?”.” One statement that
summarized scientific thought regarding the elec-
tron, was made in 1961 by Margeneau, “An electron
is an abstract thing”.® It appears to still represent the
viewpoint held by many physicists.

Although itis now over 100 years since the discovery
of the electron and despite the fact that it has been the
most studied of all of the sub-atomic particles, very lit-
tle is known about its structure, see for example Barut,’
Hestenes,’ Jaynes,'® and MacGregor,'' among others.
In 1990 at Antigonish, Nova Scotia,'? a workshop was
held to try to work out properties of and a model for the
electron. Cambridge University hosted a conference on
the electron in 1997, marking the one-hundredth anni-
versary of its discovery by Thomson. Candidate struc-
tures include Bohm’s “Amoeba” model,"* in which
the electron can change its shape to accommodate dif-
ferent dimensions depending upon its circumstances;
the spinning sphere model,'* and the “point particle”
model with intrinsic properties inserted upon it,” the
quantum mechanical model,'> among others.

Despite these and many other attempts, a theory
for the structure of the electron remains elusive.
On the other hand the behavior of electrons is well
predicted from many mathematical models, such as
quantum electrodynamics (QED) and the Bohr model
of the atom.'*!® Both Schrodinger and Dirac devel-
oped equations in which known electron proper-
ties were superimposed.*>!°2?° Those equations were

successfully used to calculate the expected behavior of
electrons under different circumstances. Physical rea-
sons for electrons to have their properties were never
given. Their equations and subsequent modifications
have been extensively used in predicting the behavior
of electrons in electromagnetic fields. In view of the
success of the predictions from those theories some
scientists doubt the need for a structure to explain
the electron. There are still many unanswered ques-
tions associated with it. What is the origin of elec-
tric charge? What are the dimensions of the electron?
How does its magnetic moment originate? What gives
an electron its mass? What is the spin of an electron?
Is the electron a particle always, sometimes or never?
Is it a wave always, sometimes or never?”?' Equally
important among all of those properties is the ability
of a model to explain the origins of the relativistic
corrections when an electron moves.

This paper suggests that there is one structure that
can explain the properties of an electron. It is based
upon properties of a known particle, the photon, the
existence of which was predicted by mathematics
worked out by Maxwell,”? before its existence was
verified. One of the predictions of Maxwell’s equa-
tions was that a wave of electromagnetic energy
would move through space at the speed of light “c”.
Hertz demonstrated their existence.”® Marconi dem-
onstrated a practical application of those waves,
when he sent radio messages using electromagnetic
waves.” In 1905 Einstein used the concept of energy
quanta developed in 1900 by Planck to show that
these electromagnetic waves were discrete particles
of electromagnetic energy when he gave an explana-
tion for the photo-electric effect.?>*

So well established is the concept of the photon
that there are two constants, the electric permittivity,
g, and magnetic permeability, |, of free space, that
define a fundamental property of the photon through
the relationship €y, = 1/c?, where c is the speed of
light. A photon has a frequency of oscillation f, which
gives it a wavelength, A, with the photon traveling
through free space at ¢ = fA. The work of Planck
and Einstein showed that the photon has an energy
E = hf, where h is Planck’s constant.>*¢ This paper
presents a model for an electron based upon the above
mentioned properties of a photon. It gives explana-
tions for some of the known properties of electrons.
It also makes some predictions currently unknown to
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science, which predictions can be used to check the
accuracy of this model.

2. The Model

This model proposes that a single sub atomic particle,
in this case the electron, consists of a photon traveling
at the speed of light, c, in a circle of circumference
equal to half its wavelength. That is, the photon
rotates on itself twice within its wavelength. It travels
at ¢ in radius r = A/4m. For this reason, it is appropriate
to call this the “rotating photon” model. That is the first
postulate made in this model. If this rotating photon
model has any validity, that postulate and known prop-
erties of the photon should lead directly to many of
the experimentally observed properties of the electron.
A brief description of why a photon may travel in a
circle and what are some of the implications is given
in section 5.

A schematic illustration of what is meant by a pho-
ton traveling two revolutions in the same time and
distance as it would take for the same photon to travel
one wavelength in a straight line, is given in Figure 1.
A purely electromagnetic field forms and collapses to
generate its opposite purely electromagnetic field in
exactly the same position, locking the opposite fields
into each other. The whole front travels that radius at
the speed of light c.

The starting point of this model is that each indi-
vidual electron has a property called spin, which was
postulated by Uhlenbeck and Goudsmit when they
were attempting to explain the observed behavior
of radiation from a material in a magnetic field.””*

Their postulation was that each electron had an angu-
lar momentum of %2%, where 7 = h/2w. Their idea of
angular momentum was that of I®, where I is the
moment of inertia of the electron and o is its angular
velocity. To explain the behavior of the emission lines
in a magnetic field, they proposed that the electron
was indeed spinning like a top or a flywheel.

3. Angular Momentum Considerations
The starting point of this theory is that the angular
momentum of an electron is given by

o ="h (1)

The front of such an electromagnetic oscillation
traveling at the speed of light ¢, has an angular velocity
o (= v/r where r = A/4m), that is given by

® = 4mc/A (2)
Multiplying equation 1 by equation 2 and substi-
tuting gives
> h dnc

[o? = — x — 3
@ 4nxk ®)

The moment of inertia I of a hoop of mass m and
radius r is given by I = mr?. Substituting this into
equation 3 and simplifying gives

mr?-¢c2/r? = he/A

or

mc*=hf=E 4)

YT —yr
D=2y,
SHe
A B c

—® Axis and direction of electromagnetic oscillation

First half cycle

Second half cycle

Figure 1. Schematic illustration of the relationship between a linear photon and a rotating photon, shown with the half cycles plotted in the vertical scale
and distance in the horizontal. The top set shows the linear trajectory, while the bottom set shows the equivalent in a circular trajectory. For ease of inter-
pretation, the cycles are drawn with different scales. A) shows the photon when they have completed 25% of the cycle; B) shows 50%; C) 75% and D)
100% of the cycle. The circular trajectory makes two cycles to complete one wavelength.
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Equation 4 is easily recognized as Einstein’s rela-
tivistic equation that marks the equivalence between
mass and energy.” In this rotating photon model,
the equivalence between mass and energy, given by
E = mc?, is that energy E is a photon of frequency f,
given by E/h and wavelength A = ¢/f, traveling at ¢ in
a straight line, while matter is the same photon travel-
ing at ¢ in a circle such that it makes two complete
revolutions within its wavelength, to become the
electron. By making two revolutions per wavelength,
it is able to remain stationary while still traveling at c,
giving it properties of mass and spin normally associ-
ated with matter particles. In this regard, this presen-
tation agrees with one of Einstein’s statements,* “If
the theory corresponds to the facts, radiation conveys
inertia between the emitting and absorbing bodies”.
That interpretation of photons is held in what is called
the Einstein-de Broglie model. Einstein’s above men-
tioned statement shows he believed photons had mass.
An alternative interpretation of photons, based upon
the Copenhagen Convention, suggests photons do
not have mass. Some of the points of the Einstein-de
Broglie model and the Copenhagen Convention inter-
pretation are discussed further in Appendix 1. This
presentation accepts Einstein’s postulate that radia-
tion conveys inertia between emitting and absorbing
bodies and hence possesses mass.

This rotating photon model does give a clear defi-
nition of mass m in terms of electromagnetic energy,
namely

m=hf/c> and f=mc*h (5)
Because ¢ = fA, equation 5 yields
A =h/mc

where A is the Compton wavelength.® From this it is
possible to derive an expression for the radius of a
particle of mass m,

r = M4rn = h/4nmce = h/2mc (6)

4. The Relativistic Corrections

Consider what happens to an electron under this model
as it moves. Figure 2A illustrates a hoop moving along
its plane of rotation, while Figure 2B illustrates the
same hoop moving along its axis of rotation, perpen-
dicular to that plane. All other possible motions should

C
ctv

Figure 2. Schematic illustration of the motion of an oscillation in the
directions A) parallel and B) perpendicular to the plane of the rotation of
the electromagnetic oscillation. Only the motion illustrated in (B), shown
in isometric view for easier interpretation, is considered in this study.

be considered as a combination of those two. In this
study, only the path shown in Figure 2B, in which the
rotating photon spirals helically through space, shall
be considered. This requires each particle of this type
to instantaneously orient itself such that the direction
of rotation of the photon would always be perpen-
dicular to the direction of travel of the particle.

Such a particle with radius r at rest with respect
to an observer has a perimeter of 27r,, which is trav-
eled by the oscillating front in time t (= 0.5 ™! sec),
such that 27tr, = ct. When it travels at velocity v, with
respect to an observer, the oscillation will no longer
be represented by a flat hoop when viewed from the
side, but by a helix, as illustrated in Figure 3. The
front will still travel a distance ct in time t, but from
Pythagoras’ Theorem, this will be given by

(2mr )? + (vt)* = (ct)’

wherer, is the radius at velocity v, and can be rewritten
as

[(2mr,)” + ()] (ct)?
Qm)’  (2ny)’

Since 27r, = ct, this simplifies to

(nr)" ()’

=1
2nr)*  (ct)?
which can be rewritten as
2 2
s o=l
I, C
for which one solution is
r =r[1—(v¥/c)]* (7)
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Figure 3. Schematic illustration of the movement of the oscillation front for
a particle at rest, A) and moving at velocity v, B) illustrated from end on, i,
at an angle, ii , and side on iii. Note that B) ii and B) iii illustrate a helix.

vt

In this rotating photon model, a particle will con-
tract laterally as it moves, with the degree of lateral
contraction being given by the relativistic correction
factor.

When this type of particle moves at increasing veloc-
ity, its radius contracts as given in equation 7. However,
its angular momentum, I®, remains constant, because
none has been either added or subtracted. Thus angular
momentum I® remains constant at

Yol = mr* X ¢(sin@)/r

for all velocities, where 0 is the angle between the
direction of travel of the particle and the angle tra-
versed by the rotating (spiraling) photon, as shown
in Figure 3B iii. The sin® term comes about because
the motion of the photon is now no longer completely
circular, some of the velocity c is in the direction of
the propagation of the particle and some in the direc-
tion of rotation. It is only the component sin@, in the
direction of rotation, which contributes to the angular
momentum. This gives

mr, =mr, sind,

where m, and r, are the rest mass and rest radius of
the electron and m, and r are its mass and radius at

velocity v. In this rotating photon model of an elec-
tron, the photon cannot spin faster, so to match angu-
lar momentum, its mass must increase. As such,

m =mr./r sind
A 070 v
But since sin6 is given by r /1, this gives
_ 2,2
m, =mr,/r,

which, from equation 7, gives

my

B (1-v?/c?) ®)

v

Equation 8 means that, as the velocity of a particle of
this type increases, its mass would increase at a rate
faster than allowed under the relativistic and previ-
ously derived relationship E = mc? This is at odds
with the principle of conservation of mass-energy.
Thus, either this rotating photon model is not appli-
cable to the structure of an electron, or the rate of
rotation must slow down. Considering the latter case,
equation 8 can be re-written as

m =[1— (/A xm[1 - (v¥/cH)][*

indicating that the correction required is [1 — (v¥/c?)] >

In the above description of the rotating photon,
classical concepts of length and time have been
used. If time on the moving particle were to slow
down according to that relationship, then mass would
increase at the slower rate given by

mg,

- (1= v2/c2)03

©)

v

which agrees with predictions from Einstein’s special
theory of relativity.?’ Thus, this rotating photon model
requires time interval t at velocity v to slow down
according to the relationship

to

= (= v2/c?)’3

(10)

v

which again agrees with the special theory of relativ-
ity and experimental observation.

With the speed of rotation slowed down, yet the
photon still required to travel at c, it must now have
a linear forward travel component in its motion, as
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shown in Figure 4. If the electron were to helically
spiral its way through space, it would travel the total
distance as seen by a stationary observer. When it has
a forward linear motion, it does not have to make the
same number of spiral revolutions to go from one
position to another. Making fewer revolutions means
that it spirals through a shorter distance to reach
its destination. As can be seen from equation 10,
the correction factor for this forward slip motion is
(1 —v?/c*)*. This results in the distance / traveled by
the rotating photon moving at velocity v, being appar-
ently shortened according to the well-known relativ-
istic correction for distance, namely:

L =1[1 - ()]s (11)

From the above, it can be seen that this rotating
photon model of the structure of an electron auto-
matically derives some of the major features of the
special theory of relativity, namely

E = m¢? 4)
m =m,[1 - (v*/c*)]*° 9)
t =t[1— (/e (10)
[ =1[1~-c?H)]? (11)

giving a physical reason for the existence of those
factors based purely upon the structure of the
electron. The reason is that the circumferential speed
of a photon spiraling through space remains constant
at the speed of light c, and therefore the radius must
be altered to suit the velocity. This automatically
results in time slowing down, mass increasing and
distance decreasing. However, unlike the Einstein/
Lorentz contractions, this rotating photon model also
predicts a contraction in the width of an individual
sub-atomic particle such as an electron, as given in
equation 7.

Slip travel Corkscrew plus slip travel

Corkscrew

travel \

Figure 4. Schematic side view illustration of helical spiral or “corkscrew”
travel and helical spiral plus slip travel. The slip component of the travel
is forward motion, meaning the spiraling photon does not have to make
the same number of spirals required for it to travel the distance between
its start point and its end point.

It should be pointed out that it is only the width
of individual sub-atomic particles that contract.
This contraction does not apply to space as a
whole. Lateral dimensions are maintained by elec-
tric charge. A hydrogen atom, which has a radius of
0.53 A at rest with respect to an observer, will still
have the same radius when traveling at relativistic
velocities with respect to the same observer. Space
is foreshortened in the direction of travel of the
particle, but not in the other directions. As shall be
shown later, electric charge is unaffected by veloc-
ity under this rotating photon model. However, the
radius of an individual electron will decrease under
this model. This is an important difference in mod-
eling the structure of a particle such as an electron,
because it enables its size to be reduced at increas-
ing energy. There is one set of experimental data
that indicates this may be observed experimentally,
namely the experimentally measured dimensions of
an electron. High energy electrons have a collision
cross section of less than 10" m at energies above
15 GeV.’! This in itself does not indicate that the
collision dimension of electrons diminishes as their
energy increases because there is no established
dimension for the electron at rest. However from
equation 6, the electron’s angular momentum of 2/
suggests that at rest, it has dimensions consistent
with a radius of the Compton wavelength divided by
4m, or 1.930796 x 107" m. It is proposed here that
the observed dimension of less than 1077 m at ener-
gies of many GeV is therefore consistent with the
radial contraction the electron experienced at high
accelerating voltages. This concept describes the
dimensions of an electron, having properties equiv-
alent to a radius of some 1.93.. x 10"* m at rest,
yet also having a dimension of less than 1077 m at
high energies. Its relativistic mass increase enables
the electron to maintain its angular momentum of
2h and still be measured as a “point” particle.

Under this model, the electron’s helical motion
enables its shape to be described as:

L B(1—v2/c?)% cosh

2m,c

(12a)

_ h(1-v*eH)*? sind

2m,c

(12b)
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v

7 = m (120)

with the condition that 6 extends from 0 to 47w and t
extends from 0 to h(1 — v*/c*)**/m c’. Increasing the
values of 6 and t describes the motion of the electron
as it slip/helically spirals through space. The instan-
taneous position of the electron is spread out over the
co-ordinates determined from equations 12, giving it
a finite non zero location, further limiting its ability
to be detected with great accuracy. At rest, v =0 and
it is a hoop of radius 7/2mc. At velocity v its radius
diminishes and its helical structure is stretched in its
direction of motion. The influence of its electromag-
netic field extends beyond these dimensions.

5. Electric Charge and Magnetic
Moment—why Photons can

Travel in a Circle

Why should a photon travel in a circle when there is
no known circular solution to Maxwell’s equations?
Known examples of photons traveling in a curved
path include reflection, refraction at interfaces of dif-
ferent refractive index and a mirage. A photon can
travel in a curved path, provided there is something
to cause that curvature.

Consider the propagation of photons under both the
wave and the particle theories, as illustrated in Fig-
ure 5. Under those theories, a photon is considered to
generate a new wave front at every point on its path.
That wave front spreads out in all directions, as sche-
matically illustrated in Figure SA. In diffraction the-
ory, each point on the photon’s path can be regarded as
a new source of virtual photons. If something should
interfere with the photon’s original trajectory, a new

A B
Virtual

- Photon
Original Original
» .
Photon :) Photon Possible new

direction of travel

Figure 5. Schematic illustration of the generation of a new wave front at
one particular point on the photon. A wave front spreading out from a par-
ticular point, the end of the arrow, is illustrated in (A) while (B) gives pos-
sible new directions for the photon after the emission of a virtual photon.
Both illustrate the same feature, with (A) being the wave representation
and (B) being one particular particle representation. If no interference
occurs, conservation of linear momentum determines that the photon will
continue to travel in its original direction. In the event of some interaction,
the photon can change its direction.

source of photons will start at another point and the
photon will continue on in the new direction (calcula-
ble from QED, or its simplified form of diffraction the-
ory). Without an interfering effect, the conservation of
linear momentum applies at the end of the uncertainty
principle, causing the photon to continue to travel in
a straight line. This same phenomenon can also be
regarded as illustrated in Figure 5B. A photon travel-
ing in a particular direction can emit a virtual photon
in one direction, as illustrated. The photon itself will,
by virtue of the conservation of momentum, travel in
the other direction that is required to conserve linear
momentum, as indicated. The original photon and the
new virtual photon are indistinguishable from each
other, within the limits of the uncertainty principle.
The two will not separate a distance of greater than the
wavelength of the photon, before the original photon
will re-absorb the emitted virtual photon and continue
on. As such, the two illustrations, figures SA and 5B,
are merely different representations of the same phe-
nomenon. If an interaction should cause the emitted
photon to exceed the uncertainty principle, the two
will separate and the original photon will continue in
a new direction.

The ability of a photon to loose part of its energy
has been established through Compton scattering.’
An X-ray can interact with an electron and loose part
of its energy. The reverse, where photon energy can
increase, has also been detected.*? The ability of elec-
trons to emit photons has long been known because
most photons are emitted by electrons giving up
energy. Similarly the ability of electrons to absorb
photons has long been known from radiation absorp-
tion by materials and by electrons increasing their
energy in an electromagnetic field.

Suppose that the original photon has emitted a vir-
tual photon and thus changed its direction. It can now
emit a further virtual photon, again in the same gen-
eral direction as the first, changing its direction once
again further in the direction of its original curvature,
as shown in Figure 6A. Alternatively absorbing a pho-
ton coming from the same direction will also change
the direction of the rotating photon in the same manner.
Theoretically, this process can continue, with the origi-
nal photon emitting and absorbing more virtual photons
in the same general direction and continually changing
its trajectory in the same direction of curvature. By this
technique it is possible for a photon to travel in a closed
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A B
—p Primary photon

——> Virtual photon

Figure 6. Schematic illustration of how the emission and absorption
of photons by a primary photon can result in it traveling a curved path.
A) illustrates that both emitting and absorbing a photon can result in a
change in the direction of the rotating photon, while B) illustrates that
the continual emission and absorption of photons can result in the pri-
mary photon making a closed loop trajectory. In this hypothesis, it is sug-
gested that the emission/absorption of a photon at i is equivalent to the
absorption/emission of a photon at ii. Note that the emission or absorp-
tion of photons in other than the plane of rotation would have no effect
upon the closed loop trajectory.

loop, of which a circle is the most efficient, as illus-
trated in Figure 6B. In Figure 6B, the emission/absorp-
tion of virtual photons at 1 is regarded being equivalent
to the absorption/emission of virtual photons at ii.

The second postulate of this model is that the con-
tinual emission and absorption of virtual photons so
necessary for the original photon to travel in a closed
loop trajectory is the source of electric charge associ-
ated with an individual subatomic particle such as an
electron. The virtual photons become real when they
are exchanged between charged particles.

It is suggested that this hypothesis is supported
by at least three different observations. First, in
QED theory photons are the force carrying particle
for electromagnetism. Their emission and absorp-
tion by a particle is the property that imparts electric
charge to that particle. Second, the quantity of virtual
photons emitted and absorbed will depend upon the
angular momentum of the rotating photon. Since this
is the same for both the proton and electron, whether
at rest or in motion, namely 2%, the quantity of vir-
tual photons will always be the same. If this is the
origin of electric charge, the charge should remain the
same, irrespective of the particles mass, relativistic
or otherwise. This has been observed experimentally.

Third, a charge moving in a circle generates a mag-
netic field W, the strength of which is given by

L=i-n-r (13)

where 1 is the electric current, n is the number of
turns and r is its radius. In the case of this rotating

photon, 1 = e/2, where ¢ is the electric charge. As it
takes two turns to produce the whole charge e, n = 2.
From equation 6 we have r = A#/2mc. Substituting
those into equation 13 yields

W = eh/2mc (14)

Equation 14 corresponds to the Bohr magnetron, i,
the fundamental unit of magnetism of an individual
sub-atomic particle such as an electron. The origin of
electric charge in this rotating photon model is that
it is caused by the emission and absorption of virtual
photons from the circumference of the rotating pho-
ton that is the electron. That it predicts the correct
value for the electron’s magnetic moment, the Bohr
magnetron e/i/2mc, indicates it is the origin of elec-
tric charge of value e. Its origin by this mechanism
also predicts that the charge remains constant when
its mass is increased with velocity. An illustration of
the “classical appearance” of an electron under this
model is given in Figure 7. The rotating primary pho-
ton generates an electric field in its plane of rotation
and a magnetic field perpendicular to that plane.

This rotating photon model uses the concept that
a photon makes two revolutions, each with a circum-
ference of half a wavelength, to return to its original
starting state. The photon “goes round twice to turn
round once”. When angular momentum had been
established in a rotating photon, its conservation
would force the original photon to emit the required

Magnetic moment
Rotating primary photon

I\

E Magnetic lines of force
Lines of equal electric potential

Figure 7. Schematic illustration of the structure of the electron illustrated
in terms of its classical electric and magnetic fields. The rotating primary
photon has an electric field in its plane of rotation and a magnetic field
perpendicular to it, which magnetic field is generated by the charge of the
rotating primary photon traveling in its closed loop trajectory to become
the electron.
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quantity of virtual photons in the appropriate direc-
tions to ensure the original photon traveled in the
appropriate circular path. In an interaction between
an energetic photon, that is one with about the same
energy as that of the particle, the two photons would
appear similar over short distances and for short time
periods. Within the realms of the uncertainty princi-
ple, the behavior of a photon and an individual sub-
atomic particle would be expected to be very similar
because they are composed of the same electromag-
netic oscillations. It is believed that has been observed
experimentally.*

6. Distribution of Electric Charge

The above presentation has shown how it is possible
to visualize an individual particle such as an elec-
tron as being a photon traveling in a circle. It has an
electric field in its plane of rotation, as illustrated in
Figure 6B, and a magnetic moment perpendicular to
the plane of rotation. Under QED theory, the emission
and absorption of photons is associated with charged
particles. As can be seen from Figure 6B, those vir-
tual photons must be emitted in the plane of rotation
of the photon if the primary photon is to traverse a
curved path. The possibility that photons could be
emitted or absorbed in directions perpendicular to that
plane has not yet been excluded. However they would
not contribute towards the rotation of the photon. In
the absence of any other reason for their emission
or absorption, there is nothing that can cause virtual
photons to be emitted perpendicular to the plane of
rotation. With a very strong reason for their emission/
absorption in the plane of rotation and no reason for
their emission/absorption perpendicular to that plane,
it would be expected the electric charge would also be
in the plane of that rotation.

It becomes a very important aspect of this model
that the electric charge associated with an individual
electron will therefore be two dimensional in nature,
at least close to it. Referring again to Figure 6B, it
means that the charge is concentrated outside the plane
of the rotation and may not necessarily exist above
or below the circumference of rotation. Therefore it
is important to determine if there is any indication
of charge being two dimensional in nature. It is sug-
gested that there is supporting evidence for the two
dimensional nature of electric charge on electrons.

The first of these is the strength of the electron’s
magnetic moment. Electrodynamics requires that a
magnetic field is generated when an electric charge
moves. The electron’s magnetic moment e#A/2mc
requires the charge to be generated over a hoop of
radius 7/2mc or circumference h/2mc. Any other
model, such as charge spread uniformly over a
sphere, would require either a much larger dimen-
sion to obtain the indicated magnetic moment, a
much larger charge or some other way of generat-
ing a magnetic field that was independent of charge.
When the only dimension measured for an electron
is below 1077 m, there is no evidence that an electron
has a larger dimension. Experimentally the measured
charge of'an electronise (= 1.60217648. x 107" C). It
is constant and never varies. It is e and not some other
value. It would require some fundamental change in
known properties of electromagnetism to have a mag-
netic field generated by any method other than by a
moving electric charge, be it a closed loop, curved or
straight-line path. Such a change would also require
some way of attaching the magnetic moment to its
mass and electric charge, both known properties, in a
manner that included its spin. This would have to be
done in such a way that the charge remained constant
when the electron’s mass increased, its spin would
have to remain the same and its magnetic moment
would have to decrease. As can be seen from equation
14, the value of the Bohr magnetron is given by the
charge of the electron multiplied by its radius, a
good indication that the electron’s magnetic moment
is caused by all its charge being concentrated at its
circumference.

The second piece of experimental evidence that
supports the concept of charge being two dimensional
in nature is the ability of electrons to form groups of
two ormore electrons in asingle structure, as illustrated
in Figure 8. Like charges repel each other and there-
fore if two electrons with charge distributed in three
dimensions were to come close to each other, they
will repel each other. However, if they have charge
in two dimensions only and the axis of the magnetic
field is in the third dimension, it is possible for them
to approach each other along the magnetic field axis
and have the magnetic fields attract each other if their
magnetic moments are appropriately aligned. This
requires the electrons to have the same spin and could
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Figure 8. Schematic illustration of a group of electrons being stacked “end on end” as they have the same spin and their magnetic fields attract each other

without their like charges repelling each other.

be achieved with a beam of spin polarized electrons.
In this situation illustrated in Figure 8, the electric
field in the planar dimension will not give rise to
mutual electrostatic repulsion.

The third piece of evidence for an electron having
its charge distributed in two dimensions comes from
what is known as helical Mott scattering.***> This
effect predicts that elastically scattered electrons will
not follow the true Mott scattering if their charge is
either not a point or is spiraling. A number of experi-
mental observations have been made in which one
explanation is that the charge distribution of the elec-
tron is similar to that determined from the Compton
radius, r = #/mc. It shows up because a point charge
close to a scattering centre will be scattered more
than either a diffuse (spread out) charge or a spiraling
charge at the same average distance from the scatter-
ing centre. At greater distance there will be no differ-
ence between the two effects. Therefore a reduction
in wide-angle scattering, below that predicted from
pure Mott scattering would be expected. An illustra-
tion of spiraling electric charge is given in Figure 9.
As the rotating photon spirals, its charge distribution
spirals with it. The topic was well covered by Mac
Gregor.* There is considerable scope to explore the
possibilities that the charge on individual electrons is
two dimensional in nature, being oriented in the plane
perpendicular to its direction of travel.

7. Opposite Charge—Electron

and Positron

The requirement of a particle such as an electron to
have an anti-particle of equal properties but opposite
charge first came from the work of Dirac.'** His pre-
diction was confirmed a few years later.*®* Any model
of the electron should also explain the origins of the

two different forms of charge, negative and positive.
From electrodynamics, it is known that the magnetic
field generated by a current flowing in one direction
around a circle will produce a magnetic field with the
north magnetic pole pointing in the direction given by
the “right hand rule”. Reverse the direction of rotation
of the electric current and the north magnetic pole will
point in the other direction. From this it follows that if
the photon that is the electron was to rotate in the oppo-
site direction with respect to the north magnetic pole,
it would have to generate the opposite electric charge.
That is the polarity of the charge emitted by the rotat-
ing photon is due to the direction of its rotation with
respect to the magnetic field, as illustrated in Figure 10.
In Figure 10 the arrow notation is used for the direction
of the north magnetic field. A dot represents the head
of the arrow traveling towards the observer, showing
a north magnetic pole pointing out of the page. A cross

Figure 9. Schematic illustration of a rotating photon spiraling through
space, with its virtual photon induced charge also spiraling.
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Clockwise
rotation, north

Anti-clockwise
rotation, north

pole into page,
negative charge

pole out of page,
negative charge

Clockwise
rotation, north
pole into page,
positive charge

Anti-clockwise
rotation, north
pole out of page,
positive charge

Figure 10. Schematic illustration of the effect of the direction of rotation of the photon with respect to the magnetic field, upon the spin and charge of an
electron. The convention used for the direction of the magnetic field, assumed to be north here, is a dot that represents the approaching arrow head of
the north pole pointing out of the page, while the cross represents the tail of the arrow of the north pole disappearing into the page and gives the south
magnetic pole sticking out of the page. Observing an electron from the opposite side makes both the direction of rotation and the magnetic field change.
The electron will still have the same charge, but will have opposite spin. The mirror image of the electron gives the same particle but with opposite charge,

ie, a positron.

represents the tail of the arrow traveling away from the
observer, showing a north magnetic pole pointing into
the page. An anti-clockwise rotation with the north
magnetic pole pointing into the page, Figure 10A will
generate a negative charge. The same rotation with
the north magnetic pole pointing out of the page,
Figure 10C, will give a positive charge. A clockwise
rotation with the north magnetic pole pointing out of
the page, Figure 10B, is a negative charge. An anti-
clockwise rotation with the north pole pointing out of
the page will be a positive charge.

Although there are four images in Figure 10, they
represent four different variations of one situation.
Figures 10A and 10B are other side of the page
images of each other and represent the two spin
states of the electron. Figures 10C and 10D are mir-
ror images of Figures 10B and 10A respectively and
represent positrons. The positron is a mirror image of
the electron. Figures 10C and 10D represent the two
spin states of a positron. For both the electron and
positron, the two states of spin are simply the direc-
tion from which it is observed.

Just as an electron is a photon rotating in one
direction with respect to its magnetic field, a posi-
tron is the same photon rotating in the opposite direc-
tion with respect to its magnetic field. A positron is
a mirror image of an electron. Figure 11 illustrates
that an electron moving forward in time will have the
same appearance as a positron moving backward in
time. A film of an electron moving to the right in real
time will, when played backward, display a positron
moving to the left, traveling backward in time.

In this rotating photon model, it is easy to
understand the conversion from mass to energy when
an electron meets a positron. They are attracted to
each other because of their opposite charge. When
they are close, they align their spins so that their mag-
netic fields attract each other and they move together.
When they meet, they unlock each other’s angular
momentum and then, instead of two photons, each
traveling in a circle, there exists the same two photons
each traveling in opposite directions in straight lines.
The energy of each photon released by this interac-
tion is determined from equation 4, namely E = mc”.
Indeed, when a positron of one energy meets an elec-
tron of a slightly different energy, they interact and
release photons. Measuring the energy of those pho-
tons should show that the two photons produced had
the same frequency and energy as the two original
particles (although they may exchange energy when
they are influencing each other). This conversion of
mass to energy when a positron meets an electron

Electron Positron

North South  North South

B ———
Direction of travel

—
Direction of travel

Figure 11. Schematic illustration of an electron spiraling forward (in the
direction of the arrow), with its south pole leading. If we now reverse the
direction of travel of the electron’s spiral, we get the positron traveling
backwards in time with its north pole leading.
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is simply the conversion of angular momentum of a
photon into linear momentum for the same photon.
The conversion of energy to mass occurs when a
photon of appropriate energy comes close to the high
field region of a nucleus, [eg, when an electron and
positron are created by a high energy photon (greater
than approximately 1.022. MeV)]. As the photon inter-
acts with the nucleus, it splits into two photons that
rotate in opposite directions. No reason for a photon
to split into two separate photons is given, although
Compton scattering allows photons to split. Then
when a closed loop has been established, conservation
of angular momentum requires them to be in opposite
directions, which automatically gives rise to opposite
charge, automatically fulfilling the requirements for
conservation of spin, charge (parity, one positive and
one negative) and chirality (one turns left, the other
right). In this manner, energy is converted to mass.

8. Spin, Chirality and Parity

In this model, the concept of the spin of a particle is
that of the angular momentum of the rotating primary
photon traveling in a circle and making two revolutions
to complete one cycle, namely o = '24. If the photon
was traveling such that it made one revolution per
cycle, it would have angular momentum, %. Angular
momentum and hence spin can only have one of two
values, either +1 and —1, or up and down, depending
upon nomenclature. It cannot possibly have another
value because it can only spin one way or another.
If any particle has a spin that is different from 24, it
can only be in units of /27, either added or subtracted as

B

a | b-

a combination of more than one fundamental particle
is added. Under this model no other value for spin is
possible. No other value of spin has been detected.

The two stated values of spin are due to the direc-
tion from which the particle is observed. An electron
observed on the plane of the page, will be seen as illus-
trated in Figure 10A, with the photon rotating anti-
clockwise and will be defined as a spin —1 or spin down
particle. Viewed from the other side of the page, the
particle shown in Figure 10B, rotating clockwise will
be a spin +1 or spin up particle. No fractional spins will
be observed because the rotating photon always travels
with its axis of rotation along the direction of travel.

An electron approaching two observers, see
Figure 12, will be seen by both observers to be a spin
+1 particle at position a. As it passes observer 1, it
becomes a spin—1 particle to observer 1 at position b-1,
but remains a spin +1 particle to observer 2 at position
b-2. When it passes observer 2 at ¢, it becomes a spin
—1 particle for observer 2 as well. In this model the
spin of an electron depends upon the direction from
which it is observed.

That property known as “chirality” refers to the
right handedness or left handedness of the object
under consideration. It can be easily appreciated by
looking at Figure 10. Use your thumb as the direction
of the arrow tip and close your fingers in a clenched
fist with thumb up. If you point the thumb of your left
hand towards your eyes, you will see the arrangement
of your fingers indicating the arrangement in
Figure 10B. Now point the thumb of your left hand
away from your eye and you will see the arrangement

- Cc

N\ \
> >
¥
b-2 |

Observer 1

| >

Observer 2

Figure 12. Schematic illustration of the change of spin as a traveling electron passes observers. The spin or an electron changes as it passes an observer.
At positions (A) and (C) both observers see the same spin for the electron. At position B between the two observers 1 and 2, they see the electron as

having a different spin.
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shown in Figure 10A. As such, both of these have a
“left handed” chirality. In the same manner, the par-
ticles illustrated in Figures 10C and 10D have a “right
handed” chirality. If you now look at the example in
Figure 12, you will see that the electron under con-
sideration has a left handed chirality, even though its
spin changes as it passes from one side of the observer
to the other. It is also apparent from Figure 10 that the
positron is a mirror image of the electron. It follows
directly from section 7 that parity is always retained, in
so much as any change from mass to energy or energy
to mass for one particle will always be accompanied
by the equivalent change to its opposite counterpart.

9. Particle or Wave?

An electron has a well-defined mass and magnetic
moment (for a given velocity), a well-defined charge
and spin (for all velocities) and a limited dimension,
all attributes that make up a particle. They can be
extracted and moved to create all sorts of marvelous
properties. Yet at the same time that it behaves like a
particle the electron has some very well established
properties that make it a wave.

The obvious reason for this is that they have
a wavelength, as postulated by de Broglie.’” His
hypothesis was that electromagnetic waves have
a momentum p = h/A, so he expected a particle to
have a wavelength A = h/p, which was subsequently
verified.*® So what causes an electron to have a wave-
length? Some physicists have looked to that property
of an electron known as zitterbewegung, predicted by
Schrodinger.*® The zbw of an electron is the frequency
f of the photon that it is, which, from equation 5, is
given by f = mc%h. In the case of an electron at rest,
its zbw is =1.235590 x 10*° Hz. The zbw establishes a
varying electromagnetic field around the electron.

The energy E of a moving electron with momentum
p is given by

E*=p’c® + mc* (15)

In this rotating photon model all the energy of the
photon is incorporated into the electron by an increase
in its frequency. In this case

E?=m %c* = (hf )? (16)

Under this rotating photon model, an electron is
entirely an electromagnetic entity, consisting of a

photon rotating twice in its wavelength. At rest its
motion is entirely in its plane of rotation. However
as it moves, it has two components to its electromag-
netic field, the planar component of its rotation and
the linear component of its motion. These are shown
in Figure 13, where the arrow represents the direction
of motion of the electron. When the electron is mov-
ing at velocity v, it has an energy E = hf , as given in
equation 16 and illustrated in Figure 13. From this it
can be seen that the photon has two components, its
rest energy and the kinetic energy associated with its
linear motion.

The rotational component of the electron at rest is
unavailable for any interaction, except for exchanging
photons in an electromagnetic interaction. That leaves
only the translational component of the moving elec-
tron’s electromagnetic field available for interaction.
That is the wavelength of its kinetic energy. However
the electron is entirely composed of an electromag-
netic wave. Its total energy E = hf . Its rest energy
is hf. The kinetic energy component of the electro-
magnetic field, pc, is given by

E sin6 = hf sin® = pc = hf__

where f, is the frequency of the moving electron
with kinetic energy KE transformed in the direction
of travel of the electron. Substituting ¢/A, _ for f, _and
simplifying yields

pc=hc/A

where A is the component wavelength of the elec-
tromagnetic oscillation that is the electron, in the
direction of its travel, namely

A, = /p (17)

which is the expression for the de Broglie wavelength.?’
From the above it is seen that the de Broglie wave-
length is the forward motion component of the rotating
photon’s electromagnetic field oscillation, ie, its zbw.

KE = pc = hf, _

m,c? = hf;

Figure 13. Diagrammatic representation of equations 15 and 16.
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It is also the only part of an electron’s electromagnetic
wave that is available for interaction with the exter-
nal world, charge interactions excluded. Experimental
observations point out that electrons behave as waves
according to de Broglie’s prediction and the deriva-
tion of equation 17. It is perhaps obvious in hindsight
that equations 16 and 17 are automatic consequences
of this rotating photon model.

The earlier question, “Is an electron a particle or
wave?” can now be answered. It is always a parti-
cle and it is always a wave. Whether it behaves as a
particle or a wave depends entirely upon the situa-
tion in which it is placed. A low energy electron has
a wavelength of the order of atomic dimensions and
will be diffracted and otherwise interact as if it were a
wave. High-energy electrons have such a short wave-
length that there are no structures with which their
wave component can interact and they will behave as
particles.

10. The Structure of an Electron

The rotating photon model presented herein has
been used to describe the structure and proper-
ties of an electron. Its dimensions are given in
equations 12. They depend upon its mass and
velocity. Experimental observations show that its rest
mass m, is 9.109382. x 10" kg, its electric charge
e is 1.60217648. x 10" C and its spin is %2/. Those
values, this model and the physical constants h and ¢
define its structure and properties. Visualizations of
its rest appearance are given in Figures 6B and 7. It is
a photon of energy E = m ¢ =0.5109989. MeV trav-
eling at the speed of light in a circle such that it makes
two revolutions within its wavelength. It goes around
twice to turn around once. Its structure at rest is that
of'a hoop of electromagnetic energy. From equation 5,
the photon’s frequency f=1.235598.. x 10** Hz and its
wavelength A=24.263102. x 10-"* m. From equation 6,
this gives the hoop a radius r = 1.9307963. x 10> m.
Its electric charge is generated at its circumference
by its necessity to continually emit and absorb vir-
tual photons to enable the primary photon to rotate in
its curved trajectory. Its magnetic moment is caused
by the rotating photon generating its electric charge e
at its circumference of radius /#/2mc and is the Bohr
magnetron [, = efi/2mc. The photon rotates in one
direction with respect to its magnetic field, making
it negatively charged. Its spin is angular momentum

I caused by the photon being a rotating hoop, which
has a moment of inertia I = mr?> and angular veloc-
ity o = c/r. The different values of spin are merely
the different directions from which it can be viewed.
If the photon rotates in the opposite direction with
respect to the magnetic field it generates, it has iden-
tical properties to the electron, but opposite charge,
making it a positron. The positron is a mirror image
of the electron. When an electron and positron meet,
they unlock each other’s angular momentum and
travel in straight lines away from each other, conserv-
ing momentum, both linear and angular, as well as
charge, chirality and parity.

When an electron moves, it moves in the direction
perpendicular to its plane of rotation, as illustrated
in Figures 2B and 9. This means that it is automati-
cally subjected to the special relativity corrections
of mass, length and time as it moves. Additionally
its radius diminishes according to equation 7 and
its length increases according to equation 12C. Its
electric charge spirals through space. It also means
that the mass, charge, magnetic moment and spin
are combined together in the one structure such that
when the electron moves, its mass increases, its spin
and electric charge remain the same and its magnetic
moment decreases. As its mass increases, its zbw also
increases. Its de Broglie wavelength is the component
of its zbw in its direction of motion.

11. Summary and Conclusions

The model is based upon the concept that an indi-
vidual electron is a photon of the appropriate energy
rotating twice within its circumference, giving it a
radius of A/47. This model used known properties of
the photon and made two postulates: 1) that a particle
is composed of a photon making two revolutions per
wavelength; i1) that the reason it can do this is because
it is continually emitting and absorbing virtual pho-
tons which give it the property of electric charge. The
electron’s properties follow automatically from the
Einstein/de Broglie model of a photon, in which it
is considered to have mass m = E/c? when traveling
at c. With that as the foundation, this model offered
explanations for the following known properties of
the electron:

1. The origin of spin = '5A. It is simply angular
momentum .

14

Particle Physics Insights 2011:4


http://www.la-press.com

\ 3

Structure of the electron

10.

I1.

12.

13.

Why an electron can only have two states of spin
and why they are always the same quantity but
opposite sign. The photon can only rotate one
way or the other. The different spin states are
simply the “other side of the page” image of the
same state.

. The reason for the equivalence of mass and

energy through E = mc?. E is the photon traveling
in a straight line, m is the same photon travel-
ing in a circle of circumference equal to half its
wavelength.

The origin of the special relativistic variations in
mass, length and time as the electron moves.

. Why the electron, which has a measured diam-

eter of less than 10~'7 m can also have an angular
momentum of /2/.

The origin of its electric charge—it is caused by
the continual emission and absorption of virtual
photons required to enable the primary photon to
travel in a circle.

The origin of its magnetic moment, showing
that the Bohr magnetron is the electron’s charge
multiplied by its radius.

. Why the mass of an electron increases, its electric

charge and spin remain constant and its magnetic
moment decreases with an increase in its veloc-
ity, yet all are bound together in the structure that
is the electron without the need for any additional
process to keep them together.

How the electron and positron annihilate each
other when they meet. They simply unlock each
other’s angular momentum and the two linear
photons move apart in opposite directions so that
momentum is conserved.

If the electron and positron have different ener-
gies, the photons emitted will have different ener-
gies, with each photon having the energy of its
original particle given by E = (p°c® + m *c*)'”.

A physical description of chirality, parity and
duality for an electron.

Why an electron has a de Broglie wavelength
associated with it. It is the forward component
of the electron’s zitterbewegung, determined by
adding the kinetic energy of its motion to the rest
energy of the electron. Its wavelength A = h/p, is
as de Broglie postulated.

Why the electron’s charge spirals as it travels
through space.

14. The structure that requires the electron to go
round twice so that it can turn round once.

15. A positron is a mirror image of an electron.

16. Why a positron traveling backwards in time is
indistinguishable from an electron traveling for-
ward in time.

It is believed that the ability of this rotating photon
model to predict so many known properties of the
electron gives a solid basis for the correctness of the
two postulates made. In addition to giving an expla-
nation for those phenomena, this model also makes
the following predictions:

17. The electron is totally electromagnetic in nature.

18. At rest the electron is a hoop of radius
r="7h/12mg.

19. The electron’s charge is generated at its circum-
ference, not at a point.

20. When an electron moves, it orients itself such that
its axis of rotation is in its direction of motion.

21. In motion, the electron is described by a helix
that is subjected to the relativistic correction fac-
tor (1 — v?/c?)*%, with its radius diminishing by
that amount and its spiral separation increasing
by the same factor, as given in equations 12.

22. The charge on an individual electron is in the two
dimensions of the photon’s plane of rotation (at
least when measured close to it).

23. The axis of an electron’s magnetic moment is
perpendicular to its plane of rotation.

The above has presented a pictorial insight into
some of the complex properties of electrons and
briefly indicated how this rotating photon model
has explained some of the different and sometimes
apparently conflicting phenomena associated with
electrons. All of those properties of the electron are a
direct result of the rotating primary photon. Its prop-
erties of spin, electric charge and magnetic moment
are all generated by the rotating primary photon emit-
ting and absorbing virtual photons. Its dimensions are
defined by its mass and velocity. Under this model,
electrons come with all the correct properties of chi-
rality and duality as well as the special relativity cor-
rections of mass, length, time and magnetic moment
with velocity.

This model gives an explanation to a question raised
by Barut when discussing the Classical Relativistic
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Spinning Electron.” “If a spinning particle is not quite
a point particle, not a solid three dimensional top, what
canitbe? Whatis a structure that can appear under prob-
ing with electromagnetic fields as a point particle, yet as
far as spin and wave properties are concerned exhibits
a size of the order of the Compton wavelength?” This
model answers that question very effectively. The elec-
tron is a spinning photon! Being totally electromag-
netic in nature, it has an electromagnetic wave length
as postulated by de Broglie. It should be pointed out
that this is not the first “entirely electromagnetic model
of the electron” to be proposed. As discussed by Barut,
earlier models were proposed.” Lorentz and Abraham
tried to model the electron as an extended charge dis-
tribution with its mass purely electromagnetic. Later
workers determined that the electron could not be
totally electromagnetic in nature. However as the deri-
vation of the de Broglie wavelength in section 8 sug-
gests, unless the electron is totally electromagnetic in
origin, its wavelength will not be that as postulated by
de Broglie and verified experimentally.

The electron is literally a photon generating entity.
Its existence and properties depend upon the emis-
sion and absorption of photons required to enable the
rotating primary photon that is the electron to travel
in a closed loop trajectory. It is that property, the gen-
eration of electric charge by movement, that gives the
electron its magnetic moment. From this model, the
electron’s magnetic moment is the Bohr magnetron,
which makes up almost 99.89% of the electron’s
intrinsic magnetic moment. By accurately calculating
all possible photon paths from the electron to their
final destination, QED theory can exactly calculate
the remaining = 0.11% of the electron’s magnetic
moment.

Some of the inexplicable and apparently contra-
dictory properties of the electron are understand-
able from this rotating photon model. As can be seen
from their derivations, properties such as E = mc?,
the relativistic corrections of mass, length and time
with velocity, the Bohr magnetron, the de Broglie
wavelength, the dimensions of the electron and how
its radius changes with velocity, are automatic conse-
quences of the model. As well as matching the elec-
tron’s properties, this model also predicts properties
that have not been recognized before, namely the elec-
tron is totally electromagnetic in nature, it is a hoop
of rest radius /#/2m c that diminishes with increasing

velocity, while its length increases with velocity and
the charge on the electron originates at its circumfer-
ence and is planar in nature, at least close to it. These
are not predictions of other models. It is hoped they
will be checked experimentally to verify the validity
of the model.

Acknowledgements

The author wishes to acknowledge the patient sup-
port of his family and staff who have encouraged the
development of this work through the years that were
required to simplify the model to the point where the
mathematics become very simple to understand.

Disclosures

This manuscript has been read and approved by the
author. This paper is unique and not under consider-
ation by any other publication and has not been pub-
lished elsewhere. The author reports no conflicts of
interest. The author confirms that there is no copy-
righted material in this presentation.

References

1. Thomson JJ. Proc Cam Phys Soc. 1897;9:243.

2. Thomson JJ. Phil Mag. 1897;44:293.

3. Compton AH. Phys Rev. 1923;21:483.

4. Schrodinger E. Uber die krifiefreie Bewegung in der relativistischen

Quantenmechanik, Berliner Ber; 1930:418.

. Schrodinger E. Zur Quantendynamik des Elektrons, Berliner Ber; 1931:63.

. Messiah A. Quantum Mechanics Volume II; 1962:950.

7. Barut AO. In The Electron, Symp. Proc, Kluwer Academic Publishers,
Hestenes D, Weingartshofer A, editors; 1991:105.

8. Margenau H. In Quantum Theory, 1. Elements, ed Bates DR, Academic
Press, New York (1961).

9. Hestenes D. In The Electron, Symp. Proc, Kluwer Academic Publishers,
Hestenes D, Weingartshofer A, editors; 1991:21.

10. Jeynes ET. In The Electron, Symp. Proc, Kluwer Academic Publishers,
Hestenes D, Weingartshofer A, editors; 1991:1.

11. Mac Gregor MH. The Enigmatic Electron, Kluwer Academic Publishers,
Dordrecht, NL; 1992:3.

12. Hestenes D, Weingzrtshofer A, editors. The Electron, New Theory and Exper-
iment, Proc 1990 Antigonish Conference, Kluwer Academic Publishers,
Dordrecht, NL; 1991.

13. Bohm D, Weinstein M. Phys Rev. 1948;74:1789.

14. Mac Gregor MH. The Enigmatic Electron, Kluwer Academic Publishers,
Dordrecht, NL; 1992:76.

15. Mac Gregor MH. The Enigmatic Electron, Kluwer Academic Publishers,
Dordrecht, NL; 1992:107.

16. Feynman RP. QED The Strange Theory of Light and Matter, Princeton
University Press, Princeton, NJ; Ch 1(1985).

17. Feynman RP. Elementary Particles and the Laws of Physics. The 1986
Dirac MemorialLectures, Cambridge University Press, Cambridge; (1987).

18. Bohr N. Phil Mag. 1913;26:1.

19. Dirac PAM. Proc Roy Soc. London, 1928;A117:610.

20. Dirac PAM. Proc Roy Soc. London, 1928;A118:351.

21. Mac Gregor MH. The Enigmatic Electron, Kluwer Academic Publishers,
Dordrecht, NL; 1992:9.

N W

16

Particle Physics Insights 2011:4


http://www.la-press.com

Structure of the electron

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Maxwell JC. Phil Trans Roy Soc. London, 1865;155:459.

Hertz HR. Ann der Phys. 1887;267:421.

Marconi G. British Patent No. 1896;12:039.

Einstein A. Ann der Phys. 1905;17:132.

Planck M. Ann der Phys. 1900;1:719.

Uhlenbeck GE, Goudsmit SA. Naturwissenschaften; 1925;13:953.
Uhlenbeck GE, Goudsmit SA. Nature; 1926;117:264.

Einstein A. Ann der Phys. 1905;17:891.

Einstein A. Ann der Phys. 1906;18:639.

Bender D. Phys Rev. 1984;D30:515.

Sunyaev RA, Zel‘dovich B. Ann Rev Astron and Astrophys. 1980;18:537.

33.
34.
35.
36.
37.

38.
39.

Erdmann M. The Partonic Structure of the Photon, Springer, Berlin, Ch 2
(1997).

Mott NF, Massey HSW. The Theory of Atomic Collisions, 2nd Edition,
Oxford University Press London (1949).

Mac Gregor MH. The Enigmatic Electron, Kluwer Academic Publishers,
Dordrecht, NL, Ch 16(1992).

Anderson CD. Phys Rev. 1933;43:491.

De Broglie L. PhD Thesis, published in Ann Phys. (Paris); 1925;111:22.
Davisson C, Germer LH. Phys Rev. 1927;30:705.

Griffiths DJ. The Photon (1900—1924) Introduction to Elementary Particles,
Wiley New York, 1987:14.

Particle Physics Insights 2011:4

17


http://www.la-press.com

Robinson

7

Appendix 1

Fundamental differences between

the Einstein-de Broglie and Copenhagen
Convention interpretations of the

photon—a brief presentation.

If there was one property that separates the Einstein-de
Broglie model of the photon from the Copenhagen
Convention interpretation, it is the assignment of mass
to a photon. Both models are very complex and this is
neither the time nor place for a full treatment of their
differences. When it comes to mass, there is a clear dif-
ference, which can be summed up by any person who
asks the question “What is the mass of an electron?”
Asked that question, most physicists would respond
with something like 9.109382. x 10! kg. Or perhaps
they would say 0.5109989. MeV/c?. But that is the rest
mass of the electron. The mass of a moving electron is
a combination of its rest mass and its energy.

Photons behave sometimes like a particle and some-
times like a wave.* In the Copenhagen Convention
interpretation, a photon is considered to behave like
a particle similar to an electron. And just as in the
case of an electron, which is known to have a rest
mass, a photon is likewise considered to have a prop-
erty known as rest mass. But according to equation 9
(and the earlier derived Lorenz/Lorentz and special

relativity corrections) a particle having a finite mass
at rest will have an infinite mass when traveling at
the speed of light c. The Copenhagen Convention
interpretation of the photon states that it has zero
mass because it has zero rest mass. On the other
hand, photons under the Einstein-de Broglie model
only exist as long as they are traveling at the speed
of light and therefore have mass at that velocity. In
support of this, one can only quote Einstein again,*
when he concluded: “If the theory corresponds to the
facts, radiation conveys inertia between the emitting
and absorbing bodies”. Inertia implies mass. Photons
may indeed have no rest mass, but they have relativ-
istic mass when traveling at ¢, which mass is given
by m = hf/c?.

That summarizes the different approaches to
modeling a photon. It is the 1926 Copenhagen
Convention interpretation of the photon that receives
the widest acceptance. But it is also that model that
makes it difficult for physicists to perceive of the pos-
sibility of photons having mass and has led to many
physicists believing that photons do not have any
mass.
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