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E  Summary

The zero d'Alembertian wave equation has a particularly simple structure. With the added stipulation of rotational symmetry of interactions
to comply with the Euclidean nature of our physical 3-space and the presence of an endemic noise fisld the model gives rise to behaviour
corresponding to many natural physical phenomena. The picture is developed by applying stochastic correlation analysis to a complax
scalar noise field in the Minkowski 4-space. The results are developed by following these steps:

+ Discuss the zero d'Alembertian complex scalar wave model with its waves at speed of light.
+ Link its singularities with spin and postulate a set of slower eigenmodes suppaorted by noise.
¢ Analyse the combined field in terms of its correlations and spectra by Wiener methods.
Separate the coupling terms to correspond to the conventionally recognised physical forces.
+ |se these couplings to build dispersive wave models (Klein-Gardon or Schrédinger equations).
These dispersive equations then form the basis to vindicate the postulated existence of slow and standing wave eigenmodes. An
example of how that remaining step is done for electrodynamics can be found in Smooth and Quantal Properties of the Complesx VWave.
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E Introduction and Motivation

Whilst thinking about engineering wave models as candidates suitable for use in electrodynamics the following structure of dynamics
arising from a very simple initial model became apparent. The ideas moved something like this:

Occam's Razor

The existence of the same constant (the speed of light) appearing in two structurally distinct dynamic systems (Mawxwellian and De Broglie
waves) in our models of natural dynamics is enaugh to arouse the parsimonious sense of Occam's Razorin us. It leads us to suspect that
there must be some supenvening commaon model. Further, just looking at the form of the Klein-Gordon or Schrddinger equation and
wiondering about its constant term in the operator {the one that causes dispersion of wave velocity) suggests gravitational mechanisms
through induced phase tilts by making its value a function of spatial position. Here then is, perhaps, a path to the supervening model. Can
an underlying field with simple structure embrace both of these wave models (Maxwell and De Broglie) whilst manifesting the properties
wie observe in physics?

The search went like this:

Einsteins's gravitational light bending trick is right.

Wy o wave model estimate of Sommerfeld's fine structure constant is on the high side.

S0 substrate spectrum andfor velocity range might be "sub-light-cone” in arder to get coupling, but as developed hereunder that loolks
unlikely. Rather the invalverment of singularities (in the nature of spin) may be key. Still some form of finite intensity field may be imvalved.
From prediction errars for the fine structure constant or some other marginal effects we may then be able to deduce this coupling margin,
and interpret it into nuclear mechanics to praduce the value of the neutron mass.

For greatest simplicity we need reasoning, if possible, to show that there are not two independent functions, one spectral and the other
welocity distribution, in determining the nature of this substrate field.

Time survives as a reference parameter

In studying correlations in a wave field we do not necessarily have to think of cross correlation functions betwieen first derivatives as
referred to translations of their respective dimensional co-ordinates. Rather we can form correlations always over time as the correlation
parameter between each pair of local partial derivatives in the four space. Then the resulting 16 element correlation matrix can be
converted to a hybrid frequency domain form by taking the Fourier transform, aver the domain of its time parameter, of each of its element
correlation functions.

In its unigue position as contrary to the three Euclidean dimensions time serves to take on the negative characteristic in the second
differential, and hence develops the steady oscillatory nature that gives it long term carrelationdpersistence, unlike the Euclidean
relationships amongst the spatial dimensions.

Substrate noise wiould seem to enter the dynamics model only in the effect of its fluctuation variances and correlations, and that is at a level
of modelling much lowier than the uncertainties associated with quanta (at least, it is at the lower frequencies). This is more than merely a
matter of zero point fluctuation entering the dynamics at the first hand by being there in the Maxwell field.

E Note on Vectors and Tensors
Symbols and Nomenclature:

The star symbol as inx* denoles complex conjugation.
Mairicas and veclors are set in bold sans-senfivoe . scalars:x, X, &, @ veclors/matricas: X, X, §, ®.

Symbol T asin XT denotes vector or matrix franspose. An unfransposed vectoris a column, thaugh
inihe ling of text may have its elements depicled horzontally.
A direct (Caresian) product of fwo veclors cauld be deplcied as a column vector pre-mulfiplying a row,

2.0 in A.BT, but will altematively use the special symbol for the direct product as in ASB .
Also symbois @ and the palr €3 will be Infroduced below for handling direct products of vectors and Inner products of matrices.
The dagger symbol asin X' denotes goijugate matrix, Le. the matrx of signed minors (nof vel used herain).
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The copyright symbol used as a hinany operator as in A©B denoles the convolulion operation (nof et used herain).
Vector Differential Operators:

Manyissues herain cowld be expressed very compacthy in fensor nofation, but aur mission hare s fopological comprehensibilify
and nof conciseness ar mathemafical generalily for iis awn sake. Instead | shall mostly adhere o the layman's sense of
dishinctness belween time and space and ireat the co-ordinales as a compound Z-vector. The first element ofihis vector is a real
seglar . time aswe all know il and the second is a S-vecior of space co-ordinagles. Thus fogetherihey make a 4-vector of real
scalarelements.

Such a 4-vectar is heading in ihe direction of simifarify fo & quaternion. Indeed 1 might be possible o use thal nolation as a
close paralis!l with the notation ussd hers, hut the lechnigue used with quaterions of cambining the Minkowski geometny info the
symbolism again reduces clanfy of visualization. | believe It to be heffer leff explicif for the purposes here.

Thus the separation Inio lime as a scalar real varlable and space as a S-vector real vanable is bolh symbolically practical and s
more suited fo commaonplace visualizaiion, which Is verny desirable. The Incorporation of the Minkowskl metric sionalure

(= +++)isthen et fo ihe signs of elements in the malrices used o creale the equalions. A shight awkwardness arises in thal the
fwo sorfs of slements . namely scalar and vector . call for different symbolic reprasentation, and ihal leads {o fricks ke
aftempling to use bold font for those elemenis that are vectors. | shall tny fo do thal.

Because we need fo use both four dimensional expressions a= basic definiiions and three dimensional expressions where siafic
approximations ocour we need (o make sense of the dislinclion belween the respeciive differential operalors. First we cambine
the D = &/&t and V differeniiations info @ single four dimensional operator denoted by ihe lozenge symbol & | avoid here the
square symbol O called "hox" ar "squabla” because sleawhers, af least sometimes, it Is used {o represent specificaily the
Minkowski four dimensional second order differential operator ... the d*Alembertian. By embedding constants in this & operator
(and, indeed also in D, V and the generalised fraquency s = o+y.e whan necessary the time and space unifs can be
normalised. 5o we use 1o = Vwe fo represent the reciprocal of the Compfon angular frequency and ¢ as the speed of lighf.
However, as explained above, the formulalion used here does not go as far as putling the Minkawskl melric info the veclor
dhiffarential aperator (it would require & muifipiication of ‘u"(—l) inthe first element). Sothe normaiised 4-vecior differential
operator in terms of equivalent conventional symbaols is:

0 = [D,V] {= 1[d/ét, c.diéx, c.didy, c.didz] in practical units ) Eloz
. where no franspose symbols T are used because vectors wriffen In line of text are taken fo have column form.

Using ihis symbolism the second order Minkowskl differeniial operalor (the d'dlembertian) can be witien as O = -rCr-T-M--rIr-, whare
the mairix M canlains the Minkowski mefric thus:

-1, 0 .
M = [0- I] Emink

For cases where we wish fo analvse a syslern that can be described as lingar with constant or perhaps veny slowhy vansing
paramelers then fo achisve improved separshility of ite dynamic terme we shall wish {0 exprass it In terms of the frequency
domain transforrm of lis wave variable. Thus a complax wave variabls y(t, X) is replaced for these sfatic arvery slowly varnsing
sysferms by ifs Laplace transform P(s, X) where £ = o + jo ig the complex variabls of the generalised frequency domain
coresponding o the time dimension. Howsver because we somelimes wish o allow the symbolism fo handle non-stationans
stalistics, the time iz then ieff present as & further argument as in ‘B(s, X, t) where the averages are approximated locally about
fime t Moare general veclonal fransformalion involving the spatial dirmensions might also be entertained, hut that s not the case
hare.

Inthe case of slowlhy changing linear sysliems then the sysiem dynamic coupling coefficients can he trealed as heing sfowly
varsang funcltions of fime, and the analysis can follow a5 a slowhy perfurbed resuif derived from the steady state behaviour. The
resiriction to “steady stale” includes the cases of multinle modes each In steady oscillatony motion. The queshion of how slow s
“slow change”then resfs upon whether ihe feigenvalue) variabie s, associated with the molion of any such nth mode can be
regarded az having the perurbalion of its real part sufficiently smait in absolule ratio fo lls Imaginany part for all modal
frequencies of inferest in the analysis.
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Hybrid Differential Operators:

To allow expressions corresponding fo differentials freated symmstrically over space and Bime (as ls typically dane in relativistic
considerations), buf using the frequency domain forthe lime dimension, we shali need a hybrid farrm of the differential operalor.
Thus a fraquency domain hybrid lozenge operator O, can be defined as:

0 = [.V] {= w[s c.8x, c.didy, ¢.8ldz] in practical units } ElozF
.. whers s = o+ jw, and s = jo is a valid subsiifution for a steady oscillatory stats.

in this hvbrid operator the first element aperates mulfiplicalively upon the elements of left ar righf enfifies whiist the remalning
differential slements operate each as though convolved with slerments of ifs operand that Is the neighbouring entity irmmedialely
foifs right. In this fafter respect we consider a differential here to be the infeqral ofthe operand weighied by a smooth doublet
funchion centrad around the glven co-ardinate value, with unit mornent that is then taken sufficiently close to lls narrow limit to be
valid Sothe first eigment of the hvbrid operator cormmultes with aperators or funclions to leff or right but the differential operator
glement althounh in succassion of differentiations shilf commutalive over the same or anti-commutalive (sign reversal) over
different independent variablas, cannof cormmule with funclions of the variable of differentialion either fo its feff ar fo itz right.

E' Simplest Possible Equation

In the study of wave systems in physical space we may write a generalised form of the complex scalar Klein-Gordon partial differential
equation with added coupling terms in both the space-space and the mixed space-time derivatives as:

[0TKG—1]y(t,x) = 0 Ekg
... wihere the matrix K defines the Minkowski metric inits diagonal and the coupling terms from the slectromagnetic field in its off-diagonal
slements.

Stucky of the model generated by this second order differential equation and its somewhat less general first order cousin the Schrédinger
equation leads to properties in the solutions that correspond valuably to the phenomena we observe around us that we classify as
"glectrodynamics”. That is discussed and demonstrated in an accompanying essay Smooth and Quantal Properties of the Complesx
Wilgwe .

Here the exploration is taken to a lower level of causal processes hased upon an even simpler wave madel,

Given that wie appear to get fruitful results from the kinds of models cast in the form of a complex variable that is a function of position in
physical space, we might ask what 15 the simplest constraint on mathematical good behaviour of such a function and see how ussful that
might be . We guickly arrive at the desirability for some sort of smoothness in the function, in particular that it should not have precipitous
sharp steps with infinite gradient anywhere, This idea is motivated as part of the wish to allow causality towork abways [ocally. fthe rules
for such local relationship are to remain as simple as possible then this sort of smaoothness can make mathematical and rational life a lot
sasierto lead.

A wery simple form of constraint rule is to equate the sum of the second partial derivatives to Zero. You might be tempted by the even
simpler first order differential constraint, but its only solutions are flat ... too baoring.

Sowe take up the second order option, but there is a tricky bit about this in that we are permitted either sign for the terms in this
summation of second derivatives. The arrangement that seems to fit our reguirements best gives a reversed sign to that term for the time
dimension. fwe did not do this time would be part of our static geometry (Pythagoras' theorem would work symmetrically in all four
dimensions), and we know anyway that it does not do that, Having this sign reversal present produces what we tallk of as a wave equation
(it has solutions that are wawe-like). The geometry that results from this sign reversal of the time related second order term is attributed to
Minkowwski, and we therefore talk of this as the four dimensional Minkowski space. Itis the basis of special relativity.

Thus the simple arrangement of equating this form of second derivative of the complex scalar variable to zero presents itself as about the
simplest basis for a causal model we could wish for. This essay explores the forms of solutions of that equation, though we shall also
consider the effects of allowing certain well behaved singularities to enter the game too. By "well behaved" here | mean that these
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singularities are still limited to finite sguared magnitude, which along with a finite tempaoral frequency means finite energy density. In fact,
since the restriction applies jointly across the four dimensions including time wie may regard this restriction as a finite action density, action
being measured in units of energy multiplied by time . These singularities break up the monotony of an othenvise totally smooth solution
and, as we shall see, by seeding the structure of spin they make possible the existence of matter.

This sum of the second derivatives over the four dimensions with sign of the time element reversed is given the name "the d'Alembertian”,
and is traditionally denoted by O | a symbol referred to variously as "square”, "box" or "squabla”.

Sothe most basic form of the equation constituting dynamic complex waves in three physical dimensions consists of nothing but the
d'Alembertian operation on the scalar complex wave function eguated to zero which we may write in the appealingly compact form of
Oy = 0 . Writing this in the vector notation wie are Using here gives:

OTMOy(t, x) = 0 EZdA

Itis true that for this equation there is a set of solutions in plane waves that spans any physical Euclidian 3-space in our Minkowski
d-space, and all of these solutions imply four dimensional solutions (by extension under the zero d'Alembertian) that have the same
characteristic speed (speed of light). These waves are all mutually orthogonal, they do not interact with each other at all. The general form
of such a single plane wave with amplitude o, angular frequency B, 3-vector direction § and phase v may be expressed as:

wit,x) = wes(P[-1, [t x] + ) where [ = 1 Enat

I shall refer to this three dimensional set of four dimensional wave solutions below as the "native" set. They have the nature of a complex
Fourier basis for a continuous space of three dimensions. Because of the conical 4-space geometry of the vector directions of these
native waves they are said to exist "in the light cone".

What we shall think of as the "power density” of these waves is proportional to the squared magnitude of the first derivative, not to the
sguared magnitude itself. On this basis, if we wish to form the total energy of a set of waves with different frequencies by surmming their
sguared magnitudes then each such square must be multiplied by the square of its carresponding frequency.

There is an alternative transformation of this native basis set into the set of all radial waves with magnitude asymptotically inversely
proportional to distance from a Qiven centre point and with radial speed equal to the speed of ight. The elements of this basis each have
a finite maximum magnitude at the centre, and for a given magnitude asymptote at great distance this central maximum has a magnitude
that is proportional to the frequency. Alternatively, for a given distant field time derivative magnitude the amplitude at the centre is
independent of frequency, but still the central maximum always has a width that is inversely proportional to frequency. The phase velocity
of these radial waves is also in the light cone as were the plane waves mentioned above, but there are some difficulties in interpreting
phase velocity proximate to the centre of the radial pattern.

These waves so far described correspond closely to those used by both MWilo Wollf and Chris Hawkings in their respective discussions of
modelling matter by means of waves. Those authors present descriptions of matter based upon wave structures. Here the picture of the
wiaves will be taken further by introducing the réle of singularities as means to obtain interactions before seeking the forms of solutions.
That way the wawe structures are not merely described but emerge as naturally produced solutions of the wave model equations. They are
shown as having natural forms and frequencies and natural levels of amplitude . Also the set of wave function structures produced this way
is richer in detail, as it will transpire.

E' Singularities and Interactions

Eoth the plane wave basis and this radial basis set of wawes span the same three dimensional space, so either may be used for forming
finite three dimensional integrals that are stochastic (1 .e. summed over random or incoherent sets). So both the plane and radial forms of
this (native) Fourier basis can form valid integrals as wave functions (both, of course, because they are equivalent bases) so long as the
sum of the squared derivative (i.e. total energy density) is finite. This amounts to their having finite spectral density and bandwidth. But we
still have no mechanism of interaction between the elements of this set of waves in either of its forms.
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To achieve interaction it is necessary to introduce a special kind of wave function that from the outset relies for its existence upon
interaction. Such awawe can be constructed from components that would each alone violate the defining wave eguation (and therefore
could not exst individually), but when taken together cancel their illegal effects. Inthese particular cases of combination a persistent wave
may exist, but only when in addition it produces the scattering of a background field of noise-like plane waves. Scattering corresponds to
converting waves of the plane kind to those of the radially propagating kind. Such combination waves are not of themselves solutions of
the original wave equation, but 5o long as the scattering they cause has certain stochastic equilibrium properties then these special
additional forms of wawes can exist in persistent forms. By this means interactive processes can arise in this complex scalar wave system
on Minkowsld space. Any of the simpler systems of scalar waves that are real and/or on Euclidean space cannot produce these
properties.

(One might be tempted to conjecture the existence of further more complicated interactive extensions to sets of wiave SolUtions on
Minkowski-like spaces of sufficient dimension over quaternion or octonian scalar variables . lwionderl)

ltis as though a kind of boundary effect on stochastic eigen functions can exist as distributed throughout the physical space (rather than
being independently defined by some bounding surface). Also where these terms persist so they can mediate alternative overall solutions
in that they scatter the waves of the native system. It turns out that these additional terms are necessarily bound up with the possibility of
"spin” topology (the native set are all spinless), and where they exist at all they display the tendency to settle into fluctuations around
discrete attractor states.

Let us refer to this stochastically based extension of the set of solutions of the zero d'Alembertian rule as the "derived” set.

There is no mutual interaction between waves in the native set (at least almost none, ¢ f. the gravitational light bending effects
dermonstrated by Einstein . we must also ask "Does light gravitationally attract light?", so there remains a question regarding the exact
truth of this statement, at least physically even if not mathematically), but this is not true of waves in the derived setwhich interact strongly
{consider van der Waals forces). Also the native waves are not generally orthogonal to the derived waves, and therefore interactions are
possible between element pairs with one each from the native and derived sets. Indeed, without this interaction the derived set could not
exist at all . alone they cannot maintain equilibrium as solutions of the zero d'Alembertian wave equation. Presumably itis for this reason
that | find they are omitted in the usual mathematical descriptions of the solutions of this basic wave eguation (still searching for refsl). It
also transpires that there is no such derived set of wiave solutions if the wawve variable is real; it is only possible for the necessary structures
to exist with a complex variable.

From these twio classes of solutions we can begin to see the emergence of the distinction betwsen the Maawellian phenomena (as waves
at speed of light) and the De Broglie phenomena (where geometric mean of phase and group velocities is speed of light). Howewver,
neither the Masawellian nor the De Broglie waves can be directly manifested as the wave processes | have been describing. The De
Eroglie waves are indeed the derived set, but for these to exist there must be a background field of native waves present. This
background figld of native waves must occupy a broad band of frequencies and | shall call it the "substrate field". As for the Maasellian
phenomena, these vector waves are realised as correlations amongst the native plane scalar wave elements of the substrate field. Infree
space (with native waves only . no matter present), as a result of the total absence of interactions amongst native waves, these
correlations decay inintensity according to the inverse square law of distance. Again, such correlations could not exist unless there were
a substrate field to support them.

Wie need to understand how the native and derived waves might interact, in spite of the wave equation being linear in the sense of the
terms in the equation all being of only first degree in the wave variable and its derivatives. The only prospect then is to uncover some sort
of interaction based upon a singularity at the centre of a spherical wave structure.

Faor a spherically symmetrical wiave fisld in time plus three spatial dimensions the integral of an inbound linearly superposing wawve from a
finite spherical symmetric source in space produces anly finite values around the spherical centre. The intensity at the central pointis
finite. Most importantly, the superposed wave components in this system do not interact. Sointhe absence of any singularity of a simple
radial type we are left to look for some other structure as the basis for interactions between plane and spherical wawe systems. Thus we
turn to the notion of spin structure in the wawve fislds. Ve may be tempted to explore the possibility of singularities with infinite densities at
the centre but finite integrated energy. Howewer, we shall not even need to go that far . the spin fields can be constructed around an axial
singularity of a ling rather than a point type, and that has finite energy density everywhere, and indeed, a zero energy density at the central
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axis. Forfurther description of the farm of the spin singularity please refer to the accompanying essay VWave Topology of a Spin Mode,

Issues of Stability:

That substance shall exist means that it will display s persisient nature. Thalis lis tendency far geamelnic perturbations to revert
by converging to an alfractar sfale. IHis necessany thal the wave modes comprising it shall have their perdurbational darnping
effectad through values of and paticularly by signs of the mixed space-dime lerms in the respective wave equations. This
necessily leads o the universality af the form ofthe affractor mechanismes, which comarize, at iheir fowest fevel the charge
guaniizafion effects. This fact iz commaon acrass theories of both electrodynamic and nuclear processes. The opposite signs of
fhess terms produce anil-matter, which 1s the version of matter with divergent nature .. It has characteristicaily a repelier point In
its nearby stale space.

Femarkably, there exist arfificial confrivances capable of ushering a lrmited range of such unstabie anfi-mafter enfifies towards
their respaciive slafe repeliar points so that they may be sfored praclically over extended periods of fime without direct
matter-maffer inferaction and therefore without the consequent annihilalion occurring. Formore defail regarding these processes
refer to the section “Siale Altractors” in "Ememence of Quanta in a Wave Mode!” and alzo in that document Appendix 8.

E' Superposed Stochastic Waves

Wyith spin singularities present the most general solutions to the zero d'Alembertian equation invalve interactions, and consequently to
model them in full generality is transcendentally complicated. Therefore we must seek a basis of workable approximation that will remain
applicable over the range of solutions with which we hope to wiorke. So we start on such a limited basis by seeking separability of terms
and factors in the solutions.

Some Mathematical Notes

These notes give an idea of some methods of analysis that may be applied to these correlations, but they will not be developed
af lenoth within this essay.

Spectral Averaging and Normalising

There are alfsmative ways oftaking the temporal average for a carrelation, and they create different approximations. This s aiso
the case for the forming of Fourier infegrals of funclions of unbounded fime as accurs in thistext. The prescription of the
gufacorreiation funclion might befter be based upon an infinite infegral and a smooth weighiing funclion for is definifion, the
Gaussian exp(—(tA.-"A)z) being typlcal with indefinitely increasing time duration as the paramelter A increases. This approach is
in kesping with Gabor's joinf ime/frequency analysis, and as such lends itselfto madeliing systems with slowhy changing
paramelers. Instead of lsffing A go {o the infinite limit where the fransform Iz liable fo bacome il behaved with Indefiniie amounts
of detall it iz possible lo choose a value of A that Is large enough fo provide a basis for the termporally local analysis vel amall
ghough fo accommodale the relatively siowly changing stalistical parameters.

Where necessanys herein such finile parameter infegralion is assumed to operate. Also whersas the Inlegral for & finite duralion
firme series iz "alf of a piece™ and therefore usually energy-like orimpwise-like, the corresponding kinds of speciral or correlation
infegrations used over sechions of an infinite duralion time series (say like nolsa) are normalised as averages fo be respechively
powesr-iike or ampiifude-like.

These ideas also fally well with and gain support from the Wiener-kKhinchin theorem (effectively, to gel from time senes fo the
spectrum, vou can either aulocorrelate and then Fourier fransfarrn ar eise Fourier fransform and then absoiute square .. and the
same generalisation applies fo the bilinsar factors that consiifute cross-correlations and their associated cross-specira). To get
the benefit of Parseval's thearern (surn of powsr over speciral frequencies equals surm of power over instanis oftime) it is
necessans fo pay attention fo normalising the correlalion and Fourler fransformation averages progerly.

Laplace and Generalised Gabor Transforms

A similar approach may be taken with the more general case of defining the Laplace fransform, especially iTit ls thought of as the
sum of a cluster of wave elements with fluctualing pole characteristics (i.e. fluciuating sigen vaiues). Ratherthan using the one
sided Infinife Infegrals usual far the Laplace iransform we may use 8 cenhiral generator infegral hased upon a Gaussian weighiing
function. This produces a generalised Gabortransform. fis generalised in the sense thalt we may form it far aif vaiues of the
complex variahle rather than restricting itio the Imapginany axis of the complex plane asis usual for the Fourier or Gahor
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