Quantizing relativistic action-at-a-distance mechanics
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A wave equationfor chaged particleswhosenon guantumdynamicsis regulatedby a relatvistic action-at-a-
distanceormulationof dynamicss presentedResolutionsaregivenfor whathave heretoforebeenthetwo prin-

ciple obstaclego constructiorof suchanequation.One,a quantizatiorprocedures developedon thefoundation
afforded by regardingthe wave aspectof de Broglie’s secondsolution asa manifestationof a classicalelec-
tromagnetichackgroundwith a Lorentzinvariantenegy spectraldensity Two, a single parametetLagrangian
is proposedwhich leadsto equationsof motion free of certaindifficulties endemicto the Fokker formulation
of relatvistic action-at-a-distancdynamics. Finally, commentsare maderegardingthe possiblephysicaland

philosophicaimpactof theseresolutionsandtheresultingwave equation.

—University of Houston;1973

Contents

Introduction
TheproblemasStatedn theLiterature
TheGoal: A Manifestly CovariantWave EquationincorporatinginteractionBetweenSystems
An overview of thiswork

I. Quantum Theory

A. A Surwy of Attemptsto ReformulateQuantumTheory
Paradoxy:The sourceof discordandthe Motivation for Reformulationsf QuantumTheory
Field-TheoretidReformulationsA surwey andCriticism
HydrodynamicModels: Suney andCriticisms
Stochastid’robabilisticModels: Surwey andCriticism
Criticismsof von NeumannpBell, Gilsonetal.
B. Nelsons Stochastidrocess
1. Nelsons countergampleto proofsthat Stochasti@andQuantumMechanicsarelrreconcilable
2. A SimpleVersionof the Proofof Irreconcilability of QuantumandStochastidVlechanics
3. HiddenDeterminismin Nelsons Countergample
C. Duality andWaves
. A ProposalThe BackgroundGivesimaginableContentto de Broglie’s ‘Second-solution’
. TheFundamentahnsatz:Enegetic Equilibrium with the Background
. PointParticlesExhibit the MassRenormalizatiorDivergenceof QuantumTheory
Spin: A Manifestationof BackgroundPolarization
. Additional FieldsIntroducethe CanonicaMomenta
FermionsareChagesin Equilibrium with A PolarizedBackground
helmaglnabIeC0ntentof the SchibdingerEquation
. Schibdingers Equation:Liouville Equationplus Background
Wave Decomposition$Sive UniqueOperatorEquivalentsfor ClassicaExpressions
. DecompositionResolutionof Interpretationalssues
Appendixto SubsectiorD

arwnpE

WNPHdOUORAWNER

. Rédativistic Mechanics

A. No-interactiorTheorems

1. TheRoleof ‘Time’ in No-interactionTheorems

2. TheSpecialRoleof Timein CJSTheorems

3. TheDroz-VincentNo-interactiontheorem:An exploration
B. Relatvistic Action-at-a-distancéechanics

1. Fokker’s Unified Lagrangian

2. A Unified Lagrangiarwithout MathematicaLacunae
C. InterpretationahndSelf-consistenclssues

1. MagneticMonopoles:aninherentContradiction

2. RadiationReaction:An Emegent,Multi-body Effect

A Réelativistic Wave Equation with Interaction

A. An Equationfor Bosons

B. A FermionEquation

C. Conclusions
1. Duality andWave-paclet CollapseareEliminated
2. SingleParameteRelatvistic MechanicsPreclude$redeterminism
3. BenchmarkandGuidepost

References

Acknowledgment

W N NN

O©COWOONNNNOOOTUIWWWww



Intr oduction
The problem as Stated in the Literature

The following statementgyleanedfrom the literature ex-
pressclearly and effectively the nature of our problemin
which mary physicistshave becomdnterested.

“...the confluenceof Relatvity andQuantum
Theory having beenfrequently cited, has not
beensighted: —Kerner(1972)

“...thereis no existenttheory of the interac-
tion of relativistic systems.

Therearetwo majorattemptsattheconstruc-
tion of atheoryof relativistically interactingsys-
tems, field theory and S-matrixtheory Neither
of thesetheoriess completelysuccessfulln nei-
thertheoryhasit beenpossibleto shaw eitherthe
existenceof asetof self consistenaxiomswhich
definethe theoryor to demonstratéhe existence
of the uniquenes®f solutionsto the equations
thatareusedin thetheory —Halpern(1968)

The formulation of an internally consistent,
relativistic, quantummechanicaldescriptionof
interactionparticle still eludesus andrepresents
onof thegreatunsohedproblemsof modernthe-
oreticalphysics.At theclassicalevel, theaction-
at-a-distancéormulationis, in the authors view,
thebestwe have;its chiefdravbackis that,sofar,
no onehasary ideaof how to constructa quan-
tum versionof thetheory — Anderson(1967)

The Goal: A Manifestly Covariant Wave Equation Incorporating
Interaction Between Systems

This work is an exploratoryattemptto achieve the conflu-
enceof relativity andquantummechanicghroughinvestiga-
tion of formulationsof relatvistic mechanicotherthanfield
theoryandS-matrixtheory It is felt thatasthe presentlyfash-
ionableviews and understandingsf relativity and quantum
theorydefy unification,thatperhapsa lesswell exploited ap-
proachto eitherof boththeorieswould be moreamenableao
unification. Herein, the alternatvesare investigatedwith an
eyeto findingacombinationwvhichaccommodateisiteraction
andmeetghecriteriondiscussedbelow.

Beforeinitiating sucha study, it is worthwhile to establish
or defineaspecificgoalthatcanberecognizedsasignificant
benchmarKor aninvestigatiorof thefoundationsof relativis-
tic quantuntheory In thisregard,acueis takenfrom nonrela-
tivistic quantuntheory wherethe Schibdingerequatiorplays
an absolutelycritical role, in thatit standsevenif the restof
guantumtheoryis disregarded;however, mostof the restof
the theoryis vacuouswithout the conclusionsflowing from
the Schibdingerequation.Thus,thechosergoalfor thiswork
is a relatvistic wave equationfor an interactingsystem;that
is, theis anequationrwhosesolutionscanbe usedto calculate
pertinentobsenablesfor apairor moreof particlesvhosenon
guantummechanicdgs governedby a relativistic formalism.

Thecrucialcriterionfor suchanequationjs thatthe equation
mustbe Lorentzinvariant,or hereinsimply stated:covariant.
(HanusandJaryszek,1971)In fact,it would be auspiciousf
the equationweremanifestlycovariant.

Hencethechoserbenchmarlor goalof thiswork is aman-
ifestly covariantwave equationincorporatinginteractionbe-
tweenparticles.

By way of contraswith existing wave equationsthe Dirac
equation, although covariant, is not manifestly covariant,
(Sakurai,1967,p. 97) and neitherit nor the Klein-Gordon
equationcan be extendedto include interactingsystemsco-
variantly, even thoughthey adequatelysere to describethe
interactionof a particlewith a field. It will alsoberecalled
that the Breit equation,which is an extention of the Pauli
equation(the Pauli equationis the secondorder version of
Dirac’s equation)to interactingsystemss not covariantbe-
causeof “instantaneousinteraction.In fact,to date the prin-
ciple criticism of relativistic quantumtheoryis that interac-
tions are always treatedin an approximateor instantaneous
fashion.(HanusandJaryszek,1971)A searchfor the source
of this difficulty, or reasorthatde delayednteractionhasnot
beenincorporatedquickly leadsoneto thecorviction thatthe
privilegedrole of time in the usualquantumformalismis the
crucial obstacle.Furtherinvestigationleadsto the additional
cornviction thatthisfeatureof quantuntheorycouldbealtered
only if aradicalnew understandingf quantumtheoryitself
is found.

At the sametime, non quantumrelativistic mechanicss
perpleced on both of its fronts. (Rohrlich, 1965, p. 194)
The orthodoxand popularfield theoryapproachjnspiredby
Maxwell, is besetby the inelegang of not admittinga con-
sistentvariationalapproachghatis, the equationsof motion
for coupledparticlesandtheir attendanfieldscannotbe con-
sistentlyderivedfrom a singleLagrangian.Also, field theory
suffers from well known divergencies. The lesswell known
form of relatvistic mechanicsaction-at-a-distancéormula-
tion inspiredby Newton andrelatvized by Fokker (1929),al-
thoughon aformallevel apparentlywell constructedis vexed
by the ontologicallynoxiouspresencef advancedaswell as
retardedinteractionand the mathematicallynoxiousfeature
of equationavhich arenot integrablewith ary local stepwise
procedure.Theseproblemsarediscussedt greatedengthin
Sectionlll. In summary non quantumrelatiistic mechanics
is notyet disposedo quantization.

Moreover, thereareseveral“no-go” theoremsgertainingto
relativistic mechanicsthatprove thatrelatiistic Hamiltonian
formulationsof mechanicgof exactly the sortmostlikely to
be quantizable)do not admit interaction betweenparticles.
Thesetheoremsshall be analyzed,andit will be shavn that
they dependnelementsn their hypothesemtendedo make
themcompatiblewith the speciaktatughatquantummechan-
ics givestime, which, if relinquished,nullifies their conclu-
sion.

As thesevariousdifficulties are examinedin turn, it be-
comesapparentthat those of field theory are intrinsic and
irreconcilable while thoseof action-at-a-distanceechanics
resultonly from Fokker’s choiceof Lagrangian.In short, it
may be saidthattwo obstaclesnilitate againsthe unification



of quantumtheoryandrelatiity: one,the privilegedrole of
time in the quantumformalism, andtwo, the lack of a suit-
able Lagrangianfor relativistic action-at-a-distancemechan-
ics. Accordinglythe intermediategoalsof this work arefirst,
to uncoveraformalismof quantumtheorywhich doesnot put
time in an exaltedposition,andsecond}{o proposea suitable
Lagrangiarfor relativistic mechanic®f interactionsystems.

An overview of this work

Sectionl, SubsectiorA, is a surwey of threeothertypesof
attemptsto reformulatequantumtheory searchingfor clues
to afruitful approacthin their successeandfailures.Subsec-
tion B resolhesthe paradoxresultingfrom the existenceof
a stochasticderivation of Schibdingers equationcoexisting
with proofsthatsuchis impossible.In SubsectiorC, a phys-
ical interpretationof de Broglie waves is presentedvhich,
in SubsectiorD leadsnaturallyto a quantizationprocedure
shawvn to give Schibdingers equation.

Section ll, SubsectionA, containsan analysis of no-
interactiontheoremsandshows thatthey arethe resultof at-
temptsto give time the very sameprivilegedrole thatit hasin
nonrelatvistic mechanicandquantumtheory In Subsection
B, a Lagrangianis proposedwhich circumventsthe difficul-
ties ensuingfrom Fokker’s Lagrangian.In SubsectiorC two
issuesbearingon the epistemologicafoundationof action-
at-a-distancemechanicsare discussednamely the possible
existenceof magnetiononopolesandadwancednteraction.

In Sectionlll thequantizatiortechniquesievelopedn Sec-
tion | are appliedto the relativistic mechanicgdevelopedin
Sectionll to achiere the benchmarksetoutin this introduc-
tion; i.e., a manifestlycovariantwave equationincorporating
interaction.

I. QUANTUM THEORY
A. A Survey of Attempts to Reformulate Quantum Theory

1. Paradoxy: The source of discord and the Motivation for
Reformulations of Quantum Theory

Even whenthe problemsin quantumtheory presentedy
the specialrole of time are disregarded the history of quan-
tumtheoryis permeatedvith distressschismandheterodoxy
ThedebatebetweerEinsteinandBohr beinga widely known
casein point. The differenceof opinion canbe attributedto
two causesOne,the natureof the foundationsof the theory
which are abstractaxiomshaving little intuitive relationsto
perceptualexperience;and two, paradoesin interpretation
resultingfrom the postulatedcollapseof the wave paclet at
theinstantof measurementWith regardto the secondssue,
Wigner'sillustration (d’Espagnat1971,p. 419) of this para-
dox is probablythe mostincisive. He asksoneto consider
a wave paclet for a friend who hasperformeda binary mea-
suremenbut hasyet to reportthe result. Sucha wave paclet
mustcontaina superpositiorof bothoutcomesand“collapse”
to thevaluemeasuredy the friend whenhe givesthereport;
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i.e.,whenthefriendis “measured. It is, however, acommon
experiencethat thosewho perform binary measurementdo
not exist in anambiguousstateuntil reportingresults.At the
sametime, a wave paclet cannot be regardeda representing
only theobsener’sstateof knowledgesinceit mustmediatan
certaininteractions;i.e., beamsof particle diffract, therefore
wave functionsmusthave an existencedifferentfrom that of
ordinaryprobabilitydensities.

With regardto the latter causethe history of quantunthe-
ory suffers no dearthof attemptsto reformulatethe founda-
tions on the basisof axiomsthat are both moreintuitive and
revealingwith respecto interpretationIn this Subsectionan
historicalsurwey is madeof theepistemologicainotivationfor
someof theseattemptsat reformulation;the survey is made
for the sale of cultural edificationand stimulation. Herein,
the consequenmathematicatievelopmentfor anideais not
examined but attentionis focusedonly the conceptuaframe-
work. Purelyformal or mathematicateformulationswill not
be considered.In arny surwy effort of this sort, it is neces-
saryto choosea vantagerom which to evaluateandcriticize.
Herein,classicalphysicsis choserasthe basisof evaluation,
asthewriter believesthatthefailureto understandertainphe-
nomengrom within classicaphysicsthusfar doesnot consti-
tute a demonstratiorof its inadequag to explain thesesame
phenomena.

Most attemptsat reformulatingquantumtheory are moti-
vated by a similarity betweensome classicaland quantum
phenomenaitherefore, these attemptsmay be cateyorized
by the sourceof the classicalinspiration; hereinthreetypes
are considered:1) field theoretic,2) hydrodynamicand 3)
stochastic—probabilistimodels.

2. Field-Theoretic Reformulations, A survey and Criticism

Many field theoreticreformulationsof quantumtheoryfo-
cus on the wave nature of matter and attemptto reconcile
this wave natureby associatingelectromagnetitype fields
with particlesby amechanisnotherthanchage. Otherfield-
theoreticmodelsattemptto capturethe essencef quantum
theoryin the mathematicatharacteof field theories. (Jam-
mer, 1966)In ary casethe basicmotivationof theseattempts
seemdo comefrom anintuitive ideathatthe succes®f elec-
trodynamicsmustbe indicative of the fundamentahatureof
of physicstheories. The physicsof theseattemptsis strictly
of anapologeticnature,thatis, thesetheoriesarejustifiedin
termsof beingableto yield resultscomparableo laboratory
experienceaatherthatbeingtheoriededucedrom fundamen-
tal intuitive conceptf innatephysicalappeal.

Many field-theoretionodelsweregivenaconceptuafiene-
sisby de Broglie (1922)and1923,wherehe positeda recon-
ciliation of the wave propertiesof light andthe photoelectric
and Comptoneffects. De Broglie demandedhat the Planck
hypotheside consistenwith electromagnetisraia relativity
by setting:

hv = mc®. 1)

In 1927 de Broglie successfullydefendedhis notionin his
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dissertationhowever, the interpretationcontinuedto disturb
him. To wit:

| sav not lessclearly what considerablaif-
ficulties one was going to encounterwhen one
would wish to statepreciselythe exact relation-
ship of wave and corpuscleandto reconcilethe
two expressionf this dualism,without deviat-
ing too much from the classicalideasadmitting
the possibility of representinall physicalreal-
ities by picturesin the frameawork of spaceand
time, and attributing a vigorousdeterminismto
their evolution. (de Broglie, 1955)

In theyearsfollowing, heattemptedo resole theseproblems
throughhis “theory of the doublesolution;” a theory which
maintainedhatan ordinarywave function, whosephasecon-
tainedthewave-like aspect®f particletrajectoriesandwhose
amplitude only reflectsthe probability of presencein ary
given region of space,was only the shadev, asit were, of
a “secondsolution” to anotherwave equation. This second
wave equationwould have solutionsingularitiesin the wave
amplitude which shouldexhibit the propertiesof corpuscles.
Thus,the singularitiesshouldride alongon the phasewaves,
andthe whole shouldjibe with boththe classicalconception
of space-timandwith the obsenedcorpusclenature.A ver
sionof thistheorywith simplified mathematicsvaspresented
to the Solvay Congressn 1927,whereit encounteredevere
objectionsthereafterde Broglie becamean apostleof the or-
thodoxview, overwhelmedy themightof opinionandby his
own failureto developthisideafurther. (deBroglie, 1962)

This particularline of heterodoxyinitiated by de Broglie,
wasrevivedby Bohm (1952)and(1952a)in which, in effect,
he disproved by countergamplethe implicit claim madeby
the Copenhagerschool, that their's was the only internally
consisteninterpretatiorof quantumtheorypossible.There-
sultwasobtained gssentiallyby notingthatif W(x,t) is writ-
tenas

W(xt) = Rix e, @)

andputinto the Schibdingerequationthefollowing two cou-
pledequationsareobtained:
% = ;—nl] (R(x,t)02S(x,t) + 20R(%, t) - OS(x,t)), (3)

and

oS(x,t) _ (mZS(x,t) .

R22R(x,t)
s X vw—————).(®

2mR(x,t)

Theseequationdendthemselesto directinterpretatiorin the
limit h — 0; Eq. (4) becomeshe usualJacobyequationfor
an action function, S(x,t), whosegradientis, asin classical
mechanicsa velocity field; Eq. (3) becomeghe continuity
equationfor p(x,t) whenit is definedas

p(x,t) = R(x,t), (5)

and can be interpretedas a density on phasespace. When
h'# 0, however, theextratermin Eqg. (4) is saidto bea“quan-
tum potential, which, in effect, introducesthe “pilot wave”
effect soughtby de Broglie twenty yearsearlier However,
Bohm attachedphysical, ratherthan purely formal, signifi-
canceto the waves associatedvith the particle throughthe
functionS(x,t); thus,the collapseof the wave paclet paradox
(a.k.a.non-locality)mustalsoplaguethisinterpretation.This
analysishasalsobeenextendedo therelatiistic case;and,in
all, the programcanbe heldto be successfuin thatit is not
in conflictwith obsenations,althoughit providesno testable
conflictwith theorthodoxinterpretationFreistadt,1957),nor
hasit beensuccessfuat establishinga basisfor quantunthe-
ory morecompatiblewith intuition.

A moreintuitively appealingconcepton the surface,is of-
fered by Goedeck (1964), who suggestedhat the discrete
levels of a quantizedsystemmay correspondo motionsof a
chagedparticle, which, dueto geometricconsiderationsgo
not radiate. This notion was pursuedfurther by Grimeswho
arguedthat certainother effectsthoughtto be quantumme-
chanicalin naturemight be understoodtlassically However,
becausef theincompleteandlargely programmaticatureof
this conceptit is opento muchcriticism.

SachsandSchwebel1961)have proposeda muchgrander
versionof a field theoreticreformulationof quantumtheory
The foundationof their theoryis the notionthatthe objectof
primary interestis the interactionratherthan the subjectsof
theseinteractions(Sachs1963) This theory containingcou-
plednonlinearfield equationsequalin numberto the number
of particlesin the systeminterpretsquantummechanicsasa
statisticaltheory of elementaryinteraction. Many of the re-
sultsof orthodoxquantumtheorycanbe duplicatedn there-
formulation,although asthe authorspoint out, preciseagree-
mentis in principle impossible. (Sachs,1971) Furthermore,
the sourceof the randomnessgecessitatinghe statisticalap-
proachandthe valueofh arealsoad hocaddendaThe meta
logic seemdo bethatof curvefitting; i.e.,datacanbefittedto
atheoryto within arbitraryprecisionby usingeverincreasing
compleity the way a curve canbe fitted by usingever more
terms.

The lastexamplehereinof whatcanbe calleda field theo-
retic foundationfor quantumtheoryis Wesley (1961),whose
interpretationalthoughsimilar to the de Broglie-Bohmpilot
wavetheory differsfromit in thatheconsidersvave functions
to have no direct physicalsignificance. Their only purpose
is that of a generatingunction for the mathematicakxpres-
sionsfor the orbits. The wave-like phenomenaf quantum
theory accordingto this view, are merely a manifestatiorof
the collective phenomenaf individual particles,this hasthe
desirability featurethat, if true, it shouldleadto an observ-
ablediscrepang at somelevel betweencollective wave-like
behaior andindividual trajectories. However, to quotethis
author

... [it] suggestghatsubmicroscopiphenomena
may be amenabldo investigationwith the fruit-
ful tools of classicalphysics,[but] it still fails to
presentheactualphysicalproblembeingsolved.



3. Hydrodynamic Models: Survey and Criticisms

Hydrodynamiaeformulationsarein factmostlyreinterpre-
tations resulting from a coincidencein the form of certain
equations.Thesemodelsasa group arethe leastappealing,
thephysicsis entirelyapologeticandphilosophicaissuesare
obfuscatec&ndexacerbated.

Madlung(1926)seemgo have originatedthe hydrodynam-
ical modelof quanturtheory In amanneiparallelto Bohm’s,
heseparatethe Schibdingerequatiorinto thereal Eq. (3) and
the complex Eq. (4) and noteda similarity with the Navier-
Stokesequationsthis modelhasbeenfurther discussednd
enlagedby TakabayasiBohm, Vigier and Schoenbeg; see:
(Freistadt,1957).

Two immediate objections can be raised. One, since
Schibdingers equationinvolves configurationspacerather
thanphysicalspacevariablesgitherthe modelrequiresa sep-
aratefluid for eachparticle, or, the proposedfluid flow is
purelyasematicsimile. Two, whatin theBohmtheorywasin-
terpretedasa “quantumpotential”is in hydrodynamicamod-
elscalleda“quantumpressuré. Quantunpressuréiasanon-
local charactein thatit dependsot only on the valueof the
fluid pressurdi.e., in hydrodynamicamodelsW*(x,t) W(x,t)
is interpretedas a pressurekt a given point, but alsoon its
derivative,which necessarilynvolvesvaluesof thefluid pres-
sureat neighboringpoints. (Bohm,1952) This secondobjec-
tion hasto someextentbeenmetby Gilson (1969),who has
shavn thattheform of a“quantumpressure’is reasonablen
classicajroundshasednathermodynamiargumentassum-
ing thattwo fluids arein thermodynamiequilibrium.

Variousfurther conjecturehave beenmadeby Bohm,and
others that particleswith spincanbe modeledor understood
by considerationénvolving vorticity in the “quantumfluid;”
he alsoarguedthat quantumdispersioncanbe understoodas
randomfluctuationsin thesefluids. Although thesetwo no-
tionshave a certaininnateappealthey don’t overcomethere-
pulsivenesf multiple fluids; althoughsuggestionshatonly
for eachtypeof particleis therea separatéiuid, doameliorate
this objectionsomeavhat.

4. Stochastic Probabilistic Models: Survey and Criticism

Stochastic-probabilisticeformulationsof quantumtheory
are both the most successfubndthe leastapologetic. there
aretwo principle sourcedrom which they derive their inspi-
ration: stochastianechanic&ndsomeversionof mathemati-
cal monism.Although early attemptgo deducequantunthe-
ory predateChandrasekhg1943), his paperhasbecomethe
motherlode for mary later attempts. The physicalmotiva-
tion andanalysisn theseattemptsarallelsthatfor Brownian
Motion, andin factoftenequateshem.

Mathematicalmonismis a philosophicalposition holding

that all physicsis containedin someareaof mathematics.

Many relatiists hold, for example,that physicsis contained
in geometry (Graves,1971)In thecaseathand,probabilityis
creditedwith physicalcontent.

By far the most popularreasoningin thesemodelsis no
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more that algebraicmachinationslescribedwith the vocab-
ulary of statisticalmechanics.In fact, althoughmary of the
thesetheoriescontaincalculationdree of error, deepeianaly-
sisrevealsthattheir contentmustbenull in orderto beconsis-
tentwith their interpretationthatis to say it hasbeenshovn
thatquantummechanicandstochastianechanicsarefunda-
mentallydisjoint.

Stochasticmodels can be cateyorized accordingto the
sourceof the randominput implicit in the term stochastic;
someauthorsattribute the randomelementto an internal or
intrinsic effect, suchasobsenationalerrorfor example while
othersinvoke anexternalsource.Somestochasti¢heoriesare
of apurelyformal sort,notimploring ary physicalmotivation
or justification, ratherjust exploiting analogywith equations
from stochastianechanicsn orderto ferretout propertiesof
solutionswith greaterease.

The mainstreanof the stochastiaeformulationsof quan-
tum theory begins with studiesdone by Wigner (1932) in
a very orthodox spirit. He introduced,in connectionwith
guestiongegardingthermodynamicquilibrium, the follow-
ing expressionrelating quantumwave functionsto phase-
spacedensity-like expressions:

P(x, p,t) = (I%_[)n//---/d”ye%w*(x—y,t)w(x+y,(té)§

The temptationto considerP(x,t) a probabilityin the classi-
cal sensemustbe resisted accordingto Wigner, asit is easy
to discover that P(x,t) neednot be everywherepositive; for
verification one needonly take the first excited stateof the
harmonicoscillatorfor W(x,t) in Eq. (6). The study of this
correspondenceas furtheredby Moyal (1947)who studied
guantumtheory as a statisticalmechanicsof indeterminate
processesHe makesthe obsenation that the eigenfunctions
of the dynamicalequationof a Markoff procesdead,evenin
classicalprobability theory to densitieswhich arenot every-
wherepositive; acceptablgrobabilitiesthenarelinear com-
binationsof theseeigenfunctions.Furthermorehe relatesa
demonstrationg¢reditedto Bartlett, that a probability P(x,t),
whichis nonneativefor ary givenvalueof t, will remainnon-
negative for all valuesof t underevolution determinedy the
Schibdingerequation. Thus, Eq. (6) establishes link with
classicaktatisticalmechanicsalbeit, purelyformal; however,
thislink is in thewrongdirection,from quantumto classical,
to be usefulin resolvinginterpretationabbscuritiesn quan-
tum theory Also, the seeminginnocuousrole playedby h,
contrastsnarkedly with thefactthatit scalegphysicaleffects.
Landé (1965)and (1965a)also promulgatesan exposition
of quantummechanicsbasedon probability to resole the
dilemmaresultingfrom the conceptof duality. He hasad-
vancedmuch stinging criticism of the Copenhageilinterpre-
tation,andhasattemptedo resohe theissuedhy introducing
a “third fundamentalaw” of quantumtheory aswell asby
argumentsregardingthe characteprobabilitiesmusthave in
orderto function asdo thosein quantumtheory This “third
principle; dueto Duane(1923),appeargo be no morethan
the obsenation that Fourier analysisleadsto a countableset
of coeficients when the domainis finite (compact),which
speakgo the discretenesin quantumtheory Fundamental



in Landé’s analysisis the assumptiorof reversibility, which

firsthejustifiesascorrespondingo time symmetryin classical
physicsandthenusego extractthe superpositiomprinciple of

wave functions. In all, Landé’s formulationinvolveslessin-

tensephilosophicalapology but somehav still suffers from

theimpressiorof beingteleologicallymotivated,probablyre-

sultingfrom lack of physicaljustificationfor critical pointsat
the onset.His view alsosuffersthe deficieny of introducing
afundamentatonstanwithout a fundamentajustification,a
difficultly herecognizes(Landé, 1960)

Another example of a statistical reformulation is by
Liebowitz (1968), who developsthe stationarySchibdinger
equationfrom a “mechanicsof finite precision’ The argu-
mentis lucid andclassicabut alsofails to justify thequantum
mechanicakuperpositiorprinciple asappliedto solutionsof
the Schibdingerequation.Collins (1969)and(1970)alsopro-
posea reformulationof physicsincluding quantuntheory in
which the fundamentalAnsatzs, that uncertaintyis endemic
to all physicalmeasurementFrom this Ansatz,and explicit
probability-monismthis paradigmmotivatesa coterieof for-
mal manipulationgo getexpressionsesemblingvell known
formula; however, sinceuncertaintyinherentin measurement
canin principle be reducedinfinitely, unlessassumedther
wise, the relationshipwith quantumtheory and Heisenbeg
uncertaintyis left obscure.Furthermorejt doesnot explain
how quantumphenomenaarise independenbf obsenation
(i.e., why does,for example,an atomnot “run down” even
evenwhennotbeingobsened?).

Many stochasticmodels of gquantumtheory dependon
Brownian motion for inspirationand vocahlulary; but, under
analysigt oftengoesno further. Therearetwo linesof attack
for Brownianmodels theanalyticandsyntheticwith the for-
mer, one shows thatthe equationsof quantumtheorycanbe
reducedo somevariantof thoseof stochasti¢heory whereas
thelatterreversesheprocedure.

Theanalyticline wasinitiated,apparentlyby Furth (1933)
and extendedby Comisar(1965), de la Peia-Auerbachand
Colin (1968),andothers.Comisars analysisis dependanon
Feynmanspathintegralapproacho quantuntheoryin thathe
reduced-eynmans integral equationfor the wave functionto
Schibdingers equationwith argumentsnspiredby Brownian
motiontheory Theresultsof theanalysisarepurelyformalas
it involves*“fictitious collisions” and an imaginarydiffusion
constant.

de La Pdia-Auerbachet al. (1968), are much more con-
vincing. Their analysisproceedsn a mannerparallelto that
of Bohm. Making the samesubstitution Eq. (2), he putsthe
resultingexpressiondn the form of the continuity equation,
Smoluchaevski'sequatiorandanexpressiorof enegy conser
vation. He alsogivesaself-consistenstochastiénterpretation
of quantummechanics.

Theanalyticapproactalsohasalong lineagestartingwith
the work of Feyes (1952), Weizel (1954), Kershav (1964),
Nelson(1966)andde La Priia-Auerbach(1967)and others.
Kershav andNelsondevelopdevelop Schibdingers equation
with agumentgakendirectly from stochastianechanicsdif-
fering in whatappeargo be only innocuousdetail. However,
upon close scrutiry, one finds that the agumentinvolvesa

Gaussiartransitionfunction P, to be usedin the Chapman-
Kolmogoror equation{Chandrasekhal 943):

p(x,t+ At) = /P(x, 3xt, At)p(x—dx,t)d3x,  (7)

which, ascanbe verified easily will notyield the spreading
wave pacletof quantumtheory ratherthatof diffusiontheory
(See:SubsectiorB, Sectionl).

A secondvariationof the syntheticapproactcanbe found
in the work of Marshall (1963), Surdin (1971), and Santos
(1972). Marshallextends(Moyal, 1947)to chagedparticles
andshows that the finite groundstateenegy of an harmonic
oscillator can be understoodby consideringa randomelec-
tromagneticfield permeatingspacewith which ary chaged
oscillatormustbein enegeticequilibrium. He further shavs
thatthis hypothesicanbeextendedo modelsof themagnetic
susceptibilityof materials. This viewpoint is given further
weight by Boyer (1969)whereit wasshavn thatthe Planck
spectrumandthe Casimir effect follow classicallyfrom this
hypothesisWith the additionalassumptiorthatthe spectrum
of this backgroundis suchthat it doesnot leadto velocity
dependenforceson particlessubjectto it, Boyer is ableto
clarify photonduality. Thatis to say he shavs that the ex-
pressionavhich have beenderived from the photonhypothe-
sisandverified experimentallycanalsobe derived from non
guantunelectrodynamicgvheneffectsdueto thisbackground
are taken into account. (Boyer, 1968) Surdin goesa step
further with the samehypothesisand advancesa derivation
of Schibdingers equation,creditedto Olbert (without refer
ence),(Hayakava, 1973), in anothercontet; however, this
derivationuseghemearnvaluetheorenin aquestionablevay.
Santoglerivesfurtherresultsin anonrigorousfashion;delLa
Pria-Auerbach(1967) hasalso derived Schibdingers equa-
tion for stochastianechanicsbut at the expenseof introduc-
ing avery artificial expressiorfor the potential.

5. Criticisms of von Neumann, Bell, Gilson et al.

In the above suney of conceptdor reformulationof quan-
tum mechanic®on a basisrespectingntuition, mary canfind
an attractve alternative; however, the well known resultsby
von Neumann(1955)andBell (1965)raisefurtherobjections
andcomplications.Von Neumanns theoremproves,ostensi-
bly, theincompatibilityof quantunmechanicsvith a‘hidden-
variable”theorywhichwould reduceto quantuntheorywhen
the heretoforehiddenvariablesare averagedout. But, von
Neumanns theory has beencriticized preciselywhere ary
theoryis vulnerable namely for having a conditionin its hy-
pothesisthatis not germaneo every sort of hiddenvariable
theory namelythatthe hiddenvariablearelinearin the same
senseasthe canonicalvariables. Bell's theoremshaws that
no local hiddenvariabletheory canreproduceexactly quan-
tum mechanicslt alsoleadsto experimentsvhich candecide
betweena local hiddenvariable theory and orthodox quan-
tum theory;thusfar (1973),resultsfavor the latter However.
Bell’'s work doesnot excludethe possibleof a classicalfoun-
dationfor quantumtheorysinceit is not madeclearwhether



classicakheoriesarelocal theoriest

Stochasticdheorieshave anotherobstacle. Gilson (1965)
hasshawn that: “... quantummechanicsaslittle if anything
to dowith stochasti¢heory’

Using an argumentbasedon Feynmans propagator he
found that, one, a quantumtransitionfunction is dependant
on theinitial state;andtwo, thata quantumtransitionfunc-
tion is morelike a deltafunction thata Gaussian.The same
resultswere obtainedby Hall and Collins (1971)basedon a
studyin which stochastianechanicsvasrenderedn thelan-
guageof operatorson a Hilbert spacein orderto make the
two theoriescomparable Their conclusionthat”... quantum
mechanicsand stochasticmechanicsdo not coincide except
in atrivial casé€, follows from the obsenationthat quantum
operatorsareunitary (reversible)whereaghoseof stochastic
theoryareisometric(generallyirreversible).

Although noneof thesereformulationshastreated'spin,
andothersare manifestlyinadequateattentionshouldbe di-
rect to efforts which are still potentially successfulnamely
thoseof Goedeck andBoyer. Still, eventhoughno formal
refutationof Goedeck’s notion is known, it seemsvery un-
likely thatthe myriad of quantumphenomenaanbe clarified
by hisidea.Ontheotherhand,Boyer's work hashadsuccess
at elucidatingsomethe phenomenavhich stimulatedthe in-
ceptionof quantumtheory including ‘photon statistics, and
therforecanbewithout consequence.

B. Nelson’s Stochastic Process

1. Nelson’s counterexample to proofs that Stochastic and Quantum
Mechanics are Irreconcilable

The following issueon the foundationsof quantumme-
chanicshascometo somethingof aparadoxicatieadlock.On
the onehandNelson(1966),andothers,encouragehe infer-
encethatstochastigrocesseplay somesortof ill understood
role in quantumphenomenawhile on the otherhand,Gilson
(1965)andHall andCollins (1971)have shavn thatstochastic
andquanturmmechanicgoincideonly in thetrivial caseof de-
terministicstochastigrocessesThe point of this Subsection
is twofold: first, to exhibit a simpleargumentwhich leadsto
theconclusionof thelatterauthorsandsecondto resohe the
apparenparadoxyy drawing attentionto certainelementsm-
plicit in theassumptionemployedby Nelsonin hissuccessful
derivationof Schibdingersequationandto shaw, thatin spite
of the physicalmotivation, Nelsons formalismis compatible
with the conclusion®f Gilson,Hall andCollins.

1 Afterthe-factnote: This statementvaswritten earlyin 1973,whenit was
unclear to this writer at least,whetherBell's and Einsteins non-locality
were the same. Subsequenpublicationsby Bell in the late 19705 and
19805 removedall ambiguity;and,this writer thentook the view thatBell
too musthave introducedan inappropriatenypotheses.Recentwork has
solidly verifiedthis hunch.

2. A Simple Version of the Proof of Irreconcilability of Quantum and
Stochastic Mechanics

Thisarguments in theform of a countergampleto claims
that quantummechanicsanbe modeledby a Gaussiarpro-
cess,andproceedsasfollows: considera hypotheticalwave
function,say:

2

W(x,0) =Ae? - (8)

UseFeynmans propagatoto calculate(x,t):

W(xt) = / / dXe ot W(x,0). )

Now computep(x,t):
p(xt) =

andcomparethis with p(x,t) computedby usinga transition
probabilityfor a Gaussiarstochastigprocessasfollows:

YWD, (10)

p(x,t \/7/dx’e E/ZXJmlzp (x,0), (11)
wherep(x,0) is
p(x,0) = W*(x,0)W(x,0). (12)
Eq. (10) hasthegeneraform:
[ 1 =2
p(x,t) = mem, (13)
wherea€sq. (11) resultsin
1 -
p(x,t) = \/;em. (14)

The quantumexpression,Eq. (13) is the familiar spreading
wave packet of quantummechanicswhereasthe stochastic
expression Eq. (14), is familiar from diffusion theory The
resultsare not the same,and Eq. (14) essentiallyconstitutes
a countergampleto the claim that stochastiqorocessesnay
beusedto modelquantuntheory Theconclusiorto bedravn
from this counterexampleis: Gaussiarstochastiprocessem
configurationspace(an Einstein-Smoluchaski processan
not modelquantumtheory Sincethe very samecalculation
can be executedin momentumspace, Ornstein-Uhlenbeck
processe§.e.,aGaussiann velocity) (Chandrasekhat943)
arealsoexcluded. Althoughthis exercisesuffers,asdo most
countergamples,from a paucity of insight in the issueat
hand, it is offered as an expedientalternatve to the more
comple but more revealing agumentsof Gilson, Hall and
Collins.

3. Hidden Determinism in Nelson’s Counterexample

Nelsons formulation appeardo standin defianceof the
work of Gilson, Hall and Collins. Although the latter have



shawvn that no stochastigprocesscan model quantumtheory
Nelsonappeardo have devised a stochasticprocesswhich
doesso. This conflict canberesolhedby shaving thatin fact
Nelsons processs deterministic which we proposeto do by
shawing thatit very quietly departsaltogetheffrom stochastic
theory Nelsons paradigmis motivatedwith a discussiorof
Brownian motionin configurationspace sothatit is written
for dx:

dx = bdt + dw(t), (15)
wheredx is anincrementakchangen the positionx of a par
ticle, b is the meanforward (in time) velocity, and dw(t) is
a“Weiner” processij.e.,arandomincrementathangevhose
momentdo first orderare:

<dw>=0; < (dw)?>=vdt; (16)
consistentwith Brownian theory But, the paradigmalso
needsa secondorocess:

dx = b.dt + dw(t), a7)
whereb is to be the so-calledmeanbackwardvelocity’ and
dw, (t) is a Weinerprocesssuchthatdw(s) is independentf
dw(t) for s>t. Nelsondid not proffer physicalmotivation
for this secondorocessHowever, onemustconcludethatei-
therthe rearward processs the forward processxpressedn
atimereflectedframe,orit is not. If it is not, theneitherit af-
fectshalf of theensemblall of thetime, or all of theensemble
half of thetime. In thelatter caseit could be expressedn the
time-forwardframeandaddedo whatis alreadythereto give
a normal Weiner process;and, in the former case,quantum
systemswould be comprisedof non-interactingorward and
backward partialensemblesgachof which mustnevertheless
be obsenableto consciougjuantumsystemge.g.,humanob-
seners),—a paradox. If this processis a forward process
expressedn thetime reflectedframe,thenthe correlationbe-
tweenthetwo processanbe computedandis foundto be:

< dwdw, >= —vdt. (18)
So,consideringhecombinedprocessw+ w; , its secondmo-
mentis:

< (dw+dw,)? >=vdt +vdt + 2 < dwdw, >,  (19)
which s clearly zero,i.e., deterministic! This factreconciles
Nelsons paradigmwith Gilson’s, Hall and Collins’ “no-go”
conclusion.

C. Duality and Waves

Maisje nesuispassiir quedansununiversou
tousles phénonenesseraientégisparun schha
mathematiquementohérent, mais dépourvude
contenuimagg, I'esprit humainseraitpleinment
satishit. —Thom (1972)

1. A Proposal: The Background Gives Imaginable Content to de
Broglie’s ‘Second-solution’

In recenttimesno one hasbroughtdeepemoubtandmore
disciplinedcriticism to whathasbecomehe orthodoxunder
standingof the quantummechanicatonceptof duality, than
theoriginatorof theconceptdeBroglie. He hasaccomplished
this critique by his adwcag of an alternatve theory des-
ignatedas the “theory of the double solution”, (de Broglie,
1970) which seeksto interpretthe wave characterof parti-
clesin afashionrespectingheintegrity of spaceandtime and
thereforeour classicaintuition.

Suchareinterpretationn neededotin orderto satisfyhu-
manvanity by respectingntuition, but in orderto resohe the
paradoxwvhich perplexestheinterpretatiorof quantuntheory
This paradox,apparentlydiscussedirst by Einstein(Ballen-
tine, 1970),canbe statedbriefly asfollows: Suppose plane
wave solutionto SchibdingerEquation,representing parti-
clein abeam,mpingesonaplanedetectorsuchthatthewave
front is parallelto the detector Eventuallyoneobsenesthat
the particleimpactsthe detectorat a distinctlocation. At the
very instantof impact,the entirewave must“collapse”to the
point of impact,andmustdo sofasterthanthe speedf light,
whichimpliesthatthe wave mustnot be considered “physi-
cal” wave, but insteadmustberegardedasan*“informational”
device. On the otherhand,beamsof particlearediffractedat
slits, which implies that particlesare movedin their individ-
ualtrajectoriesapparentlythroughthe mediationof the wave.
Thefactthatthewave mediatesn physicaleventsmeanghat
thewave mustbea“physical” entity. Thus,thewave mustbe
bothunphysicalindphysical,paradoxically

Accordingto the imageryof de Broglie’s doublesolution
theory particleduality is a manifestatiorof the physicalna-
ture of a particle (i.e., somethingwhoseclassicallimit is a
particle)as“a very smallregion of high-enegy concentration
asa kind of moving singularity’ (de Broglie, 1970)In other
words, the wave characteiof a particleis dueto the wave in
whichthe particleresidesasasingularity

On the otherhand,wave duality canbe accountedor con-
sistentlywith the classicalpostulatethatthereexists fluctuat-
ing electromagneticadiationwith a Lorentzinvariantenegy
spectraldensity Lorentzinvarianceinsuresthatno frameis
preferred,and implies that the enegy spectraldensityis of
theform:

E(w) = const x W, (20)
where the constantis setequalto h/2 phenomenologically
(Boyer,1968)

Now Theimer(1971)hasshavnin abeautifullysimpleway
how this backgroundpectrumeadsto the Planckblack-body
spectrumwithout a “quantum” hypothesis. He hasalso de-
rivedthefollowing expressiorfor the fluctuationsof thermal
(blackbody)radiationenegy density:

2
< (pT) 2> =1+2< pB>7 (21)
<pr> <pr>



wherepr andpg arethe enegy densitiesof the thermaland
backgroundieldsrespectiely, anddp is the fluctuationmag-
nitude. Thesignificanceof this expressionis thatthefirst term
on the right sideis characteristiof classicalwaves,the sec-
ondterm of a classicalsystemof particles. The summay be
saidto characterizea “dualistic” entity; however, Theimers
derivationshowsthatthis dualismneednotbe predicatedna
guantumhypothesisput canbe understoodvithout violating
theidentity of classicalwaves. Furthermorethis demonstra-
tion is sufficientto completelyprecludethe needfor a“quan-
tum” or photonhypothesishecausehis needarisesfrom the
requiremento explain “photonstatistics, which Eq. (21) sat-
isfies.

It is thepoint of thiscommento proposeheargumentthat
thebackgroundypothesiganalsobeusedto furnishimagin-
ablecontentof alessethereaform to thebasicideaadwcated
by de Broglie with his theoryof the doublesolution. (Krack-
lauerand Collins, 1974) In particular it is proposedherein,
thatthebackgroungrovidesthewaveto whichachagedpar
ticle may be saidto coupleto constructhe compositeunit of
wave andsingularityimaginedby de Broglie.

2. The Fundamental Ansatz: Energetic Equilibrium with the
Background

The fundamentalAnsatzuponwhich the imaginablecon-
tentfor particle duality is built is the claim that any particle
with chagestructurewill obtain,whenconsideredor suitably
long periodsof time, enegetic equilibrium with the modeof
the backgroundo which the particle's chage structurepre-
disposest to couple. Alternately this may be expressedy
sayingthe the particle“tunes” to a particularmodefrom the
backgroundandestablishegnegetic equilibriumwith back-
groundsignalsin thismode.

As an example,considera dipole consistingof two oppo-
sitely chaged particlesheld apartby a spring suchthat the
resonanfrequeng of the systemis wyp. The consequencef
theabove Ansatzis thatthetime averagekinetic enegy of the
oscillator written usually as mA2wZ/2, is equalto the time
averageenegy in thefluctuatingelectromagnetibackground
modeuy, namelyE(wy); i.e.,

mAw§/2 = E (wo)-

This expressioris setout hereasanhypothesiswith some
disregardfor thedetailsbecausehethrustof theanalysispre-
sentedhereinis directedtoward an understandingf ‘parti-
cle duality, andnot of the structureof the particleitself. In
fact, however, Abrahamand Becler (1933) have shavn that
Eq. (22)is rigorousto first order;furthermore Surdin (1971)
has showvn that the secondorder approximationleadsto a
“Lamb” type correction.Theserefinementshowever, arenot
germaneo the subsequenbasicargumentregardingparticle
duality andtheresolutionof its concomitanparadox.

It now remainsonly to interpretEqg. (22)in termsof observ-
ableor known quantities.To begin, obsenethattheenepgy of
theoscillatingdipoleis indistinguishabldrom therestenegy
of the systemto an obsener who percevesonly a massie

(22)
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unchangingsystem;i.e., an obsener unavare of the dipole
interactionwith the backgroundyho would write:

mA6/2 = moc?, (23)

whereny is, asit were, a “renormalized’massgreaterthan
thesumof therestmasse®sf the chaigedparticlescomprising
the dipole. The differencein massis due, of course,to the
relativistic oscillationof theparticles.As it wasshavn above,
theenepy spectradensitywhichis Lorentzinvariantis given
by theequationsuchthatthe enegy pernormalmodeis:

E (wo) =hxo/2. (24)
Eq. (22) can,therefore bewritten:
moc? =huy/2. (25)

Now, it is of interestand consequenceo investigatethe
compositionof the right handside of Eq. (25) in greaterde-
tail. Implicit in the above developmentis the understanding
thatEq.(25)is valid aswritten in therestframeof thedipole,
whereit is meantto expressthe factthat the averageenegy
of the systemequalsthe averageenepy of the modewy. The
guestionbecomestherefore,how to expressthe conceptof
enegeticequilibriumin anarbitraryframeotherthatthe rest
frameof the particle.

In orderto resolhe this questiona meansnustbe found of
transformingthe averageenegy of the backgroundmodeto
which the particleis tuned. A problemarisesin thatthetime
averageequilibriumis establishedvith regardto the unit of
time of the particle’srestframe. This unit of timeis notframe
independensothatwhathasbeencomputedn the particle’s
restframe mustbe recomputedvith respecto the appropri-
atetime unit in anequialentframe. Thereforeat once,it is
seenthattheaveragecannot be computedhentransformed,
ratherthe transformmustbe executedfirst, thenthe averages
computed.

Time averageenegetic equilibrium betweena dipole and
isotropicsignalsin a particularmodein therestframeof the
dipolealsoimpliestime averagemomentumnequilibriumsince
theparticle's momenturris zeroin thisframeandthetime av-
eragemomentuntransportof isotropicradiationis alsozero.
If this statemenis physically meaningful,it follows that it
mustbe frameindependentthereforejt follows thattime av-
eragemomentumequilibrium mustalso hold in eachframe
whencomputedwith respecto thetime unit of thatframe.

Therenow remainsonly oneaspecto the questionof how
to transformthetime averageenegy equilibriumstatemento
anequialentframeandthataspects: how aretheenegy and
momentumof the signalsof the backgroundexpressedt is
preciselywith respectto this questionthat the enegy spec-
trum, Eqg. (5), provesmostauspicious.Considerthe general
expressiongor the enegy and momentumof planewavesin
free spaceto wit:

e = [ Bo(w)Pex (26)

and

p= %C / |Eo(w)2d3x. 27)
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Now, by virtue of theLorentzinvariantenegy spectraden-
sity, it follows that
1
— [ |E 2d8x = }ﬁ 2
o | IEo(@)Pdx = Jfe (28)

sothatfor the averageof the backgroundsignals,the enegy
maybe expresseas:

E= }ﬁm; (29)
4
andmomentunas:
p— k. (30)

4

Theseexpressionrefer, of course,to averageor charac-
teristic signals. In the restframe of a particletherearetwo
suchsignalsfor eachdirectionin spacecorrespondingo +k.
Thereforethetotal time averageof theenepgy for eachdimen-
sionin spaces in fact:

E=< (h_w—+ +h_w—‘> >, (31)

4 4

where< > denotegime averageof thesetwo signals sothat

E= %ﬁw.

Ontheotherhand thetotal time averageof themomentum:

(32)

- 1.

P=< Allﬁk 4ﬁk >, (33)
is clearly zeroin therestframe of the dipole. This resultis
obtainedbecauseéhe fluctuatingbackgroundsignalsmay be
saidto beone-halfthetime representedy a planewave mov-
ing to theleft, say andotherhalf moving to theright, sothat
onthetime averagethereis no motion.

If now, however, the w.. andk.. aretransformedo another
inertial frameandthentheaveragesarecomputedthefollow-
ing expressionsareobtainedfor theenegy:

E' =<E, +EL >,

E' = < v((wo+ o) + (o —cBR)) >, (34)
E' = Fivon;
andfor themomentum:
P = Tkl (35)

wherea factorof 1/2 ariseswith regardto momentumasan
expressionof the fact that eachsign occursone-halfof the
time; i.e., thetime averageof two equallyprobablevectorsis
heirbarycentre.

Now, by transformingthe enepgy of the particleandequat-
ing momentunandenegy partsto thecorrespondingartsfor
thebackgroundyields:

vmoczzm—mo'

. (36)

and

_ ABlko|

="

(37)

In a nonrelatvistic approximation,the enegy terms ex-
pandedjive:

moc®(1+ B?/2) =huwo/2(1+ B?/2), (38)
or
V2

E, =mo =ha, (39)

where
w = Bwn/4, (40)

sothat

» wy  Bko

kV - 7 - T7 (41)

is in agreementvith Eq. (37) wheny — 1. Egs. (39) and
(41) arerecognizedasthe classical‘de Broglie relations; so
Egs.(36) and(37) canbeidentifiedastheir relatiistic gener
alizations.

Physically theimplicationis thatto anobsererin aframe
translatingwith respectto the restframe of a particle with
chage structure,the averageor effective propertiesof the
backgroundelectromagnetisignalswith which the particle
is in equilibriumcanbe characterize@sa wave describedy
thewell known deBroglierelations.lt is this factwhich gives
imaginablecontentto thebasicconcepiof de Broglie'stheory
of the doublesolutionandwhich is in completeaccordwith
notionsfamiliar from classicalphysics. Furthermore since
this “averagewave, asit were, is in fact the composition
of classicalelectromagnetiovaves, its responseo obstacles
in the ervironmentis governedby the principlesof electro-
magnetismAs anillustration,let usconsiderthe pedagogical
paragon,a particle beampassingthroughdoubleslits. The
resultsof this experimentcanbe understoodasfollows: The
particlestuneto anaverageeffective signalwhichin theframe
of the slits’ screenis describedby a wave impinging on the
screenwhosewave vectoris the “de Broglie wave vector” of
the particles. The effect of the slits on this wave is, accord-
ing to the principlesof wave theory, to establisha diffraction
patternon the backsideof the screenThis diffraction pattern
representspacialvariationof the enegy of the signalsin the
backgroundo whichtheparticleis tuned,apatternwhichgive
riseto spatialgradientf enegy; i.e., of forces,whichtendto
coaxthe particleinto the troughsin the patternmuchasdust
settleson thenodesof avibratingdrumhead? Theresolution
of the philosophicaldilemmaposedby Einstein,Schibdinger

2 Afterthe-factnote: In fact particlesride antinodesof de Broglie waves, a
refinementaccommodatech this paradigmby the authorfirst in the late
19905.



andothersjs anequallystraightforwardapplicationof theun-
derstandin@ffordedby this viewpoint.

Consider for example,the paradoxfirst proposedoy Ein-
stein. If afree particleimpingesperpendicularlyon a screen
puncturedby a infinitesimally small hole, then,accordingto
the principlesof QuantumTheory the wave function of the
particle beamshouldemege from the hole having beenre-
fractedinto a sphericalwave. Furthermore,if a perfectly
sphericaldetectoris centerecbn the hole, thenaninstantbe-
foretheparticleimpactsthedetectoithewave functionfor the
particlewill be finite over the entire surfaceof the detector
However, immediatelyuponimpactthe wave function must
collapseto a zerovalue everywhereexceptat the preciselo-
cationof theimpact. This collapsemustoccurfasterthanthe
speedof light, which implies that the wave function cannot
be regardedas a physicalentity; but on the otherhand, the
wave mustalsomediatein therefraction,andmust,therefore
bephysical.

Theresolutionof this paradoxaffordedby the background
concepis directandsimple. Theparticlesof anensemblare
deflectedn passinghroughtheholeby theageng of thefluc-
tuatingbackgroundsothatthe informationalcharacteof the
wave functionis freed of the preternaturataskto reflectthe
essentiallystatisticalnatureof the fluctuationsasthey affect
the samplepathsof theensemble.

3. Point Particles Exhibit the Mass Renormalization Divergence of
Quantum Theory

Theargumentpresente@dbove appearso beinadequatéor
the understandingf point chagesbecausehey have no pre-
ferredmodeof interactionwith electromagnetidields. This
inadequag is as much apparentasreal. It is only apparent
in the following sense. Point particlesmay be regardedas
chagestructuresvhichinteractwith electromagnetifieldsin
amultiplicity of of modesjn this caseaverymode.Therefore,
Eq. (32) maybe written:

mc? = %’ﬁ/omwf(w)dw, (42)

where f(w) is an admittancefunction suchthat the integra-
tion over all modesgivesa convergentresultwhich senesas
an equialentwe. Following from the factthat all equations
regardingde Broglie relationsare linearin w, it is permiss-
ableto replacewy with we everywhere. In otherwords, the
linearity of the de Broglie expressionsmplies that multiple
interactionwith the backgroundwill not leadto differentre-
sultsor conclusions.

The inadequag is real, however, in that the admittance
function, f(w) hasno rationalizationwithin the context of
theseconsiderationsThis faultis, however, faithful to quan-
tumtheorywherepreciselythis problemarisesn massrenor
malization calculationsand is resohed only throughthe ad
hoc imposition of cut-offs. (Harris, 1972) With regard to
this difficulty, this authorfinds two possibleresolutionssug-
gestedby the conceptof backgroundadiation. One,the ra-
diation reactionto accelerationauseddy interactionswith
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the backgroundmay lead to a suitableacceptancdunction,
f(w). Two, the backgroundnaybe Lorentzinvariantonly to
first order, while in factbeingconvergent. In ary case,ary
meanswhatsoger that would leadto an acceptancéunction
is adequatdor the conclusionbtainedregardingduality.

4. Spin: A Manifestation of Background Polarization

A fundamentalaspectof electromagneticgadiationis its
two state charactermanifestedas polarization phenomena.
Sincethe backgroundsignalswith which a chaged particle
arein equilibrium are electromagneticthe consequencesf
polarizationmustbeincludedin the fundamentaAnsatzem-
ployedabove. This canbe mosteffectively accomplishedy
elaboratinghe Ansatzwith the stipulationthatthe helicity of
the particleandthe ‘effective’ de Broglie wave be the same.
Symbolically in termsof four-vectors:

[0' ﬁ; rlynbcz] :ﬁ[céylk0|/47 I'IW)O/Z],

whereao in this equationrepresenta Pauli spinvectorandll
is the 2 x 2 identity matrix, which in this context, arenothing
morethantheformalisticdevicesthroughwhichthetwo states
of polarizationaretakeninto account. The “contenuimagg”
of this stipulationis the following: a point chaged particle
cantuneto eitherof two waves,which may be thoughtof as
clock- or counterclock-wisepolarizedin an arbitraryframe.
To anobsenrerin this arbitraryframe,the particlewill appear
to be drivenin eitherright or left handhelical motion of the
samesenseastheeffective deBroglie wave to whichtheparti-
cleistuned.Of coursethis naiveimageryis overstatecandin
factunnecessaryA morerealisticimagewould bethatof an
ensemblef identicalparticlesin interactionwith arandomly
polarizedsignal of the backgroundwvhosestatisticalproper
ties (expectationspreidenticalto the idealsituationin which
particleexecuteperfecthelicalmotion. In ary casespinisin
evidenceonly in the presencef a magnetidield.

This modelof electronspinis by no meansuniqueto this
author Smit (1959)in his book on ferritesusesthe modelto
comprehendertainphenomenén thesemetals.By employ-
ing anovel formulationof tensoranalysis called“space-time
algebrd, Hesteneg1973) hasshowvn that what is here pre-
sentedasan hypothesisjs in fact,a consisteninterpretation
for the Dirac equation.In effect, Hesteneseversedthe logic
of agumentsusedherein,asthe Dirac equationshall be ex-
tractedbelow.

(43)

5. Additional Fields Introduce the Canonical Momenta

Thusfarin theseconsideration# hasbeentacitly assumed
thatthe only field with which the particleis interactingis the
fluctuating electromagnetidackground. In the presenceof
additionalfields the fundamentalAnsatzmust be alteredto
includethe enegy of thesefieldsasfollows:

mec? = %ﬁm+ ed, (44)
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wheree is the chage of the particleso thate® is the enegy
of interactionwith the additionalfield. If the extraterm, ed,
is movedto theleft sideof Eq. (44),andthetransformatiorto
atranslatingframeis carriedout, the following expressions
obtained:

[P, M (ymoc? + e®)] =hyBlko| /4, Myeo/2,  (45)
whereP is canonicamomentum:
B—mv— A, (46)
m

In the context of the presentonsiderationsghis conclusion
playsnovital role; however, it will befoundusefulin Subsec-
tion D in which thecanonicamomentas fundamental.

6. Fermions are Charges in Equilibrium with A Polarized Background

There appearsto be no limit to the imaginary construc-
tion thatresultfrom compoundingonsiderationsf theabove
sort. For example, the Pauli Exclusion Principle might be
renderechsthe statementhattwo point chagesin proximity
will tendto equilibratewith oppositelypolarizedbackground
waves,aseachparticlebeingdrivenin circular motionis an
effective magneticdipole andmagneticdipolesenegetically
preferto antialign. As asecondexample,amassive Bosoncan
be thoughof asa boundcombinationof fermionwhich asa
unitequilibratewith thebackgroundcalawave composedf
the sumof two polarizedbackgroundvaves. Otherexamples
canalsobefound.

D. The Imaginable Content of the Schrdding er Equation

In the preceedingsubsectiornt wasshavn thatthe particu-
lar natureof the backgroundwith a Lorentzinvariantspectral
densityengenderso first ordera statisticaleffect which gives
the appearancéo a particle of having a “de Broglie wave”
attachedto it. In this Subsectionthis conceptis exploited
further by decomposinghe density for Gibbsianensemble
in termsof Fourier componentseachof which is sucha de
Broglie wave.

1. Schrodinger’s Equation: Liouville Equation plus Background

It was showvn in SubsectionC that the backgroundieads
to an effect which causearticlesto behae asif they had
de Broglie wavesattachedo them. Thereit wasshavn that
thiswave, with wave vectork, is associateavith the particle's
momentump by:

P_
2= =k

This allows for the Fourier decompositiorof a Gibbsianen-
sembledensityp(x,t) asfollows:

(47)

i2p-X

P(x,X) = / e p(x,p)dp. (48)

In like fashion, transforming the Liouville equation for
p(x, p), yields:

= () (5 P50 F 0P

To separate&ariablesthis equationcanbe tranformedwith:

(49)

r=x+x; r=x—x, (50)

to give:
M _(h 02 2 \. i , r—r'\ .
5~ () () ose-n e ()
(51)

This equation,however, is still not separabléecauseof the
form of thetermF r‘—Z" . Neverthelessye notethatall cal-

culationsof expectationvaluesanddensitieson configuration
ormomentunspaceequirethesolutionto Eq.(51)only along
theline definedby r = r’. Thefollowing exampleprovesthis
assertiorfor expectationf configurationvariables the oth-
ersareshavn in anappendix.Considetthecalculationfor the
expectation< x >:

<x>=//dpdxxp(x.p), (52)
which,with Eq. (48), becomes:
<x>=///dxdx’dpxe;%ﬂf)(x,x’), (53)
with the changeof variable,Eq. (50), thisbecomes:
<X>= //drdr’é(r—r’) (rJ;r’) p(r,r). (54)

Theappearancef the Dirac deltafunction,d(r —r’), demon-
strateghatpointthatthesolutionis needednly alongtheline
definedby r =1r’.

The following argumentsare now employedto obtainthe
solutionalongthe line r = r’. Noting that Eq. (51) hasthe
appearancef a separablequatiorwhenr =r’, write

pr,r") =W (r)W(r). (55)
PuttingEq. (55) into Eq. (51) yields,with thesamemanipula-
tionsusedto separatevariablesthe equation:

oW h\ 2w /i r+r' /
(@) S+ (D) (B v =ceryw,

(56)
and its complex conjugate,whereC(r,r’) plays the role of
what could be called a “function of separatiori. This pro-
cedureis, of course,a non rigorous contrivance; however,
it is provedin anappendixthe Subsectiorthat a solution of
Eg. (56) with r setequalto r’ leadsto a densityp(r,r') which
is a solutionof Eq. (51) ontheline definedby r = r’; further
more, configurationexpectationscalculatedwith W*(r')W(r)
are identical to those calculatedwith the full solution to




Eq. (51) ontheentirer —r’ planeas< p! >, if the function
C(r) is choserto satisfy

d<p>
dt

whereV (X) is thepotentialenegy functionwhichleadsto the
forceF (x), andtheexpectatiorvaluesarecomputedasabove.

DemandinghatC(r) bechosersuchthatEqg. (57) is valid,
is nottheimpositionof a new stipulation,but the reintroduc-
tion of informationlost via the separatiortechnique Eq. (57)
is trivially valid whenever the densitiesusedto computethe
expectationvaluesof quantitiesappearingn Eq. (57) satisfy
the Liouville equation. Therefore,demandingthat C(r) be
chosersothatEq. (57) holds,is ameanswherebyof all den-
sitiesof theform of Eq. (55) which coincidewith solutionsof
Eq. (51)ontheliner =r’, thosewhich alsoyield expectation
valuesof momentumdenticalto thosecomputedwith the so-
lutionsto Eq. (51), arechosen.Note thatif C(r,r’) depends
onW¥, sodoesV, consistentvith presenpractice.

Now, by calculationsparallel to thoseusedin proof of
EhernfesstheoremEq. (57) andbeshavn to imply that

=—<IV(X) > (57)

/drw*(r)[r -OF + OCW(r) = 0. (58)
With assistancef avectoridentity, [-] becomes:
[r-OF+0C]=0[r-F+C]—F, (59)
or
r-F+C=-V. (60)

Sothatfinally, Eq. (56) becomeghe Schibdingerequation:

ﬁ" = ——Dzw + VW, (61)

Thequestions,Justwhathasthls procedureachiered?The
answeiis, thattwo equationshave beenfound, (Eq. (61) and
its conjugate) for which the productof the solutionssatisfy
the non separableEqg. (56) on a restricteddomain (r = r’).
By furtherdemandinghatthe separabldorm WY*W yield the
sameresultasp(r,r’) in Eq. (57), effectively the W are so
constrainedoasto beidenticalwith p(r,r') ontheliner =r’;
so that first power expectationvaluescalculatedeither way
areidentical. Thusseparableequationshave beenfound, for
whichtheproductf theirsolutionproductsareidenticalwith
thesolutionto anonseparabléLiouville) equatiorontheline
r =r’. By goodfortune,the separablesolutionsatisfiesmost
every calculationaheed.

Otherse.g.,Surdin (1971),have usedessentialljthe same
argumentwith differentmotivationandanalysisihowever, the
more revealing approachpresentechereresohes certainis-
suesdiscussedbelow.

2. Wave Decompositions Give Unique Operator Equivalents for
Classical Expressions

Classicalquantizationrules give an algorithmto construct
equialentsfor classicalexpressionswhich are not unique.
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(Shewell, 1959) This ambiguity may be regardedas symp-
tomatic of a defectin the quantumformalism. It is herein
shawvn thatthe procedureemployed in this work of expand-
ing classicalexpressionsn termsof de Broglie Fourier wave
componentsyield uniqueoperatorequivalents.Considerthe
following example:

<Xp >=//dxdpxpp(x, p)- (62)
With Egs.(54) and (56), andretainingthe orderof x and p,
thisis

<Xp >:///dppdrdr’ (Lzrl) emrﬁ_ﬁw*(r’)w(r),

(63)
which, afterintegrationby parts,yields:

<xp>= /drw*(r) (r +i-ﬁm> w(r) + g (64)
Similar manipulationsvith expression®f theform < x™p" >
also give unambiguougesults,in contrastto the orthodox
guantizationrules. In canalso be verified that the usualad
hocprocedurdor building ‘Hermitian’ operatoyfor example
for the Lorentzforce law, (Schiff, 1968,p. 178),is herean
automatiocconsequencef the procedure.

3. Decomposition: Resolution of Interpretational Issues

Theinverseof this procedurevasdevelopedby Wignerin
1932,whenheintroducedvhatis novaday<alledthe Wigner
distribution function:

i2px
Pw(X, p) = / dX e B W (x+X)W(x—x),  (65)
and extracted from the Schiddinger equationan equation
whichis the Liouville equatiorwith spuriousterms:

op
ot Z
(66)

Thequestiomow is, why hasEq. (65), whichis nomorethan
the inverseof the transformation€q. (54) and (56), not re-
sultedin Liouville’s equationwithout the extra terms? The
answetlies in the structureof Eq. (64), which would require
the functionsW¥(r) to be rigorously correcteven off the line
definedby r =r’, where(now) we knaw, in fact,thatthey do
not satisfyEq. (57). Note, however, thatwhenV(x) is of the
form:

/2IJ Lov(x) dp .
(0xX<)1 (ApK)!”

=1,2,...

V(x) = a+ bx+ ¢, (67)
Eq. (57) is separableand the solutionsW¥(r) to Eq. (61) are
rigorously valid over the entirer — r’ plane; in thosecir-
cumstances classicallymeaningfulphasespacedistribution
(Wigner densityfunction) canbe computed. As Wigner has
pointedout, thediscrepang in thegenerakaseoffersthe pos-
sibility, in principle, of distinguishingbetweenthe orthodox
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andary otherinterpretatiormoredirectly relatedto probabil-
ity theory

Wigneralsohasshown, that Eq. (65) leadsto densitieson
phasespacenhicharenoteverywheregoositive whenthefunc-
tion W(r) is an eigenfunctionof the Schibdingerequation,
Eq. (61); for example,whenW¥(x) is theso-calledfirst excited
stateof the harmonicoscillator:

(68)

p(ep) = [ mNE62—Pa,

= V(2 —1/2).

The obsenation that p(x, p) is not positive definite was
thought(by Wigner)to precludethepossibility of interpreting
pw(X, p) asa densityor probability However, this agument
implicitly assumeshateigenfunctionsof Eq. (61), or enegy

eigenstateshave objective reality; thatis, thata physicssys-
temcan‘exist’ in apureenegy eigenstat@asopposedo mix-

tureof eigenstatesThisimplicit assumptioris clearlynotger

maneto the preseninterpretationasonly thosestatesmixed
or pure, which do give acceptabléVNigner densitiesare re-

gardedas physicallymeaningful;in otherwords: satisfythe
initial andboundaryconditions.Others,e.g.,Marshall(1963)
andLancké (1965a) have alsocometo the sameconclusion.It

is interestinghatthermalstateqi.e., mixedstateswvith Boltz-

mannweightingfactors)andcoherenstatessatisfythis crite-

rion. (Meijer, 1966)

(69)

Appendix to Subsection D
Claim: If W(r) satisfies:

{% + %Dz—iﬁ“:(r) +C(N}W(r)={0}¥(r) =0, (70)

andW*(r) its complex conjugatethen

p(r,r’)y = W (r"W(r), (71)
satisfieswhenr = r’:
0 h P R o O N
5t T o (07— 0%) —g(r =1 )F(— )}p(f,f)—(z-?z)

Proof: Put Eqg. (71) into (72), add zero in the form (C —
C)W*WY, rearrangdo get:
YOI+ W{O0'}Wx, (73)

letr — r’, andthe conclusionfollows.

Claim: The computationof expectationvaluesof < p" > re-
quirethesolutionto Eq. (51) only ontheliner =r’.
Proof:

< p>=//dpdxpp(x, P), (74)

Whichwith Eq. (48) and(50), becomes:

< p>=///dxdx’dppel2f?if)(x,x’),

andwith Liebnitz'srule,becomes:

h 0o o0
— ! _ ! _ - A !
< p>—//drdr 5(r r)(_2i> (ar alr,>p(r,r).
(76)
Theappearancef the Dirac deltafunction, provesthe point.

(75)

Claim: p(r), the configurationspacedensitycomputedirom
p(x, p) is uniquelydeterminedby W(r) onther =r'.
Proof: By definition

p(x) = / dpp(x, p), (77)
whichwith Eq.(51),becomes:
p(x) = //dpdx’e_jiwpl p(x,X), (78)

changingvariableswith Egs.(53)

p(r) = %/dré(r—r’)w*(r’)\P(r)
- %dr’/dr’é(r’ —nWrHw(r), (79

whichis
p(r) = Wi (rW(r),

uponaccountingor therelativeorientationof ther =0,r' =0
andx = 0 linesandintegrations.

(80)

Il. RELATIVISTIC MECHANICS

In Sectionl, QuantumTheorywasstudiedanda quantiza-
tion procedurdoundwhich doesnot ascribea particlarstatus
to ‘time’ asanindependentariablein the theory This pro-
cedureconsistof decomposing.iouville’ s equationin terms
of Fourier componentseachof which is a de Broglie wave,
andthento find asolutionon arestricteddomain.In this Sec-
tion aformulationfor theapplicationof this procedurewill be
presentedHowever, beforediscussingelatistic mechanics
in SubsectiorB, theoremswidely thoughtto be fatal regard-
ing theformulationof relatiistic canonicamechanicsvill be
analyzed.

A. No-interaction Theorems

1. The Role of ‘Time’ in No-interaction Theorems

Herethefirst pointis to shav thatno-interactiontheorems
all resultfrom efforts to give ‘time’ the samespecialstatus



thatit hasin non-relatvistic quantummechanics.Thesethe-
oremshave received much attention,as they are thoughtto
completelyprecludethepossibility of formulatingof acanon-
ical, i.e., Hamiltonian,formulation of relativistic mechanics
with interaction. (Leutwyler, 1965) Thus, althougha logical
refutationwould be achieved by displayinga countergam-
ple, thesetheoremsare analyzedheredeeperto reveal their
truebearingontheissueandto forestallmisapprehension®-
gardingtheirimpact.

There are two distinct types of no-interactiontheorems.
The first type was proffered by Currie, Jordanand Sudar
shan(1963) (hereafterCJS),which can be characterizedy
theinvariancerequirementn its hypothesisThesecondype,
proposedyy Droz-Vincent(1972),is characterizedby the as-
sumptionthat the mechanicsof an N-particle systemis de-
scribedby an N-parameteigroup structure. The tactic here
will beto shav how theresultsof thesetheoremds obtained
adding stipulationsto mechanicsas formulated by Cartan
(1922); seealso: Abraham(1967) and Slebodzinski(1970),
for notationandvocahulary.

Let My be the direct productof the Minkowski spacesof
eachof N particlesof a system. Let wy be the differential
action-formof the system:

N
o=y ppdxh — #dr, (81)
n=1

wherex}, is thecanonicaé-positionof then-th particle,pj; its

canonicalmomentum,# the total enegy of the system(the

Hamiltonian)andt thevariableconjugatdo the Hamiltonian,
andthereforethe parameteof thegeneratofor the dynamics.
Now defineavectorfield, D, onthe8N + 1 dimensionakpace
My + 1 asfollows:

d d d a d
D=Vi— 4+ . +Vi—+F'— . +FR—+—.
Lo T TINGE TG Tt Nap§+a(rgz)

Then, Cartans principle requiresthat the interior productof
the vectorfield D, with the exterior derivative of the action
form wy, bezero,to wit:

i(D)dwy =0. (83)
Eq. (83) thenspecifieghe functionsVi} and R suchthatthey
will satisfy Hamilton’s Principle and such that the integral
curvesof D projectedon My arethe world lines of the par
ticles. Furtherrecallthat

i(Va)d(wwmy) = dA, (84)

where

cowy = ppox, (85)
definesan isomorphismbetweenthe vectorfields V4 and
thefunctionsA. Also recallthat, the Minkowski structureof
eachspace-timananifold M, requiresthatthe basiselements
of thetangenspacdo eachM,, whenviewedasgeneratorsf
translationssatisfythe Poincaé grouprelationshipgogether
with Lorentztransformationsvith respecto theLie braclet.
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2. The Special Role of Time in CJS Theorems

In the context of Cartans formulationof mechanicsa CJS
theorems hypothesiscontainsthe following stipulations: a)
the canonicalmomentaare to be identified with generators
of spacdranslationsandthereforesatisfythe Poincaé group
relations,andb) the Hamiltonianspecifiesthe dynamicsvia
thebracletrelations

[Xn7VH] =Vn’ [anVH] = Fn7 (86)
wherex, andp" are canonicalvariablesandVy is obtained
with Eq. (84), andfinally, in distinctionfrom Cartan, c) that
Vy canbeidentifiedwith the generator®f time translations;
i.e.,that

9
Y

Now, by putting Eq. (87) into Eq. (82) andapplyingEg. (84),
onefinds

= :aN

d
5= (87)

Fi=0; vi=-a" (88)
Obviously, ascondition“c” is uniqueto a CJStypetheorem,
it is the sourceof the no-interactiorresult.

From the extensive commentaryin presentation®f CJS
theoremsit canbeinferredthatthejustificationfor condition
‘c’ is the needto have the dynamicsspecifiedby a canonical
transformation However, while a sufficient conditionfor the
generatoof thedynamicd/y to becanonicalvouldbefor it to
becontainedn thePoincaégroup,it is notanecessargondi-
tion. It is necessarpnly thatthe generatopresere the sym-
plecticstructurej.e., preseretheform of wy. Thus,this mo-
tivationfor condition‘c,” mustbeincorrect. In facta deeper
motive for conditions'c’ is the hopeof constructiona varia-
tion of relativistic mechanicsvhichwould beamenabléo the
classicalguantizationprocedures Sincetheseproceduresin
factall of relativistic guantummechanicaspresentlyformu-
lated,give time a statusdifferentfrom thatof spacerelativis-
tic mechanicgefiesdirect quantization. Therefore,various
authorshave tried to reformulatemechanicsisingLie groups
whosebracletscanbe“translated’into operatorcommutators
with the appropriateénsertionsof ih, andso forth. However,
whentheLie bracletsarerequiredto have the Poincaé group
structureconstantd4o make the theoryrelativistic, andwhen
theHamiltonianvectorfield Vi is identifiedwith thetime dis-
placementoperatorto give time the role is hasin quantum
theory a CJStheoremfollows.

Recently it hasbeenshown that the conclusionof a CJS
no-interactiontheoremcan be escapedy relinquishingthe
requirementhatthe positionvariablesbe canonical.(Kerner,
1965) This is tantamountto not requiring that the Poisson
bracletsof thesevariableshe equalto zero;i.e.,

X,¥] #0, (89)
while retainingit for the momentunvariables:
[, p']=0. (90)
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This hasthe undesirableconsequencef entailinga compli-
catednon-Minkowski metric on physicalspacewhile retain-
ing a Minkowski metric on momentumspace the difference
beingmadeup by the vectorpotential. Of course,onecould
go the other way around, retaininga Minkowski metric on
physicalspacebut no momentumspacein eithercasethere-
sulting braclet relationsdefy quantization.Thus,oneis lead
into a cul-de-sacsa relativistic mechanicsnvolving quantiz-
ablecanonicalvariablesannoteformulatedwithouttreating
time andspaceequivalently; andon the otherhand,a single-
time formulationof mechaniczannotaccommodateuantiz-
ablecanonicalariables.

3. The Droz-Vincent No-interaction theorem: An exploration

The Droz-Vincent (DV) no-interactiontheoremis essen-
tially anexploratorystudyin responséo the challengeposed
by CJStheoremshowever, it too yieldstheno-goresult. The
fundamentadssumptiorof aDV theoremis thatthedynamics
areto bedescribedy an N-parametegroupstructure.In the
fashionof Cartan,this is tantamounto the definition of the
vectorfield D, Eq. (82) as:

0 0 0 0
D=V} RN — 1
axlJr +ha 6p§+611+ o 1)
andwy as:
oy = pidx - Hdt' — ... — Hdt". (92)

After somemildly tediouscalculationfollowing from appli-
cationof Eq. (83), it follows that

{o, 31} =0,

wherethe bracletsarethoseof Poisson.Theindependencef
theworld line follows from theindependencef the Hamilto-
nians.

In short,thesetheoremsdo not precludethe existenceof a
canonicalformulationsof relativistic mechanics.What they
do precludeis a canonicalformulationwhich exaltstime to a
statusdifferentfrom thanof space.lf canonicafformulations
with interactionof mechanicsxist, they mustremaintrue to
the spirit of specialrelativity by keepingtime and spacein
equialentroles.

B. Relativistic Action-at-a-distance Mechanics

Fieldtheoriessuffer the following inadequag which might

leadoneto consideranaction-at-a-distancg\D) formulation
as being more fundamental. To quote Rohrlich (1965),
a consistentctionintegral for an electromagnetio-particle
system(n > 1) requiresthe introduction of direct interac-
tion betweenchages,not mediatedby afield” In additions,
AD mechanicswvoids altogethetthe self-enegy divergencies
which plaguefield theories. However, the presentform of

relativistic AD mechanicsdueessentiallyto Fokker (1929)3
leadsto mathematically'poorly posed, (i.e., nonintegrable)
equationof motion,becausét incorporatesadvancedaswell
asretardednteractionbetweerparticles. Wheelerand Feyn-
man(1945/49) have arguedthatthis repulsve feature tanta-
mountto predeterminismdoesnot violate our phenomeno-
logical understandingf causality They arguethatthe inclu-
sionof thewholeuniversesomehav cancelg¢headvancedoart
to within obsenable limits; however, the equationsremain
nonintegrable. It is the point of this Subsectiorto proposea
changein Fokker’s formulationof relatiistic AD mechanics
sothatit doesleadto well-posedequationf motionwithout
sacrificingary of theaesthetior mathematicatriteriawhich
Fokker demandeaf afundamentaprinciple.

1. Fokker's Unified Lagrangian

Fokker, the principle originator of covariant mechanics,
soughtto generalizeNewtonian mechanicgo be consistent
with a finite propagationspeedof interactionby seekinga
Lorentz invariant action integral for which variation would
leadto n coupledequationsof motion for an n particle sys-
tem. He alsodemanded.largely on aesthetiagrounds,that
afundamentabctionprinciple for interactingparticlerequire
thevariationof asingleintegral, ratherthana separaténtegral
for eachparticlein the system.Thesecriteriaare metby the
following Lagrangiarproposedy Fokker:

L=§£4 % —mic(x; - xi)Y/?
| I

_aéej/wxi-xja((xi(xi)_xj(AJ))Z)dAJ-. (93)
&g e
asaresultof thevariation:

6/21;d)\i:0 (94)

Here, all vectors x, are Minkowski four-vectors, x =
dx/dAi, where A; is each particles propertime, and
3 ((xi(A\i) —xj(Aj))?) is the Dirac deltafunction (all corven-
tionsherearein accordwith (HanusandJaryszek,1971),ex-
cepttheexplicit form of Eq. (93)).

A carefulinspectionof Eq. (93) revealsthattwo contribu-
tionsoccurfor eachtime thefollowing is true:

IXi(Ai) =X (Aj)[ =0

In otherwords,eachinteractionis madeto sene doubleduty,
onceasa retardednteraction,i on j say andonceasan ad-
vancednteractionj oni. In thisway Fokkerwasableto com-
bine the separatevariationalintegrals of eachparticleto ob-
tain a singleintegral for the system.By way of contrastthe

(95)

3 Subsequenstudy revealedthat Karl Schwartzschildand Walter Ritz are
more deservingof credit asthe originators. Fokker supportedadvanced
interaction however.



Lagrangian

N
L=Y L= (-mc(xi-x)"?
|

_MZ

Aij
X x8((x Xi(Ai) =xj(A}))?) dAj.,  (96)
# _

whereA; is thatvalueof Aj whichincludesonly theretarded
interaction,doesnot leadto advancedinteraction. However,
Eq. (96) fails to be a singleintegral becauseachinteraction
mustbe written twice, oncewith A;j, andoncewith Aj;, and
may; therefore be written asa separaténtegral for eachpar
ticle. Thus,Fokker found himself choosingbetweena single
integral with advanceinteraction,andseparatentegralswith
adwancednteraction.

2. A Unified Lagrangian without Mathematical Lacunae

Escapdrom this cul-de-sacanbe hadwith following sin-
gle parametet.agrangian

N
L= Zﬁd x;) /2
_ZQJ;ej/_TOOXi-Xj5((Xi(T)—xj(-[’))2) dav. (97)

= z —mic(Xj - X

Thevariation

(98)

6/LdT=0

then,yields n coupledequationf motion

mt = % ;(Fret);‘v(xi(n)v. i=1,..N, (99)
IE4

if the scaleof 1 is adjustedo satisfy

Xi-x=c% i=1,...,N, (100)
This conditionis necessaryn orderto obtainEq. (99) in a
simplerform, andto completelyconformwith SpecialRela-
tivity by forcing velocity vectorsto be normalizedto c.*

Eq. (99) differs from those derived from Fokker's La-
grangian,namely Eqg. (93) and thosefrom the Lagrangian,
Eq.(96)

mx () = i=1

& v
S JZ_I(Fret)ﬁ1 i (\)v- ,--»N,  (101)

in thatEqgs.(99) have asingleindependentariablet, andin-
volve only retardedinteraction. Furthermorethey enjoy the

4 Afterthe-factnote: This condition, assuch,is unnecessargsit is auto-
maticallyfulfilled by definition.
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quality of meetingFokker’s aestheticcriterion of being de-
rived from a singlevariationalprinciple. In fact, the unifica-
tion achieved by LagrangianEq. (97) is of a deepersortthan
achievedby Fokker'sLagrangiarin thatit resultsfrom theuse
of asingleindependenparametemratherthanthetechnicality
of beingunableto write the Lagrangianasthe sumof single
LagrangiansEgs.(99) alsoenjoy the propertyof beingmath-
ematicallywell-posedsincethey are coupledoneto another
by retardedinteractionin a single parametesstructureof an
intrinsic, ratherthanad hocnature.

Wheeler and Feynman (1945/49) have given extensve
philosophicalapologeticdor theinclusionof advancednter-
action; however, Egs. (93) are neverthelesgpoorly-posedn
the sensehat solutionscannotbe found by local integration,
evenif they exist. This becomesbviousif oneimaginesa
machineintegration of the i-th equationfor a given value of
Ai. Suchanintegration;i.e., a calculationof an extention of
the orbit for anincrementaincreasen A;, requiresinforma-
tion from the j-th orbit on the forward light-coneof thei-th
particle,but this portion of the orbit is yet to computedgetc.,
ad infinitum. In effect, one needsthe solutionsto the equa-
tionsasinitial datain orderto computesolutions! Although
the equationsresultingfrom LagrangianEg. (96) canbe in-
tegrated,that canalso be faultedsinceeachequationhasits
own parameted;. In a machinecalculation,A; would be an
incrementatiorparameterandcarewould have to betakento
insurethatall suchincrementatiorparametersidvancedsuch
thatthe separatequationgemaincompatible.Clearly a sin-
gle parameteformulation,would be moreefficientin this re-
spect.Moreover, thesortof equationsesultingfrom Eq. (97)
have beenstudiedin anothercontext by Driver (1963), who
hasshavn thatin the one dimensionalcaseuniquesolutions
exist givena compactsetof initial data.

Therole of thesingleparameter, in thelight of thehistory
of SpecialRelatvity, is somavhat unclear It canbe taken
thatT hasno physicalsignificanceput is simply an‘unravel-
ing’ parameteof theworld lines of the systemparticles;i.e.,
its role is purely mathematical.The geometricstructureof a
singleparameteformulationof mechanicsirrespectve of the
natureof the metric, hasbeenstudiedby Cartan,who clearly
shavsthatt is theindependenparametein the generatoof
the dynamicalgroupon the 4 x n dimensionalconfiguration
manifold. It is afactof no smallimportfor thefoundationsof
mechanicsthat only a single parametetagrangianis com-
patible with Cartans Principle, in that Cartans analysisis
rigorousglobal mathematicsThus, T hasindisputablemath-
ematicalimportance whatever physicalsensewith regardto
the experienceof time it mightalsobegiven.

In short,two objectveshave beenachieved by thesecon-
siderationspne, interpretational pne, strictly mathematical.
The first is a demonstratiorthat a formalism of relatistic
action-at-a-distanamechanicsiotincorporatingadvancedn-
teractionis possible. Additionally, it hasbeenshavn here
thatthereis a formulationfree of the mathematicatiefectof
yielding poorly-posedequationf motion, makingit a con-
sistentandnaturalextentionof Newtonianmechanicsuitable
for quantization.
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C. Interpretational and Self-consistenc y Issues

Thereare,atleasttwo obstacleso themore-orlessexplicit
claim madein the foregoing discussiorthatan AD formula-
tion of electrodynamidinteractionss more‘fundamental'that
field theoreticformulations. “Fundamental’hereis usedin
the philosophicalratherthanpracticalsensethatis: it is not
meantto imply thatan AD formulationis more corvenient,
or evenfeasible,for doing calculationsor understandingp-
plicationsof electrodynamicdbetter ore even at all, in such
terms.It is meantonly thatthe basicnatureof interactionbe-
tweenpoint chagesis bestrevealedin this formulationand
that questionson its charactetthat make no sensein an AD
formulation,in factmake no senseabsolutely An exampleof
sucha questionis: how muchenepy is containedn thefield
of a point chaige? As this questionis meaninglesén AD, it
canbetakenasabsolutelymeaninglesaltogether

The obstaclesmentionabove are: the hypotheticalexis-
tenceof magneticmonopolesandthe natureof radiationre-
action.

1. Magnetic Monopoles: an Inherent Contradiction

The existenceof magneticmonopoleswould be a serious
obstaclefor acceptingthe validity of AD mechanicsas has
beenshovn by Havas (1957) and Carterand Cohen(1973).
Thereexistencein the first placewas proposedon the basis
of the symmetrythey would bring to the Maxwellian, field
theoreticformulationof electromagnetimteractionby Dirac
(1948).However, enthusiasniasleadto a cavalier resolution
of thefollowing inconsisteng amongthe formula pertaining
to suchmonopoles.

Consider the equation of motion for a pure magnetic
monopoleof strengthg, massm in the presenceof fields E
andB:

. v
mX =q(B — o X E). (102)
In orderfor this equationto be mathematicallyconsistentei-
therq or m mustbea pseudoscalabecausédothB andv x E
arepseudeectors.Both choicedeadto conflict.

If mis taken asa pseudoscalathen g would have to be
a scalar which leadsto a vector(vise pseudw@ector)B field.
Thisin turn would leadto aninconsistenequationof motion
for anelectricchaigeexposedo this field:

v
MeX = e(E x Bg). (103)

Ontheotherhand,if qis chosernto beapseudoscalathen

Dirac’s quantizatiorcondition:

rhc
27
is inconsistentpecausall the otherfactorsarescalars!This

problemis skirtedin the literature,with the folkloric sugges-
tion thatEqg. (104) beinterpretedo be:

ale= "5
qe=—

ge= (104)

(105)

thereis, however, no consistentargumentsupportingsucha
modification.

The failure to find magneticmonopolesto date, can be
takenassupportfor therectitudeof anAD formulationvis-a-
vis field theory;perhapseven,asasymptomof afundamental
weaknes®f field theoriesaltogether

2. Radiation Reaction: An Emergent, Multi-body Effect

In (Dirac, 1938) the expressionfor the force due to ra-
diation reaction, and in the AD formulation developedby
Wheelerand Feynman (1945/49),advanceinteractionplays
avital role. In the WheelerFeynmanformulation, the elec-
tromagneticforce on a particle resultsin part from the ad-
vancedsignalof ahypotheticatadsorberatinfinity’ respond-
ing to theretardedield of thechageunderconsiderationAl-
though eliminating advancedinteractiononly cleansup the
latter story, advancedinteractionfor radiationreactionmust
berationalized.

The paradigmproposecdhereto explicateradiationreaction
has certainsimilarities with the WheelerFeynmanformula-
tion in thatit employs thereactionof therestof the universe,
whichis takento beonthewholeelectricallyneutral.In such
a universe,a particlein an AD formulationis consideredo
be in permaneninteraction,at leastvia electrostatidforces,
with all otherchagesin the universe,andwould, therefore,
statisticallyseenjnducea Debyesheatharounditself. To first
approximationthis sheathcanbe consideredasa coincident
“hole” of oppositechageto theparticle,with whichtheinter-
actionconstitutesradiationreaction. The coupledequations
for achagewould thenbe:

m(s%p)* = <(Fo)fe (%) (1062)
andfor its hole
M) = — < (Pt (%o, (106b)

The solutionof this systemis facilitatedby the following ap-
proximations:To first orderx, = xn (up to effectsof time lag

to bediscussedbelown). Then,theretardedield from thehole;
i.e.,from otherchagesin theuniverseorganizedasan‘onion’

like Debye sheatharoundthe particle, will appearto be a
chage-reversed converging field mimicking a time-reversed
diverging field; thatis: the imploding field of the sheathis

identicalto time-reversedand sign-changegbarticlefield, or

purelyformally (but in approximation):

(F)ret = (Fp)adv.- (107)
Therefore Eqs.(106)canbeaddedo give:
m(Xp)" = % ((Fp)ret — (Fp)adw)" (Xp)v. (108)

Thisequations preciselythestartingpoint for Dirac’s deriva-
tion of the expressionfor radiationreaction,for which this
paradigmoffersa new andintuitive understanding.



Ill. A RELATIVISTIC WAVE EQUATION WITH INTERACTION
A. An Equation for Bosons

In this Section the quantizatiorprocedureusedin Section
| is appliedto the AD mechanicslevelopedin Sectionll, to
give a manifestlycovariantwave equationwith interaction.

Mimicking theproceduren Sectionll onthesingleparam-
eterHamiltonian:

op 04 0p 0H dp

ot dpox  oxap (109)
yields:
.ﬁaw N /1 _ N 2
o= .Z (ﬁ) (ﬁui - ;AJ) W, (110)
where
O =0+ 9 (111)
ST

The appropriateHamiltonian derived from the Lagrangian
Eq.(97)is

(112)

Nl N 2
H=Y—[pi—-DYA],
Zm(' %)

where

T
A=e [ @B -x@)P)dr. (119
Eq. (110)is manifestlycovariant,all vectorsareexpressedn
four-vectorform, andtheinteractiongermsarenon-nullonly
onthelight cone.

Theuseof theLiouville equationin arelativistic settingau-
tomaticallyimpliesa changen the calculationgole of W*W,
in thatthedensityp(x, p) onaspace-timenanifoldratherthan
configurationspaceas in non relativistic mechanics. Thus,
this densitycannotbeinterpreteda probability of presencer
density of world lines, ratheras probability of a space-time
measuremendr ‘event: The probability of presences then,
asis usualin relatiistic quantumtheory the fourth compo-
nentof the currentcomputedwith W*W:

1
= mLIJ pw.

As a candidatefor arelativistic multi-body wave equation,
Eqg. (110)in not entirely without precedentn the physicslit-
erature.Feynman(1951)expressed preferencdor a second
orderequationover afirst orderDirac equationbecausét is
more amenableo analysisusing Greens functions;and, he
alsoinvestigatedhe introductionof a fifth paramete Feyn-
man,1958). Arunasalam(1970)alsohasproposedhe single
particleversionandhasstudiedmary of the consequencesf
theformat. An AD formulationof Relativistic quantumthe-
ory, however, bringswith it issuesthatremainto be studied,
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for examplethe exclusion of negative enegies, (Hanusand
Jaryszek,1971),andthe definitionsof space-timeoperators;
see,e.g.,Sakurai(1967). The moreseriouschallenge how-

ever, will beto find a suitableapplicationfor which the equa-
tionsaresolvable.

B. A Fermion Equation

Pauli (1927),apparentlywasfirst to publishthe suggestion
thatalteringthe Schibdingerequation,even thoughnonrela-
tivistic, to read:

b= (0. (- 2A)) wrow 114

I _Zm(c(I c)) T (114)
leadsto thecorrectmagnetianomentor theelectron(modulo
anomalies) Laterit wasseenby mary authorsthatthe same
alterationto the Klein-Gordonequationgivesa secondorder
equationequivalentto the Dirac equation. (Sakurai,1967)
Thus,the samealterationshouldrenderEq. (110) suitablefor
the descriptionof Fermions.Simply following this example,
however, violatesthe spirit of this studyto provide intuitive
motivation; sothat, herein,it shallbe arguedthatthis formal
procedurds a meando take thetwo polarizationstatesof the
backgroundnto full account.

By introducingthePauli spinmatricestheequation®f mo-
tion canbe coupledin a way compatiblewith the coupling
of the two modesof polarizationof light—a fact which ac-
cordsfully with the fact that spin operatorswere in useas
“Stokes” polarizationoperatorsdecadesefore spin was in-
troduced.Thus,asatandemLiouville equationconsider:

p1=(p-0-F-Op)p1;

p2=(p-0-F-Op)pz, (115)

wherep; is thedensityof orbitsin equilibriumwith onestate
of polarization,andp, the other Now, by virtue of theiden-
tity:

(0-A,MA4)(0-B,MNBs) =MNA-B+ic- (A x B) — NMA4By,
(116)
theseequationsanberewritten as

d pr 0| _
{_dT+5}[0 pz]_o’

S=(0-p)(o-0)—(o-F)(o-0p)—io-(pxO-F x Op).
(118)
Continuingasearlier useasa Fourier kernela solution of
apair of wave equations:

(117)

where

% = expli(a- k) (0-X) + M, (119)

whichit is easyto seeis the solutionof a ‘paired’ wave equa-
tion:

n o2

{(o-m)z—gﬁ}xzo. (120)
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Sofar this is just play with algebraicstructureto be usefor
corvenienceit is notintendedo be physicallyor mathemati-
cally meaningfulbeyondtheobvious.

Eq. (45) permitsreplacingo - k, M with
1
R
in Eq. (119), sothatit canbe usedasa “tandem” Fourier”
kernelonthe“tandem”Eqgs.( 117)asfollows:

20-p, %ZI'I E]

/d(o- p),ME)e "% x Equiz0.  (121)
Theresultis similar to Eg. (56), againwith anarbitraryfunc-
tion C, which is to be chosenso that the resultingequations
will satisfya “tandem” Ehrenfesttype proof leadto a “tan-
dem”generalizatiorof Newton’s Second_aw:

d_2 <X>1 0
dt2 0 <X >
_ <6.7{/0X>1 0 d
__[ 0 <aﬂ/6x>2]+<mﬁc'8>'
(122)

The expectation< --- >; is computedwith p; andrepresents
a density of ‘events’ on orbits of particlesdeemedo bein
equilibrium with backgroundwaves of the i-th polarization
mode.Theresultof all theaboveis thefollowing equation:

dy N 1 ) 2
|ﬁ%—t:IZE(G-Di+I'Iﬁ—G-A;—HA4) W, (123)

where the squareis to be executedusing Eq. (116). The
clumsy avoidanceof Dirac matriceshere was intendedto
avoid introducing negative enegy, pendinga suitableinter-
pretationin the context of AD mechanics.

C. Conclusions

All in all, solutionsfor four importanttheoreticalphysics
problemshave beenproposecherein. The merit thesessolu-
tionshave is aquestionfor thelongrun. No oneis compelled
to to accepthem;but, for problemswhich have long resisted
attack,virtually ary proposakhouldbewelcome.Ultimately,
their merit will be determinedby their contritution to sensi-
ble andverifiablecalculationspr the predictionof heretofore
unknowvn phenomenaOntheotherhand they mightalsocon-
tribute to a betterinterpretationor philosophicalunderstand-
ing of fundamentaphysics.

The following considerationsare preliminary judgments
againsthesegoals.

1. Duality and Wave-packet Collapse are Eliminated

The understandin@f viewpoint on duality affordedby the
imageryproposecdhereinoffers a solutionto what hasbeen
thoughof astwo problems.Firstof all, the philosophicalm-
biguity surroundingthe Copenhagertonceptof ‘duality’ is
sweptaway. In the procesEinsteinsviewpointis vindicated.

| am,in fact,firmly corvincedthattheessen-
tial statisticakcharacteof contemporarguantum
theoryis solelyto beascribedo thefactthatthis
[theory] operateswith anincompletedescription
of physicalsystems(Schlipp,1949,p. 666)

If the solutionproposechereinis acceptedthenit is the case
thatthe wave function yields a phase-spacdensityof Gibb-

sian ensembles. The Copenhagerargumentthat the wave

functionmusthave physicalsignificancebecausét somehav

mediatesn physicalinteractionswhenbeamspassthrough,
e.g., slits or crystals,is seento be unnecessaryThe physi-

cal effect of the diffraction of beamsis accomplishedy the

electromagnetismadiationin the background.Furthermore,
the collapseof wave pacletsis seento be non problematic
becausehe densityis a Gibbsiandensity The philosophi-
cal impact of this viewpoint is immense. Most everything
said basedon quantumtheory aboutuncertaintyand deter

minismcanberefuted. Thefollowing statementsulled from

Capek(1961), characterizenotions engenderedy corven-

tional quantumtheory:

the obsened statisticallaws of [micro-
physics]are not mere surface phenomenaulti-
mately reducibleto classicalcausalmodels;on
the contrary the statisticallaws are regardedas
ultimateandirreduciblefeaturesconstitutingthe
objective physicalreality. ...radioactve explo-
sionsareregardedascontingenteventswhoseir-
reduciblechancecharactemanifestdhebasicin-
determinag of microphysicsccurrences.

The viewpoint introducedhereinrefutesthesestatementdy
exhibiting aconceptuaschemen whichthe“irreducible” sta-
tistical apparatuss divestedof its preternaturabehaior as
an ethereal'statisticalfluid,” or whatever. In this viewpoint,
thestatisticalapparatuss usedto describgparticleswhich are
stronglyinfluencedby backgroundadiation. The first order
effect of the backgrounds to effectively attacha wave to the
particle. It is the “attachedwave” which causeghe wavelike
behaior describedstatisticallywith themachineryof aGibb-
sianensembldreatment.

A secondeatureof quantuntheorywhich hasledto anex-
tremenumberof philosophicalspeculationds the so-called
“superpositionprinciple’ The fact that a statisticalgadget
doesnot follow the mathematicapatternsof ordinaryproba-
bility is thesourceof thesespeculationsHowever, thefollow-
ing rejoinderdlow from thetheorypresentedherein.One,the
densityusedin quantumtheoryis unlike an ordinarydensity
in thatit canbe manipulatedo obtainstatisticalinformation
regardingtwice as mary variablesas are displayedas argu-
mentsof the densityfunction. The burdenof this additional
structureis clearly revealedby the fact that the equationfor
the densityitself, ratherthanthe wave function, is nonlinear
Quite commonly the sumof solutionsto nonlinearequations
is nota solutionof theequationandthis factcanbefoundthe
peculiaritiesof the quantumsuperpositiorprinciple. It thus
appearshatthesestrictly mathematicalactsdivestthe super
positionprinciple of epistemologicatonsequences.



However, the calculationalmerit of this viewpoint appears
to be somevhat limited. It appearsthat the calculational
merit may be foundin the exceptionto the concept. Specifi-
cally, sincethe wave-like behavior is a first order“gross” re-
sponsedo the backgroundsecondorderdetailedeffects may
be amenableo calculations.An exampleof sucha calcula-
tion is thatof Welton (1948),for the Lamb shift. He assumes
that the groundstateof the quantizedradiationfield, identi-
cal in charactetto the classicalelectromagnetidackground
assumedherein,makesan electronwobblein orbit aboutthe
nucleuswhich causes perturbatiorto its enegy to within a
smallfraction of thetotal shift. It seemsareasonableonjec-
ture,thatsuchacalculationmightbemadeexactandextended
to explain the anomalousmagneticmomentof the electron.
Interestingly thesesecondorder effects are preciselythose
which it appearsEinstein might have pointedto as not de-
scribedby informationcontainedn wave functions.

2. Single Parameter Relativistic Mechanics Precludes
Predeterminism

The epistemologicalmpactof predeterminisnin Fokker’s
formulationof relativistic dynamicshasnot beenlarge. It is
notclearwhy thisis so,butit maybesupposedhattheideais
sorepulsive that philosopherdave, for the mostpart, simply
choserto wait for its demise.Therfore the philosophicaim-
pactof areformulationnotinvolving predeterminisnis less.

The calculationakignificanceof well formulatedequations
of motionis, on the otherhand, potentiallylarge. However,
theequationsareof sortnot analyticallywell studied,andso-
lutions of usefulcasesnayverywell turn outto beelusive.

Theinherentsymmetryof the concepiof radiationreaction
dueto all otherparticlesin the universe vis-a-\is the concept
of backgroundadiationis philosophicallycharming.On the
oneside, radiationreactionsis the mechanismwhich would
causeanatomto collapsepntheothersidethebackgrounds
thesourceof enegy holdinganatom“up.” In effect, different
aspect®f the samething balanceo yield a netstability.

3. Benchmark and Guidepost

The fact that a manifestly covariant equationwith inter-
action can be written down is at leasta guidepost. Where
field theorieshave failed, AD hasnot. It is interestingto see
thatEg. (123) canbe separatedhto a T independenéquation
whoseeigervaluesaredirectly relatedto propermass.In fact,
if this is donefor the Bosonequationandthe properchoice
of eigervalue made,Eq. (110) reducegto the Klein-Gordon
equation.The samechoiceof massgivesthe Dirac equation,
exceptfor negative enegy, for the Fermionequation. This
suggestdhat the eigenspectrumof Eq. (123) with an auspi-
cious choice of interactionterm might give the long sought
massspectrumfor elementaryparticles. However, it is not
clearif theinteractionshouldbe scalar vectoror whatever, or
if anothersortof backgrounatausesstrong’ and‘'weak’ inter-
actionto bequantizedatyetalowerlevel. Thesespeculations
areleft for future study
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