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ANTI-GRAVITY WITH PRESENT TECHNOLOGY:
IMPLEMENTATION AND THEORETICAL FOUNDATION

F. E. Alzofon*
- Boeing Aerospace Company
Seattle, Washington

Abstract

This paper proposes a semi-empirical model
of the processes leading to the gravitational
field based on accepted features of subatomic
processes. Through an analogy with methods of
cryogenics, a method of decreasing {or fncreas-
ing) the gravitational force on a vehicle, using
presently-known technology, is suggested.
Various ways of utilizing this effect in vehicle
propulsion are described. A unified field theory
s then detailed which provides a more formal
foundation for the gravitational field model
first introduced. In distinction to the general
theory of relativity, it features physical
pgo?gsses which generate the gravitational
field.

Introduction

This paper {is divided into two parts, ! and
II, largely independent of one another.

In the first part, a semi-empirical model of
the origin of the gravitational field s
proposed, based on recognized features of sub-
atomic processes. These features, which concern
the annthilation and creatfon of matter-energy,
are shared by all subatomic processes and have
been successfully employed in the explanation of
the Lamb-Retherford effect, i.e., by the quantum
electrodynamics. The model propased is formu-
lated in semi-classical terms, aliowing analogy
with the classical theory of gases. By utilizing
the anatogue of processes occurring in cryo-
genics, 1t is possible to formulate a method of
reducing the mean energy of the random virtual
processes asserted to be responsible for the
gravitational field, and therefore to reduce the
gravitational force (pat. pend.). The apparatus
required is well within the capability of modern
technology and an example is presented. Once the
gravitational force on a vehicle has been
weakened, various methods of vehicle propulsion
can be employed, both within and outside the
atmosphere of planetary bodies. The model also
suggests a methed of increasing the gravitational
force; it is possible that this effect can be
used in a propulsion scheme. Some methods of
using the above effects are indicated.

Since the model proposed is different from
the one advanced in the general theory of
relativity, a more formal justification is desir-
able than the one described in the first part of
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the paper. Such a justificatfon is presented in
the second part, in which a unified field theory is
developed. It is based on the notion of a noisy
1ight signal, the noise being contributed by
virtual subatomic processes. It {is interpreted
in terms of c¢lassical dispersion theory. Such a
signal is asserted to be closer to reality than
the type of 1ight signal introduced in the
special theory of relativity, and permits a uni-
fied description of matter and radiation. Since
the metric of space-time must be altered, owing
to the fluctuation phenomena characteristic of
virtual processes, new field equations of motion
must be introduced. This, in tyrn, leads to four
potentials additional to those of the special
theory of relativity. 1In particular, in the case
of an absence of permanent electric charges and
currents and in the presence of static mass dist-
ributions, one can recover the inverse square law
of attraction between two masses, identified with
the Taw of gravitational force. One is then per-
suaded that the physical mechanism postulated is

‘responsible for the gravitational force. Alter-

ing the mean energy associated with these
processes can be expected to alter the gravita-
tional field.

Although the above deductions from the theory
are of interest, other results can be derived of
a more general conceptual value; these are listed
below and wil1 be demonstrated in the paper:

o Inertial mass, gravitational mass and the
electromagnetic field are exhibited as different
states of the same field.

o The theory includes, as special cases,
newtonian mechanics, relativistic mechanics of a
mass particle, Maxwell's equations for the propa-
gation of the electromagnetic field, the gravita-
tional field and a continuous gradation of these
into forces which may be identified with nuclear
forces on a sufficiently small scale.

o A unified description of classical parti-
cle mechanics and quantum mechanical processes,
dependent on the scale of measurement is
presented. The probability field of the quantum
mechanics 1s replaced by a matter-energy field,
so that some of the conceptual difficulties of
the quantum mechanics are eliminated, e.g., the
sharp division between radiation and matter.

0 The zero-peint infinite energy of the quan-
tum mechanics of fields is eliminated and given a
new fnterpretation. The uncertainty principle
is reinterpreted.

o The infinite energy of the static electric,
magnetic and gravitaticnal field potentials, as
separatfon of test body and source tends to zero,
is eliminated.
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o It is shown that mass quantization in the
field follows from the theory.

o A theory of a fundamental length follows
naturally from the formulation.

o Field equations are presented for Bose-
Einstein and Fermi-Dirac mass states, as well as
associated quantities.

0 Since the theory is linear, and the
processes described are readily visualized, it
becomes easy to formulate experimental tests of
theory and to interpret these. Moreover, since
the processes discussed are agreed to exist, the
theory provides a unified framework into which to
fit the many diverse phenomena associated with
very small and very Targe scales of measurement.
A consequence of such a formulation is that the
experimentalist can expect to be able to predict
how each of the fields, which can be generated by
present day technology, can affect the other
fields represented by this theory. The proposed
control of the gravitational field discussed in
the first part of the paper is derived by such
considerations.

o The derivation of the Taws of classical
physics and of the quantum mechanics from the
proposed theory constitutes an experimental
proof of some of the theory. In this sense, it is
similar to the molecular and atomic theory of
matter before Einstein’'s paper on the Brownian
motion {(i.e., many known macroscopic properties
of matter could be explained and unified). It is
believed that, like the atomic theory, enough new
results (aside from the application to the con-
trol of gravitation) will be deduced from the
theory to make it worthwhile. It is in this
expectation that the theory is proposed. How-
ever, the clarification of the nature of inertia)l
mass, gravitational mass, and the ether (i.e., its
existence) and the provision of a clearly visual-
ized structure to unify the data of modern
physics in exchange for a single additional
assumption, make the theory worth consideration,

1. A Model for the Generation
of the Gravitational Force

1.0 Introduction

The most evident property of the gravita-
tional force is that it appears in the presence
of matter (measured by inertial mass} and not
otherwise. It js remarkable that whatever the
state of matter from cold dust ciouds to very hot
stars, the same law, Newton's Law of Gravita-
tional Force, remains an accurate representation
of the force between two masses, and that this is
dependent solely on the masses and separation of
the two bodies.

This constancy of behavior argues a common
mechanism operating to cause the force, inde-
pendent of variability of physical state and
temperature. Thus we seek common features of all
the forms of matter known to exist on an astro-
nomical scale, for which the gravitational force
becomes appreciable. One such common feature is
the experimentally verified observation that all
matter is confined to elementary particles. It
is therefore natural to enquire if some property
of elamentary particles can be respansible for

the gravitational force. This we will try to
show in the following. In the development of the
ideas to follow, we shall not adopt the point of
view that a single kind of elementary particle is
responsible for the force. For if this were so,
it would then be necessary to explain why large
extremes of physical states do not result in a
variation of the populations of the particles in
question, and a possible alteration of the gravi-
tational force as a consequence. A simpler model
is chosen below, one which relies on a property
to be found also on a classical scale, involving
gas kinetic properties which are well understood.

In applying the model it is necessary to
show how subatomic particles, whatever their
nature and frequency of occurrence, can all give
rise to the same kind of force field. The
details of the interaction between elementary
particles will not be discussed; these should not
be necessary if the force is a result of averag-
ing over a feature common to all of them. The
model is in the spirit {and was suggested by) the
kinematic description of a matter-energy field,
developed in Reference 1 and in Part II of this
paper. It deduces forces from a known motion or
state, rather than relying upon a dynamic
description which requires detailed knowledge of
the fortes of the interaction, from which the
motion of the physical system can be deduced.
Moreover, once having described a model of the
processes which give rise to the force of gravi-
tation, a procedure can be proposed by which the
force may be altered, i.e. weakened or
strengthened. This is also described below.

We here depart from Einstein's geometrical
formulation of the gravitational field, which
does not indicate any physical process leading to
the origin of the field. Moreover, the model
adopted views matter essentially as an aspect of
a matter-energy field, a concept developed in a
more consistent way in Part II of this paper.

The latter concept is familiar to physicists,
although a unified description of matter-radia-
tion is not. The remaining concepts employed are
taken from modern visualizations of physical
processes.

1.1 Kinematic Model for the Gravitational Force

The feature postulated as basically
responsible for the gravitational force is the
stability of elementary particles during the time
they exist. This stability is expressed in the
fact that the mass m of the particle is constant,
or, to. put it somewhat differently, that its
Compton wavelength h/me¢ is constant.

But the Compton wavelength is a measure of
the extent of virtual processes associated with a
given particle.*

*As pointed out in Reference 1, and more
explicttly described in Part II, the Compton
wave1en?th is a measure of the principal extent
of an elementary particle matter-energy cloud,
essentially a field phenomenon, rather than a
particle accompanied by the products of virtual
processes. As shown in Reference 1 and fn Part
II, although h/mc is a small quantity, the
average effect of virtual processes leads to an
inverse square force Taw, i.e. these processes
extend beyond the Compton wavelength.
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in the presence of another particle, and
with the above-mentioned non-localizability aof
both particles, the mass density distribution of
the first particle s altered since the fields of
the two particles overlap and they share some of
their masses with one another, And if this is
so, then the mass of the first particle is
altered from m %o m+Am, and its Complon wave-
Yength also altered from h/mc to h/(mtam)c or
to approximately {(h/mc)(1-4Am/m), a smaller
dianeter than the initfal one. To remain stable,
in the sense in which we have defined stability,
an alteration in the mass-energy distribution
must take ptace, according to LeChatelier's
Principle, which will compress the matter-energy
into a smaller valume with tha smaller diameter
given above and corresponding to the new

.stability configuration, The alteration is due

to the matter-energy contributed by the second
particle and results in the mass-energy contri-
buted by this particle being drawn closer to the
central location of the first particle. The
reaction to this re-distribution 1s an attractive

‘force exerted by the second particle on the

first., Conversely, by symmetric reasoning, the
first particle exerts an attractive force on the
second particle, again owing to its own
stability. The changes must be small in order
for these considerations to be valid.

. -1t is asserted that the above mechanism,
which depends only on assumptions incorporating
the presentty accepted view of matter and radiant

- energy, and does not rely on a detafled descrip-

tion of elementary particle forces, is respons-
ible for the attraction between two masses called
the gravitational force. Moreover, it satisfies
the requirements gutlined in Section 1.0. A more
farmal discussion of the origin of this force has

" been given in Reference 1, where the {nverse
. square property has been derived and the

attractive nature of the force also derived on
more formal grounds. A classical (1.e. mon-
quantum mechanical) model of the origin of forces
of this general nature is provided in Appendix A,
but 1s not necessary for the present exposition;
the latter derivation concerns two macroscopic
particles suspended in an ideal gas. The ldeal
gas corresponds to the virtual particle ¢loud
surrounding an elementary particle.

ImpY ementation of an Anti-Gravity Device
2.0 Introduction '

The tonsiderations above suggest that a
process analogous to those which reduce gas
temperature by allowing gas molecules to do work
against an external agent, converting internal
random diserdered motion into an external ordered
motion, can be used to reduce the gravitational
force between two masses. . The "gas" in this case
is the cloud of “virtual" particles surrounding
every subatomic particle. .We discuss the physical
mechanism suggested to produce the effect, and
estimate its magnitude below.

Summary of the Experiment -

For the purﬁ_o_se of reducing the mean energy
of the processes which have been characterized as

subatemic noise in References 1 and 2, we suggest
the use of pulsed dynamic nuclear orientation
applied to paramagnetic atems in a constant
magnetic field. - The basic mechanism invoked is
to aliow rapid (i.e., faster than thermal
disordering) decay into a disordered state of
that part of the oriented magnetic moment of the
paramagnetic nucteus due to creatton and
annihitation processes; this decay is due to
interaction with the earth's virtual particle
cloud, It fs asserted that this procedure will
reduce the mean energy of the disordered motion
of the earth's virtual particle cloud in the
neighborhood of the specimen and lead to a
reduction of the earth's gravitational force on
the specimen,

For reasons indicated in the following
discussion, we suggest use of a specimen ca”osed
of a very pure isotope of aluminun {e.g. A1%’) with
iren inclusions (magnesium plus chromium inclu-
sfons are also possible candidates). Acting on
the specimen, a pulsed oscillating microwave
field orients the nuclei in the iron inclusions .
by dynamic nuclear orientation. Small quantities
of chromium included in the aluminum will
increase efficiency of the pulsed field in pene-
tration of the specimen, since its effect wil) be
to increase the skin depth for microwave penetra-
tion {the resistivity of chromium is greater than
that of aluminum). In addition, chromium is a
member of the iron group and thus will aid in the
nuclei orientation of the iraon inclusions
(Reference 3, pp. 63-64).

The nuclear orientation of the fron
inclusjons will be communfcated to the nuclei of
the aluminum matrix, diffysing throughout the
material. The orientation of the aluminum nuclei
has a much longer lifetime with respect to
thermal decay than the orientation of the iron
nuclei (in the ratio of 9 to 1--Reference 3, p.
64 and p. 83), Hence the matrix acts as a
reservoir of nuclef orientation, so that the
fnduced iron nuclef orientation generates a pump-
ing action, amplifying the effect of the forced
orientations. Some of the apparatus required is
shown in Figure 1.

| MICROWAVE
SOURCE

P

Fa | B
PETECTORI  [MoDuULATION

LOCK  IN GENERATOR
AMPLIFIER

Fig. 1 Some apparatus used for dynamic nuclear

orientation,
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The interaction of the disordered matter-
energy creation-annihilation cloud, generated by
the earth, and the ordered aluminum nuclei {and
inclusions) lead to a disordering of the aluminum
nuclei (and inclusions) orientation. This
process occurs at the expense of the mean dis-
ordered motion of the earth's creation-annihila-
tion cloud and a conseguent reduction in the
earth's gravitational attraction exerted on the:
aluminum {and finclusions) specimen.

As a corpilary to the above considerations,
it is asserted that constantly driving the
virtual processes by flipping the paramagnetic
nuclei too rapidly to allow the virtual processes
to decay appreciably, should lead to an increase
of the gravitational force, since then the mean
disordered motion of the earth's (as well as the
specimen's) creation-annihilation field will be
increased. This can be accomplished by a
perfodic reversal of the magnetic field which was
held constant above in the usual process of
dynamic nuclear orientation.

The remainder of this paper will concern
jtself with the details and magnitudes of the
effects generated by the procedures outlined
above.

2.1 Dynamic Nuclear Orientation

The principal source of the information in
this section 1s Reference 3. We describe the
physical basis of dynamic nuclear orientation and
some of the magnitudes associated with it.

Dynamic nuclear orientation of paramagnetic
nuclei consists of first imposing a fixed
magnetic field on a given specimen, causing the
electrons in a given atom to precess about the
magnetic field direction. An oscillating field
at right angles to the constant field is then
applied, with resonant frequency » determined
by the magnitude of the fixed field 1‘ and the
relation

Y sg/usﬂ/‘ﬁ (2.1)

vhere g is the spectroscopic splitting factor
for the electron, Mg is the magnetic moment of
the Bohr magneton, and h 1is Planck's constan§

Typ}ca] orders of magnitude are g~v3./}¢g”'10' )
erg/oe.

The oscillating field adds energy at
resonant fredquencfes to the electrons in the
atoms, causing transitions to higher energetic
spin states, iIncreasing the electron population
in these states. Due to their closeness to the
nuclei of the atoms, the electron orientation
induces nuclei  orientation. Appreciable
orientation of nuclei orientation in a given
sense cqp be obtained with external fields less
ghfgk 16" oe at temperatures of the order of

2.2 The Thermal tifetime of Nuclear Orientation

The rate of relaxation of nuclear orienta-
tion in paramagnetic atoms due to thermal
processes 1s very rapid and rises quickly with

increase of temperature_above very low helium
temperatures (e.g. as 17 or T9---Reference 3, p.
33). The above-mentioned immersion of iron
inclusions in an aluminum matrix was proposed to
overcome this drawback., The diffusion of
orientation {nto the aluminum matrix takes place
in accord with a well-known process {Reference 3,
pp. 74-77).

Nuclear thermal relaxation times have been
accurately measured, inE}uding their dependence
on temperature. For Al<’ the relaxation time at
49 is about 0.5 sec, and is proportional to 1/T,
where T i3 the absolute temperature of the
specimen. If the latter proportionality beD
extrapolated to room temperature (abgut 2937K},
the relaxation time would be about 0.006 sec; in
any case the latter lifetime will be very short.

Thus, if relaxation times are sufficiently
targe with respect to thermal electron
collisions, we can expect that the nuclear
orientation (or part of it) will relax owing to
other processes. We now estimate the 1{fetime of
the ordered states subject to perturbation by
c¢reation and annihilation processes.

2.3 The Lifetime of Virtual States

Quantum electrodynamics has demonstrated
that the fractional change in the electron's magnetic
moment, owing to c¢reation-annihilation processes, is
given by

e Hop = 0,0011596 2.2
e (2.2)

wherefa e denotes the altered value of the
magnetic moment and/}loe its original value efi/2m
and 1 = hf2rx).

Analogously to the estimation of the
magnetic moments of proton and neutron by expres-
sions similar to that used for the electron (e.qg.
eh/2Mp for the proton, where is equal to the
mass of the proton), we estimate the effects of
virtual processes on the magnetic moment of a
nucleon by a relation simflar to 2.2

AN Moy
- . (2.3)
o 0.0012.

Since Moy = 5.1 x 1072 erg/oe, the energy

stored in the magnetic interaction with virtual
processes is {g ~3, Reference 3, p. 2---here g
is defined somewhat differently than the
refegence, but the calculation is essentially the
same

AE ~ g0 ) H (2.4)

For a paramagnetic jon, the nug1eus egperiences a
magnetic field, locally, of 10° to 10° oe,_so
that (2.4} may reach a value of 1.5 X 10-17 erg
per paramagnetic ion nucleus, The frequency
associated with tge latter energy is then AE/h
or about 2.3 x 107 Hz and the complementarity of
frequency and time imp'lifa a lifetime for the
state of about 4.3 x 107!V sec. That is, the
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Tifetime of the virtual states in question are
very much shorter than nuclear orientation
thermal lifetimes. A pulsed oscillating field
will therefore serve to keep the paramagnetic
nucliei oriented insofar as thermal decay is
concerned and, properly timed, will allow that
part of the magnetic moment due to virtual
processes to become disordered. In the relaxa-
tion by paramagnetic impurities, the nuclel act
as ;g?ugh they are coupled together (Reference 3,
p.

2.4 'Expefiment Parameters and Comments

. The above estimates have been in the spirit
of Reference 3 (e.g. pp. 2-3 and p. 73), taken
more to illustrate the principles proposed than
as accurate representations of physical quanti-
ties, since the basic parameters do not appear to
be accurately known. However these principles
have bieen borrowed from other, and well-known
applications in classical physics, the techno-
logy of dynamic nuclear orientation is also well-
developed. Hence it seems highly desirable and
possible to do an experiment of the sort

- proposed, especially to determine more accurate-

1y the parameters. estimated. In this connection,
the following comments are made:

o The calculation of the energy stored in

-the ordering of virtual processes was performed

for a single nucleon. The estimate was deliber-
ately made much smaller than is likely; this

follows from the greater complexity of the

proton's structure than that of the electron
(e.g. remarks by B,L, Cohen in Reference 4, p.

. 8}. Moreover, the iron nucleus is still more

complex than ‘the aluminum nucleus.

o For the proposed experiment, it is 1ikely
that the desired effect can be obtained for
temperatures much higher than those at which
conventional nuclear orientation processes are

performed, due to the wide difference in thermal

and virtual state 11fetimes for 1nc1usions and
matrix.

‘The magnetic fields and frequencies of the
osciliating fields can be selected as those often
used in dynamic nuclear orientation. For -
example, with a fixed magnetic field of 660 oe
one can employ a pulsed oscillating field at 3000
MHz. Puldes of the oscillating field are to last

far 2 microseconds with a duty cycle of from 2 to

& milliseconds.” The optimum quantity of iron to
be embedded in aluminum must be determined by
experiment;: combination of the two metals is
aided by the difference in their melting points.
Since iron has & higher melting point than aldmi-
num; “fron fnclusfons can be added to molten
atuminum which is then stirred to obtain a uni-
form distribution in the specimen.

1f, for exémble, the ratio of iron nuclei to

-aluminum nuclei in one gram of a specimen should

be about 1 in 10, then {provided the above esti-

‘mates are realistic) of the order of a joule of
_gravitationai;energy can be removed per duty

E} At the earth’s surface, there are 6.3 x
Joules per gram mass of gravitationa'! energy,

$0 that an appreciable part of it would be
removed in several .seconds, on the basis of this
simple model.

1t would be of interest to perform the
proposed experiment so that the model proposed
can be tested and improved.

2.5 VYehicle Design

Anti-gravity (i.e., weakening the gravita-
tional force} alone is evidently not enough to
propel a vehicle. Its principal use would be to
reduce the power needed to propel the vehicle,
when near a body of astronomical scale, such as a
planet or sun.

Within a planet's atmosphere, there are many
possible methods of propelling a vehicle, based
on a thrust against the atmosphere of the planet.
Since it 1s 1ikely that the generated field will
reduce the inertial mass of the vehicle to some
extent, very high velocities and accelerations
would be possible.

The method of applying thrust will depend to
some extent on the shape of the vehicle. It
would be economical to choose a circular cross
section since the generator of the anti-gravity
field would then be equi-distant from the metal
structures making up the vehicle. These are
imagined to be sheets of aluminum with iron
inclusions, as mentioned above. These sheets
will be too thin to supply structural strength to
the vehicle and will be attached in panels to the
underlying structure. Because of the circular
cross sectfon, the propulsive force in the atmo-
sphere will be applied 1n a symetrical manner
relative to this cross section. For example, if
a spherical shape is used, a slotted rim rotating
about the center of the craft, parallel to the
planet's surface, can be used to 1ift the
vehicle. A central jet engine with exhaust open-
ings about the sides of the vehicle can supply
horizontal thrust for maneuverability. Figure 2
illustrates a possible configuration,

Fig. 2 Conceptual drawing of vehicle using
anti~gravity screens,
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Because of the harmful effect of microwave
radiation on the crew, the microwave generator
will be shielded from the crew's quarters; its
logical placement would be in the lower part of
the sphere,

The ‘destgn suggested makes this kind of
vehicle a good choice for a shuttle vehicle
between planet surface and a space ship in orbit
about the planet, since it can not only maneuver
within the atmosphere of the planet, but also
leave its surface to go into a conventionally
chosen orbit. For the latter purpose, as well as
taking off to explore interplanetary space, the
suggested design is useful, since no large take-
off acceleration is required. Once in space,
small rocket or gas jets offer a convenient means
of maneuvering. Since large amounts of propell-
ant do not need to be used in takeoff and
landing, it will be possible to accelerate the
vehicle for part of an interplanetary trip and to
decelerate for the latter part of the trip, thus
reducing travel time by a considerable margin,

1I. Unified Field Theory
3.0 Introduction

The second part of this paper proposes to
provide a formal basis for the gravitation mode}
in Part I. It is not a theory of gravitation
alone; 1t is a unified field theory which
presents the electromagnetic field {Maxwell's),
the gravitation field and field properties which
can be identified with forces on a subatomic
level as different aspects of the same field.
Both matter and radiation are exhibited as
different aspects of the field, i.e. mass
particles are a special state of the field.

The question of the value of such a formula-
tion may arise, although the unity of matter and
radiation, owing to observed transformations of
one into the other, is not in question. In this
connection, one is reminded of the advantages
which followed from the unification of the
electric and magnetic fields, into the electro-
magnetic field, and the unification performed by
the atomic theory, as a justification for the
effort. There remains, however, the question of
how this unification ought to be carried ocut and
wha; the properties of such a unification ought
to have.

A, Einstein found 1t necessary to defend his 5
approach to the problem of unifying the fields™,
although he never doubted the desirability of
such a unification. As Einstein states, “The
characteristics which especially distinguish the
general theory of relativity and even more...the
unitary field theory, from other physical

" theories are the degree of formal speculation,

the slender empirical basis...and...the funda-
mental reliance on the uniformity of the secrets
of natural law...It is this feature which appears
as a weakness to physicists who incline toward
realism or positivism, but is especially attrac-
tive,...to the speculative mathematical mind."

That Einstein recognizes the weakness of a
theory designed primarily for mathematical
simplicity, as indicated above, is further
emphasized by his remark that "Pure logical
thinking can give us no knowledge whatsoever of
the world of experience; all knowledge about
realgty begins with experfence and terminates in
it."® The relevance of the special theory of
relativity to experiment, for example, arose out
of Einstein's recognition of the empirical fact
of the constancy of the speed of 1ight and his
assertion of the nature of distant ¢lock synchro-
nization, a feature of the use of light signals
{i.e. a field) to establish a coordinate system.
His later work was more mathematically oriented.

It was the questioning, by an empiricist, of
the geometrization of space-time in the general
theory of relativity, which led to experiments
claimed_to cast doubt on the foundations of the
theory.

The above remarks lead one to enquire what a
"worthwhile" formulation of a physical theory
should be. In this connection, the history of
science provides several guidelines for a
physical theory's usefulness.

Experience has shown that, to be of general
interest to the scientific community, a theory
must not only make numerical formulations of
correlations between events, but do so in a
readily visualized manner. In addition, in the
appropriate context, it must reduce to the
eguivalent of foregoing concepts and theories.
It must, also, yield simpler and more direct
interpretations of reality than its competitors
{e.g. preceding theorfes}. In a final test, a
theory must offer attractive opportunities for
formulation and interpretation of experiments.

The above considerations have guided the
development of the following thgory and the
course of the discussion below. If the unifica-
tion of the concepts and fields proposed is
correct, then an alternative to the unitary field
of A. Einstein has been accomplished., Its reso-
Tution of some of the conceptual difficulties of
the quantum mechanics and removal of infinities
of the Coulomb-11ke Yaws is an added useful
feature, while the unification of field and
particle concepts resg?ves a difficulty recog-
nized by A, Einstein.® If these and other
conceptual conveniences were the only features of
the theory, it would have only the value of the
atomic theory in its initial stages, {.e. offer-
ing a unification of already-known observations.
However, to the extent that the consfiderations of
Part I are relevant to the forma) theory, a basic
regu1renent for a useful theory will have been
met.

4.0 General Background '

The following theory is based on the
addition of a new assumption about the propaga-
tion of the real electromagnetic field {in
distinction to Maxwell's field), to the
assumptions of the special theory of relativity,
as well as a closer adherence to practical
aspects of field measurements.
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There are many reasons to believe that the
light signal (i.e. electromagnetic field)
behavior used by Einstein should be altered.
Since the special theory of relativity was first
proposed many new experimental properties of the
field have been discovered, one of the most
prominent being the conversion of radiation to
matter and the converse. These ccnvessfons may
occur on a scale of the order of h/mct (m = mass
of the electron, for example) and also on a
relatively long time scale, The former are
termed virtual processes and are conceded to have
a real existance, as shown by the correctness of
the predictions of the quantum electrodynamics.

As an example of how a 1ight signal might be
altered by the creation of matter, consider the
case of a 1ight source traveling toward the
observer at a speed sufficient to raise the
frequency of the radiation to the level of gamma
rays. The presence of heavy nuclei (to absorb
momentum) near the observer will permit pair
creation at the expense of the energy of the
gamma rays and therefore an alteration in the
character of the "1ight" signal expected. An
observer at rest relative to the source would not
{according to the special theory of relativity)
s$e such events, suggesting a 1091ca¥ contradic- .
tion.*

While the pair creation 1magined above
occurs on a time scale suitable to atomic
physics, virtual processes of creation and
annihilation of matter occur on a much shorter
time scale, And, although the specfal theory of
relativity predicts an equivalence between
inertial mass and radiation, the nature of the
equivalence is not featured in the foundations of
the theory. However, if the success of the
special theory of relativity has been based on a
recognition of a property of the electromagnetic
field not included in the Maxwell theory of the
field {i.e. the constancy of the speed of radia-
tion, independent of the speed of the observer),
then it is fitting to enquire what advantage may
be derived by adding to the properties of the
field the known phenomena of the creation and
annihilation of matter,

4.1 Role of the Light Signal in a Unified Field

. The model propcsed in Reference 1 was moti-
vated by the observation that if there is in
reality a unified field, any field model} must
recognize that experiments such as the
Davisson-Germer experiment imply that, on a sub-
atomic scale of phenamena, matter exhibits wave

*The observer at rest relatfve to the signal
emitter may observe such events on 4 very small
time scale {e.g. virtual pair creation) relative
to the scale on which these events are obgerved
in the reference frame in motion relative to the
source, owing to-time interval ditation. - How-
ever, this does not alter the assertion that a
1ight signal can have a more complex structure

than allowed in the special theory of relativity.

or field properties. In addition, on an atomic
scale or smaller it is necessary to allow for the
random nature of all physical processes. On the
other hand, one must alse be able to derive from
the mode) the properties of mass particles on a
macroscopic scale, including Newtonian

mechanics, as in Reference 1.

If the metric of space-time is to be
established by means of 1ight signals, so that
the results of the special theory of relativity
may be recovered, then in the context of a
unified field theory, the metric is to be
established by using only one state of the uni-
fied field, the Maxwell electromagnetic field.
In accord with the analysis of the Lamb-
Retherford 1ine shift and other results of the
quantum electrodynamics, an electromagnetic
field signal participates in the motion of other
states of the unified field and therefore cannot
preserve jts identity in the presence of matter,
And since there must always be a material
generator and receiver of a radiation signal,
there must always be a Finite probability that
the tight signal will lose its identity for part
of its motion between sender and receiver, This
probability becomes significant for sufficiently
small regions of space and time.

Howaver, if a single state of the unified
field is used to establish a metric, the other
states of the field will appear as interruptions
in the propagation of that single state; this is
& notion borrowed from classical dispersion
theory. A brief description of the theory is
presented in the next section,

4.2 Dispersion Model Applied to the Light Signal

The classical theory of dispersion is an aid
to visualizing the route of development chosen,
j.e. to preserve the electramagnetic signal in a
vacuum characterizing the special theory of
retativity, while adding one property to its
motion. The latter approach is in accord with
the description of the desirable formulation of a
theory in application of the scientific method.

We imagine, for simplicity, a plane wave
propagated in & vacuum:

e (/e )X x~ot)

incident normally on 2 cubic crystal lattice,
Most of the crystal lattice, according to the
atomic theory, is composed of a vacuum and yet fis
capable of altering the phase velocity c of the
above wave in a drastic manner. The classical
dispersion theory resolves this apparent paradox
by imagining the electrical charges of the atoms
set into vibration by the plane wave and re-
radiating to form (by coherent interference) a
new plane wave, again characteristic of
propagation in a vacuum, There will be, however,
& shift in phase due to the interaction:

ez‘(cd"ch—ct +8)
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Each crystal lattice plane adds another phase
shift of the same amount so that when the plane
wave emerges from the crystal, the total phase
shift is proportional to the thickness of the
crystal, call it a. The number of such phase
shifts is approximated by a/d, where d 1is the
separation of the Tattice planes. Therefore the
total phase shift is approximately a & /d.

Since the thickness of the crystal and the
time interval of passage are known, however, it
is convenient to interpret the phase shift as a
change of phase velocity and to introduce an
index of refraction as a measure of this altera-
tion.

In the present theory, we shall introduce
phase shifts to indicate processes occurring in
the radiation signal propagating in a vacuum,
with the difference that the average value of the
phase shifts is zero for the electromagnetic
field on a macroscopic scale. This condition
describes the Maxwell electromagnetic field and
will not necessarily be valid for other fields.
It is imaginable, for example, that all the phase
shifts for the monochromatic waves comprising a
wave packet will be equal, as in the classical
dispersion theory. In such case, the entire wave
packet will be shifted in location from what
would be expected on the basis of the electro-
magnetic theory alonme. Corresponding to the
possibility of this kind of event and a similar
translation in the time scale, we interpret the
phase shift as a translation in space and time
coordinates, rather than as an alteration in the
phase velocity, Thus is preserved the observa-
tion of the constant speed of 1ight; moreover,
1ike the dispersion theory, there is the con-
venience of using a wave motion characteristic of
a vacuum,

4.3 Field Theory and Filter

But the introduction of the notion of noisy
signals from communication theory is not enough
for an adequate correspondence with reality.

For, along with the admission of noise as well as
signal as fundamental phenomena in establishing a
metric of space-time, is the essential concept of
filters used by both generator and receiver of a
given signal. In a more general sense, every
experiment is a filter: a series of operations
in which desired effects are to be admitted to
observation, if they exist, and undesired effects
shut out of observation. But undesired effects,
i.e. noise, are never completely eliminated;
hence noise, it is proposed, must be taken into
account in a fundamental way in establishing a
metric of space-time. Moreover, this concept
corresponds in a more realistic manner to how
measurements of signals are made, as well as,
more generally, how physical systems interact
through fields.

ReTevant to the filter concept, the manner
in which the expanded type of motion of the
unified field is {introduced in Reference 1
characterizes the field in a kinematic manner, as
distinguished from a dynamical model, f.e. an
assumption is made about the motion of the field
rather than about the forces responsible for the

fluctuation processes giving rise to the new
metric and leading to the additional degrees of
freedom. The splitting of the coordinates used
into an average and a fluctuation contribution is
in consonance with a theorem proved by A.
Einstein to hold in an approximate manner.” More-
over, this concept corresponds to the manner in
which the results of observations of fields,
using filters, are analyzed. The latter remark
is especially relevant to the logical consistency
of the splitting of the coordinates into an
average part and a fluctvating part, as success-
fully carried out for molecular forces in a well-
known and analogous 8na1ys1s of the Brownian
motion by Langevin.l

5.0 Physical Background

It was first recognized, 1n connection with
the analysis of the spectral energy distribution
of the radiation emitted by a blackbody, that the
emissfon and absorption of the radiation occurred
in an uncontrollable manner if the scale ff
energy transfer were sufficiently smal1.ll More-
over, the balance of energy in a blackbody cavity
was later shown to be closely related to the spon-
taneous emission of radiation (creaﬂon of photons),
again an uncontrollable phenomenon. Further,
events which occurred outside the control of the
experimenter were eventually shown to be inserted
into the whole domain of atomic phenomena; this
observation became a universal law of gature as
the Heisenberg Uncertainty Pr1nc1ple.1

More recently, it has been demonstrated that
it ts necessary to include the spontaneous
creation and annihilation of particles in the
description of nature. For example, notable
success has been achteved with explanation of the
Lamb-Retherford 1ine shift in the hydrogen
spectrum by means of virtual radiative processes
in the presence of a Yglarized vacuum. The
pred{gt1ons of theory!* and the experiTgntaI
data*> differ by no more than 0.5 MHz,'® an agree-
ment so accurate that it has been remarked that the
potarization of the vacuum, as a consequence of
an electron-positron ffel » Is a "well-
established phenomenon." Further verification
of the reality of the polarization«f the vacuum,
even if the energy ava115b1e from the radiant
quanta be less than 2macc (ma = mass of the
electron and c=speed of 1ight), follows from the
fine structure of the positroniuT ground state
and level shifts of mesic atoms.l?

11Ear11er it had been s?gwn that the infra-
red”" and the ultra-violet!® catastrophes in the
theory of the scattering of an electron by a
central force field, could be removed by account-
ing for virtual processes. The latter was
considered to be {in the nature of a formal diffi-
culty, rather than a reflection of reality.

Further, the interaction of nucleoyg is
conveniently imagined, at least in part!?, as due
to the creation, followed by the annihilation of
partictes (mesons), The magnetic moments of
neutron and protonZ0, as well as the quadrupole
moment of the deuteron, are imagined to exist as
a consequence of virtual charge creation.
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In the above discussion, no sharp distinc-
tion was drawn between a virtual and a spontane-
ous process. In the following, it will be
assumed that a virtual process owes its existence
to spontaneous creations and annihilations which
are not resolved by the scale of measurement
employed. Thus, on an atomic scale, no net
change in the number of particles or in the net
charge will be observed due to virtual processes.

As a consequence of the above-noted pheno-
mena, virtual processes are assumed to have a
real existence and to proceed without cessation;
they are not considered to be initiated by the
action of the observer.

But the existence of additional modes of
motion of the real electromagnetic field argues
the existence of degrees of freedom additional to
those which customarily {in theory) specify the
state of the field. In Section 5.1 it will be
shown how this consideration effects the formula-
tion of the special theory.

5.1 Light Signals and Spontaneous Processes

By definition, a 1ight signal is an electro-
magnetic wave packet of specified shape which re-
sults from a given series of interactions of
material bodies, these interactions terminating
at a given time and place. The series of inter-
actions and the time and place of termination {or
emission of the packet) will be assumed to be
determinable as accurately as required.*

But here a difficulty appears. .For so long
as space and time intervals of terrestrial magni-
tude are involved, the series of interactions -
results in the excitation of many atoms, followed
“immediately* by the emission of radiation. But
on a smaller scale, if only a few atoms (or one
atom) are involved, all the experimenter can do

-¥s to excite the atoms and observe whether or not

the emission takes place at the given time and
place. If the emission of vadiation takes place
on schedule, it fs inferred that the signal has
been generated by the experimenter. If the
emission of radiation does not take place on
schedule, i.e. spontaneously, one may infer that
the fnherent unpredictibflity of atomic phenome-
na s at fault., But Einstein's analysis of the

*Although the term "light sfgnal® {s usually used
in connection with a source of radiation and an
observer who {in principle) establishes a coordi-

‘nate system by observations made with their aid,

the paint of view adopted here is that the
success of such a2 procedure in establishing a
physical theory 1s evidence that material systems
interact with one another through the electro-
magnetic field on an atomic level of observation
and in no other way. It s proposed belew that
material systems on a subatomic level also
interact through fields and in no other way. The
metric is a measure of how space-time coordinates
are related in this interaction, e.g. whether the
interaction is or s not possible.

batance of radiation in a blackbody cavity indi-
cates that this unpredictibility {s linked to
uncontrollable and spontaneous emission of radi-
ation. One may therefore ascribe the delay to
the intervention of spontaneous processes not
inittated by the experimenter and it may be ex-
pected that no complete description of the gen-
eration of a 1ight signal can be obtained without
explicit introduction of the effect of sponta-
neous processes on the signal.

The viewpoint to be developed in the present
paper is that the discrepancy between the
scheduled and the actual time and place of emis-
sion of radiation is evidence of internal motion
unreselved by the experimenter, rather than a
consequence of an elementary and unresolvable
uncontrollability in the excitation of the
radiation field.

On an atomic level, this virtual motion can
only be inferred; the methods of the quantum
mechanics appear adequate to explain all experi-
mental evidence. However, on a smaller scale,
the creations and annthilations which give rise
to similar discrepancies are resolved and the
perturbation methods of the guantum mechanics no
longer apply.  If, for example, one specifies an
electron-positron pair annihilation as the gen-
erator of a signal (gamma ray). then there is the
possibility that the gamma ray will again create
a pair*, etc., the process repeating itself a
great number of times. It is then seen that the
untqueness of the time and location of the event
of signal generation s itself lost to some
degree, the interaction of the material bodies
being displaced In space and time.

. The latter feature of the model does not
introduce any essential difficulties; rather,
one can then introduce the concepts of internal
motion, virtual processes, etc. relative to the
Tight signal itseif after its generation. There
is then removed any essential distfnction between
the light signal and the material system which
generated it. These considerations will be
exga?ded in the discussfon of the dispersion
model.

The situation described above is not new in
the history of natural philosophy; 1t character-
ized the growth of the atomic theory. For
example, the Brownian motion s caused by
processes which could not be resolved by the
optical microscopes observing the motion; these
processes would then be classed as !irtuai.
Analysis of the inferred processes?l required
pastulation of degrees of freedom additional to
those descriptive of macroscopic motien. But
although the latter, new, degrees of freedom do
not differ in their essential character from
those descriptive of macroscopic motion, the case
of the Tight signal is unique in that no measure-
ments on other physical entities can be used to

*The model of creation of pairs intended here
differs from that inferred from the formalism of
the quantum mechanics. The fact that the for-
malism to be introduced reduces to that of
quantum mechanics, where appropriate, indicates
that the model here proposed does not contradict
present concepts as they apply to atomic physics.
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define the signal in a more elementary manner; it
is the determinant of the space-time metric and
its behavior cannot be described in terms of
1tself.

5.2 Dimensionality of Space~time and
Spontaneous Processes

At the basis of all physical theory is the
recognition that no theoretical construct can be
introduced unless it ;5 dsgcr1pt1ve of some
physical measurement.<¢» In particular, the
whole imagined structure of space-time is based
on the generation and measurement of 1ight
signals. This 1s a recognition that, ultimately,

-one can reduce physical measyrements to inter-

actions between electromagnetic fields and
matter, and no further., And, although the
success of the special theory has demonstrated
the validity of its underlying assumptions on a
terrestrial and atomic scale, it is by no means
clear that the theory is necessarily valid for a
more microscopic scale. The preceding discussion
renders it plausible that a light signal trans-
mitted over a distance of, say h/mec 10-13 ¢p,
or fos a2 time_interval of the order of

h/mac 10-23 gec (h = Planck's constant),
cannot preserve its original structure owing to
the creation and annihilation of elementary
particles during the course of its motion.

On the other hand, there is no mention of
spontaneous creation processes in the model
adopted for the establishment of the Minkowski
metric. And, although the probability of the
event may be very small, there exists the possi-
bility of spontaneous generation of a signal of
the type agreed upon in advance. And if this be
s0, then one must also admit the existence of an
uncontrollable means of generating a Tight signal
independently of the experimenter's initiation
of the signal. The existence of two such inde-
pendent means of signal generation requires the
introduction of degrees of freedom for the space-
time continuum additional to the four of the
Einstein-Minkowski geometry*, since a signal
cannot be described in terms of itself—it deter-
mines the space-time metric.

On a terrestrial scale such events have not
been observed, but the probability of observing a
given signal, spontaneocusly generated, will
increase as the number of observable spontaneous
events increases. The aim here is not the esti-
mation of this probability, but rather the justi-
fication for imagining such an event. It is well
known, for example, that a similar situation
exists in the detection of radar signals when the
noise level is comparable to or greater than the
signal level.

The spontaneous event imagined is meaning-
less, from the standpoint of interpreting the

*It is of interest to compare this remark with A.
Einsteln's opinfon of the validity of field
theories which 1ncregie the dimensionality of the
space-time continuumc%,
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present model, unless a probability be associated
with the occurrence of the event. It is agreed
that this probability 1s negligible on the
terrestrial scale of measurement, Moreover, it
is inherent in the manner of their introduction
that the new degrees of freedom be associated
with statistical distributions descriptive of

the processes which give rise to them. Hence the
observable quantities to be discussed will be of
the nature of expectation values which depend on
statistical distributions. A Tike remark applies
to the magnitudes of the new degrees of freedom
themselves.

On the other hand, a statistical model is of
value if the spontaneous processes introduced
above are unresolved and therefore lead to an
average effect. If the spontaneous processes are
resolved, then there has been obtained a causal
description of nature in the sense that one then
has dynamical variables which determine the
behavior of the individual physical system, not
its average behavior alone., This point will be
discussed in greater detajl in Section 5.3 and
the sections following.

5.3 Spontaneous Processes and the Space-time
Metric

The axioms of the special theory (ES rela-
tivity) are now assumed to be in force.®’ Thus,
the relation between observations performed by
experimenters relative to rectangular Cartesian
coordinate systems S:{x,y,z) and S':(x',y',z'),
in relative motion with constant speed v along a
common axis {the x and x' axes), are essentially
summarized by the relations between the coordi-
nates x,y,z,t and x',y',z',t'

(B =v/c.)/'1 'ﬁ - ﬂz)
x ‘=) (X~ Bet)

v=% 5.1
% =% e
ct' =y let—px

Moregver, it is emphasized that space-time is
assumed to be homogeneous, as presymed in the
special theory.

For the purpose of extending the special
theory to account for the phenomena considered
above, other assumptions will be added to those
of the special theory:

Postulate 1. The character of the space
determined by spontaneously generated 1ight
signals is identical in structure to and inde-
pendent of the space-time continuum determined by
1ight signals generated by the experimenter.

A consequence of Postulate I is that point
events of a spontaneous origin are related by
transformation equations of the same structure as
the Einstein-Lorentz equations 5.1.

But, according to Einstein, a coordinate
system is derived from an assemblage of oper-
ations performed with light sources and clocks at
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rest with respect to an observer.23 Whether the
signals are emitted by design or spontaneously
can make no real difference in this definition.
Hence, for the sake of consistency, it is
required that the Cartesian coordinate systems
So:{%gs¥0s20) and S§:(x4,¥8,24),
descr1pt?ve of spontaneous light signals
measyred by observers at rest with respect to
coordinate systems S and $', are themselves
rigidly fixed in the systems S and §'. For
simplicity, it is assumed that the axes of the §
and Sp and the S' and S4 systems are parallel and
have the same senses. Hence 1t follows that

X,'- yan'"(ecigb
F)
=
o= Yo
3o, F°
o o;[-,'a- y(ci},—/s)(,)
In the fd]Towing discussion, any symbol
appearing with. a subscript or superscript con-
taining the symbol "0® will refer to a Coordinate
system of the pature of S;. Sometimes such
variables will be referred to briefly as "zero"
variables. Subsequently it will be shown that a

Justification exists for referring to them as
"inertial" variables.

{5.2)

In accord with the mode of generation of the
coordinate system Sg (and, of course, $'y), the
coordinates are meaningless without spec?fica«
tion of statistical distributions expressive of
the processes by which these magnitudes and
functions dependent on them arise. Among these
distrlgutions is included the causal distribu-
tion. More will be deduced below about the
properties which such distributions must
POSSEss.

Since it is only averages over the zero
variables which have physical significance, the
origin {and orientation—this has already been
agreed upon) of the Sg system may be chasen
arbitrarily. For convenience, the origin of any
such system will be assumed to coincide with the
origin of the S system unless otherwise stated.
Similar considerations are assumed to apply to
primed systems S'. An immediate consequence of
the Tetter observation is that the domains of the
zero variables are without bound:

-0 L Ryl D
-...Q(a. <, el
—00 Ky £ +°0

It was assumed above that it is possible to
separate spontaneous from non-spontaneous
events. This assumption was necessary in order
that the new degrees of freedom be independent of
the customary degrees of freedom. - Such an
assumption is based on the recognition that, as
the refinement of physical measurements
advances, one can increasingly expect to be able
to separata events due to spontaneous creation
and annihilation of particles from those due to
the experimenter's initiation. In principle,
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then, one can imagine this already done. Such
refinement, for example, was the case in the
development of atomic physics.

However, the separation indicated above is
not always passible in experiment. Instead one
must frequently reckon with a space-time universe
in which both types of events cannot necessarily

.be separated from one another, and correspond-

ingly, a space-time continuum 1n which the space-
time coordinates of the two kinds do not trans-
form independently of one another. Considera-

_tions of symmetry imply that the transformation

equations corresponding to (5.1) and (5.2) must
be of the form

x’-—x{,.—:y[k—x.-—lec(t--‘l‘o)]

G-go= t—Yge (5.4)
-3 & %= Fe
clb=t)) = Jolt =ty =B &=%3]

The combined spaces correspond to measure-
ments in which creation processes are virtual and
appear as motion intermal to the processes
observed. As such, transformation (5.4) corre-
sponds to cbservations on a terrestrial or atomic
scale, or approximately so, and the zero
variables appear as hidden variables.

One immediately notes a practical diffic-
ulty in the assumption as to the transformation
equations of the combined spaces. No observation
has yet indicated that the Einstein-Minkowski
space-time suffers translations in the manner of
{5.4). Yet the difficulty fs an apparent one; to
remove it, one needs only to assume that the
average values of the zero variables in a vacuum
are all negligible on a macroscopic scale.
Indeed, the simplest such assumption is that the
average values of these variables are all zero.
As will be pointed out in later sections {Section
7.0 and the following) this assumption has a
familiar and important meaning for the processes
of creation and annihilation of particles and
anti-particles, bears directly on the stability
of elementary particles, implying a mass quanti-
zation, and leads to the gravitational force.
Moreover, from a more formal aspect, it
eliminates infinities in the energy of the
matter-radiation field due to spontaneous
fluctuations.

Hence, to Postulate I there is added

Postulate 11, The average values of the
zero variables, when averaged over spontaneous
processes in a vacuum, are all zero.

Symbolfcally, postulate II {s summarized by
the relations

Ry, =0 }

<1'.‘> =0 (5.5)
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where To = {Xg, ¥o» Zo)s and the symbol < 2,
indicates that an average over spontaneous
processes has been calcutated. In effect, (5.5)
defines the vacuum state.

It will be seen that Postulate II is not
independent. of subsequent postulates relative to
the equations of motion of the matter-radiation
field.

A consequence of Postulate Il is the
recovery of the Einstein-Lorentz transformation
(5.1) from {5.4), upon averaging over zero
variables.

5.4 The Metric

In analogy with the metric introduced by
Minkowski,

2 N
52 =x+1’"+r3’--c='é' (5.6)

= f‘"—-‘c"t‘

{where s denotes the space-time interval between
an event at the origin of the four demensional
space aﬂd he evsnt at the point {x,y,z,ct),
while ré=x2+yZ+22}, and with consideration of the
meaning of equations (5.4), one expects the
metric of space-time, including the effects of
the spontaneous processes to be

(KXY (= a) +(E—F) T B L) (5.7)

Now it is clear that, although postulate II
ensures the reinstatement of the transformation
equations of the special theory, such is not
possible for the metric (5.2). One obtains,
instead,

A S EEHUED, + G,
+ 432y —aXH)

(5.8)

Thus, as is characteristic of random processes,
the behavior of space-time with respect to
effects described by quadratic expressions is
radically different, on the average, from the
effects described by Tinear expressions. When it
is reflected that the equations of motion of a
field are dependent on the structure of space-
time as determined by a quadratic expression, it
is evident that (5.8) implies equations of motion
different from those currently employed. More
will be pointed out in this connection in the
following sections of this paper.

For convenience, it will be assumed that the
quadratic form (5.7) be replaced by one
equivalent to it under averaging in a vacuum:*

*This assumption reflects the orientation
described in Section 3.0. The splitting of the
coordinates into mean and fluctuating contribu-
tions has been carried out to establish the
connection between preceding theories and the
present one. In a later section on the relation
of this theory to the quantum mechanics, it will
be convenient to avoid this separation of
variables.
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Postulate III. The metric of the space-time
continuum generated by both experimenter-
initiated light signals and spontaneously
initiated light signals is given by

S*= s 5>

et A? (5.9)
where \"'7' -.-x.?-'l- ‘z.l"" S-DL, s"-'r":- c"t'-
and St = o A
or by
dS = dsts dsF (5.10)

= dpt ctalt Srdn T ardt”

(where dr2=dx§ y2+d22, r%= dxg + dyg + dzg,

ds? = drZ - c°dtl, and dsge=dnt-ck2. The symbols
s, 8., and 5 will always refer to the interval
betwden two point events of which one Ties at the
origin of space-time; the differentials appear-
ing in {5.10) refer to neighboring events,

The metrics {5.9) and {5.10) are invariant
under the transformations (5.1) and (5.2). More-
over, the implication of having separated the
ordinary from the zero coordinates is that one
thereby assumes a causal description of nature to
be possible.

For the purpose of analyzing virtual
processes into their components, the metrics
(5.9) and (5.10) will be assumed valid for the
remainder of this work. However, the interpreta-
tion of the combined space as generated by a
translation of the Einstein-Minkowski continuum
will be employed repeatedly for the purpose of
bridging the gap between the special theory and
the one presently proposed.*

Thus, the equation of the fﬁght signal
proposed by Einstein

P et ATl

{5.11)
or de*=rddt =0
is now replaced by .
i N g Y 1)
{5.12)

or

dote ot At dni— =0

*It is noted ;ggt the original discussion of the
special theor does not employ the Minkowski
metric, although Einstein was well aware of the
invariance of the quadratic form, Einstein gave
a more physically oriented justification for the
transformation (5,1). The reasoning employed by
Einstein need be altered in no detat] by a
transtation of coordinates, provided that the
mean effect of the translation be negligible when
averaged over events which occur far more rapidly
than those entailed by any measurement he
described.
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The difference in the expressions {5.11) and
{5.12) follows from the fact that, after a
translation {5.4), one has averaged over a
quadratic form which has reference to events
occurring on the surface of a sphere, and this is
a more restrictive statement than one concerning
Tight propagation in a 1ine parallel to the
direction of relative motion of the coordinate
systems 5 and S'. Moreover, it is remarked that
{5.12) has reference to the propagation of a
1ight signal accompanied by particles, while
{5.11) contains no such reference. That these
particles are "virtual® will be seen below to be
summarized by Postulate III.

5.5 Use of the Dispersion Model

Relative to the last remark of the preceding
paragraph, we point out the nature of the mea-
surements performed to establish the metrics
(5.9) and (5.10}.

One agrees at the outset to confine the mea-
surements to light si?na1s recognized to have a
specified shape. Until such a signal makes its
appearance against the background of the noise
consisting of the products of creation and amni-
hilation, no 1ight signal can be presumed to have
arrived. That is, the creation and annihilation
processes must ultimately result in the signal,
if one adheres to the convention agreed upon.
Indeed, one may receive the specified signal
before the experimenter has generated 1t. It is
noted that - e <ty <+ 22 , ip connection
with the latter remark.

It 1s proposed that the creation and the
annthilation of particles may be treated on the
basis of a dispersion model. There is this dif--
ference: the average phase shift must be zero if
enough random processes are taken into account,
Moreover, the shifts must be of such a character
as to return the solutions of the equation of
propagation of the matter-radiation field to the
vacuum form of Section 4.2. One can imagine
these random processes to be somewhat of the fol-
Towing structure:

Let hew =2mec? (A =h/27) and imagine
that at some time t during the propagation of the
corresponding wave {Section 4.2), the energy of
the wave is transformed into an electron-positron
patr which is subsequently annihflated, the whole
proce&s occupying a time interval of order
h/mece, #hen the wave s restore%to its origi-
nal mode of propagation, at time €, there may.
well have been a phase shift in space, say of
magnitude (e/c)xy (that is, one focuses
attention on a wave of frequency <2, as above),
while the total time of propagatfon gf the wave
in this form is not & but T - h/mecc., Thus the
form of the analytical expression for the wave is
not as in Section 4.2, hut Y '-)

(o, ~Xot &~ h/imgc
el( /C.)CX o . (5.13)

In criticism of the calculation of the pre-
ceding paragraph, it is pointed out that the time
iven as required for the creation and annihi-
ation is a root-mean-square value and not suit-
able as a phase shift (which, for example, may

13

be negative). Further, application of a scat-
tering model such as proposed, in which the ener-
gies in the interaction vary continuously, is not
in consonance with the physical basis of the
quantum theory, where 1t has been shown that no
energy less than a quantum can be exchanged be-
tween a material system and the electromagnetic
field. However, it is emphasized that the basis
of the proposed theory is classical in character
and will yleld the same results as the quantum
geghanics. These questions will be taken up
elow. :

Moreover, the concept of a radiation field
accompanied by materi{al bodies and traveling with
the speed ¢ appears to be in contradiction with
the bastc tenets of the special theory. Accord-
ing to the special theory, no material body can
travel with the speed of light, which is a limit-
ing velocity for the motion of matter. The
Tatter conclusion appears to be already implicit
in the choice of the electromagnetic field as the
agency for signalling. That is, 1t is assumed
that the speed ¢ fs the maximum speed available
for any signalling system, and this speed is
characteristic of the electromagnetic field as
conceived by Maxwell. But the discovery that the
real electromagnetic field possesses internal
degrees of freedom implies that the observed
parameter ¢ applies to a more complex entity than
heretofore imagined.

Thus, 1f one wants simultaneously to pre-
serve the concepts of an idealized pure electro-
magnetic field as the only means of signalling
(by agreement}, and the combined radiation-par-
ticle field propagated with speed ¢ (as obse-
rved), then the scattering mechanism is a con-
venient means by which this can be done. The
matter-radiation field is then equated to a pure
radiation field with "hesitations"; this hesi-
tation will be identified, in the next section,
with the property of matter known as inertia.

The foregoing remarks apply to phase waves.
Wave packets necessarily travel at speeds dif-
ferent than c 1f the matter aspect of the field
be dominant. In Sectfon 6.0 and the following it
will be.shown that one obtains the speed of light
¢ for the radiation aspect of the field, even
when propagated as a packet. One likewise ob-
tains a matter-radiation field propagated with
the speed of 11ght upon averaging over virtual
processes in a vacuum.

An even closer analogy exists between the
proposed model and a method of attack utilized by
Lorentz in a classic discussion of line broad-
ening by random §o1lisions between emitting mole-
cules of .a gas.20 It is significant that the col-
Isions give rise to an inertial effect (i.e.
effectively increased mass) on the elgctron mo-
tion generating the radfation field.c® A simitar
result will be evident 1n a model for the origin
of inertial mass below.
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5.6 Particle Mechanics and the Metric

As already indicated, the equation

de ot Trde i =0 (514
has reference to the propagation of an electro-
magnetic field in a vacuum accompanied by many
particles, provided one agrees Epat the mean
values of the random variables ¥p and % are es-
sentially zero when enough random processes are
taken into account. However, although the field
is no longer the elctromagnetic field of the
special theory, the vanishing of the interval be-
tween two events (x,¥,2,t5%0,¥0s20,tg} and
(%.7,2,1;%0.¥0: 29, o) implies here, as it does
for the special theory, that a single identi-
fiable feature of the fleld 1s specified. Alter-
natively, one may mean that the two events at the
endpoints of the interval can be joined by some
identifiable feature of the matter-radiation
field, propagated from one event to the other.
Equation 5.14 will now be shown to lead to the
differential equation of motion of this feature.

Let it be assumed possible to correlate the
proper time interval*

'z'=[¢l'r =(/Jm:

with the coordinates of both initiated and
spontaneous events, so that the trajectory of an
identifiable point of the field is given by

V= (7)), +wd(y), f’:-..-.-?‘:{'z)’ii-tb(-r) (5.16)

(5.15)

and let there be defined the momenta
P = mde/de
Ef = myc dt/dr
Po = m,d¥, JdT
Ey. = myedt, /AT

where mg is fdentified with the inertial mass
associated with a specified feature of the
matter-radiation field. Then the average values
of pp and E; in a vacuum are zero when averaged
over virtua? processes:

(P =0,{EX=0

Thus, the mean energy and the mean momentum
associated with spontaneous fluctuations in a
vacuum are zero.

(5.17)

(5.18)

Equation (5.14) now implies that

ﬁ!?'ffb"éf%é)‘*"eﬁl/ﬁjfl' (5.19)

Relation {5.19) may be obtained from a similar
formula for the electromagnetic field

pelbi=4Z

*, nsistent definition of dz would be
-dS¢/cc. The choice made is a first approxima-

fon and chosen for more convenient comparison
with the special theory of relativity.

(5.20)
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by a translation,
|- 1~ =lE-£)/T7

followed by averaging over virtual processes,
with due account of the vacuum conditfon (5.%).

(5.21)

In particular, let the specified feature of
the field be a point at rest relative to the
observer, and with which is associated inertial
mass m_ (hence a "point mass"—1it will be shown
below that specifying a particle in this manner
does not prevent it from having a finite, measur-
able, diameter). Then

dS=0
d® =0 (hence Fao)} (5.22)

whence it follows that

- M, &
E=Mo (5.23)

and _
& ) Po‘"@{);(m,c)" (5.24)

Relations {5.23) and {5.24) are independent of
any average over zero variables and may be ex-
pected to hold, essentially, for Tow velocities.
Hence one recovers Einstein's relation between
energy and momentum whenever creation processes
do not play a dominant role, and with it the
Newtonian particle mechanics for low velocities.
It will be shown in what sense Einstein's rela-
tion for p # 0 holds in the present formalism.
Thus, the total energy of a particle at rest, as
measured by pro%esses initiated by the observer,
is equal to mgee and owes 1ts existence to a
residual motion of the point mass field, due to
spontaneous creation and annihilation processes.

There has now been obtained, and gfven phy-
sical content, the well known retation of the
special theory between mass and radiant energy,
or1g1n3}1y derived from more formal considera-
tions. It is seen that the new degrees of
freedom are closely related to the inertial mass
of the particles they describe. For this reason,
they will often be referred to as inertial vari-
ables, and the associated energy and momentum as
the inertial energy and inertial momentum; the
corresponding fieiﬁ wil1l be termed an inertial
field.

With reference to the pure electromagnetic
field, the condition (5.20) coupled with ?5.19),
implies that the conditions

p=1pl=5E4
and hz‘p:l.-_- E,/c

are equivalent and serve to specify the pure
electromagnetic field. Relations (5.25) have the
interesting implication that a pure electromag-
netic field generated by an observer cannot exist
as such unless the spontaneous variations in the
field are due to creation and annihilation of
electromagnetic radiation alone. Moreover,
neither type of motion can exist without the
other, if one admits the validity of the metric.

(5.25)
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6.0 Notation

To summarfze, there has been derived a
metric suitable to describe the propagation of a
matter-radiation field. The metric lends itself
to the definition of a "point mass® and leads to
the introduction of momenta

Fz m,(d\'-"./dr) _ (6.1)
and energies

E = m,ct(d¢t /d7) (6.3)
L w Myc® (4, /dz) (6.4)

where dz- is a proper time interval measured by
means of light signals. initiated by the observer,
The momenta and energies are related by the qua-
dratic expression

. . .
porpm=(52) HEVL) (6.5)
obtained by imposing the condition that an iden-
tifiable point feature of the field has been

singled out
'Ps =ma(43/6{r)‘=0 (6.6)

where
A S gy dste deicrdt Sndocrdd”  (6.7)

In the following discussion, contravarfant
quantities will be written with a superscript,
while convartantiy transforming quantities will
be written with a subscript. Greek Indices will
vary from one to eight, while Latin indfces will
vary from one to four. The appearance of O as
either a superscript or a subscript refers to the
coordinates generated by spontaneous light sig-
nals. It is agreed that

x :X’:“j- x5 g =X3. dot mxh Aexs, r. """":'v e
and since the covariant metric tensor _

Gup * By = the Kronecker delta, it follows
that contravariant and covartfant repIesentations
cginc1de. Hegnce one may write x, =x'.... and
x> = x§=x0=x1, etc, lEightiveﬁtors wgil be
denoted by ixﬂ“ )=(§ T L MY MY }, four-
vectors by {x")=) xc,x?,x%), and three-

%
vectors by 7 = (x{,xz,xB). Abbreviations similar
to

-&u——_- ’—én;': a g . -—‘2—- k

will be employed while §?,t} and {o.to} . will
denote the sets of all ordered number quadruples
(¥,t) and (P5,to), respectively. The eight di-
mensional space will be denoted by §F,t;Foto }.
Alternatively, %?,t} and §Fq,to] will be re-
ferred to as obsérver {or experimenter) space and
inertial space, respectively. The summation con-
vention will be adopted, e.g. : :

and the Laplactan operator A may be written
L 0 ot A=dU 8 I (6
“aetaptin MTagragriy Y

for three dimensions,
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2 z
RTINS

for four dimensions {the d'Alembertian), and

a oM =01+, (6.10)

for eight dimensions.

In the present paper, it will be shown how
much of the classical concept of the point mass
can be preserved, The equations of motfon of the
field will be postulated and some of their con-
sequences will be discussed. Among these are to
be mentioned a quantization of mass and a model
for nuclear forces.

6.1 Model for the Matter-Radiation Potentials

On a scale of observation near the terres-
trial, as pointed out above, one may consider
virtual processes to be described by a trans-
lation of the Einstein-Minkowski space-time. The
latter translation has been linked to the iner-
tial properties of matter. Thus, one may expect
to gain insight into the nature of the matter-
radiation potentials by carrying out a transl-
ation of the arguments of the Maxwell theory.

-.- For simplfcity, let there be considered a
static field in a vacuum, and the Coulomb poten-
tial V(¥) due to some charge distribution. Then,
according to the propoged prescription, ¥(F) is
to be replaced by V(?-ro). where <T» = O.

Expanding V{F-T, ) in a power series fn F;,
VE-R) = Ve ~R.eV(E
+E0"veey
and -averaging over virtual p?ocesses, one finds
VE-%)= V®)+ &2 o%y,
2 ox*
T
VT L
. z éﬁ! 2 Sg*
And, assuming the average values of the zero

variahles to be equal (a symmetrical distribu-
tion), one finds

QUGN VY875 aV(#)r

(6.11)

(6.13)

The preceding discussfon has been introd-
uced to provide a physical model as closely re-
lated as possible to recognized models implying
the existence of a correction to the Coulomb
field. To what extent one can employ sgsh 2
model :in calculations has been exploreds’, and
will not be discussed here. Only one numerical
result will be borrowed from the work cited, and
that is the estimate Qf rE asd$e1ng of ‘the
order of magnitude (eMic){(f/mec¥ for an
electron. interacting with a fluctuating electric
field.. The estimate is convenient, but not
necessary, -1n the considerations to follow; it
f1lustrates the order of magnitude of the
correction to classical theory entailed by the
translatfon.
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The approach outlined above Teads essent-
ially to perturbation corrections, which are un-
1ikely to result in a unified field theory. The
next section will introduce potentiais for the
complete unified field.

6.2 The Figld Potentials

Noting that the scalar product

F-#elet +Bot~(2)et (6.14)
is invariant under the group of rotations
Wy (x-gokd
=%
fo % {6.15)
ctlm ) (ct 2%
x"-y (&-Fc.“o)
=g (6.16)
el T

ctgt’ )’(c‘l-;-px,)

(an equivalent to (6.14), in a vacuum, is (3530)-
(?-?o).(l-:-ﬁos(t-to), it follows that a suitable
phase wave for description of the field is

o (F-B-E£+ B0 ~£%) (6.17)

In (6.17), #i is Planck's constant divided by 2m
and serves for the present as a dimensfonal con-

stant. No quantum effects are thereby intro-
duced.

The identification between (6.17) and ex-
gressions like (5.13) can be made more explicit
¥

Postulate IV, (de Broglie). The frequen-
cies ¥ and ¥, and wavelengths A and A, of the
matter-radiation waves {11.4) are related to the
energies E and E. and momenta P and po by the
proportiona1itieg

E=hy »hw
-hv S"\".
E= kR (Ri=k=?7/)

B, = AR UR 1= h=2"7A)

The symbo) k in (6.18) will be referred to as a
wave number, although it differs by a factor of
2z from the usual definition. No quantum effects
are necessarily impiied by Postulate IV.

(6.18)

To affirm the existence of the potentials,
there is introduced

Postulate V. There exist potentials ﬁ(’?‘f-;
V@t ity z(‘*’ta ™ -) Vfl"*‘"'.{'i)' and

y A=

which describe the radiation-
matter field and respectively transform as

(#,etyF,e?). The eight potential will be de-

rioted by (gua) ; at times one denotes g, 95

and Q2. respecti-
?gjyj It is noted that 42) ‘transforms as
r,t).

Postulate V is not independent of the suc-
ceeding Postulate VI relative to the equations of
motion; in any case, it is clear that one should
obtain, for example, .
where V¥(r,t) denotes a solution of Maxwell's
equation.

‘Although some ambiguity is introduced by this
notation, considerable economy and suggest-
iveness are attained. If no arguments are in-
dicated for a given function, it will be under-
stood that these are r,t,ro and to.

In formulating the equations of motion of
the field, a tensor notation would be convenient;
for the present it is more Instructive to defer
such a treatment. Eventually, it will appear
that the field to be described as a reascnable
generalization of the electromagnetic field may
be termed a "Bose-Einstein” field.

Since the exponentials (6.17) can be super-
posed linearly to cobtain an extensive class of
functions (owing to the completeness of the set
of complex exponentials), 1t is convenient to
formulate the equations of motion of the field
such that each exponential is a solution of the
equations, by reason of (6.5)., To this end, the
prescription employed in the quantum mechanics is
used, in which replacements

P57V
&, —he)%r (6.19)

F 47 .

Eule > ( Jv Y5t
are carried out 1n a given function, for the pur-
pose of transforming the expression inte an oper-
ator. It will be shown that the substitution
(6.19) leads to recovery of the classical equa-
tions of motion, either of the particle mechanics
or of the electromagnetic field. It follows as
well that the Hamilton-Jacobi equation of motion
1s likewise recovered in the appropriate context;
that the Hamilton-Jacobi egquation represents a
geometrical optical model and provides a bridge
between classical mechanics and the Schrodinger
equation is well known.

Thus, it is proposed that
Postulate VI. The equations of motion of the

eneralized electromagnetic field in free space
or Bose-Einstein field—briefly, the BE field)

are
;:‘a.«g’:d-A, -4 Qﬁ‘:)} (6.20)
=0

16
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6.3 The Relation of the Matter-Radiation
Fleld to Llassical Fields and Elementary
Particle Force Fiplds

In the present sektion, some consequences of
the equations of motigh (6.20) will be presented.
These will be directed toward establishing
relations between the formalism of the proposed
theory and preceding field theories, along with
suitable interpretation.

Invoking the electromagnetic field condit-
jons (5.25), the form of the elementary solutions
(6.17), and the agreement (5.19), the equations
of motion for the electromagnetic field are

(A—' z’tf/ﬁ»)@@a

TATE

Equation {6.21) refers to the field observed
through the medium of a filter, while (6.22)
refers to the field generated spontaneously; both
of the equations may be derived from (6.20{ by
the phase restriction {5.25). The dependence of
é.on rQ and ty in (6.21) and of onT and t
in 6.22 can be removed by averages over these
variables.

(6.21)

(6.22)

Hence, in (6.21) and (6.22), one recovers
Maxwell's wave equations for the two fields, each
propagated with speed c. These equations em-
phasize the symmetry of the theory and the essen-
tial identity of structure of the two fields,
differing as they do only in the mode of their
generatton,

On the other hand, it has heen pointed out
that an unweighted average of over virtual
processes should lead to the potentials of the
electromagnetic field in observer space, The
average effect of the ro,tp motion should result
in the electromagnetic field described by (6.21).
Such is indeed the casé.

Averaging both siLes of {6.20) over ?b and
tg, invoking Green's theorem over a sphere of
unboundedly large diameter 2s, in §¥,,to
space, and presuming the derivatives of U, tend
to zero as s_ increases without bound, oné ob-

tains __°
(a-#&K4y =0 (em

Equations {6.23) are Maxwell's equations for an
electromagnetic field propagated in a -vacuum, at
Teast for 4 =1,2,3,4. The meaning of <&, for

= §,..0,8 evidently rests on an interpretation
of the forces implied by the ¥ ,t_. motion. The
Tatter point will be undertakefl b8ow.

Thus, one obtains the electromagnetic
field, propagated with 1ts characteristic speed,
either as a phase condition or as a resultant of
averaging over virtual processes. The latter
view-point is discussed in Section 6.4.

17

If, in (6.23)K&Ibe independent of the time
t, one obtains *

ALy =0 (6.24)

Laplace's equation for & source-free field. On
the other hand, the Sreen's function for an in-
finite region in §{F} space,

44» {6.25)

{r # 0), is a solutfon of (6.24) and represents
the field of a point source at the origin. The
Green's function (6.25) 45 likewise a solution
for Poisson's equation for a field due to a
source density which varies as & delta function,

8(r}. -

With the latter remarks in mind, the Green's
functions for infinite regfons in gr.t;ro;to;
space and some subspaces of lesser dimensionality
will be studied.

The Green's function for §¥,t;v.,t
space 1szg ! ortol

Lo s+ (6.26)

!SIJJS.lg&t? . With due regard for the method
of deriving (6.23), one notes that the unweighted
average of (6.26) in s, Is proportional to

de, s3(s+ 523

(-4
and {6.27) is, 1n turn, pro ort1on5; to the
Green's function for {fﬂt spacec’,
A e~ - '__ wi=f .
- -#_(et ) (6.28)
(6+#0,rz0,220). The statistical weight func-

tion emp1oyeg in {6.27) .is essentially the causal
distribution?d, equal to unity in the integral.

{6.27}

If, for convenience, the function of (6.28)
be continued anatytically to domafn —eo<é<tep*
and Fourier analyzed in t, one obtains a trans-
form which varies essentially as

tai(ﬁyh)f

- (6.29)

, which is a solution of

[A+(5)" 1<BE >,

(6.30)

*There can be no objection to this continuation
on physical grounds, since the choice of origin
for the t varfation {is arbitrary. Greater sym-
metry in the structure of {?ﬁti and {$b’tn}
spaces 1s thus obtained.
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where 4/.: js the transform of ﬂ’“ . Expression
(6.29) is a Green's function for (6.30) and
represents the field due to a point source at the
origin with oscillating strength. It is noted

that exp (sa/c) r, gs proportional to the charac-
teristic functionZ® of the causal distribution,
and that an average over the frequency with this
as weight function leads to the Green's function
(6.28). Moreover, setting < =0 to obtain a
static field, one obtains (6.24) from (6.30) and,
correspondingly, (6225) from (6.29). 1In addi-
tion, averaging 1/s¢ over the time with a causal
distribution, one obtains 1/r, as before.

The results of the Tatter paragraph serve to
demonstrate gain the equivalence of a phase con-
dition and an average, as well as the symmetry of
behavior of functions defined in observer space
and in inertial space.

The foregoing remarks serve to define a
heirarchy of Green's functions defined on regions
of progressively smaller dimensionality. Each
function appears as a point source and can be
interpreted as a resultant of and due to pro-
cesses over which an unweighted average has been
calculated. The sources discussed have had re-
ference to generation of an electromagnetic
field; one can proceed somewhat differently to
?gtgggl the meaning of the singular solution

Thus, for a particle of mass mg at rest,
equation (5.24) and relations (6.20) imply

(o g &)o=-4 e

{ 2¢ = mgc/h), with elementary solution, in potlar
coordinates®

s, coga (12.32)

e

*The point (x, )=(F,t) is represenfed in polar
coordinates by (s.,«, # ,q ), where

X=S S2nol .sa'!l,dcostg
x5 8ine sa‘n,a sing
=3 sénd r,osf
tct=8 cosa

If, for example, s= ig-with 0 {0-4£+79, then
0204w, 0£A&x, and Ofg@eaw; if s be real, sim-
ilar considerations fo‘l%aw. The Laplacian equa-
tion {6.9) then becomes ot

8> .39 & +-L 2

] "y
+ sSEsintal 3:n'g 3%(51 r¥)
! o 3 =0
+ a?,_:lu(Sﬂ,f )

If the four vector (k Y=k, Jkg kg, kg) be
directed along thezic'f' a)}is, 'thefiz(t;;) (xf )=
ks cos ol , where k 4

the angle between {x Y Y and the ict axis.

=ky k=, se=r”-c"t", and o is

Hence, for a particle nearly at rest, {6.20)
implies

ar - .
(-4fi-=)gm0 o

{ ﬂumay now be replaced by (,42 , in {12.33),
and equations (12.33) are obasrved to correspond
to the Proca wave etuations. Thus, (6.20)
represents the motion of a family of mass states
of intrinsic integral sp}a and may be temmed a
Bose-Einstein (BE? field.

Repeating the argument whch led to (6.23}),
one finds that the Green's function of (6.33) for
an infinite region {s proportional to (Jn( ] sy)
1s a Bessel functfon of order n)

20

fds. s,'-J.(“S;) (6.34)
(s%+57)

For an unweighted average over t, and considera-

tions similar to those leading to {6.23}, one

must obta}a the Green's function (Yukawa
potentialc?)

—2r
e /e {6.35)
{r¥0). The potential (6.35) is a solution of
(A-xDdu=0 - (6.36)

obtained by averaging (6.33) over t, and the
foregoing conclusion, relative to the average of
(6.34), follows from the unfqueness of this solu-
tion.

Fourier analysis of the Green's function for
(6.33) in the time and subsequently setting w =0
must lead again to the Yukawa potential.

The conclusion proposed as a consequence of
the above considerations is that the fnitial
Green's function (6.26) represents a potential
suitable to describe a field arising from super-
position of all mass states,O< x<#0, without
weighting any state in preference to another.
Each state, {f static, has spatial range of the
order of 1/x.

But with reference to (12.32), a plane wave
advancing along the icty axis has an approximate
representation el 2 %, A superposition of such
exponentials suffices to represent any reason-
able type of packet advancing in the icty direc-
tion. And of such packets, one may assert

ACY XETI 23 (6.37)

so that (sg > 0)
X
Q") = s S 2 s Zxﬁ*; (6.38)
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or, for a single mass state, Xz Mc/Hh
(8% 25 (B2 )™ o (6.39)

Thus, .1n {6.39) there has been obtained a
theory of a fundamental Tength3C in a matural
manner from consideration of creation processes

in which pne mass state has been resolved. More- .

over, for such a situation it is apparent that
the range of fluctuation effects is of the order
of a Compton wavelength for that state, and is,
on the average, negligible beyond this limit.
Mo;e will be pointed cut in this connection
below.

More generally, it has been shown that with
an identifiable feature of the matter-radiation
field there is necessarily associated an uncon-
trollable blurring due to spontanesus processes.
This fuzziness prevents an arbitrary degree of
accuracy in observing the postulated Yocatton,

say (*,t), of the feature. The space-ti xten-
- sion of the blurring is of the order of /<S>

and this is approximately hésc for a single mass
state. Hence, for the experimental refinement in
guestion, a point mass cannot be defined except
as a convenient construct. On the other hand,
one 1s then freed from the necessity of intro-
ducing the Dirac delta function to describe a
real mass or charge distribution,**

At the same time, there is obtained an opera-
tionat definition of an elementary particle of
non-zero diameter.

Considerations similar to those above apply
whenever several mass states are unresolved, each
point of space-time {observer) having associated
with it a "blur sphere", to borrow a term having
an analogous meaning from optics. The suggested
term refers (as does its analogue) to the smal-
Test measurable entity corresponding to-a point
saurce.

The potential (6.26) is now suggested to re-
present a field in a region of the diameter of a
Compton wavelength enclosing the soirce. Thus,
outside the sphere of confusion for a point
source at P', the average over virtual processes
Jeads to a Coulomb potential. MNow, as a test
body 1s brought closer to the point ¥' so that S~
h/mgc, the spontaneocusly generated processes be-
come resolved, an unweighted average is no longer
suitable (see Section 7.1}, and one obtains a
potential which varies approximately as

& /me )E
[r>s (lme)" T’
where {~1, and other factors have been deleted.

*The estimate given 4n {6.37) may be improved by
averaging over &, but cannot alter the essential
meaning of the Iiﬂ-f,l_at:’iorl.b Thus, it 1s noted that

{6.40)

da eaxs,cas_«.‘ J.'(’Cso)
which has asympfotic behavior

e’ /s,
Then, if xs>yl, (6.39) holds also for the aver-
age over ol. . :

*X brief statement of the difficulties introduced
by this necessity, and a proposed method ?f
avoiding them, {s given by Ken-iti Gotd.3

If the distribution is such as to favor.a single
mass state, one obtains the Yukawa potential.

It is notable that, as a consequence of the
existence of virtual processes, the potential has
no singularity if r #o.. Moreover, this is in the
nature of things: 1f s, be small, then the num-
ber of » states must be large {6,37}, and if mass
states appear with equal statistical weights,
then the average effect is simply a Coulomb po-
tential. But if r be small, then the Coulomb
potential is no longer suitable and a relation of
the nature of (6.40) applies. Further, if only a
few x states exist, clustered about some central
value, then the spread in s, Yalues must be
large, and the potential (6.26) cannot lead to
singularities,

Thus, it has been shown in this section that

a)  virtua) prdcesses ead to and are respon-
sfble for electromagnetic field phenomena;

b) the existence of a fundamental léhgth is
directly traceable to virtual processes;

¢} postulation of a point mass in {?,t} space
can be reconciled with the existence of ele-
mentary particles of finite diameter, as a
measurable phenomenon, and without contra-
diction;

d) the singular Coulomb and Yukawa potentials
can be replaced by non-singular potentials,
equivalent to these upon suitable averag-
ing, and valid in the range of nuclear
forces.

Before passing on to the next section, we
point out a physical aspect of the existence of
an inertial field, bearing upon the concept of
actfon at distance. :

A Coulomb potential 1/r seems to indicate an
instantaneous transport of force through empty -
space from source to receptor: hence action at a
distance. Yet with the introduction of virtual
processes, the concept of empty space becomes
untenable and action at a distance - unnecessary,

For a static field in observer space 1s re-
presented by a solution of

(a+0)4. =0 (6.41)
and an elementary solution to {6.41) is
(6.42)

with k2 +.Z = 0, so that the elementary soiution
assumes the form : :

er'xﬁ-“" prmcese (6.43)
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and any solution of {6.41) can be written as a
superposition of functions (6.43).

But the functions (6.43) imply a relation of
observer space to inertial space. Averaging over
ro and ty does not destroy the significance of
the dependence k = + 1xC: 2 a;;;ic field is a
superposition of states ©'*®¥®n observer
space, and states @¥*%*&p {nertial space;
hence of mass states specified by 2C.

Thus one can imagine a Coulomb static field,
or a mass static field {e.g. a particle at rest),
to be a resultant of a time varying inertial
field responsible for propagation of the static
field. Just as the time dependent electromag-
netic field is conceived to be a special, limit-
ing form of matter, propagated with maximum speed
¢ in §¥,t} space, the static radiation-matter
field {electric, magnetic, or matter at rest) is
1ikewise a special form of matter propagated with
zero speed in g?.t space. Both 1imiting cases
are consequences of the interference of various
inertial states with one another.

Hence, the concept of empty space surround-
ing a source of a static field can be given up,
and replaced by the concept of a superposition of
states which transport the field from source to
test body. “Action at a distance" then becomes
an unnecessary concept.

6.4 Brownian Motion and Creation Processes

Thus far the inertial mass mg has been
assumed to vary continuously and appears as a
constant of proportionality between a residual
energy and the square of the speed of light (or
better, co/c = EM. = , a proportionality
between wave number and frequency}. Although the
continuous vartation is reasonable on a
terrestrial scale, the relation (12.17) indi-
cates that a restriction on the scale of observa-
tion of so (and hence of S) will lead to
restrictions on corresponding values of ¢, and
conversely. Thus, if 3¢~ mgc/f, then
sa~ h/mpc. Indeed, experiment demonstrates
that such must be the case whenever the scale of
measurement is of the order of the Compton wave-
length of a given mass state.

This section proposes to show how the model
featured in the preceding sections can result in
constraints on the inertial field, giving rise to
discrete mass states. For this purpose, however,
it 1s convenient to develop sti1l further the
analogy to Brownian motion.

It will be iecalled that one model of
Brownian motion2! concerns the motion of a par-
ticle large in comparison with the molecules
which cause its motion. The particle is assumed
subject to the same forces as a molecule of the
fluid surrounding 1t; these forces are

2} a rapidly varying and random force,
and b) a viscous damping force.
The random force is attributed to random col-
Tisions tending to create a flow and mixing of
matter thoughout the fluid, while the viscous

20

force tends to oppose large accelerations of the
motecules. Thus, forces a) and b) are opposed to
ane anotgfr in a dynamic equilfbrium, on the
average, Hence the net displacement of the
Brownian particle is zero.

A further mode'l21 eliminates the viscous
force previously assumed to hold, on the average,
and considers only random collisions of molecules
with the Brownian particle. It is significant
that one obtains fdentical results for both the
proposed models, on the average.

Yet it is recognized by both models that
only one mechanism is in operation: molecular
collisions. The viscous force, a macroscopic
effect, is elevated to the standing of a force
acting in the same fnterval of time as the much
more rapid random collisions. There 1s no con-
tradiction if one enquires after effects result-
ing from averages taken over periods of time in
which viscous force may be assumed to have some
real existence.

Thus, the Brownian motion, as observed by
optical means, can be viewed as a superposition
of two kinds of motion:

a) a very rapid motion not observable by
optical instruments, due to a rapid and random
force, and

b) a slower motion observable by optical
means, and giving rise to a viscous force.

The first motion is internal to the second, and
separated from it as a matter of convenience.

A study by Lorent226 demonstrates how the
viscous force may arise from random interruptions
of an unforced motion, to a first approximation.
Indeed, it follows from the existence of a fixed
mean value for a given coordinate, that there
must exist a force opposing any departure of the
physical state described by the coordinate, from
that mean value. The latter consideration can be
formalized in a theorem having particular rele-
vance to the present theory (Appendix C). From
the point of view of the present paragraph, the
Brownian motion appears as a superposition of two
kinds of motion, each an interruption of the
other. Each motion occurs at the expense of the
other.

The model adopted for description of the
creation processes is essentially that of the
latter paragraph. Thus, the observer-jnitiated
signal is propagated in a vacuum and interrupted
by spontaneous processes and conversely., It is
emphasized that the spontaneous processes may ac-
tur at a very high rate and then constitute a
motion internal to the observer-initiated pro-
cesses.

The latter feature corresponds to similar
features of the Brownian motion, and the for-
malism further 11lustrates the point. Thus, the
propagation of an identifiable feature of the
field is described by

2 2

§%= -s) (6.44)
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or ds? = -dsf {6.45)
or pg = -pls,y {6.46)

{ps = myds/dr » PSg = Mpdsg/d2> ). Hence,
increase of a squared space-time interv-

al s? occurs at the expense of the interval
sf. Alternatiyely, if s2 (or ds¢) be space-like,
then sg {or dsg} must be time-Tike. Hence the
squared magnitudes of pg and pgg are always
opposite in sign; these retations are independent
of averaging.

With reference to the discussion of Appendix
C, it is asserted that the vacuum condition
imposes a constraint on the creation processes,
opposing any large variation in density of the
created particles. The forces called into play
may be deduced with the aid of the theorem and a
knowledge of the appropriate statistica) distri-
bution in ro and tg. Rayleigh's method3? pro-
vides a means of deducing the statistical distri-
bution required, if one interprets the fnertial
variables as phase shifts induced in an electro-
magnetic wave. The derivation of the distri-
bution is given in Appendix A and indicates that
the inertial mass my serves as a rool-mean-square
measure of the quantity of motion stored in the

1ro.td} space. Mareover, one may then view the

P3,to motion as res onsible for the appearance of

an inertial mass. It w e shown below
{Section 7.5) that the inertial motion likewise
gives rise to gravitational mass.

Since the forces due to {nertial motion ap-
pose any departure of the field potentials from
the vacuum condition <Fo¥o =0 and (tox» 0,
there is, in effect, an attractive force fﬁeid
with seat at the origin of {Fo,to) space. In
the next section it will be shown how this effec-
tive force field leads to a quantization of mass.

The latter paragraph emphasizes the kine-
matic nature of the vacuum assumption (5.5). One
is, by its aid, led to an equivalent force field
which is asserted to be responsible for the
stabitity of the matter state of the field. The

‘manner in which the condition is introduced fore

bids Tooking for more fundamental causes in the
framework of the present theory; it s asserted
to be an elementary property of nature. More-
over, as will be seen, the condition 15 equiva-
lent to the requirement that particle and
anti-particle be created together {Section 7.1),
emphasizing again the fundamental character of
the condition.

6.5 The Quantijzation of Mass

In Section 6.4 it was shown that the vacuum
condition leads to an effective attractive force
field. The equivalence of kinematic-statistical
and dynamic descriptions was pointed out. The
present section applies these considerations in
obtaining a quantization of mass states from both
points of view.

A. Kinematic Viewpoint

21

For brevity, Vet W denote a potential of the
spontaneous creation field, pertaining to a mass
at rest and Tocalized in a region about the ori-
gin of inertial space of radius rp = a. It will
be assumed that W depends on rg alone; the mean-
ing of the restricted dependence will be dis-
cussed in part B of this section.

Then (6.31)
a.+ x'-}w.c_o, n«<a (6.47)
AW=0, 32 (6.48)

which may be rewritten in the form (=10, 1,

}'_4.. * ¥ ’l_) “"]R(")"’(s.w)

<a

[wv""i%z;r +££5;;Q (ny=0,n,>5 (650

d° e d 1“ 1)
[#-+ €% * 765 +H]R=2s )

.ta#) =0
IT gf- 5 IR wu (6.52)

1t fo?1ows that,
R = JgCr’s?"‘" (6.53)

R = 9"‘” , @ 2B (6.54)

mn iz = (x/2p Vel g+1/2 (@ ) and
is a!i ?ﬁ_]__f_uﬂsgm.of order £ Hg, and

Continuity at vy = & requires that

xaj, (xa) = Jo (xa), £=0 {6.55)
i 2413
(24 +1).'3L=,¢ .uC D _ew 3%5;) {6.56)

The condition {6.58) is equivalent to cos

#2320 or to »a= &/2, 3m/2, . .., for £ =0,

and to

3n{l) -l=2xa-6/na+{6-ma)cot wa
for £=1,

For given a (say &=10"13¢m) there s im-
plied a discrete series of levels for cor S
ponding to various angular momentum num
The dependence of a on has been assumed to be
negiigible in reiationsm?6.47) to (6.54).

Since 1t is not the purpose here to attempt
a detailed correspondence of theory and experf-
ment, no calculation of the values of  will be
given. Morsover, there ex{ists a good possibility
that any detailed discussion must lead to selec-
tion rules which will modtfy the above consid-
erations {e.g. as must occur for the dipole
moment distributions of spentaneous charges and
currents).

In connection with the significance of ae,
one may speculate on its relation to the Int-
rinsic spins attributed to the elementary par-
ticles, the anomalous magnetic moments °§ proton
and neutron, and the strangeness number.
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B. Dynamic Viewpoint

1t has been shown that interruption of the
observer-generated electromagnetic field gives
rise to the observed inertial character of mat-
tar. But the converse is perforce true: the
process may be viewed as interruption of the
spontaneously generated field, again giving rise
to the inertial property. Moreover, the latter
interruption is observer-generated, and if a sin-
gle mass state thereby is induced, then there is
implied a constraint on the inertial field,
generated by the interaction with the observer.
The constraint must be such that one mass state
is produced as a result of the interaction; this
may be described as a process leading to selec-
tion of the states (Kg, @ o) such that ac2=kg -
{ewg/c)? = (mgc/4 }2 = constant. Other mass
states can only appear as virtual states.

Thus, one is led, in the Maxwell equation
[v.- (Ethc)” TWED=0 (5.57)

describing propagation of an electromagnetic
field generated spontaneously and of frequenc
Eq/h , to substitute V-4 and E_-(¢#H {V
for ¥ and Eg, respectively. Herd and
transform as a four vector and describe the ob-
server's intervention in the spontaneous proc-
esses to select the mass state mg.

-l
It is now assumed that both @, and Eg are
negligible and V = -mgcZ, if rg%a and V=0 if
r 5 a; hence it is enquired of the derived equa-
tion as to the condition for the appearance of a
field of zero energy cerresponding to a binding

energy mge2 in a square well of range ro = a. One

then obtains
Bo+ =)W =0,r, 28 (6.58)
AW=0 r>a (6.59)

as before,

The discussion in Part B has run counter to

the spirit of the theory preceding, but is equiv-

alent to it. The viewpoint is adopted by way of

{1luminating the discussion in Part A and in Sec-

tion 6.4,

7.0 Introduction to the Formalism

1t has been shown above how the basis of the

special theory of relativity may be extended to
include the matter field as an integral part of
the theory. Of necessity, the source-free elec-
tromagnetic field served as an initial basis of
discussion, and its generalization, the Bose-
Einstein field, reflected the initial bias.

In the present sequence of Sections
7.0....., the formalism begun in Section 6.0,
etc. will be extended to the BE field with
sources, and to interaction with other fields.
The generalized Fermi-Dirac (FD) field will be

introduced. The neutrino field will be placed in

a position relative to the FD field analogous to
that occupied by the electromagnetic field among
the BE fields.

22

The formalism is shown to be equivalent to
classical quantum mechanics and the vacuum condi-
tion is related to Dirac's hole theory.

The theory is shown to encompass gravita-
tional effects and relates part of the dipole
magnetic fields of celestial bodies to their
angular moments,

7.1 Tensor Formulationﬁ Source-
Free Field

It is convenient to formulate the equations
of motion and quantities derived from the eight-
potentials as tensor relations. In the present
section, this will be done for the free field,
and in the following sections the formalism will
be extended to the forced field. The physical
significance of the tensors will be touched upon.

In analogy to the tensor formulation of the
special tneory, one defines a gauge fnvariant
generalized field intensity tensor

£u9=/atlay-av§‘¢ (7.1)
The form 7.1 is justified when one observes that
£fagmPo is a tensor identical with the corre-
sponding tensor of the special theory. If At and

» are greater than four, one obtains a tensor
with components averaging to zero

<'§'1+4,m+4>o =0 (7.2)

Moreover, since the field generated spontaneous-
1y differs from that measured only in source, but
not in structure, the following notation is
adopted, with due regard for the remarks follow-
ing (6.7) and Postulate V: (&.9)‘5

o N, 4, € Sus {n £ {19

My 0 M, 7 {Es-fzs'sz‘fzJ

M N, 0 —& fas fa $a7 §32

i€ 6 16 O s fa fav fa2 ;5
~fis ~Sa—Gas Hes 0 Ky I -EE°
i A A
"'.Fn "Si-'?"'gﬂ "£}7 W:—M‘ g 4'4

$ig Sos S ~far 1628085 0

. One notes that{& (F,t:70.to)> o and
{M(#,t;F0,t0)» o coincide with the electric and
magnetic fiald intensities of the Maxwell theory.
Moreover, (é?(F,t;Fo,tu»o and
q ,ti%,t0)» o the corresponding field
ihtensities due to spontaneous processes, are
Zzero. By previous convention, then, one writes

KH @ LA = ;f‘(i‘:ﬂ*i@*)a—o }( 7.8)
(F Ay ThY), = EO(F 0= EFFty=0

7/
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which is seen to correspond to the vacuum condi-
tion (5.5), but is not egquivalent to it.

The cross terms fo m+4 correspond to
coupling of the average and inertial fields, and
the averages of these terms are, in general, not
zero. The coupling is a reflection of the
assumption that radiation-matter transitions may
occur in free space.

One now further restricts the variation of
g, by the guage condition

Postulate V11
(7.%)

P ¥ =0

which is seen to pass over into the corresponding
relation of the spectal theory when averaged

<@ty =0 (7.6)
it follows at once that
g,,f’ﬂysco (7.7

and the latter relations become the Maxwell
equations when averaged.

There is now defined the energy-momenfum
tensor

Taw=zk [ $% + B $as §7] (1.0

by analogy with the special theory. The choice
of the numerical factor 1747 will be justified
in section 7.4, as well as the fitness of the
definition. One notes that

M TZ:' =0
as a consequence of {7.7}.

It is evident that <{Tap 2 is not equal
to the corresponding tensor of Ehe special the-
ory, except as a first approximation in terms of
virtual processes. This has been characteristic
of the foregoing theory, the behavior of quad-
ratic expressions being markedly dissimilar, on
the average, from that of linear expressions.

(7.9

Similarly, by analogy, one defines the
eight~current density in observer space by

§=£ Top k=2,
Q‘v) :"ﬁfﬂﬁ) fng’g‘;‘”‘% (7.10

f4:% & Gy 533
and in inertial space by |
JoE T ke b3

- f..'Tl.e S S6T
l"?"‘-' i 7;8 1} s;-"-&-4

(-
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Hence, corresponding to the energy density of the
spectal theory, one has

o £ &Y
e &

kst 4L {7.12)
'*Eé{i*¢44re - l4i§
ﬁhﬁa‘fiﬂ‘

- B

while the current densities are
= -l .
% . L+7%,k
§- S vk (Saen ¥ Db 1

T~ f;‘;if- '*.;,i.z(fu R btz (7.19)

¢~ Ty

0= =

i fohee (7.13)

and, for example,
i 4 as
== $faaf

It is evident that the averages of current
densities and densities are not equal to their
correspondents of the special theory. On the
other hand, the averages of these quantities over
To and ty satisfy a conservation law in observer
space -

{7.18)

: i
- <En + L& en=0 o
so that the integral of the averaged density,
over r, 15 a constant in the time t (note that
{324, = 0, £=1,2,3)
%f{fz de =D.
Similarly, bypassing the weaning of the aperation
for the moment, if one averages (7.9) over
¥, @ space, with suftable restriction of the

dices, one finds (note that
kv > = 0, k=1,2,3)

"i"if-> + -é—;%(s.}-o (7.19)
& > refers to the indicated average.
'f<fo>d?‘:

1s a constant in the time coordinate tq.

(7.18)

where
Then

(7.20)

Thus, although the current and density are
riot equivalent to their correspondents of the
special theory, their averages satisfy a conser-
vation law identical with that of the special
theory, The significance of the integrals {7.18)
and (7.20), as well as the meaning of the average
over r, t space, will be undertaken in
Section 7.2,

Although the field is unforced, there exist
matter states in the field. These do not play
the role of sources, but are an inevitable conse-
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quence of creation processes. Moreover, if no
electric charges or currents exist in average
space, s0 that

(7.21)

E(?,‘!‘) = 0
At eo ‘(

there is no guarantee that (g) o or <$ o? .
for example, will likewise vahish., The latf€r is

clearly due to the guadratic character of the
currents and densities. The cross terms do not
represent interactions between fields in the
usual formal meaning of the term, but signify the
essential unity of matter and radiant energy.
The generatized Coulomb potential (6.26) indi-
cates that there exist non-zeno currents and den-
sitles in the field, even 1F H(F, t) = 0;
moreover, this can only occur because the
potential depends on sq.

7.2 The Fermalism and Quantum Mechanics

It is the purpose of this section to estab-
1ish an equivalence between the present formaTism
and that of classical, non-relativistic quantum
mechanics. Further insight into the nature of
the currents and densities defined above, as well
as some implications of the vacuum condition,
will then follow,

To obtain the indicated approximation, one
assumes

i
1) da  varies essentially as & e h in
the time”™ t

(there may remain a comparatively
weak dependence on t);

11} afauge such that <a 4)0 =0, and
hence SA< G 2 = 0{2+1,2,3) or, alterna-
tively v.ﬁ'n. t)=0

-
111) the direction of @ (#,t) varies slowly
ip comparison with the rate of variation of
l&l(" ’t)‘ = a’

With restrictions §) to 114) it will be
shown that can be identifled, essentially, as
the probability function of the classical gquantum
mechanics, The identification can be made com-
plete by altering the formalism somewhat to
include complex field potentials.

Imposing the non-relativistic condition
E/moc2 << 1, one obtains (< 4, = Fa, e’ )

t 8
~ B AAS, = B
4 )- 1,2,3, and hence, with the aid of 11) and
11
* a4
"'zi,i‘.‘a ol (7.23)

Moreover, to a first approximation, the density
is given by

(7.22)

24

while the current density is
- = . T
(gr=~7ErH=2ava (.25

The conservation of density and current is
assured by (7.17) to the same approximation,
Pauli 34 has shown that a current and density
defined by (7.24) and (7.25}, with a law of mo-
tion (7.22) cannot lead to a conservation law
(7.17) if be real, It is therefore of inter-
est to repeat the above discussion allowing the
potentials to be complex, re-defining
observable quantities to ensure their reality.

Thus, let be a complex function satisfy-
ing equations (6.33) and et QF; denote its com-
plex conjugate, As before, define

YRS Ll 2 (7.26)
Q=K A 25 @ (7.27)

and note that £ %= Qﬂy‘“avg‘*
with (1/2) (£57 + 1g.,*") representing a
measured fieTd strength.

Similarly, define "
*® oo
L=k 6_’: {5+ f,‘:ﬁ. + ‘z"§-v'5=5ﬂ'f7‘ )7.28)

50 that

p=—Tae ™~ ~— (7.29)

and
- _ "Q - --* -
=~ T fBX - €53 ] 0.0
+-. -
with
Jﬂ<&'x>, -0 (7.31)
It follows that, with approximations essentially
those of 1) to 11} of this section
5.4 =94
zm.Aa L (7.32)
and

?-Ci (ae@™ —arvi), p< dd* (7.33)

Hence, for the approximations (7.33), the conser-
vation of current and dﬁnsity holds exactly and
the identification of with the probability
function ¥ of the classical quantum mechanics is
complete,

As a possible criticism of the preceding re-
marks, it is noted that the present discussion
deals with the Bose-Einstein field while the
classical quantum mechanics was principally con-
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cerned with the motion of a Fermi-Dirac particile
{the electron). On the other hand, the approxi-
mation invoked in both cases renders the motion
{ndependent of spin; hence the relavance of the
analysis,

. The analysis above, coupled with (7.18),
permits one to interpret <P) o as a probability
density, after suitable normalizatfon. More-
over, the symetry fs behavier of observer and
inertial spaces, as ovidenced in (7.20}, permits
fdentification of <Pgp with a probability
density in inertial space.

But the latter identification implies a
restriction on the variation of Po in a vacuum,
for one must now write

Sdﬁh,fﬁ >%= 10, f;ﬁdt@.ﬂ, =0 (7.34)

as an expression of the vacuum condition. And
{7.34) 1s secured in a simple manner if one
requires

polf Bt )= (51, -4 (7.35)

or the equivalent statement

(e ),-,:'H.=- (e. )_-;”_% (7.36)

where {Pg ) is the Fourijer transform of
o In ¥ andtfo".”’ .
Condition (7.36) is thus an alternative
statement of the vacuum condition, and as such
expresses the fact that equal statistical weights
‘are assigned to creation and annihitation of both
particle and anti-particle. It is clear that
{kgse® o) and (-kg.- refer to the same mass
state #=v kg -(f-%/c) ‘It is therefore
suggested that (7.36) represents the condition
that an electron and a positron be created
together near a heavy nucleus through the agency
of a gamma ray, and hence agreement with reality
in this case. It {s true that the creation does
not occur fn a vacuum, but it is the closest
approximation to such a condition observed in
'??igﬁgonnection znd to this extent verifies

Moreover, condition (7.36} and its meaning

will be proposed as replacement of Dirac's hole

model of electron-positron creation, and §s

. worthy of note hare in reference to BE fields.

Thus, Dfrac’'s assertion that negative energy
states are conceived to be gccupied by electrons
becomes transformed to the assertion that nega-
tive 1nertial four-momentum' states are anti-
particles (e.g. positrons); the exclusion
principle prevents transitions into occupied
states. The assumption that the negative energy
states (e.g. positrons) produce no electromag-
netic or gravitational effects is now altered to
assert that {along with other virtual states) the
negative four-momentum states are responsibie,
in the mean, for classical electromagnetic and
gravitational effects. .
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Although the BE field 15 not subject to the
exclusion principle, similar interpretations
apply to it.

The symmetry in the {'?-\, t} and §¥o, to'i
spaces, and the existence of a probability
density for {rT, ts space now justifies the
averages over ¥ and t mentioned earlier {Sections
&3and 7./). Except perhaps for the vacuum condi-
tion, the correspondence in behavior of the two
spaces is complete to this extent. But this
condition 15 more a reflection of a limited type
of experiment than a true picture of the field
structures in the two spaces,

7.3 The Unified Field and Quantum Mechanics

The significance of the foregoing theory for
the quantum mechanics can be fllustrated by some
physical considerations.

There are two features of physical observa-
tion at the basis of the quantum mechanics. They
are:

a) the de Broglie ﬁypdthes!s recognizing
the wave character of matter; and

b) the indivisibility and uncontrollabil-
ity of transfer of a quantum of energy between
physical systems.

A theory seeking to supplant the gquantum
mechanics must account for these features.

The foregoing discussion has been based on a
wave model of the matter state and embodies the
de Broglie hypothesis; it does not, however,
exclude the particle aspect of matter.

For definiteness, let us consider the case
where observations do not resolve virtual
processes; this is the atomic level of observa-
tion. This is expressed in the present theory by
the assumption that the coordinates measured are
X~Xoy Y=Yo,» 2-Zg, and t-ty, denoted by X, ¥, I
and T, respectively. The corresponding metric is

7 dslu dxt'f' d)"'+ dZ"—c‘dT"”j;)

with energy E and momentum P defined in the usual
manner.* In addition one may define the action
variable for a particle in a periodic orbit, by

J= {'F_JQ (7.38)

where Q=q-~qg and P=p-py are generalized coordi-
nate and momentum. Averaging over the virtual
processes, one finds

J = §/ndj Wfpdp> @39

*This metric could have been chosen from the out-
set with the understanding that the coordinates
{e.g9. Section 6) are random variables. The
approximation implied by the separation would not
then be in effect, but comparison with preceding
theories would not be as direct. : :
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For sufficiently small values of the first
integral (i.e. on an atomic level} the s
becomes of comparable vaiue. Since %< ."}>h
the minimum value of the second integral 1¢ esti-

to be h. Similarly, differences in the
values of J have a minimum value of h.

But, with reference to a light wave of
frequency » , a variation in the energy

Eo = h»  of the wave (see (5.25) is given by
aE, ~ g—‘j;:’-AJ'rvl-v (7.40)

No smaller energy transfer than h¥  can be
expected, under the conditions assumed.

It is felt that many of the conceptual
difficulties of the quantum mechanics arise from
the division between particle and field. The
uncertainty principle, for example, concerns the
indivisible transfer of energy between a radia-
tion field and particle. Because of the need to
use radiation to observe the motion of a par-
ticle, that motion is perturbed. The degree of
the perturbation is measured by the complementary
relation between the momentum and location of the
particle. Thus the observer enters into the
determination of the reality of physical observa-
tions. On the other hand, in the context of the
present theory, there is necessarily a complemen-
tary relation between frequency and time interval
necessary to define the field, or, alternately,
between the bandwidth of the filter required to
observe the desired feature within the time
interval allowed. A similar remark applies to
the momentum and location of a given feature of a
particle field. In the latter case, the reality
of the physical worid is not considered to be
inaccessible to the observer, due to his inter-
ference with ft, but its perception is limited by
the type of instrumentation used.

In addition, the present theory replaces the
probability field of the quantum mechanics des-
cribed by a function by the potentials of the
field equations, chasen to be invariant under
transformations leaving the above metric invar-
jant. Thus, instead of an auxiliary P field
which guides the motion of an assembly of par-
ticles, or describes the probability of the
behavior of a single particle, one has a poten-
tial which can be directly related to the density
of the matter/radiation field. No change in the
formalism of the quantum mechanics appears to be
necessary; there is simply a re-interpretation of
methods used,

For example, the mysterious notion of a
particle "leaking through" a potential barrier,
(as in radicactive decay) since the Y function
of quantum mechanics is of a wave-Tike nature and
carries the particle along with it, is replaced
by an alternate concept. In the alternate model,
the fluctuations in the energy of the particle
constrained within the barrier are sometimes
sufficient to carry the particle over the bar-
rier, whence it escapes from the potential well,
giving up its excess energy to the well as it
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leaves. The latter model, it is felt, is more
easily visuaTized than the former, and more in
consonance with the model advanced in preceding
sections. Another model is seen to arise from
identifying the particle with the unified field
for which leakage through a barrier by a somewhat
similar mechanism can be visualized, again a more
direct description than possible with the auxil-
iary 'Q) field.

In cTosing, 1t is noted that the need to
appeal to spontaneous processes to provide a more
classical picture of quantum effects is well
known, e.g. the role of spontaneous emission of
radiation in the derivation of the Planck black
body radiation distribution. And, although these
spontaneous processes lead to an infinite zero
point energy for the radiation field, they are
necessary to trigger any emission of radiation by
a system in a stationary state. The present
theory provides a mechanism for these effects,
otherwise unresolved as spontaneous processes.

7.4 The BE Field with Sources: Interactions
Between Fields.

The formalism developed in the preceding
sections has had reference to the unforced BE
field. As pointed out above, the restriction
does not exclude matter currents from the field,
these currents being an integral part of the
field. Yet one does not obtain the classical
electromagnetic field equations with sources
from the present theory, in the appropriate con-
text, and hence the formalism must be extended.

Postulate VIII. In the presence of sources,

- specified by the efght-current density (7.10),

the equations of motion of the generalized radi-
ation-matter BE field potentials are

28", = F A (7.41)

It is emphasized that Postulate VII remains
valid.

Averaging (7.41) over virtual processes,
one obtains (note <&b47.=0 )

3% ALy, = 4&-(4;2 (7.42)

in aireement with the classical theory
{ k4 =1,2,...4). Moreover, Postulates VII and
VIII imply that

Qli}m = 4xf (7.43)
and hence that
8"‘({“>o= #xdfn >, (7.44)

Equations {(7.44) are the classical equations of
motion for the field intensities if

Ak =1,2,3,4.
Defining the generalized force density

A
— be
K3 =$urd (7.45)
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equations (7.43} imply
’ 3’, = (y' 7/:9

where T, = Ty, is the éner?y-mm&entum
tensor “defined fﬁ: relation {7.8); the use of the
factor 1/4» 1s then justified.

(7.46)

A forcing action may likewise be obtained by
interaction of two fields. Formal expression of
this sftuation is obtained by replacing S« in
the above theory by

D348,

where { 434 } is the eight-potential descriptive
of the interacting field.

(7.47)

It would lead this preliminary study too far
from the present purpose to detail further prop-
erties of the BE field; introduction of the gen-
eralized FD field will next be considered.

7.5 The Fermi-Dirac Field

With respect to the meaning of equations
{6.20) and (6.25), it is seen that these are es-
sent{ally equivalent to the Proca field equations
and hence describe mass states of integral spin.
The results of Section 6.5 indicate that a single
set of equations of motion for both BE and FD
fields may be possible. On the other hand, 1% is
easier to employ existing analytic’ techniques, as
well as being of {interest to examine the meaning
of these methods in the light of the present
viewpoint. For the foregoing reasons, the Dirac
equation will be extended to obtain the equations
of motion of a generalized Permi-Dirac matter-
radiation field, characterized by half-integral
intrinsic spin.

Thus, with the aid of the matrices
21 =f0 —¢ =/ 0
s|g(’a) ;QB (" o),sa_ o -l

I“(cf ?)’ D= ;’:_ (7.48)

one defines the eight row and column Hermitian
matrices

8,000 S,000
0=lo0s,60 \ o;=f{ 05,00
060 30 > 005, 0
o0 095 00 08,7 (1.89)
Sa000
ﬂ; = Qg 5% 0o
| e oS0

00 05
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b

eooTl - 000-¢T
6=l ooTo ft(oall‘o

rToln irood
/T oo 0
£ ¢-T oD
0.0 IO
o0 0-T

1000 ~iTa6 ©

</0030 00¢TD
F‘ 00 0 B fi- 000 Pl
oT 00 _ o-¢T 0

(7.51)

-8 & DD
f!,.fr o~T 006
g 0 To
oo o7

The components of gach of the triples 5* =
(0r1,0%,073), $r (;x.ie.?a)._and A=
(£1,£2.,43) corhute with the components of any
other triple, and anticommute among themselves,
A1l the matrices satisfy the relations (&g, with

k=1,2,3, denotes kth component of a given
triple of matrices)

=1 (7.52)
i fgt % =280 I, (743

Lew i 2,3
ezkufiat,,'-,'m?. 1,2,3 {7.54)

{where k, £ , m are permuted cyclically), and
(&".,EXI'%-)‘_‘Z'?‘"’.E'(J‘&) (7.55)

(yhere A and B are vectors which commute with
o). The traces of all the matrices are equal to
zero.

With the aid of the matrices (7.49) to
(7.51) one may factor the fundamental relation
between momenta and energfes (6.5) into the
square of the equation

£i5F Hhef hompE +p 2 (1.56)

Now, letting
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Y =(B) = (P s P 7.57)

denote a row matrix whose elements are the
potentials of the FD field, there is introduced

Postulate IX. The equations of motion of
the free Fermi-Dirac (FD) matter-radiation field
are assumed to be

v+ i8) afrrdf)]P=0 o

It is clear that (7.58) has been obtained by
means of the substitution (6.19} in equation
(7.56). Moreover, for closer identification with
the Dirac equation to which {7.58) will be shown
to reduce in the mean, it wil) be assumed from
the outset that the potentials '9';, may be complex
numbers.

Upon averaging (7.58)} over ¥y and to, and
assuming to vanish at infinity in
Tor to} space, one finds

8, (a-‘. V+EL§;)<’¢2 =0 (7,59)

which is to be compared with the equation of
motion for the free electromagnetic field.
Indeed, upon substituting for <P, the
expenential axp#-(p‘-i’-sa. one finds

Z —

Tﬂl(T'F __E:é)zo
so that & sE/c, or p2 = (E/c)Z, and the
latter is nothing else than the phase condition
for a free electromagnetic field, when applied to
the appropriate equations of motfon. It will be
shown that (7.58) refers to the equations of
motion of a field of half-integral spin, and
since (7.59) applies to a field of zero rest
mass, it (and the corresponding phase condition)
is suggested to be the equation of motion of the
neutrino field. Thus the neutrino field is the
analogue of the electramagnetic field, both as a
phase condition and as the result of averaging
over virtual processes.

1f a single mass state of non-vanishing rest
mass mg be specified, so that

Y= 'gocxf,f)e"a‘?o"“’o"') (7.60)
with 2=yR}:- (@/ey = Mk then
= ; L f E
(?'vo + .é.a%w - P(,'*X?.R- ?)émi ~gh)(7.61)

and since

-

B~ terms less
e = = M dhan unity I’

it follows that (7.58) becomes, to the indicated
approximation,

JLv+ -{_—ﬁ +¢'F’¢] YE =07, 62

with iﬁf' and p=f,l‘._. Equation (7.62) is
recognized as the Dirac  equation. And with
(7.62) one recovers the Dirac formalism as well
as the c¢lassical quantum mechanics in the
appropriate non-relativistic 1imit,
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The relativistic invariance of both (7.58)
and (7.62 ) may be proved in a manner too wel}
described to he repeated here.

. Defi ninithe eight-current density by
F=eprEP ;a"‘-"?’*fﬁ-?"f’ (7.63)
=P P !’.‘P*Faf:.?’

and with the ald of the equations of motion

{7.58), it 1s easily shown that the current is
conserved:

. - &, P d P
y&,-v-é +a‘3;§*% 40“‘c.3£: (7.64)

o

and that

V-{f?. +fé ‘;f?_--o (7.65)

so that upon Tntegration

£ I <>, 4¥ =0 (7.66)

and hence P2, may be interpreted as a proba-
bility density.

One further defines the Hemiltonian
operator

Mo _’ﬁ?&[‘a,'&-‘.v-f-,d,@"“.'*a‘é}_-{{?.e?)

noting that this commutes with the generalization
of the angular momentum tensor

M=%l =% e (7.68)

and with the operators* -
- G
Fap+Lh

Y b 7.
l‘,x}: "'_‘é-"f (7.69)
and hence are constants of the motion,

7.6 The Coupled FD and BE Fields

The coupling of the FO and BE fields may be
expressed by the formalism fn a variety of ways.
For example, one may substitute the eight-current
density defined in Section 7.5 in eguations
(7.41) as a forcing term, and the potentials %,
for Oy 1in (7.47?. Further, by analogy with
the introduction of the current sources in
(7.41}, one may imagine a 1ike generalization of
!(:;lesg?uations of motion for the free FO field

*Tt 1s again pointed out that the quadratic
expressions of the spectal theory are generalized
by extending the domain of the sumation indices
from four to eight. Those variables defined in
terms of ry, tp alone are given an interpretation
ana.!o?ous to that in observer space for corre-
sponding expressions. In this connection, one
notes the effect of a transliation of observer
space on the angular mamentum op%r%ur_}
(]

FXE — (AP Fxp=txPi e i F,

o/
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C

On the other hand, the purpose here is a
discussion closely analogous to that employed by
Dirac in“deriving the spin properties of
the electron and demonstrate that the mass states
of the field under discussion do indeed possess
half integral spin.

Hence, in analogy with the customary proce-
dure, the substitutions {suitable for a point
charge; previously interaction potentials for-
charge and current distributions have been

featured) F—"'F zla.

p—> F-—ﬂ
7.70
Az _Lé_..n“val.;to Jﬁ. ‘:—-.ZV 7

arae carrvied out in equations (7. 58} Qne then

obtains

{P [¢- (V-IQI) + (8428 V)}
*lef‘("'":.-‘[z)*é"(at,*’ﬂ)]}?}ko (7.71)
and for the plane wave @;EW 3—&)65&@

Equat1ons (7.71) become

piJe(F-sd)+d (-E+eV)]
4-5,1!? (- };R:ﬁf(‘f;"j ¥)]=0

Upon squaring both sides of equations (7. 72), and
emplaying (7.55) in the forms

[3-(- L)~ (p-52)-4z 5 ¥

(7.72)

(7.73)
[#-(F- AT (- R)- 27
it 1s readﬂy seen that
(F-22 )& +n{%)
q-!%giirﬂii7-—;5§.f;:)iﬁ-f P .a-'cg (7.78)

. .
But2 f "'("’bﬂ) and setting E=E; +
Ey/myc <<1), one finds

6im s P50, g

.

Equations (7.75) is recognized as the non-
relativistic expression for the gnergy of a
particle with magnetic moment & mec inter-
acting with the magnetic field y and
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magnetic moment {5,_/‘”. . interacting with
the magnetic fiel . Only the first two
terms survive upon averaging over virtual pro-
cesses., One must conclude, however, that the
particle described by (7.78) has half integral
spin in observer space, with a similar behavior
in inertial space. The significance of the
charge ; will be taken up in the next section.

7.7 Magnetic Moments of Rotating Rig‘ld Bodies
and the Unified Field

The discussion in Section 7.6 found it
necessary to introduce a quantity with the
dimensions of electric charge. tharge
not be equal to £ since charge creation afld
annihilation may proceed in the neighborhood of a
particle observed to have no net electric charge
(e.q. the neutron}, so that although £ =0, it
does -not follow that q=0. In the latter connec-
tion, 1t has been implicitly assumed that the
scale of observation does not permit separating
out the products of charge creatfon; hence é must

can-

'be considered to be a kind of average char

For the present, it -will suffice that one can
expect the effectjve charge § to generate 2
magnetic field in the neighbdrhood of rotating
bodies. This conclusion follows from considera-
tions similar to those encountered in discussions
of the Einstein-deHaas-Barnett experiments35,
I

Thus it is asserted that, since the effect
ofég is small ¥n comparison with that of a

anent charge £ , a magnetic field should be
perceptible on & macroscopic scale in the neigh-
borhood of a large, sufficiently electrically
neutrat, body in rotation. Moreover, the ratio
of the magnetic moment to the angular momentum of
such a body should be

g0 (I/M.c)

Celestial bodies serve as the most well-known
examplies of large masses in in rotation which
possess magnetic fields, and of these, the best
known is the Earth. The magnetic field of the
Earth cannot be explafned on the basis of a small
and permanent electric charge, and it is of the
nature of a dipole field with axis roughly coin-
c¢ident with the axis of rotation of the Earth.

(7.76)

As long ago as 1947, Blacket roposed a
ratfo analogous to 7.76( czé’raw'&a f n cans‘hnt)

e &%m, (7.77)

(where L e of the order of unity), to hold
for all rotating celestial bodies,f.e

g'v C-’A'Mo

Although the agreement with observation was

" strikingly accurate for many cases, later obser-

vations disagreed with the predictions of 7.77,
However, the theory presented above makes it
possible to evaluate gg for cases in which
magnetohydrodynamic effects do not predominate
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{(for simplicity). Observation of rotating rigid
bodies at very high rotational speeds is an
example of such an experiment, if the experiment
can be carried out.

7.8 Summary

In the considerations above, it has been
shown that a unified field theory with a com-
paratively simple formalism can be derived by
splitting the space-time continuum into two
spaces. These spaces correspond to two inde-
pendent methods of signal generation, one a mean
effect and the other arising spontaneously,
characterized as uncontrollable noise.

With & few reasonable assumptions about the
structure of space-time one may obtain insight
into (among other subjects):

1) a causal description of nature, includ-

ing the quantum mechanics, as an integral part of
the theory:

2} @& more satisfactory conception of
"action at a distance";

3) an insight {nto the nature of elementary
particles, as it relates to the matter/energy
field and a2 mechanism for the quantization of
mass;

4} the genesis of elementary and gravita-
tional forces and an fmplementation of an anti-
gravity device,

The extensive agreement of the theory pro-
posed above, and those theories already
found to be in agreement with experiment,
constitutes a partial proof of the validity
of the theory. In addition, when the pro-
posed theory {is employed as a moderate
extension of accepted theories, one may
expect, by extrapolation, e.q., increased
insight into the subtraction of infinities
of the quantum mechanics, as well as more

accurate predictions and analyses of phenomena

not presently included in physical theory.

Appendix A

e
Kinetic Theory Model
of the Gravitation Field

The following semi-quantitative discussion
is a kinetic theory model of the generation of an
attractive force in the gravitation field by a
mechanism analogous to that proposed for the
unified field. It is not a detafled description,
but being formulated in terms more familiar than
the theory of Reference 1, it may be easier to
see how the attractive force arises in the uni-
fied field. It also serves to emphasize what
features are significant in the mechanism of the
force's generation.

We first consider a single particle of mass
M immersed in an ideal gas and in thermal equili-
brium with the gas at absolute temperature T.
The particle is subject to no other forces than
those due to collisions of the molecules of the
gas, which are assumed to have mass m and all to
move with speed v. We assume thatm M. The
molecules interact strongly with the large par-
ticle and very weakly with one anather. We will
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show below that the speed of the molecules of the
gas, as well as the density of the gas, must,
contrary to the initial assimption, vary through-
out the gas volume. ‘

The speed of each molecule is given by

v = (3kT/m)% (A1)

and of the large, massive, particle by

V= @kT/M)% (A2)

et @

In a single collision bhetween a molecule and the
large mass, the ratio of the changes in speeds,

Av/ AV is 1n the ratio M/m. Thus on the aver-
age, the massive particle {s essentially at rest
and gains very little in speed in any single col-
Tision; multiple collisions lead to the condition
sumarized in equation A3, again essentially a
rest condition. Moreover, multiple collisions
with molecules is essentially symetric as far as
the large particle is concerned, so that the
Targe particle tends to remain in a single loca-
tion. The situation 1s very different for each
colliding molecule since it is brought nearly to
rest with every collision with the large parti-
cle. Since the pressure of the gas p at any
point is given by

p=F v (#4)

s0 that

where f refers to the average mass density of
the moTecules (i.e. = mm, where n s equal
to the number of molefules per unit volume),
there is implied a reduction in pressure in the
neighborhood of the large particle and consequent
flow of molecules toward the particle. Assuming
thermal equilibrium to continue to hold, the
pressure near the massive particle can only
increase if the particle density increases. Once
equilibrium in mass flow has been established, we
can expect that the increase in density over the
original density is effective over, approxi-
mately, several mean free path lengths of the
molecules. The mean free path L varies invers-
ely as the density of the gas f .

Let us now consider a configuration of two
massive particles immersed in an ideal gas, under
the same conditions originally postulated for the
single particle above. We will, in addition,
assume that the particle density distribution
corresponding to a state of thermal equilibrium
exists separately for each massive particle,
without perturbation by the distribution associ-
ated with the other particle. This assumption,
as a first approximation, in the spirit of the
discussion above for a single massive particle,
corresponds to the principle of linear superposi-
tion for the unified field. Like the assumption
made in the preceding discussion for the single
particle, it leads to a further mass flow.

For each particle senses a departure from
the equilibrium condition of gas density which
would exist if it were the only large particle in



Downloaded by KUNGLIGA TEKNISKA HOGSKOLEN KTH on Novembier 12, 2015 | http://arc.aiaa.org | DOI: 10.2514/6.1981-1608

the gas. To re-establish this condition, there
must be a mass flow from each element of volume
toward each of the large particles until a sym-
metric density distribution with smaller mean
free path (due to the increased density) and a
smaller region in which the density varies is
established. The reaction upon the large parti-
cles, of compelling this mass flow, is a force
urging the particles toward ome another, taking
1nt? account the symmetry of the processes
acting.

Appendix B

By means of Rayleigh's method32, it is
possible to gain further insight into the role
played by random phase shifts in generating that
property of matter-radiation known as inertia.

Let N denote the total number of combina-
tions of n independent unit sinusoidal motions
with resultant {xqg, Yo, Zp, fcty) =
(so&o, P.. g, ) (see footnote of Section 12)
and let

MF(""""E’*% ,2'cmoiz‘lsod(ﬂd)

denote the number of combinations lying 1n the
interval xg, Xo*dxgs Yo.Yotd¥Yo.2g,Zo% dzg,ictyt
d{icty). It is assumed that the phases of the
vibrations are distributed randomly and that both
N and n are large.

Let P(xg,Y0,2g,1Cty) be the coordinates of a
point after each of the N combinations has re-
ceived one additional vibration, so that n
increases to n+l. Then before the addition, the
coordinates of P must have been

X=X~ Sa8ind, 8¢ P,cx %o
a&,f-.-. Y, S.8ind, 3inf,sing, (B1)
%o‘.. %~ 8o -e'nd,c.aspg
tety= dcb,—5, 0054,
and the number in the volume element

dxodygdzed(fctg) after the addition, and averag-
ing over phases, must be given by the left side

of
Ndxd a,la,dffd‘.) <F("rxo':"§.', 8,' R '&b")),
=NFi m’)*»}uﬁ'x &W}dy‘(’ 'e'f‘.) (82)

But, upon expanding F{n,xp,¥o,ZosiCta) in a
power series about the point (Xg,Yos2p.icto) and
carrying out the indicated average, one finds
that only terms quadratic in the varjables
rematn. Further, expanding F(n+l,xg,¥g.Z0s1Ctg)
in a power series in the neighborhood of n, and
equating quadratic terms figuring in (B2), one

finds _
(A,-— _L'.&."),},_-__Léﬁ B

et IEr )3 T et an
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In equation (83). it has been assumed that
(o—%eYy =l %)} = Tt R)%) (Ba)
and F(n.ro,icto)-f(n.ro.ctoTt T

An elementary solution of (B3) is
JRe? - ayt))—o where >* =
kg - c&ficz. s0 that the effective diameter (R
of the domain of f(n.ro.gto) fn n {s of the order
of magnjtude 1/g~ 2 »¢ ©.” That is, the factor
eI governs the amplitude of the
efementary soTution, with

R~ fo>x2 (B5)

But O measures the effective range of the
tnertial motion; hence, 1t follows that »¢ (or
the inerti{al mass ) 15 inversely propor-

‘tional to (approximately)

1} the square root of the maximum effective
value of n, and’

ii) the diameter of the domain of the
inertial motion.

Appendix €

Although the following considerations admit
of a more general formulation, the analysis will
be directed toward equations of the type featured
in this work:

OV(# ) =W(# ) (c1)

The application to the equations sometimes
introduced in the analysis of Brownian motion

(1.e. Langevin's equation, where F; is the
position vector of the Brownian particle, ,? is
a constant, and A{t) is a fluctuating vector
function), will be evident.

Let it be supposed that_‘some boundary condi-
tion has been assigned to V(v,t) for the point
F=Fg, t=ts. Then one may indicate the dependence
of ¥(¥,t) on this choice by setting

Vit t)= V(RE T, 4) (c3)

Any ambiguity introduced by the notation intro-
duced in {C3). wil1 be avoided by always indicat-
ing the arguments of the function under
discussion.

One then imagines the motion of the poten-
tial field V(v,t) constantly interrupted, each_
time beginning a new with different values of ¥
and tg, such that

hy=0 (ca)
<E=0
But |
V@t 82, )= Vit;00) +7’.-‘;',V}e..+*z§gv/;_,(c5)
v . m #.'a
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whence it follows that

OV ;00 =wign-4-%aV] (c6)

1x0

 — _d 2 -y ‘.
1§amhr]v'&3.%

where the terms in V(¥,t; Fo.to) on the right
side of {C6) are exhibited as forcing terms on
the same scale of observation as W(r,t).
Moreover,

OV@E,2;00)=WED @EV!&.}
40

~Jt 3T .
?ff.sgf-cl\/£a=o:> —_ ()
o0
and o . . V
V (#8500 = 0T WEL L [a:ﬂ
2 4= (c8)
_iiatov}a;-o
=m0

where the symbal EI_'1s defined by the relation

a"'oV=V

(€9)

Thus, the behavior of V(¥,t;roto) in the,
neighborhood of the common average value of ro
and to (i.e. the value most frequently taken on
by these arguments) is a result of forcing terms
additional to W{r,t). On the average, only terms
of even order in Fp and t, contribute to the
variation of V(¥,t;0,0); ?n the absence of an
average, the first two such forcing terms are
linear in these variables. And if the latter ,
terms dominate the behavior of the series in Ty
and to in (C8), then they must act to oppose any
variation of V(¥,t;rg,ty) from the value
¥(r,t;0,0).

~
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