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Abstract

It ig argued that in the manner in which the Galilean-Newtonian physics may be said to
have explained the Ptolemaic-Copernican theories in terms which have since been called
classical, so also Milner’s theories of the structure of matter may be said to explain present
day quantum and relativistic theory. In both cases the former employ the concept of force
and the latter, by contrast, are geometrical theories. Milner envisaged space as being
stressed, whereas Einstein thought of it as strained. Development of Milner’s theory from
criticisms and suggestions made by Kilmister has taken it further into the realms of
quantum and gravitational physics, where it is found to give a more physically comprehen-
sible explanation of the phenomena. Further, it shows why present day quantum theory

is cast in a statistical form. The theory is supported by many predictions such as the ratio
of Planck’s constant to the mass of the electron, the value of the fine structure constant aud
reason for apparent variations in past measurements, the magnetic moment of the electron
and proton of the stable particles such as the neutron A and Z together with the kaon,
and a relation between the universal gravitational constant and Hubble’s constant—all
within published experimental accuracy. The latest results to be accounted for by the
theory are the masses of the newly discovered ¢ particles and confirmation of the value
of the decay of Newton's gravitational constant obtained from lunar measurements. While
this paper is being typed, new particles are rapidly being discovered—the latest being a
neutral y particle. A short Appendix discusses the significance of these..

1. Introduction

The research described in this paper began with an attempt to explain the
jump phenomena of quantum physics in terms of the behavior of oscillatory
mechanisms or circuits with nonlinear restoring forces (McLachlan, 1950). The
need to construct a model of the hydrogen atom led eventually to the discovery
of Milner’s theories. From then onwards it became increasingly necessary to
pay attention to what Berkson (1974) calls the metaphysical standpoints of
Milner, Einstein, and the Copenhagen School, in order to disentangle their
derivatives and avoid attributing consequences to the wrong logical bases. Such
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a program led to a view of the history of ideas culminating in the present theory
which is set out below. This history is in no sense intended to be an account of
what actually happened—I am no historian and have not attempted to acquaint
myself with the facts of history in time and place, but the account is my sub-
jective view of the progression of ideas ignoring all but the mainstream of this
progress. My attitude can be well illustrated by an example from Berkson’s
book (pp. 338-9). He quotes J. D. Jackson (1962) as saying “It required the
genius of J. C. Maxwell - - - to see the inconsistency in the equations and to
modify them into a consistent set - - -.” Berkson then comments “Jackson’s
statement is very far from the truth.” In the context in which Berkson is
speaking he means historical truth and, from Berkson’s account of Maxwell’s
work, one cannot quarrel with his criticism. Nevertheless as far as the flow of
ideas is concemed, Jackson may be said to be right: That is in effect what
Maxwell accomplished, however devious the path by which he arrived at the
result.

Apart from the attempt to place the new theory in the historical context of
ideas, it seems necessary also to state the philosophical or metaphysical (in
Berkson’s meaning) standpoint. This is closely akin to Piaget (1970) and might
be described in Elsasser’s (1973) words as “naive realism.” Thus from an initial
rather vague assumption that nonlinear restoring forces might lead to a classical
formulation of quantum phenomena one finds that not only are the values of
#i/m, and the fine structure constant calculable to a high degree of accuracy,
but also diverging experimental results may be explained. At this stage the model
of the hydrogen atom used in the calculations was based rather tenuously upon
the ideas of plasma physics. Then Milner’s theory allowed more soundly based
models, and the two together show how the masses of some of the fundamental
particles and their magnetic moments may be calculated. But then it became
necessary to reexamine Milner’s theory, for he introduced new forces and those
obviously must contribute to the mass. Besides all this we now have nothing
but electromagnetic fields, albeit with two new ones, and the theory allows
for nothing extra to account for gravitation. Thus one is inexorably forced
back into the metaphysical speculation about the nature of space and the role
of Milner’s constant.

In order to be completely sure of the ground, the theory in this paper ought
to be rewritten from the basic assumptions, which seem to be the invariance of
charge, the conservation of energy, and that all matter may be represented by
the electric and magnetic quaternions. At this stage in the development of the
theory, however, this would seem to be unnecessary, and the much more
urgent task is to show in what manner it underlies present day quantum and
relativity theory and where it can provide new insights and results. This is
what | have attempted in the following pages.

2. The Philosophical Standpoint

Before putting the ideas in this paper into their historical context, something
must be said about their relationship to modern quantum theory; for it would
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seem from much of the writing about the latter that many would have us believe
that it will ultimately be found to be based upon fundamental philosophical or,
in Berkson’s phraseology, metaphysical concepts, although these are as yet
imperfectly understood.

Post (1971) contends that a new theory must necessarily subsume the old;
Popper (1972) goes further and claims that in a sense it must also contradict
the old. If we accept their propositions, it clearly becomes necessary to show
how the new theory offers explanations of phenomena hitherto partially or
wholly unexplained and also to show where the new and the old ideas conflict.
The new theory being classical, it is immediately obvious that it must deny or
subsume the uncertainty principle and complementarity. The claim is that it
subsumes them.

Before seeking to establish this claim, however, it is necessary to show the
implications of the adoption of such principles and the way in which such
implications may be refuted. For by evoking them physicists have, willy-nilly,
donned the mantle of those who follow Kant in asserting that philosophical
knowledge consists in determining the limits of all knowledge (Piaget, 1971,

p. 3). Piaget rejects such an approach on the grounds that such theories may be,
and frequently are, subsequently contradicted by experiment; but they may
also become irrelevant. A good illustration of how this can happen is contained
in Russell’s (1946) criticism of Bergson, where he uses Zeno’s argument of the
arrow:

“Zeno argues that, since the arrow in its flight at each moment is simply
where it is, therefore the arrow in its flight is always at rest. - - - Zeno
assumes, tacitly, the essence of the Bergsonian theory of change. That
is to say, he assumes that when a thing is in a process of continuous
change, even if it is only a change of position, there must be in the
thing some internal state of change. He then points out that at each
instant the arrow is simply where it is, just as it would be if it were

at rest.

What would have been Zeno’s argument if he had known that, according to
relativity theory, the observed mass and dimensions of the arrow had been
altered by its motion? Such a question may well give rise to further philo-
sophical speculation, but it is scarcely relevant to a mathematical discussion
of the motion of the arrow, or any other practical problem.

In like manner it is now claimed that the new theory explains away two of
the phenomena of physics that were said to be insurmountable obstacles to the
classical theory (Scheibe, 1973, p. 14) and became the metaphysical pillars of
quantum theory, and in so doing-subsumes it into a new classical theory. These
two phenomena are the quantization of spectra and the dualistic wave-particle
behavior of radiation. The manner of solving the first has been briefly outlined
above, the second is resolved in terms of a classical model of the photon.

Consider the model of an H atom with an extended electron cloud surrounding
a proton, which for present purposes may be considered as a point. In the
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ground state the electron cloud will be spherical, but when excited it will adopt
the well-known configurations, hitherto known as the probability density
patterns (White, 1931). Now these patterns are the same as the radiation patterns
of a linear oscillating dipole (Stratton, 1941, pp. 438 et seq.), i.c., they are also
the radiation patterns of a dipole consisting of two end-on conductors, each
one quarter of the fundarmental wavelength long. These conductors are carrying
standing waves, while the radiation patterns move outwards at the speed of
light. By an obvious inversion of the formulas we may clearly have the radiation
;patterns as stationary standing waves and the waves on the conductors moving
‘away on the axis of the dipole at the speed of light; only this time the radiation
patterns are formed from the conducting cloud of the electron for which the
axially moving traveling waves are the radiation. These waves will be limited
temporally by the quantized movements of the electron cloud and hence will
be of finite length, while confinement about the axis of movement is brought
about by the structure of the radiating antenna, namely the electron cloud.
Thus the particle~-wave-like nature of the photon is explicable in classical terms.

With a classical photon, the role of statistics in the behavior of radiation at
once becomes apparent; but their role in particle physics is also demonstrated
in the paper. Briefly it is shown that the de Broglie, Schrodinger, and Klein-
Gordon equations are the phase velocity counterparts of the Milner (group
velocity) wave equation. Thus the particle may be represented by one Milner
wave equation, but the sum of many phase velocity equations. As each of the
latter may be shown to represent an element of the particle, the particle
representation of these waves consists of a-statistical ensemble.

To some, the return to classical physics, means a return to a deterministic
point of view in Bohr’s sense of these words as described by Schejbe (1973).
According to Scheibe, Bohr assumed that determinism and causality are
synonymous. This also appears to be the case in the discussion of Heisenberg’s
lecture (1961) by Albert Picot, where he says “the uncertainty principle - - -
casts doubt on the general theory of causality and determinism”; similarly in
the Born-Einstein letters with their discussion on determinism; and Heitler’s
Man and Science (1963), particularly where he says “Newton is the true
discoverer of laws that are differential, causal, and deterministic - - - For every
change of speed there is a compelling cause, force.”

The present theory is certainly causal, but as Rene Thom (1969) has shown,
this need not result in determinism: In applying the notion of structural
stability to biological processes, Thom was led to the discovery “that a deter-
ministic system may exhibit, in a “structurally stable way,” a complete indeter-
minacy in the qualitative prediction of the final outcome of its evolution.
(Tossing a die is a familiar case of such a sitvation).” As with Zeno’s arrow,
mathematics and physics may have given a totally unexpected solution to the
philosophic problem. To quote again from Elsasser (1973)

Views of nature other than naive realism have rarely been more than
passing fads. They are chosen as counsels of despair when physicists
seem unable to find prompt answers to urgent questions, - - - soon
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after the discovery of the formalism of quantum mechanics, the
metaphysical subject-object dualism was imposed upon physics in
the wake of the Copenhagen school. But for some years now, these
ideas have been losing their attractiveness.

Finally, since the next section deals, albeit cursorily, with the history of
ideas relevant to the theme of this paper, it is perhaps prudent to state explicitly
that my position is completely at variance with that of Collingwood, Kuhn and
Toulmin as set out in Toulmin’s “Conceptual Revolutions in Science” (1967)
insofar as it is relevant to physics and mathematics, Toulmin (loc. cit.) concludes
“we - - - must pursue the philosophical analysis of intellectual judgements in
the context of a wider, historico-sociological analysis of intellectual traditions
generally.” Of course these considerations are relevent to enquiries about how
new laws of nature are discovered; but the truth proclaimed by the exact
sciences is only relative in degree—it does not admit of equal competition.

3. Historical Development

The interpretation, as distinct from the literal historical viewpoint, that [
wish to put forward follows that of Russell (1946, p. 239):

Greek astronomy was geometrical, not dynamic. The ancients thought
of the motions of the heavenly bodies as uniform and circular, or
compounded of circular motions. They had not the concept of force.
—With Newton and gravitation a new point of view, less geometrical,
was introduced. It is curious to observe that there is a reversion to the
geometrical point of view in Einstein’s General Theory of Relativity,
from which the conception of force, in the Newtonian sense, has been
banished.

We may, I think, fairly extend this sequence to assert that Bohr and Heisenberg
bear a relation to Einstein similar to that of Ptolemy and Copernicus to Euclid.
It is here, however, that the tidy sequence breaks down, for the relativity
revolution by-passed Faraday, who was seeking a total field theory in which
particles would only be constructs from the field and space would be filled
with fields of force. Faraday, and after him Maxwell, failed to produce such
a complete theory because, as we now know, they lacked a binding force for
the particles which were to be discovered after their time, and it was not until
the 1950°s that Milner, although largely unnoticed even till today, provided
the necessary forces to allow the program to be completed.

For those who cannot resist the temptation to look for a scapegoat for the
failure earlier to notice Milner’s work, it should be pointed out that Milner
failed to quantize his theory, which made it look old-fashioned and out-of-date,
Further, his theory did not seem to offer any easier explanation or forecast of
the phenomena of particle physics. The present paper seeks to remedy these
defects.

Jackson’s (1962) view of Maxwell’s displacement current has already been
referred to in the Introduction. There is a strong parallel in Milner’s scalar
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forces. Milner factorized matter density into electric and magnetic four-vectors,
using a biquaternionic algebra (Synge, 1972), and found that the time com-
ponents of the vectors he had introduced are “just those which are required to
make an extended classical electron stable and relativistic” (Gabor, 1960).
Gabor goes on to say

Thus Milner has at last succeeded in fulfilling H. A. Lorentz’s programme
of a self-consistent electro-dynamics extending into the inside of the
electron. - - + It is not unreasonable to believe that the difficulties of
modern quantum field theories have their cause in the inconsistencies

of their classical parent theories.

Milner made a serious attempt to extend his theory into the realm of gravita-
tion and general relativity. In doing so he made two significant remarks. One
was to suggest that his scalar magnetic force might be the source of gravitational
phenomena, and the other that, whereas Einstein’s general relativity seeks
explanations in terms of a strained space, his own theories use a stressed space.
This latter idea is not new, although Einstein’s ideas on the subject appear
only recently to have been frequently quoted. Thus Max Born (1969) quotes
Einstein’s argument that the lemma that ““the movement of mass points is
determined by the geodetic lines of a space-time world,” follows from the
postulate that “the metric of this world satisfies Einstein’s field equation.”

Chiu and Hoffmann (1964) put this even more clearly when they say “in the
Einstein field equations the geometry is determined from the field equations,
whereas in special relativity the geometry is a priori restricted to that which is
Lorentz-invariant.”

The coneept of stressed space has been found to be rather curiously supported
by J. J. Thomson’s (1921) discovery that although there is no momentum, there
is a net moment of momentum in the presence of static electric and magnetic
poles. Of course Thomson was thinking in terms of a stressed ether, but, for me
at any rate, Einstein resolved this question of what is stressed, when he wrote
{Samuel, 1951)

The programme of the field theory has the great advantage that it
makes a separate concept of space (as distinguished from space-content)
superfluous. The space is then merely the four-dimensionality of the
field, and no longer something existing in isolation.

Thus both Einstein and Milner are working with fields: If one uses the auxiliary
concept of space as an aid to reasoning, then Einstein’s is strained and non-
Euclidean and Milner’s is stressed and Euclidean.

4, The Essence of Milner’s Theory and its Development

The strength of Milner’s technique to a “naive realist™ is that he works with
quaternions which deal with physical concepts that have been prevalent since
Faraday and Maxwell. It is, however, somewhat confusing to the reader of his
posthumous works (1960, 1963) to find that he starts with a dissertation on
Eddington’s £ numbers which, to most people, savour of mathematical
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mysticism. Milner attempted to discover a set of simple rules governing the
behavior of £ numbers and was led in the process to split a 4 x 4 matrix into
the sum of 4 x 4 matrices. This sum, when treated as a column vector, was
found to obey the rules of quaternion algebra. He then showed that by com-
bining this new assembly with its transpose and any 4 x 4 square matrix he
had devised a new matrix which he called the e number or e transpose of the
square matrix. Further the sum of the squares of the terms of the e number
and the square matrix, which he called their resultant magnitude, were the
same.

Then, in Milner’s own words (1960),

- - - the basic assumption of the analysis - - - is that the rest-mass
density scalar of fundamental matter can be decomposed into, or
alternatively regarded as the resultant of, the component terms of
two matrices (2z*¥) and Z, the first denoting in 4-space a complex
vector field, and the second its energy-momentum-flux mechanical
properties. The assumption is confirmed by evaluating Z in detail,
when a correspondence between it and the similar matrix of standard
electromagnetic theory becomes apparent.

Thus, as with Maxwell, the mathematics may be said to have preceded the
theory. Z is of course the e number of (zz*), and, having argued for the con-
servation of Z “by applying the principle of stationary action” (loc. cit.) he
obtains his extended electromagnetic equations.

It is at this point that, following a criticism of Kilminster’s (1963), I intro-
duced a modification to Milner’s theory which will be presented below. Milner
left his theory at the point where he had shown that various configurations of
the fields were stable and might be used to describe some of the fundamental
particles. He also suggested that his scalar magnetic force might be the basis
of gravitational phenomena, but he did little more than attempt to reinterpret
relativity theory in terms of his own ideas.

The quantization of Milner’s theory has made possible the construction of
models of the fundamental particles from which some of their characteristics
such as mass and magnetic moment may be accurately calculated. The basic
particles are the electron and proton, and from these all others are constructed.
The models of the electron and proton give the correct magnetic moment, but
an important discovery seems to be that the proton’s magnetic field is not
wholly due to its spin but is due to magnetic charge. This theory is made more
plausible by the kaon models, which are based on cancellation of such a charge,
and also by the new y particle, which is similarly based on such cancellation in
the model of the A particle.

It so happens that the scalar electric field which is responsible for magnetic
“charge” may also prove to be an antigravitational force. Thus the y-particle
experiment may prove to be the first step towards the detection of the magnetic
monopole and antigravitational forces.

Finally the development of gravitational theory arises from consideration of
the behavior of Milner’s extended field equations in vacuo as distinct from
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inside a particle. It is found that by incorporating the measured value of Newton’s
gravitational constant, the radius of the observable universe may be calculated
within 5% of the measured value and a decaying constant of gravitation of 1.4
parts in 1010 /yr., which compares with an estimate of 1 part in 1010/yr. made
from the measured annual recession of the moon.

S. Summary of Milner’s Results

Milner’s theory may be very quickly summarized (Kilmister, 1969, p.c)
(though such a summary omits the important question of motivation, for which
the reader must turn to Milner’s works).

Maxwell’s equations can be written, in convenient form, as

Fi =7 (5.1)
eF7* =0
where commas denote differentiation, i, j, k, - - - take values 1, 2, 3, 4, the
coordinates are x! =x, x2 =y x3 =z andx* = 1, and
Flik = ki |
Milner proposes to modify those by writing
Fi.=J'=R +¢" (52)
YeyaF i =K =8+,
Here ¢,  are new scalar fields and K (with the obvious interpretation of
magnetic charge and current) is inserted, since at this stage it is not obvious
whether (e.g.) the measured electric currents are to be J? or R%.
In addition to these equations, Milner adds four other “which have to be

satisfied in order that the mechanical properties of matter shall be properly
expressed by the field.” These have the form

LeyuS'F* + FuR = ¢R, + 4 (5.3)

This completes the description of the general form of Milner’s theory. It is
evidently a highly nonlinear modification of electrodynamics, and in order to
derive definite results from it Milner introduces some additional special
assumptions in particular cases. It is these additional assumptions that we wish
to modify.

With an extension of the usual correspondence

(F413F42,F43)=e’ J4 =jl’:R4=rT: (P:_‘et
F¥B, F3 Yy =p, (1,72, 7%=}, (R{,Ry,R3)=1,Ks =k,
Sq =Sy Y =hy (K1 K, K3)=k, (§',8%,8%) =5

(5.4)
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{where care has been taken to agree with Milner’s notation) these equations
take the form in Milner’s quaternionic notation:

(Oorer + 0xex + ayey +38,e, ~ 'yt) +i(@ohy + 050y + ayhy +03,h, —5,)=0
i(actex + axet - ayhz + azhy - 'Yx) - (acthx + axht + ayez - aze'y - sx) =0
i(actey +0y€; — 0,k + 0,0, — 7, ) — (Opfhy + Oyh,+0,e, —0ye, —5,)=0

i(actez + azet - axhy + ayhx - 'Yz)“’ (acthz + azht * axey - ayex - sz) =0

(5.52)
or by taking resolutes and writing in the usual three vector form
1 0e
di - =y, 2 U
we=j;, I’t c at
10
i~ _curlh) = ij=#r—grad e;)
c ot (5.5b)
fdivh=ik,=ifs 1 oy |
I =ik, =ilsy ———
! e oot
1 oh
- (——— + curl e) =—k=—(s—grad h,)
c ot
Together with
hp,+te-rter,+h-s=0 (5.6a)
hartes+rh+se=exs—hxr (5.6b)

Milner’s additional assumptions are contained in his derivation of the wave
equation:

% (e +ih) + x*(e +ih) =0 (5.7

where x is a constant and 02 =V 2 — (1/c?)/(3%/3?).
In order to examine this and the consequent relationship between the source
terms and the field variables, the equations will be recast in quaternion form.

6. Relationship between Sources and Field Variables

Following an argument by Kilmister (1973 pc), (5.5) may be written in
quaternion notation as

Dz=w (6.1

where



246 J.W. GALLOP
D is its conjugate, and
Z=e+ih
e= e, ti(iey +je, +ke,)
h=h, +i(ihy + jhy +kh,)
Suppose W to be a general linear function of the field vectors, so that
W=2U;Zt; (6.2)
The transformed equations will be
W'=3ZU;Z't;
Now under a Lorentz transformation
q~q' =aqa’  (fa/=1)
we have
D-»D'=qDa"
D->D'=a*Da
where * denotes the Hermitean conjugate. So if, correspondingly, we assume

Z'=aZb (6.3)

it follows that
DZ ~ (DZ)' = a*DaaZb

so that
W— W' =a*Wh
Whence
a*UZth = U'aZbt'
Consequently

U'=q*Ua  and t' = btb (64)

Kilminster comments that the U is clearly a four-vector and the ¢ a six-vector.
We have to take account of the quadratic condition established by Milner,
Eqgs. (5.3) and (5.6). These take the simple form, in quaternion notation,

ZW+WZ=0 (6.5)

ie.,
Z UZt +(UZHY'Z=0
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or
Z*UZ + 202171 =0 (6.6)

It is at this point that a choice must be made for U and ¢. Milner effectively
made them scalar quantities so that

Ut=x,,

a constant with dimensions of an inverse length. Physically a six-vector suggests
rotation, but if it is to commute with Z*UZ its vector parts must be somehow
restricted. One obvious solution to this problem is to ensure that the vectorial
parts of ¢ are orthogonal to those of Z*U*Z so that vector multiplication is zero.
But to do this the fields have somehow to be anchored, at least relatively to
one another, in space, and this implies sources. Clearly then such a solution
may well be applicable to problems involving the interaction of particles. Note
that U and ¢ are independent of e and 4 for a linear theory so that the ortho-
ganality of e and his of no help.

For the present we will examine the case of the field inside the particle and
take a simple case of reducing all components of 7 to zero, except the scalar
part, It will then commute with Z*U*Z and a possible solution of (6.6) is

u=Ut and tt=—t=—id 6.7)

where 4 is a real number.
The condition U= U™ requires that a four-vector should be physically real,
B say. So we may write

W=UZt =iABZ = ixz (6.8)

where x = (x; +ix).
Substituting (6.8) in (5.5), where

r+is=UZt = ix{e + ih)

e=(e, t1ie) and h=(h,+ih)

we have
ixe=ix,e, —ix-etxe, —xetixxe {6.9a)
and
—xh=—xg4, ~%x-h—ixh; —ix;h+xxh (6.9b)
$0
—1-%+ dive= +x-h 6.10
w5y Tdive xhe+x (6.10a)
1 %e

?-é;+grad e;—curlh=—xh, —xh—xxe (6.10b)
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1 dh .
;—E‘z+dwh=xte,+x-e (6.10c)

1 ¢h
;——a;—+grad hy+curle= —xe, —xe+xxh (6.10d)

These equations must clearly reduce to Maxwell’s when the vectorial field
sources and the time variations in e, and 4, are reduced to zero. Then

Jr=xh, and j=xh; (6.11a)
ky=x., and k =xe, (6.11b)

and it must follow from the relationship between j, and j and &, and k that
x = (v/c)x, (6.12)

where v is a velocity vector.
This leads to

xh=—-xXxe and xe=xxh 6.13)
whence the well-known result
h=—(vic)xe and e=(v/c)xh 6.14)

which ensures the constancy of the velocity of light, since motion only results
in equal rotation of the e and h fields.
Substituting (6.13) into (6.10) we have

1 oe;
dive=j,=xh,+x-h——— 6.15
We=J; =Xl TX ¢ or ( a)
(1 de o
i|——~curl h] = —jj = i(—xh, — grad e;) (6.15b)
c ot
1 8k,
jdivh=ik, =i txe——— 6.15
idivh=ik, z(xte, X-e " at) (6.15¢)
1 oh
»«(———-+curl e)=fk=——(——xef—grad hy) (6.15d)
c ot
However, if we put x = 0 in (6.10) we obtain
1 de;
dive= xh; — —— 6.1
ive= Xx:hy; Y (6.162)
1 de
P curl h=—x/h —grad ¢, (6.16b)
1 9h
divh=x,e, — ——* (6.16¢)

¢ ot



CLASSICAL THEORY OF QUANTUM PHYSICS AND GRAVITATION 249
1 3h
W +curl e = —x,e —grad 1, (6.16d)
Taking div of (6.16b) we obtain
10
Py (dive) +V2e; + x,divh=0

Whence, using (6.16a) and (6.16¢),

c? 3 ¢ ot 1= g e e0
or
O%e, +x,%e,2 = (6.172)
Similarly
2k, +x,2h, =0 (6.17b)
and
0%, +x,%,=0 (6.17¢)
where
1 9?
0=V - =
c? ar?

Similarly, taking curl of (6.16b) and using (6.16d) and (6.16¢), we obtain

X%h + x,2h =0

and
Kle+x,2e=0
where .
18
K2 =XF— — —
% c? ar?
and

= grad div — curl curl

To summarize the foregoing: we have taken Eq. (6.1) as being the most
general form of the electromagnetic equations. In Maxwell’s form Z is the
bivector in terms of the electric and magnetic vectors. In Milner’s form, on the
other hand, Z is a biquaternion in terms of electric and magnetic quaternions.
This introduces two new concepts, a scalar electric and a scalar magnetic field,
and is the most general form of Eq. (6.1). In Eq. (6.2), however, the sources
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were assumed to be general linear functions of the field vectors and subjected
to the necessary quadratic conditions established by Milner. This resulted in
Eq. {(6.6). By restricting the six-vector to its scalar parts, Eqgs. (6.10) are easily
derived, and by introducing the relationship between charge and current, it
was found that the well-known velocity relationship between orthoganal
electric and magnetic fields became a consequence of these extended electro-
magnetic (EM) equations. Further, certain terms drop out of (6.10) yielding
(6.15). However, if one returns to {(6.10) and puts the velocity equal to zero,
(6.16) results and leads to the wave equations (6.17) and (6.18).

Although j, and j have been used to facilitate comparison of the developed
with the Maxwellian equations, it should be remembered that, so far in the
analysis, densities are fluid field densities and must not be regarded in terms of a
number of particles per unit volume. This aspect, which involves statistical
distribution, will be dealt with later. The consequence of this restriction is,
broadly speaking, that the developed, or extended, equations are so far only
applicable inside a particle. In order to examine their behavior in vacuo it is
necessary to know more about the nature of x and how it behaves.

To do this the equations have to be quantized and particles have to be
introduced into the theory.

7. Spherical Particle with x =0 and x; = const and h =0

To introduce the subject of particle models we will begin with the simplest
case. Clearly, for constant x;, 4, must be a solution of the wave equation (6.17b)
For a spherical distribution of charge at rest

hy = A(sin x2)fr (7.1)
where 4 is constant. The total charge in a sphere of radius r is then
r
Q= [4nr?i, ar
0

r

= f47rx,Ar sin x g dr from (6.15a) and (7.1)
0

= dndxg(x7) (7.2)

where j,( ) is a spherical Bessel function of the first kind of order n. At the
radii at which 4, is zero we have

Q=(—14n’nAd/x, (7.3)

The energy density at ris 1(#,2 +¢,2), and Milner shows that the total rest
energy of the system, with &, zero at the boundary, is

W=4r*nA?/x, = AQ, (7.4)
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where Qg is the magnitude of the charge, whether this is positive or negative.
Substituting (7.2) into (7.4) gives

W= (Qo*f4n*n)x; (7.5)

Thus for a particle bounded at the first zero (n = 1), x, &= W, and by writing
W =me? it will be seen that x, transforms as m in a Lorentz transformation.
Here we have the first clue to the behavior of x; as a variable in space and time.

8. The Uniformly Volume-Charged Sphere

Consider a sphere of electric charge at rest, in equilibrium, and of uniform
density. Then

X, =f; = const (8.1a)
and
e, = (Qp/4nr*) = (¢/3)]; (8.1b)
Also for zero magnpetic charge
~x,e—grad b, =k, =0 8.1¢)
From (8.1a) we have
X¢ = Jolhye
so that
grad i, = —x4e, = —(js/he) 1i/3
or
dh, 1t
i+ IZ%— =0 (8.2)

where x; has been eliminated. A solution of (8.2) is given by
2.2
-

h,2+--3"—’—+b1=0 (8.3)

where b is a constant. At the boundary of the sphere r =g and , = 0, so
by =l

and finally

bt =@ ~ )it (8.4a)
or

3k, 2 (@® — r*)=7,* = const (8.4b)
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Suppose the A, field has spin; 4, transforms as
hy

he= T 8.5)
so (8.4) is satisfied if
1 —r%fa? =1~ v?%/c? (8.6a)
ie., if
2,2 a2 2
iy oo
or
vy =rwsin 0 and wsin 8 = ¢/a = const (8.6¢)

Thus the “spin” is composed of spherical shells with constant v, propor-
tional to the radius r from the center.

This model will later be used to describe the electron, and it will be shown
that it has the correct magnetic moment and spin.

9. Quantization of Action in the Milner H Atom

So far the theory has been entirely classical in the sense that there is no
quantization of action. Quantization of action will now be demonstrated for
a classical Milner-type model of the H atom.

A detailed construction of models of some of the fundamental particles
will be reserved for a later section. However, before constructing a model of
the H atom, some reason should perhaps be given why the extended electron
and proton do not annihilate one another in the Milner system. The clue to
the reason for this is to be found in the manner in which their magnetic
moments differ, for while that of the electron is reasonably close to that for
a spinning sphere of uniform density electric charge, that of the proton is very
far removed from such a value. This may be explained by the absence of
magnetic charge in the electron and its presence, in dipole form, in the proton.
Thus the fields composing the two particles are entirely different in nature as
well as magnitude and they cannot annihilate each other as they do in the case
of the positron and electron. The detailed structure of the proton and electron
will be examined later with the help of the methods about to be detailed below.
Meanwhile it is only necessary to note that, in a model of the H atom, the
proton may be regarded as a point compared with the electron.

We postulate a model of the H atom, in the ground state, in whcih the
proton is a point charge situated at the center of a spinning, negatively,
uniformly volume-charged spherical cloud, the spin being of the form discussed
previously. Suppose this atom to be subjected to incoming radiation of angular
frequency w. (The effect on the magnetic fields of the atom may be neglected,
in this case, since, being dipolar, they will tend to rotate about the center in
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synchronism with the radiation frequency and there will be no relative motion,
due to this cause, between the proton and electron.)

The effect of the electric field will be twofold: It will polarize the atom, i.e.,
it will separate the centers of mass of the proton and electron in the direction
of the field, besides, of course, disturbing the electron cloud. It will also cause
the center of mass (c.m.) of the electron to rotate about the proton with an
angular frequency w. However, the electron will also possess a natural frequency,
wp at which it would oscillate, if the amplitude were small, with the proton as
fulcrum, if w were zero.

This natural frequency of the electron may be likened to a collision frequency
between the proton and electron cloud, for it results in a transfer of energy
and momentum into directions perpendicular to that of the incoming radiation.
Thus the internal energy of the electron cloud will be increased and it will
adopt a configuration consistent with (6.17¢):

0%, +x,%j,=0

The solutions of this equation are the same as those that yield the radiation
pattern of a linear oscillator or radiating antenna (Stratton, 1941, pp. 438 {f.),
which in turn are the same as the probability density factor for the Hatom
{White, 1931). This, of course gives the classical explanation of the photon,
for whereas in an antenna the radiation lobes are produced by a linear current
in the rod conductor, by the reciprocity theorem, the current occupying the
same shaped lobes in the H atom must give rise to radiation occupying what
would have been the conductor of the antenna. Thus the radiation cannot
diffuse but must occupy a straight cylinder cut into lengths (i.e., quanta) by the
starting and stopping of the radiation as the cloud moves from one eigenstate
to the next,

To obtain a quantitative value for these quanta, we return to the behavior
of the perturbed cloud under radiation. The path of the electron’s c.m. may be
thought of as a precessing ellipse, similar to Sommerfeld’s well-known rosette
orbit (Born, 1951; Sommerfeld, 1934). The equation for an ellipse may be
written (Cayley, 1961)

(ds/d6)? = 1a*(1 — k2 sin? $0) ©.1)

where k% = (a? — b?)/a* and the coordinate axes pass through the center of

the ellipse. Here g is the semimajor axis, b is the semiminor axis, and Va2 —b?

is the distance of the focus from the center and is thus the polarization distance.
It follows from the geometry of the rosette that the k2 is the ratio of the

rotational energy contained in the elliptic motion to the total rotational energy.

The first can only be the energy imparted to the electron by moving its c.m.

through twice (since the field reverses) the distance of polarization, while the

second is that imparted to the electron in moving around a circle of radius

equal to the distance of polarization. Thus

K=1/n
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10. Natural Period of the Electron

Suppose a rotating pendulum, of mass m, and length /, to be rotating about
the proton as fulcrum, in a constant uniform field of force eQ and in phase
with the electron’s c.m. having the same maximum kinetic energy. Ifs equation
of motion may be written (Milne-Thomson, 1950)

@do/dD)* = w,*(1 — k,? sin? 4¢) (10.1)
where k,% = 4(eQ/melwp2) and ¢ is measured about the focus, so that
rcosf —Icosp=ka

The maximum kinetic energy must have been derived from the applied field,
hence

%melzwp2 = 2nleQ (10.2)
so that
k2 =1/n=k>

1t may be shown that, if / = a, then r df/dt = b d¢/dt, so that the period of the
electron around the elliptical orbit may be calculated from that of the pendulum.
Then (Milne-Thompson, 1950)

T =4K/w,

" where K is, as before, the “complete elliptic integral of the first kind”* with
modulus 1/7.

11. Change of Shape of the Electron Cloud and Absorption of Energy

Insofar as the proton may be regarded as having infinite mass, pure rotation
of the electron about it will result in the energy being stored entirely in the
rotation, provided the cloud can adopt a configuration compatible with absorp-
tion of the incoming radiation; that is, the system may be likened to the com-
plement of a receiving antenna absorbing radiation, where the cloud adopts a
configuration that fills the radiation pattern of the antenna and the incoming
radiation occupies the space of the antenna itself,

The mechanism by which the cloud changes shape is its interaction with
the proton, the oscillation at its natural frequency resulting in a transfer of
momentum to the directions perpendicular to the direction of the applied
field. Energy will continue to be absorbed in this way until the cloud reaches
its next stable shape as determined by the wave equation.

The transfer of momentum per oscillation is given by

p = 2mea(wy,[4K) (11.1a)
The rate of transfer is
b = 2mea(wp/4K )y (11.1b)
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where
v=w/2n

Hence the energy transfer per oscillation of the field (i.e., two revolutions of the
cloud) is

2p2ma = a*me(wp/K)w (11.1¢)

12. Planck’s Constant

The difference in energy between the two stable states is obtained by
observing that this will be the result of the interaction of the proton once
with the whole of the electron mass. During a complete rotation about the
proton, the major axis of the ellipse covers an area na?. It follows that the
limiting condition of only one interaction requires (11.1¢) to be multiplied
by L?/ma?, where L is the unit of length in the chosen units of working.

The velocity of the c.m. at its apogee is awy,, so that the same limit requires
(11.1¢) also to be divided by the number of rotations of the major axis per
unit time, i.e., v, T, where T is the unit of time.

Thus we obtain for the equation of energy absorbed

pL? 4mm, L?
We=4 ——=——w—
"%y T K “T

This leaves the absorbed energy proportional to the driving frequency. Equating

the constant of proportionality to Planck’s constant yields, after correction for
the finite mass of the proton,

(11.1d)

A me\ 72 L?
2nh Kme(l +Mp) . (12.1)
Taking
i K=172
M, 1836.093, - 17247936
2nh _ 2 1
- =7.27382644 cm* sec (12.2)

which agrees exactly with the value given by Dicke (1957). The deviation from
later values, e.g., 7.27359 (Dicke, 1963) is probably due to measurements
taken at higher voltages, which, as shown below in the discussion of the experi-
mental values for the fine structure constant, would, on the present theory, be
expected to give lower values for 7.

13. The Fine Structure Constant

Sommerfeld (1934) showed that the introduction of the Lorentz transfor-
mation of mass into the equations of motion of the electron in the Bohr atom
results in a Thomas precession (Cerbin & Stehle, 1950) as follows:

ywr=2n (13.1a)
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where
v=1-22Q%p*c?
=1 - (#2pH 22 ? (13.1b)

in which p is the angular momentum, Z the charge number, and « the fine
structure constant (f.s.c.),

a=0Q%he

Rearranging (13.1b) we obtain
p2y? =p? — oPH2Z2

= (ng* — &2 Z2 > (13.1¢)
where ny is the azimuthal quantum number. Comparing with the model of
the H atom, clearly

v = 2n/4K
The total rotational energy is p? /m,. Following Sommerfeld’s formula, we
divide this into two parts. The precessional energy,

Wy = 3(p* Ime)y* (13.2)

and the spin energy, which is the rotational energy of a spinning sphere
having a diameter equal to the root mean square value of the total excursion
of the center of mass of the electron due to the radiation field, That is, its
radius is #/+/2, where 24 is the major axis of the ellipse. In center of mass
coordinates, which takes the rotational energy of the proton in the radiation
field into account, spin energy is given by

2 2 2713
r I m,
W,=1=—4? 1+—2 13.3
s 2 e'Y {( eaz)( MP ( )

where ] is the moment of inertia of the sphere described above. Comparing
with Sommerfeld’s formula (13.1) we have
7 \3
( 2) (13.49)
mea

27 me\3
a=-— |1 +-—
4k \' M,

Inserting the values of K amd m/M,, as before and I/m.a® = 1/5 we have
a=729764x107%  or  «”!=137.0306 (13.5)

14. Comparison with Measurement

The numerical value of the fine structure constant obtained above is larger
than the currently accepted value. However, as the voltage at which measure-
ments are made is increased, the radiation wavelength will correspondingly
decrease, according to both accepted theory and the present model, where
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the energy absorbed, and therefore radiated, is proportional to frequency, at
least until the wavelength becomes of the order of the diameter of the electron
cloud. When, for example, these are equal-as for an incident energy of 0.5
MeV—the effective electric field is reduced in value to the average of its root
mean square (rms) value. This reduces the modulus of K in the same ratio, i.e.,
from K = 1.7247936 to K = 1.7012489 or 1.636%. An estimate made from
Cohen and du Mond’s (1957) data makes the change in7 about 1.5%.

A determination of the fine structure constant therefore, which depends
upon the direct or indirect measurement of 7, should give a voltage dependent
result that is roughly proportional to the energy of radiation. This is supported
by Cohen anddu Mond (1957), who present a graph of mass x-ray spectrometer
determinations of 2r#ic2/Q, in which the discrepancies are plotted against the
voltage at which the measurements are made. The graph consists of a straight
line that intercepts the discrepancy voltage axis at about 0.3 V. From the
lowest voltage measurements, given by them, this apparently corresponds to a
deviation of about 40 ppm from the least squares adjusted value for o™ of
137.03777, the value used by them (1953) in these calculations. The value
calculated above diverges by 52 ppm from this, i.e., agrees with experiment on
this interpretation to about 12 ppm.

Further support for the “zero voltage” value is given by the measurement of
Qfn using the ac Josephson effect, by Parker et al. (1967), who would give
a~! the value 137.0359(3). This assessment involves a number of other constants,
and a comparison of their value of Qi with the calculated value of #i/m using
their value of m = 9.10965(14) x 10728 g gives an agreement within 12 ppm as
before, in which the calculated is the lower value. (Although this agreement
appears to be dependent upon the value selected for m,, it is in fact consistent
with the other physical constants, since they raised both Q and m by 63 ppm
above Cohen and du Mond’s values.) A later measurement of Q/n# by Harvey
et al. (1970) brings the agreement to within 7 ppm.

15. Particle-Wave Equations

With the aid of an H atom model we have established that radiation energy
is proportional to frequency and, by assuming that the constant of proportion-
ality is Planck’s constant, have obtained a numerical value of #1/m,, where m, is
the mass of the electron. Further, we have obtained a calculated value for the
fine structure constant following Sommerfeld’s model, in which « is the ratio
of spin energy to rotational energy at the particle’s radius. Historically quantum
theory began at a similar point, namely, the observation that radiation from
the H atom is quantized and statistical; but this involves the assumption that
all radiation is quantized. Our demonstration so far only applies to the radiation
field from a particle constrained by central forces. This is strictly analogous to
the position at the beginning of quantum theory except that, then, the evidence
being experimental, there was little to suggest that the concept of continuous
fields was only an approximation—an idea which, surprisingly enough, seems
only to have been seriously considered half a century or so later (Kilmister,
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1971). The manner of calculation of #i/m, in the present theory, however,
strongly suggests that the fields are continuous, and it becomes necessary to
see whether quantization arises naturally or has to be imposed by some assump-
tion or assumptions.

It will now be shown that quantization enters the theory through a physical
interpretation of Milner’s constant, and that Planck’s constant is part of the
mathematical description of the electron. This will be done by constructing
a classical analog of the de Broglie wave equation.

The algebraic relation between Schrodinger and de Broglie waves on the
onehand and Milner’s waves on the other is shown by the following analysis.

A traveling wavesolution of Milner’s equation for the scalars e, and 4,

I +x’T'=0 (15.1a)
is clearly
T'=1g exp {xy — wq0) (15.1b)
and substituting this into (15.1a) we get
—x12 twtfet+x2=0 (15.2)

writing wq [x, = v, the velocity of the wave, we have

xq = x(1 —v?/c?) 12 (15.3)
and
9°r 19T _
5«;5+;5—E;2——0 (154&)
and
3T
5}*2-+x12F=0 (15.4b)

Thus Milner’s wave equation represents a wave traveling with a velocity less
than that of light. The waves of quantum theory (Schrédinger, de Broglie, and
Klein-Gordon), however, have velocities greater than that of light, and Milner
shows that one cannot convert his equation to this form simply by making x
imaginary. The physical reasons for this may be seen by writing the wave
equation in the form

2’ 1 9°r

"’é’;z‘—??=0 (15.5a)
or

a'r

— —x,°T=0 (15.5b)

ay
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where U is now a phase velocity greater than that of light. With a similar sub-
stitution to (15.1b) we obtain the solution

—x,2 + wyte? —x? =0 (15.6)

Following Fermi (1951) we multiply (15.6) throughout by #2 and compare
with the well-known relation

W= (c*p? + my2c?)l/? (15.7)

This yields the following correspondences: W, the total energy, equals #iw,,
p, the momentum, equalsix,, and m,, the rest mass, equals 7ix2 /e. Making
the same comparison with Milner’s equation, i.e., (15.2) with {15.7) we have

W= flec
p=hw/c

and
mq = hx/c

as before. It follows that, if the result obtained in (11.1), namely, that the
energy of the radiated or absorbed wave is proportional to its frequency, is to
be expressed in a wave equation, we must choose one of the forms of (1 5.5b)
rather than (15.4b), i.e., an equation of the form

0°T' — x,2'=0 (15.8)

In order to construct such an analog of de Broglie’s equation, it has to be borne
in mind that Milner’s equation refers to fields inside the particle, whereas de
Broglie’s refers to the movement of the particle as a point charge. The con-
structed wave equation will therefore be built from a summation of Milner
equations.

Now Milner shows (1963, sec. 7.5.; 1960, pp. 202 et seq.) that the time
rate of charge of /1,2 and e,? gives rise to mechanical forces. Further, we have
seen from (7.5), if we assume W = me?, and in (15.12) above that x, is pro-
portional to particle mass. With this in mind we shall assume that a cluster
of h, waves of equal amplitude but varying x, (which we will write as hy, and
Xy, respectively) will obey the Maxwell-Boltzmann distribution law.

For the electron, we will assume the model of a uniformly volume-charged
sphere obeying Eq. (8.4a). Substituting (8.1a) we have

X, = [3/@® - )17 (15.9)

Thus the electron has shells of constant x; that varies from zero to infinity.
Assume an infinite set of /1, waves, of equal amplitude %,, but wavelength

1/x,, varying from zero to infinity, propagating along the ¥ axis of the electron.
At the origin we have from (8 4a)

het =%jla? (15.10)
Assuming a like relationship for the #,, waves we have

$hn® = %j4fx,* = §ib* (15.11)



260 J. W. GALLOP
To find b introduce the Maxwell-Boltzmann relation at the origin. Then

l?.‘iz i f exp ﬁ( ) d ()—3—) (15.12a)

I
il
= (6) (15.12b)
where
11 _ 3
o T h i
whence

a® = nb? (15.13)
We have now a geometric picture of a cluster of waves propagating along
the Y axis, the sum of their x,,’s at each point equaling the x; of the spherical
wave. Each x, occupies a surface area 472, but, since the %,, waves are linear,
each sum of x,;’s represents a surface y2. To obtain an equivalent x for the
wave group we integrate over the Y axis from y =0 to y = b equivalent to 1/4
wavelength of the group wave. Thus writing y =5 sin §

4 1 i de
LI 15.14a
N ey Of [1— (5% sin? 0)a%)] 7 (15.142)
or
nj2
1 de
=— 15.14b
e 4a J [1#~(1/7r)si1126]1/2 ( )
=Kf4a

where K is the complete elliptic integral of the first kind with modulus 1/7.
For a spherical particle of radius 4 and constant x, we have from (7.1)

x;=1/2a
Hence
x. = 3Kx, (15.15)

To identify x, with mc/h we note that Stratton (1941) has shown that, for a
good conductor, Maxwell’s equations involve two dimensionless constants:

= ue(L/T)? (15.16a)
by =ucL?|T (15.16b)

where u is the permeability of the medium and e its permittivity. Thus (ue)l/2
has dimensions of reciprocal velocity and po of moment of momentum divided
by mass. The two together have dimensions of reciprocal length, as has x.
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Furthermore x, in Eq. (6.8) was seen to be composed of two constants 4 and
B, and (6.10) gives

X=v/c x;

So we may tentatively put A = ¢ and B equal to a universal constant having
dimensions L2/T.

Now J. J. Thomson (1921) showed that in the case of an electric and a
magnetic monopole, Q and G, separated by a distance r, there is a net zero
momentum in space but a moment of momentum

GQ/c

even when the charges are stationary. For the electron we have an electric
monopole and magnetic dipole so that we might take

B=2GQ/m.c (15.17)
with dimensions L2 /7. But from (12.1), without the mass correction, we have
A2 L2

LoZ (15.18)
m, KT
and from (15.13)
L2
i (15.19)
x. T

In the absence of magnetic poles we may put B =1 so x, = C, but in the
presence of a magnetic dipole we would choose B = m, [# so that

xe = 3Kx; = myc/h (15.20)

Substituting in (15.17) gives
7 = 2GQfc (15.212)
=Q%/ac (15.21b)

by substitution of the value of Dirac’s (1948) monopole (see below). Thus
the combination of monopole and dipole would appear to be fundamental in
nature.

16. Models of Some of the Fundamental Particles

It has been shown how stable models of particles may be constructed
consisting either of a sphere of electric charge of uniform density or a sphere
of charge in which x, is constant throughout. These ideas will now be extended
to construct models of some of the fundamental particles. No rule has yet
been established for doing this other than the physical interpretation of
formulas that produce the right result. It is to be hoped, however, that the
pattern of such models will lead to a better understanding of the principles
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involved so that definite rules may be laid down. This is not meant to suggest
that the present rules are entirely ad hoc—they are not; but the present models
are admittedly the result of much trial and error and at present can only lay
claim to plausibility to the extent that they give the correct answers. Even here
one has to be careful; experience teaches that for every correct forecast there
are many that are almost within experimental error, and the lesson of
Eddington’s Fundamental Theory still applies.

16.1 Magnetic Moment of the Electron

It has been shown that a stable sphere of electric charge at uniform density
necessarily has spin. The motion consists of concentric shells having an angular
velocity about the same axis, proportional to their radii. Thus the maximum
flux will occur at the poles. Simple integration over the sphere gives a pole
strength equal to 30, the total electric charge of the electron, and the effective
magrietic charge, whose distribution must obey the wave equation, will occupy
wavelength 1/x,. The dipole moment of the electron is thus

e = Q/2x, + terms due to precession, say (Q./2x.)(1 +ag) (16.1)

where qq is a modification of a (13.4) (which contains the relativistic correction
(1 +mg/M,)3 and operates upon angular and not linear frequencies). Thus we
have

ap = (1 +me[M,) 3 (1/2m)ex

%0, 1{ 1] nQ. 2 (m?\3
e = It =) === 1+t
2mgc 4K \m,l 2meyc K\5m,l

where 1=/2r

and

1t = 1.00115955903 Q. [2m,c (16.2)

which compares with 1.001159557 + 0.000000030 (Matts ez al, 1969). The
simplicity of this calculation is particularly gratifying. Lai et al. (1974) at the
end of their paper on the same subject remark “In addition to having a calcu-
lation which is conceptually direct, and operationally straightforward, it would
be nice if it were also trivial. We consider this is not the case.” I think it may
be claimed for the above that it is nicely trivial as well as conceptually direct!

16.2 Spin of the Electron

For a spinning sphere of electric charge, the dipole moment is

u=&J~Q~=€—Q~ (16.3)
me  me
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where [ is its moment of inertia, p is ifs spin momentum, and other terms are
as before.
Applying this to the electron without precession we have from (16.1)
- Pele - nQ,

——— 16.4
Me Mec  2myc ( )

from which we have the well-known result

p=3n

16.3 Magnetic Monopole

Milner’s equations are symmetrical for electric and magnetic charges, so
that if the magnetic counterpart of the electron were to exist, one would expect
the same ratio between field produced by rotation and spin. It follows from
the calculated effective pole strength of the electron that the magnetic mono-
pole is given by

G=0a (16.5)
in agreement with the value given by Dirac (1948).

16.4 Magnetic Moment and Structure of the Proton

A short calculation shows that the model of the H atom employed to
calculate #i/m, is stable in the ground state, i.e., perturbation does not give
rise to radiative disintegration, provided the mass ratio is that measured
experimentally. This fact may account for the uniqueness of the uniformly
volume-charged sphere as a model so far found with the aid of the present
theory. The uniqueness, however, clearly does not imply the exclusion of its
application to the proton, and such a model has the correct angular momentum.
However, it yields the wrong magnetic moment as it stands, so we introduce
magnetic charge k, from the equations. Such a model has a further merit of
meeting the objection that one would expect two concentric, oppositely
charged spheres to expand and contract and thus annihilate each other.

An appropriate solution of the wave equation for the magnetic field would
contain the term

)’3/2(po)

where y3,,( ) is a spherical Bessel function of the second kind of order 3/2,
which ensures that the field is dipolar, and x,, is that for the proton.

The first zero is at y3,5; =2.798386 instead of x,z = 1 as in the case of
the electron. We therefore have

bp = V32, 11202Mpc

plus correcting terms for spin, etc.
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The correction now primarily consists of that due to the spinning electric
charge about a fixed magnetic axis. This of course is different from precession
and will not contain the 1/4K term in a, as in the case of the electron. The
precessional correction is insignificant, and we have therefore

tp = [V372,11 (1Q/2Mp0)[1 — 2(1/md?)*] (16.6)

where d is the diameter of the proton and the factor of 2 enters because Q =
2G, whence

1y = 2.792789 hQ/2Mpc
which compares with
(2.792782 £ 0.000017)hQ/2M,c
{(Physics Letters, loc. cit.).

16.5 Composite Particles

An attempt has been made to construct models of some of the other so-
called fundamental particles using only excited modes of protons and electrons.
Most of these modes have a central nucleus, which is a proton, in normal or
excited state, surrounded by electrons, again in various states; but there are,
of course, exceptions, notably the pions and kaons.

The first particle we will consider will be the A particle.

16.5.1 The A Farticle. From (7.5), the energy of a sphere of charge with
constant x, is given by

W= (Q*/4n*)x,

Milner has shown that the corresponding energy for the uniformly volume-
charged sphere of radius ¢ is given by

Wo = Q*/5ma 16.7)
Combining these two, we obtain
W= (5/4n)x.aWq (16.8)
Assuming both particles have proportional magnetic fields we may write
Wo = mec?
where m, is now the relativistic mass of the electron.
Now
a=Q*fhc
S0

o= (1/Hc)(dn W/x,) (16.9)
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or
hex, = (1) (4n? W)
and from (16.8)
= (1/00) 5mx pamngc* (16.10)
Now assume a fundamental wavelength
X;=1/x, =2na
Then
2max, = 1 (16.11)
and
icx, = (5/20)mc? (16.12)

Clearly the angular velocity of the wave
AW = aX,C = vy
Then
me =m(l — vy fc?) 12 (16.13)
where m is the rest mass of the electron. From (16.11) we have
me =m(l — 1/4n2) 112 (16.14)

Substituting into (16.12) gives the energy of a particle of constant x, and
charge Q rotating about a center at radius a, the radius of a uniformly charged
electron. Thus we have

hex, = (5¢2 2o)ym(l — 1/4n%) 7112 (16.15)

In evaluating (16.15) we must omit the center of mass correction term from
a. It may be noted that the term similarly cancels from Sommerfeld’s formula
(loc. cit.) If we now add the mass of a proton we obtain a mass of 1115.51
MeV, which compares with the mass of a A particle of 1115.6 £ 0.08 MeV
(Physics Letters, loc. cit.) Thus the A particle may be likened to a Milner H
atom in which the electron is rotating at a radius equal to its own radius in
the ground state,

16.5.2. The Neutron. The mass of the neutron follows readily from the
above by converting the “electron’s” rotational energy to spin energy.

Thus 7 = 3mc*(1 — 1/4n*)"1/? with a correction due to the precession of
the “electron” cloud being turned to spin by the magnetic field of the proton
and reversed,

Thus the contribution from the electron’s magnetic field is reduced by
2(I/md*)3 (see equation for y,) from (1/4KYI/mI*)3 (see equation for y,).
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Thus we have

5, 1 \71/2 AVIFAS
?z-Emc (1*—4—4‘7—2') 1— 2_1—< m——d—i +Mp
=1.29356 MeV + M,
which compares with 1.2935 £ 0.0001 MeV (Physics Letters, loc. cit.).

16.5.3. Other “Stable” Particles. Models of the other “stable” particles
may be set up in a similar fashion. Some of them are not fully worked out, but
certain trends point to possible rules for their construction. For example the
=* may be constructed from a proton and a zero-charge “eleciron” as follows.

Write (7.2) for @, in terms of trigonometric functions. Then

Q, = 4nAx, [—r cos xr + (sin x.r)/x, ] (16.16)
Compare with (7.1},
hy = A(sin xr)fr

It will be seen that at the first zero of i, , is 2 maximum. Putting 0, =0,
the boundary is now at

}:3{2’ 1~ 4493409
and the mass of such a particle will be

(4.493409/m)m,

Substitution of this particle for the electron in the A particle gives a total
positive charge and a mass of Z¥ = 1189.4078 MeV [cf. 1189.40 = 0.19 (Physics
Letters, loc. cit.)}.

The masses of 0 and £~ may be obtained by adding 6 and 5= electron
masses, respectively. Plausible arguments may be adduced to justify such
formulas, but they are not sufficiently rigorous to give the necessary confidence
for the construction of useful models. ‘

16.5.4. Zand &~ . The sitvation is similar for Z and 7, although for the
latter particle it is perhaps significant that the proton mass is excited to a state
similar to that of the electron in £,

16.5.5. Kaon. Since it is claimed for the theory that all particles are ulti-
mately composed of protons and electrons, there is little to be gained in its
presentation by constructing models except to check on its veracity, However,
there remains the question of the possible detection of the /1, and e, forces
and models of the kaons, and the recently discovered ¢ particles give a clue as
to how this might be accomplished.

From (6.16) we have

divh =k, =x.e, — (1/c)(8e,/01)
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Substituting e, = F exp (iwt) yields
divh=k;=xe, % wfce,

xyje

_ L vl
=x6.01 TN
where
xtU

W=xXv= (] . UZ/CZ)I/Z

Now suppose that e, exists but divh =%k, =0. Then
v=c/N2

Thus we have a critical velocity at which magnetic charge is canceled.
Now take the mass formulas (16.12) and (16.13) and add a stationary particle
of the same basic mass, i.e. (anticipating the result in our notation),

K=(512)ym[(1/a) £ 1]
= (51VDm[(1/e) £ 1]
at the critical velocity v = c/\/i; then K =495.6 £ 1.8, K* =4938,K° =497 4,
which compares with (Physics Letters, loc. cit.) K* =493.82 £0.11 and K° =

497.76 £0.16. In the above result the behavior of the charges is obtained from
(6.16), where

Jt =Xy — (i/c)(0h4[01) = 2x thy or 0
depending upon the direction of rotation.
16.5.6. The ¥ particles. {Reported in New Scientist, 19 December 1974,
pp. 870-872.) The announcement of the first ¥ particle led the writer to try
a modification of the kaon formula, i.e., assume an electron and positron at

the critical velocity ¢/ /2. Such particles would exhibit unit charge as in the
kaon. Hence we have

¥ = 25\ 2Dm(md*(I)?
then
¥ =3.62 GeV

which compares with 3.695 GeV reported for the second ¢ particle ¥ (3695).
The other alternative seemed to be a critical velocity at which the magnetic
charge of the A particle would be canceled. Thus the mass would be basically

VY =Ay3;m
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plus correcting terms because the particles are assumed to be moving along the
magnetic axis instead of rotating, Thus the corrections are 2a(1 — 1/472)~1/2
for relativistic rotation and 2a(1 — m,/M,) 3 for center of mass. This gives

(1115.51 — 5.1776 — 0.5736)2.798386
=3.10554 GeV

or the Y (3105) particle. Based on these models, one would have expected the
¥ (3695) to have been seen at Stanford and the y (3105) at Brookhaven since
the former is working with a positron and electron colliding beam and Brook-
haven with protons. However, Brookhaven were looking at electron and
positron behavior after proton-proton collisions, and of course, provided that
the energy is right, any of these particles are possible. Nevertheless, it is just
possible that the protons in the Brookhaven experiment disintegrate owing to
the cancellation of their magnetic charge, which would represent a new
phenomenon.

17. Gravitation

Milner suggested that his /, force might be connected with gravitation. If
this can be shown to be true we shall have completed a unified field theory in
which all the forces of nature are seen to be interdependent. Einstein was
clearly aware of this, for he entitled a paper in 1919 “Do Gravitational Fields
Play an Essential Part in the Structure of the Elementary Particles of Matter?”
The answer below agrees with his conclusion ““there are reasons for thinking
that the elementary formations which go to make up the atom are held to-
gether by gravitational forces.”

In the derivation of Egs. (6.9)~(6.18) it was tacitly assumed that fields are
continuous; i.e., charge densities, for example, are actual continuous densities,
not the total charge, when made up of discrete charges, divided by the volume.
The question therefore arises—What is the value of x, in the regions between
charges? Is it zero or just some very small value?

Now a little algebra will show that the condition that j; should be zero
requires V2h, = 0 but not that V?e be zero. Similarly for k,and ¥/ ?h and
V2e,. It follows that in the wave equation for /&,

(1/e®)@%h,/0r*) = x*h, 17.1)

so that x, need not be zero for the inverse square law to remain valid.
Rewriting (6.16) before resolutes are taken, we have

, 1 Be; , 1 0h;
- +——Ll +ifdivh— +——*) = 17.
((hve xhy - at) z(dlv Xgert at) 0 (17.2a)

{1 oe 1 oh
1(;-é;~curlh—xth+gradet>— (;—5;+curle—xte+gradh,>=0

(17.2b)
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Then for dive =0 = div h, obvious solutions are

h,=A exp(wi)=A4 exp (wr) (17.33)
h; = A exp (—iwt) = B exp (iwr) (17.3b)
so that
—x; t wfe —ix; Tiwfe=0
or

—x 1y +(W)e)hy — ixse; + i(w]c)e, =0

and x, = w/c in both cases. Equation (17.32) is clearly too restricting, so we
shall choose (17.3b), which with (17.1) suggests an oscillating universe, in which
case x, bears some relation to Einstein’s cosmological constant (1917). Although
he disclaimed the method as a means of removing the difficulties of Newtonion
theory, Einstein (loc. cit.) wrote in place of Poisson’s equation

Vi¢—Ap=Gp (17.4)

where ¢ is the gravitational potential, A is the cosmological constant, G is the
gravitational constant, and p is the gravitational mass density.
Applying the assumption 72¢ = 0 gives

Ap=-—-Gp
Comparing with the wave equation and remembering (17.3b) leads to the
suggestion
x2=\=1/R? (17.3)
where R is the radius of the spherical universe (Einstein, 1917). We shall now

pursue this suggestion by considering Milner’s equations for matter in motion.
Milner shows that the rate of change of momentum is given by

11 ] ] g
3 Eg(etz +he)+ é‘x‘(etex thie) t a(etey + hhy) + 3z (ere; + hihy)
=ef;—~jxh—-hk, —kxe (17.6)

The first term represents the time rate of change of “¢-momentum,” and we
may write the force equation as

1 dey ohy,
F=—|e, —L+h,—* 17.
c [et ar 7 at} a7.7)

Considering only the A, terms and the condition in which a particle has zero
velocity in a field h,r, we may write, since they are scalar quantities, for the
region inside the particle

Be=hyy +hy (17.8)
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where A, is the particle’s internal field. From (17.8) and (17.3b) we have
E?t = —ixChyy (179)

So the amplitude of the force at the sink particle due to the field from the
source is

Fk = —ix,ckthzf (17.10)
To simplify the algebra, we assume that 4, in both particles obeys (7.1) so that
kA, sin x,r
e = —2——L- 17.11
tf gl2 r ( )

where [ is the separation between source and sink particles, m; is the mass of
the source particle, 7, is the mass of the sink particle, g is a dimensional
constant = length =2, k = my/mp, and 1> 7/x,. x,, is the value of x within
either the source or sink particle which may or may not carry equal electric
charge, so that masses will be assumed proportional to the A’s. x, remains the
value of x “in vacuo.”

To obtain the total force exerted on the sink, integrate all over the source,
since it exerts a force at each point of the sink, i.e., integrate (17.11) and
multiply by the value of x,/, at the point in question. Since, however, the
force is measured and defined as that which acts on unit mass, we must also
integrate all over the sink and divide by its mass. Thus we obtain

FT x, rEMxy =
=474 ,Ar 5 d 17.12
n, Lz ! g f sin® (xpr)dr ( )
_4ndp? o 0
3 t
2x,l°g
Wk
= %x, (17.13)
by using (7.4).
Writing W = mpc2 we have
Fp=Tps Tl (17.14)
I 2g
But
m,m
Fr=G »__;%_s (17.15)

where G = 6.668 x 1078 g1 ¢m? sec™? (Allen, 1955). Comparing (17.14)
and (17.15)

Gg =x,%/2
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So 2/x;= 1347 x 10?8 ¢m and a “half-wavelength” 1/2x,=3.37 x 1027 cm,
which compares with 3.2 x 1027 cm quoted by Allen as the radius of the
observable universe,

18. Experimental Checks

At the time of writing a newspaper reported that Van Flandern, of the U.S.
Naval Observatory, has shown that two inches of the Moon’s annual recession
from the Earth is unaccounted for by tidal friction and has suggested that the
discrepancy may be explained by an annual decay of the gravitational constant
of about one part in 1019,

The above calculation compares with this:

3x107®
0.6735
=14 x10710 yr1

X4 =446 x 1078 sec™!

19. Interpretation

From Egs. (6.16) it may be seen that the signature of 4, is related to that
of the charge density. Further, from (6.16d) for a stationary particle, we see
that both positive and negative %, represent a tension. Thus we may conclude
that like charges (of %,) attract and unlike charges repel by cancellation, which
is consistent with the choice of the solution with the negative exponential for
both charges in Eq. (17.3b) and the concept of an expanding universe. A posi-
tive exponential for negative charges would lead to asymmetrical conditions in,
for example, positronium. Since the proton is so much heavier than the electron,
it is difficult to decide how to put the theory to an experimental test. Witteborn
and Fairbank (1967, 1968), who discuss the whole question of the gravitational
properties of elementary particles, found that the force on an electron was less
than 0.09 mg, where m is its inertial mass and g is 980 cm/sec?. They incline
to the belief that their experiment supports the contention that “gravity induces
an electric field outside a metal surface, of magnitude and direction such that
the gravitational force on electrons is cancelled.” (Schiff & Barnhill, 1966.)
However, their proposed experiment with positrons might conceivably avoid
this difficulty.

So far in the analysis e, has been neglected on the grounds that it is dipolar
in nature and its effect is therefore small. However, its dipolar nature seems to
render the first exponential solution of (17.2) unlikely, and the terms become
oscillatory. If we accept this second solution then e, and h; are independent,
and it is aiso of interest that e, is then an antigravitational force and compressive.
Thus we may visualize e, forces in the proton holding the magnetic charges
apart. The possibility, therefore, that Y (3105) may be generated by a cancellation
of the magnetic charge within the proton would suggest a possible first step in
the “release” of antigravitational forces and the observation of the magnetic
monopole.
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20. Conclusion

It has been shown how Milner’s theory, based upon the factorization of
matter into eleciric and magnetic quaternions, may be extended to include
the force on a moving conductor; quantization allows models of the proton
and electron to be constructed which exhibit the correct parameters including
magnetic moments, and from these two it appears that all other particles may
be constructed.

To illustrate this the paper includes models of the n, A, £¥, and K particles
and tentative models of the two recently discovered Y particles. I have also
built models of 7 and u mesons and have made some headway with the masses
of the E and £~ baryons; but as I am not satisfied that I yet fully understand
the method of adding charges to the basic particles (e.g., to obtain £7), and as
this part of the work is not necessary to the main theme of the paper, I have
thought fit to omit the calculations. Similar considerations have prompted
omission of mention of the neutrino.

Finally an attempt has been made to show that Einstein and Milner’s belief,
that the cohesive forces of the proton and electron are the source of gravitational
forces, is at least plausible,

Apart from the aspects of the theory which lead to calculable data suitable
for experimental verification, I have attempted throughout to show that the
new theory subsumes relativity and quantum theories rather than conflicting
with them and that the conflict, which has been supposed to exist hitherto, is
an illusion generated by metaphysical speculation and induction beyond the
facts.

It seems appropriate to end with Hamilton’s own words in the preface of
the paper which has made all this theory possible, for it so expounds my own
position that to reword it for my own use would be plagiarism.

And if for the present I omit all further mention of them, it is partly
because, without a closer study, I should fear to do them an injustice;
and partly because I make no pretensions to be here an historian of
science, even in one department of mathematical speculation, or to
give more than an account of the progress of my own thoughts, upon
one class of subjects.

Appendix I The ) Particles

Shortly after the announcement of the discovery of ¢ (3695) and of ¥ (3105)
came that of a new neutral particle ¢ (4.1). The mass of such a particle may be
arrived at by taking ¢ (3105) and, as for *, multiplying the mass of A by j3, 1 /7
and subtracting the mass of the “electron” in that particle, i.e.,

¥ (4.1)= (4.49/m) (3100 — 175.3) = 4.179 GeV

Such a particle will have zero charge and max 4, at the boundary.
The importance of these particles lies in the possibility of the experiment
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pointing the way to a release of e, forces and magnetic charge; otherwise in
themselves they seem to be of no great importance. Of course, to release e,
forces one would need to split the proton and not just come into resonance
with its fields with an electron or positron as seems to have been happening.

Appendix II: The “Stable” Particles

Models of ¢ =~ and Q™ have now been constructed which give support to
the model of the proton and show an intelligible pattern for the “stable” particles
with masses between p and Q” inclusive. The constituent particles are the
proton, the orbiting particle as in the A particle [Eq. (16.12)], and the oscillating
particle as in the neutron. The last two will be called field electron rotating
(f.e.r.) and field electron oscillating (f.e.0.), respectively. Both the proton and
the field electron may exist with zero charge and maximum %, at the boundary.
Such charges are termed neutral. The neutral proton may have its magnetic
charge either unexcited as in the charged proton or in the next excited state.

The models are then

Masses, MeV
Calculated Experimental
n lp+1feo. 1.29356 + M, 12935+ M,
* 0.00001
A lp+1fex. 1115.51 1115.6 +0.08
=¥ 1p + 1 neutral fee.r. 1189.4078 1189.40£0.19
%0 1 neutral p with magnetic charge
unexcited 1314.76 13147 +0.7
E~ 1 neutral p with magnetic charge
unexcited
+ neutral f.e.0. coupling through 4, forces with neutral p
2 +6.5 20 +6.6 +0.7
€27 1 neutral p with magnetic charge in first excited state
+ neutral f.e.r. {coupling as for =~ } 1672.416 1672  %0.5
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