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E  Summary

Complex scalar waves in continuous space are capable of displaying a special kind of smoothness of dynamic properties, and this feature
applies in particularly interesting ways to the Minkowski relativistic sorts of 4-spaces and the emergence of quantal phenomena. One way
of wiewing the smoothness is as a tendency to concentrate energy in oscillatory modes at lower frequencies to a degree that is greater
than is the case in purely (mathematically) real systems. Inthese terms we may see why the famous "ultraviclet catastrophe” of early
terentieth century physics models does not occur in nature.

The conventional approach to physics based upon primacy of the Lagrangian model of dynamics obscures this characteristic smoothness
and consequently leaves an impression that the ultraviolet catastrophe is bound to occur. Having started with such "noisy” models this
impression is then very hard to dispel by reasoning, a problem that is rampant in late twentieth century guantum electrodynamics. In
contrast we pursue here an Eulerian model of continuous complex fields until, in the simplest sufficient form compatible with observed
reality, it reveals the emergence of guantal phenomena in its behaviour.

The ohjective here is to explore and develop the especially smooth nature of interactions in the class of complex waves in a continuum so
that models may be created that do nat start with the disadvantage of implausibility at high frequencies. Where such maodels are

1 of 32



Smooth and Quantal Properties of the Complex Wave.

applicable, and that appears to be the case in the complex variable wave dynamics of sub-quantal physical processes, the resulting
approach is often simpler both to understand and to manipulate than are models based on Lagrangian ideas.

E Introduction and Motivation

A wish to find better working models in electrodynamics motivates this wiork. There are problems with the basic paradigm of twentisth
century physics, inwhich a deterministic wave process provides the wave function from which is derived the probabilities of the state in
wihich "each particle may be found". Animplicit abandonment of the principle of causality in such a model leads to difficulties in physics
where it shows up as observable phenomena demanding the status of non-local causation. Alsoin applications such as engineering the
departure from underking rigorous causal logic impedes comprehension and development by the individual non-specialist worker.

Here we study a model that is deterministic and continuous throughout, and inwhich the essentials of uncertainty and quantal phenomena
arise as emergent in the inherent and unavoidable characteristics of the processes of observation by an observer who is also part of the
wave Ccontinuum. This is done at least in the hope of providing some useful approximate models that are more logically tractable than
usual physics theory, and of exploring to expose and extend the limits of development of continuum wawe models of this sort.

How can there be such an alternative?

Wi might think of the microscopic processes as Involving parficies hecause we seem always fo see thewm in the defection
process. More siricthy we see quanta, hut the immediale canviction siilf remains thal way regarding parficies. Bul if vou
recognise that ihere wowid be no defection possible If it were nof for ihe fumps and Jumps nature in the obearvalion process itsalfl,
ihen it cames as natural enough to attempt to describe the whole process an the basis of canfinuous waves. This is especiaily
frue ifthe resuliing mode! can account for the camplete resulls, including the means fo quaniisation, because It is evident that ihe
particle based models cannot do so without at least some seroushy counter-intultive pars being added into the mods].

Thinking In wave ferms the appearance of quanial and parficulate resulis is then o be seen as the consequences of the
operation of a wave process under the candifions necessany for ohservalion to be possible. How such quanial phenomena and
siafes can arise in & purely wave hased process s ihen of parficularly greaf inferest. In contrast fo the idea of the callapse of a
probability wave funchion as per the Copenhagen interprefalion of guantum mechanics, In a wave maode! the delection is not sven
expectad {o occur af an instant but rather a= the final auicome of a noisy frajectons of state with form that we can infer by ihe
siatistical effecis butf can never observe In specific instances except through its oufcome. This s because our obsanvalion faculty
is liself made ofthe same kind of processes. IHis only after a wave process has seffled out Info a distinct and durahle siate thaf
we can congider ourselves as having oblained a result. Significant delay, though it may supericially seerm short, 15 aiways
invalved in determining that ouicome.

The quanial nature that is the necessany oulcome of ohsernvalion leads us to insfo explain the entire praocess in ferms of these
discrete oufcomes, and that makes us consign the unknowable parf of the process feading {o each ohservalion fo a probahility
domaln. Thus the conventional quanium theons and the Standard Mode! of pariiculate guantum mechanics s based upon a
deferministic wave process of sfale evolufion followed by a sudden resalufion info & discrele siafe af the poinf where ohservation
occurs it leads people fo puzzle deeply over how such a sudden event can occur in the obssrvalion process, and fo wonder If
ihere is any sense In considening the sfate of something that Is nof ohserved (Schrodinger’s cal). 1 even leads lo questions of
whether there has fo be an obsarving mind invalved in order for the probabilify colfapse fo accur (Wigner).

These metaphysical quesiions are OK far debale, but by using a model in which the wave and guantal involvement of
interactions in the process of ohservalion are laken Info account, no such guestions arsse. No probabilistic part /s necessans in
ihe primary model Probahilify is then consigned fo handiing onfy the siate of things that as finife participaiors in such a sysfem
we do nof, and espacially that we cannol, know.

This approach does not set out to be different in its predictions about phenomena. It is merely an alternative model in which the
convenience of use is improwved by greater intuitive value regarding matters of causality. |t will, howsser, reguire that the user of such a
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model remaove the idea of "particle” from its primal position and replace it with something like "wawe" or "field". The phaoton, though having
cuantal energy, will be never more than an illusion created by the process of observation. The electron will have no more than partial status
as "substance"”, taking approximately stable form onky when it is part of an atomic, molecular or crystalline structure, and behaving as no
more than a special kind of waves when in free flight. The nuclear particles such as baryons and hadrons will be regarded as having
substantial form as solitons, but will not be dealt with in this essay beyond providing point nuclear charges upon which electronic fields may
be centred.

The basis of analysing atomic electrodynamics is developed using a Klein-Gordon like equation to the point where the spontaneous
emergence of charge and magnet quantisation is made evident. The use of a Hilbert transform in deriving the charge and current
origination from the y-field is essential, and is the seat of the non-Lagrangian "smoothness” referred ta in the title.

Sowe et out by describing matter as De Broglie's waves in a non-Lagrangian locally causal continuous complex scalar wave model,
Within this model interactions, occurring via Maswell electromagnetic wiaves, are described interms of functions of the De Broglie wave
state and its derivatives. This is done on a basis that uses no real frame of reference in the complex plane. In atherwords only relative
values of the complex argument (phase) are involved in bringing about these interactions. Such "relativity of phase" is impartant, and
although easy enough to realise in a complex wave model such as when using the Hilbert transform, it presents great difficulties with
concepts of either the Lagrangian or particle based sorts. These problems are currently handled by means of gauge theories, whereas no
such construct is necessary in the approach taken here. From this model with its built-in Minkowski geometry all the necessary effects are
shown to emerge that produce the non-linearity essential to give rise to spontaneous quantisation of electronic fields.

Triplet interactions of wave modes, usually between two resonant complex matter waves and one electromagnetic wave either resonant or
propagating .. see Allen and Eberly [AEST], also form an important concept and this is developed in Appendix B.

For an introduction to some basic ideas about observation that offer a platform for this approach to modelling see the accompanying
paper "Esgential Structure in Physical Ohservation” [ABOES].

For those who have a conventional background in physics based upon use of the Lagrangian model there is further discussionin
Appendix A of why its use is rejected here.

Apart from the nature of Cauchy-Riemann differentiability | have notyet found out and would like to know if and how the mathematical
fraternity refer to this "smaooth” nature that is peculiar to these sonts of complex waves. They are characteristically smoothly rotative in the
complex plane (M B. that does not mean they necessarily rotate in space) with more or less uniform magnitude whersas real waves must
oscillate in their real scalar dimension with repeated transitions through zero. The difference from dynamic systems described by real
wariables is for this reason dramatic.

E? Electronic Interactions

By wiay of our experiences of basic physical interactions at the atomic levelwe are most aware of the atomic spectral interactions with an
glectromagnetic field. Each such interaction usually involves a Maxeellian radiation field and the simultaneous perturbation of the
excitation of two atomic electron modes . see [AEET]. This is the simple case, and the two electronic modes can altemnatively be
associated with larger structures such as molecules or crystals. The process remains the same in that each interaction involves three
elemental field structures, two of them De Broglie matter wawves and the other an electromagnetic wave. We can, if we choose, complete
the model of interaction by terminating the slectromagnetic wave at its "other end" in some other nearby resonant structure of matter.
Although this extends the range of dynamics possibilities the elements of the process remain similar.

Yiewed in the above way the model of an atom may be seen as continuous in its space of possible electronic excitations, but discrete only
inits state of charge quantisation ... say for instance its state of ionic charge. By inducing shifts of the excitation state progressively away
from equilibrium an othenwise stable atom can be made to increase its tendency to break from its existing ionic state and changs to
another. This model accords with guite usual sorts of systems models with continuous state and discrete attractor points near to which the
gystem fluctuates and between which it sometimes jumps. The attractors are associated with the charge structure state, and not with any
other aspect of the atom. The excitation levels of the individual electron modes in such a model tend to their Fermi distribution levels (ref
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here) only as the result of electromagnetic interactions in a thermal milieu. If that thermal interaction is strong then following a disturbance
they will return quickly, and if not so strong, then slower. They will always suffer some degree of thermal perturbation about their respective
Fermi levels.

Itis awidespread usage to consider these states of excitation in atoms to take only guantal values, but in fact there is no direct evidence
of this since the only ways in which the guantisation can be observed is by means of the rather more explicit gquantal changes of charge
state within the processes that are essential to the structure of the observation apparatus .. see [ABoES] The rules that dictate the
relationships of these quantal effects are strict but have a form that allows us to remowve them from the electron mode excitations without
altering the extent of and limitation to prediction of behaviour of the system. That is what | shall do here. This possikility is rather widely
believed not to be true, but that is the result of other assumptions about the possibility of objective observation, and | shall not make those
assumptions here. For many purposes this can actually simplify our model and is at least an interesting alternative to the so called
"Standard Model" and the non-local "Copenhagen interpretation” that are current in gquantum mechanics.

To see that the Fermi distribution comes abaout, and with it the related Planclk distribution of mean energy levels as associated with their
respective electromagnetic frequencies, we need only to recognise that non-linear interactions between three lossless complex wave
systems at different frequencies produce signed poweer transfers into the respective systemns that are proportional to the respective
frequencies and depend upon the phase relationships (see Appendix B). That causes the De Broglie standing mode excitation levels to
conform to Fermi-Dirac statistics and produce the Fermi distribution whilst the Maxwellian processes that mediate the energy
interchanges followr Bose-Einstein statistics producing spectra that correspond to the Planclk distribution of radiation intensity versus
frequency.

Herein lies a further heretical point of this model. This is that the principle of power proportional to frequency ininteractions applies in
terms of "signed" frequencies .. we shall not be free to associate negative frequencies with anti-matter in this model, but fortunately that is
not a fatal problem. It does mean that we cannot use the usual ideas surrounding the Schridinger and Dirac equation models as basic in
this respect, but that difficulty will be solved by means of what is in fact a simplification and generalisation in our choice of equation form.
The conventional equations remain as approximations which are sometimes useful.

E! The Causally Completed Model

In arder to have a closed loop of effects constituting a causal model for electrodynamics we need to depict the origination of charge and
magnetic field. Thiswill complete a cycle of causal influences whereby the Klein-Gordon equation mediates the form of electron wawe in a
given coupling field and the model of charge origination developed here below operating through Maawellian propagation mediates the
form of coupling field for the given electron wawve and atomic nuclei. The causal cycle is therely closed.

4 of 32



Smooth and Quantal Properties of the Complex Wave.

The diagram in Figure 1 shows the general disposition of causal linkages for the model. This type of diagram summarises the fields and
their interactions that make up the entire model.

Each nodal dot represents a variable : : _
o De Broglie wave invariance
that has a wvalug at every point in the four
dimensional space-time. The y-wawve is
complex scalar, the charge density is
real scalar, the current density is real
3-vector and the EM (electromagnetic)

wawe 15 generally thought of as a related

Charge
origination

Magnet
origination

pair of real 3-vectors.

EM

Electric .
couplings

The four-space inwhich all these fields charge
density

Electric
current
density

Electric
divergence

Magnetic

exist as wave functions is referred to as div curl

the Minkowski space to denote the way
that one dimension, that associated with
time, is treated differently from the other
three "physical” space dimensions with

|
\ Continuity

their Euclidean geometric properties. invanance

This is the basis of special relativity in

the model. Maxwell propagation invariance

The inner loops marked E and M deal Figure 1 -- Causal Linkages in the Wave Model

with the dynamics of charge and current

regulation. Indeed, itis only the E loop that takes effect in determining the distinctions between the discrete attractor states of different
ionic charge distributions. Magnetic quantisation invaling loop Wis more subtle. The remaining causal paths at the lower part of the
diagram are via Maxwellian fields. These latter effects are mainly observable as interactions between separate charge or current bearing
entiies. The processes supporting inter-atomic molecular bonding lie in the hinterland where either or both of these sorts of causal
gystems may be involved, the upper loops dominating inwhat are called valence bonds and the lower loops inionic bonds.

Forces of attraction and repulsion between othenwise intact substantial entities can arise with both sorts of interactions, but the steeply
rising potential fislds of repulsion (ie. steeper than inverse square law with distance) typical of the van der VWaals forces for close proximity
must involve the upper loops inthe diagram.

What we know as "force” is manifested in this model by the way that the averlapping of one intact substantial entity by the fields of another
inherently introduces an acceleration of its wawe structure that can only be nullified by the introduction of some other such overlapping field
from yet another substantial entity. It is the systematic guantification of the means for creating and maintaining these field overlaps that we
referto as "force”. These acceleration inducing, or momentum transferring, or, as we would account for them in this model, field deforming
influences are mutual in certain effects between any two substantial entities, and fortunately these effects can be quantified consistently
and abstractly, but nevertheless simply, by wector addition in physical space (Mewton's laws). Howewer, itis only in respect of the
interactions of supposedly othemnise intact separate entities that the concept can be given a reality. Inthis model the moving wawes are
the reality and although lumpy, they are all of a piece and move under local causal fisld rules. The forces are an abstraction only relevant to
an observer that is itself a self identifying part of the system of waves . you may hypothesise or postulate something or other involving
forces, but with this sort of model you do not need to, and indeed cannot, observe (in the explicit sense of "measure™) from outside of the
system any forces, because there are none described by the model. Itis basically a kinematic maodel.

Thus we have here a type of abstraction that, in spite of having its own sense of absoluteness, is the opposite of the notion in the direct
sense of an "objective” model. Inthis model it becomes clear that we could never in practice be privy to the entire picture simply because
we alwiays have to be part of it. The uncertainties in processes of both the quantal and thermodynamic sorts, both of which are
fundamental to the processes of observation . see [ABoES], arise from this nature.

By reference to this sort of diagram we may distinguish two meanings to the word "coherence". The first, which | like to refer to as "quantal
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coherence", is the locking together into a substantial and persisting whole of a system of wave modes by virtue of their interwoven and
shared charge distribution structure. Such is the nature of physical solidity, and physicists refer to such a state as "condensed matter”.
This is not the normal usage of the word "coherence” in physics, but may well suit the general conception of its lay meaning. After all, at
root to cohere means to "stick together”. The second, we could call it "wave coherence” and it is the more common meaning in physics, is
the sense inwhich waves of either the De Broglie or the Maaell sorts may form concentrations in bands of frequency sufficiently narrow
that they do not change in relative phase by more than about a radian throughout the space and time of some sympathetic process of
interaction. They can then produce exaggerated effects, called interference, through "squars of sum of amplitudes" as compared to the
smaller "sum of squares of amplitudes” which is all that can be effective in processes where the phases are randomised or chactic. Seen
on this basis the modal wawves underlying the guantal coherence of a solid have to be wave-coherent within each mode, but are not so
betwizen the modes.

The details of this model must now be painted in.

E' Charge and Magnet Origination

To make our closed causal model possible we must define how electric charge and current are manifested interms of the De Broglie
matter wave field. The coefficients of the Klein-Gordon equation are influenced by the distributed form of the charge, and are therefore
functions of space-time co-ordinates. Thus we might refer to this form of the equation as a Modulated Klein-Gordon equation,
shortened here to MKG . In different forms of approximation the modulated coefficients may be introduced sither in the matrix of
coefficients of the second differential terms or in the non-differential term in the equation, as discussed below. Such "modulated” forms of
the equation are sometimes referred to elsewhere as "Non-lingar Klein-Gordon equations”, but they are in fact linear so long as the
modulated coefficients can be taken as independent of the wave variable. As they are used here below that is a valuable approximation.

Comparison with Conventional Quantum Mechanics

Thig is notthe approach faken in conveniional quantum mechanics. There the loop of causalify Is broken by insisfing upon
guanial values for many of the variablas, and where any discrepancies ocour the associated integrals are simply normalised fo
bring their overall value info line with the oheerved probahilifies of quantal defection In experiment. Since a major objective here
is fo demonstrate the emerence of quantal phenomena such imposifion of guantisation would defeat our purpose.

If & usefu! mode! of quaniisalion process can be achisved as sef ouf below then any discrepancy from experiment can still he
dealt with by the use of normalising constanis al that siage, and fo the extent that this 1= done Ieaving the made! “quaiitative onfy”
which would be the same, In this respect as the convenfional quanium mechanics. Application of the maode! fo mamy things like
calculation ofthe fine structure constant and the Lamb shilt provides the tests of this sof.

Physics and engineering concepts of electric patential often appear different, one being absolute and the other relative. Inits effects within
an atom as described by Schradinger and Dirac equations, electric potential acts as though itis an absolute quantity whereas in relation
to phenomena at greater distances it is manifested as being relative .. a difference between different points in space (consider the
enormous potential differences of megavolts involved in a thunder storm that have no absolute effects upan local chemistry).

"Fotential" is a concept applicable only in systemn states with Zero relative velocities, Such invariance of integral aver different paths
cannct be applied generally in the Minkowski 4-space. Therefore itis not suitable as part of a relativistic dynamics model.

Here we deal with these coupling effects only via the Maanellian fisld strengths and their rates of change. These involve only local potential
gradients and not absolute potentials. To do this the couplings are all introduced into the constitutive Klein-Gordon equation via its
differential terms, and in particular its mixed space/space and spaceftime terms. The Schrédinger and Dirac equations are
approximations to this model in which these gradients are pre-integrated to give potentials before installing them in the constant term in
the differential operator of the equation. Under those approximations the only possible form of maotion consists of steady oscillations (i.e.
hawing zero real part to their exponential characteristic) and at zero group velocity.

We may first describe the way that the electric and magnetic effects (charge and current) arise from the w-wave field. Aftervards we shall
look at the nature of the relative effects acting at a distance, and that will be in terms of the Maxeeellian system of wave propagation.
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To comply with the Planck constant proportionality between (modulus of) frequency and observed energy we need a simple model
whereby charge will be generated locally a5 dependent upon intensity (i.e. squared modulus) of y excitation in proportion to both this
intensity and to its (modulus of) frequency. The following model does this and also suggests a form whereby the field can give rise to a
magnetising vector in a related manner. The resulting electromagnstic field can then return as a causal term in the mixed time-space
coupling terms in the Klein-Gordon differential operator matriz. It introduces afixed linkage (that is chirally handed) between sequence of
complex value of w and handedness of rotation of any directionally oriented form of maotion.

Normalising w:

A natural first affermpt at associating spalial energy density with the y function might be simply to use the squared magnifuds of
the funclion. Howeverihis leads fo reduced convenlence in the extension of the mode! o explain coupling effecls as will be
developed elzsewhsre. Instead the systerm s nonmalized such that the spatial density of energy is associated with the squared
magnitude ofthe time derivalive, which s equivalent in frequency domain terms to the squared magnitude of the funchion
muttinlied by the square ofthe frequency. Because of the curious abssnce of direct coupling between the separale frequency
spectral parts of the y-wave we are free to do this, whereas ifthis were g similar model tsing real variables (asin a Lagrandgian
model) It could nof be equivalent because of the fgid association befween posifive and negative frequencies.

Symbols and Nomenclature:

The star symbol as in x* denoles complex conjugation.

The copyright symbol used as a binany operator as in A©B denoles the convolulion operation (not vet used hersin).
Matlrices and vectors are sefn bold sans-serifiyoe . scalars: x, X, §, ¥ vecfors/matrices: X, X, §, ¥

Symbo! T asin X" denotes vector or matrix franspose. An unfransposed vectoris a colurmn, though

may have its glements depicted horizantally in the line of fexl.

The dagger symbal asin X denotes adiugate mairix, 1.e. the malrix of sighed minors (not vel used herein).

Taking Hy( . ) to denote a time domain Hilbert transform {n/2 phase advance) we may see the densities of electric charge and
magnetising vector (i e electric current) as generated by

Electric charge density Electric current density

qlt. X) = yr(t X).H @yt X)) it X) =yt ). H(Vy(t, X)) EHt
— Hy(y*(t, X)).Ay(t, X)/et — Hy(y* (t. X)).Vp(t, X)

Use of a Hilbert transform in the time domain {a non-causal operator that is equivalent to advancing the phase by n'2 at each frequency in
the Fourier transform domain) has been introduced in the modsl in the process of charge and magnst origination as dependent upaon local
y-wave. |ts inherent combination with the temporal derivative and final self product returns the overall process to causal form.

So although a non-causal operator (i e. one having output dependent upon future input) is used, it occurs only in combinations inwhich the
cwerall effect is causal L. itis no more than a local mathematical construct. An alternative "all causal" model could be built using an explicit
pair of real variables throughout in place of the parts of the complex variable, and prescribing the causal relationships using, where
necessary, either of the two reals. Use of the Hilbert transform with the complex variable can be regarded as just a shorthand way of doing
the same thing.

The phase shifts in the Hilbert and differentiation operations are both w2 and occur in pairs so that the operations are real overall. Thisis
sufficient to establish the causal nature (in the sense of requinng only temporally one sided integration) of the integral opsrators for charge
and magnet origination. {Additional proof would be valuable here. Othenwise there would remain a temporal type of non-locality at this
pointin the model ) See below where the equivalent temporal frequency domain expression of this model indicates convergence to locality
for evaluation with high temporal bandwidths.

In fact we can go farther aver this issue of keeping the causality local. The bilinear Hilbertintegration operation is instantansous in so far
as it can be for any particular temporal wave frequency. VWhereas either the integration or the Hilbert transform alone involves tempaoral
non-locality {i.e. memory or prediction), the two togsether do not. This, in spite of being unworldly, malkes it seem curiousky more tractable
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