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AN INTUITIVE PARADIGM FOR QUANTUM MECHANICS

A. F. KRACKLAUER

ABSTRACT. Useis madeof arelatwistic kinematicmodulationeffect to complimentim-
ageryfrom StochasticElectrodynamicgo provide intuitive paradigmgor QuantumMe-
chanics.Basedon theseparadigmsresolutionsfor epistemologicaproblemsvexing con-
ventionalinterpretation®f QuantumMechanicsareproposedanddiscussed.

1. INTRODUCTION

For lack of anintuitive paradigmor physicalmodel,QuantumMechanic{QM) remains
anabstruseheory Thusfar all attemptdo find underlyingmotivationfor its fundamental
preceptavhich is somehav compatiblewith intuition, have beenfound wanting. More-
over, someeffortsto “understand’'QM have led to resultsindicatingthatit hasconceptual
featureswvhich arefundamentallyirreconcilablewith macroscopi@xperienceandclassical
physics.

Bell’s Theorem,for example,is understoochowadaysto meanthat certainaspectof
naturalphenomenalescribedby QM, are “nonlocal’[1] Thatis, eventsat a particular
point with space-timecoordinatesx,, accordingto the principlesof QM, dependon the
valuesof functionsevaluatedat pointsoutsidethe pastlight conecenteredn x,. Because
the classicaltheoriesof fundamentalphysicalinteractionsare all “local” in this sense,
this theoremappeargo precludethe possibility that QM could be explainedat a deeper
level with principlesfrom classicabhysics for exampleby insinuating‘hiddenvariables”
which areimplicitly averagedutatthelevel of QM ascurrentlyformulated.

This implies in particular thatin spite of the probabilisticinterpretationgiven wave
functions(x), QM cannotbejustanelaboratioron classicalStatisticalMechanicgjuan-
tifying effectsattributableto the accumulatiorof finer-grained,fundamentainteractions
which aresomehav governedby principlesfrom classicaphysics.Moreover, certainfor-
malistic similarities to equationsfrom statisticalphysicsnotwithstanding several argu-
mentsshow thattime evolution in QM cannot be describedby a Markov processof the
sortusedin StochastidVlechanics.Markov processearethosefor which time evolution
hasno long termmemory asit were;i.e., trajectoriescannot be retrodicted.QM, to the
contrary is time-reversible—atleastup to the point of measuremengn eventwhich, in
ary casejs notencompasselly the QM formalismfor time evolution. Thus,despiteparal-
lelswith StatisticalMechanicsQM mustencompassomethingessentiallydifferentfrom
irreversible(Markovian) Brownianmotion,or similar phenomena.

Thepurposeof thisarticleis to proposeanew conceptuaparadigmwhich, nevertheless,
doesprovide intuitive imageryfrom classicalphysicsto motivate the basic preceptsof
QM. From the viewpoint of this nev model, the apparentnonlocalaspectsof QM are
not objectionablédbecaus&M is reinterpretednot asa fundamentatheoryof elementary

Date 15Januaryl991.



2 A. F. KRACKLAUER

interactions but as a theory of “many-body effects” attributablein a certainway to the
accumulatiorof local, two-body classicaklectromagnetimteractionswith therestof the
universe.

2. FUNDAMENTAL CONCEPTS

QM is formulatedon two levels. The basictheory or “First Quantizatiorf, was con-
ceivedoriginally to describethe emissionandabsorptiorspectraof atomsandmolecules,
andcertainotherphenomenaall having featuresuggestingesonance oscillatorysys-
temsor wave propagation. Thereafter “SecondQuantization”was devised to describe
refinementdo the basictheory suchasthe Lamb shift, the line width of atomic spectra,
stimulatedemissionand the anomalousmagneticmomentof the electron,etc. Later it
was seenthat effects describedby SecondQuantizationoften can be givenimaginable,
physicalmotivationin termsof a Zitterbevegung or afine-scalgitter similarto Brownian
motion and attributableto what often is called the “quantizedvacuum’ This obsena-
tion, in turn, motivatedvariousattemptso derive the fundamentakquationsf QM or to
describequantumphenomenastrictly on the basisof statisticalphysics. Someof these
attemptsunderthe rubric of StochastiElectrodynamic{SED), have successfullyquan-
tified certainphenomenaisually describedising SecondQuantizatiortechniquesThese
phenomenanclude the Van Der WaalsForces,the behaior of a chagednonrelatvistic
harmonicoscillator and others,where,not coincidently the imageryof Zitterbevegung
appeargiermane.[2However, the main corpusof QM, including atomicstructure spec-
tral linesandmoststrikingly, thewave-like diffractionof particlebeamsgcontinuego elude
all clarificationin theseterms.

Thebasic,axiomaticpremiseunderlyingSEDis thatthe universes permeatedvith ran-
domelectromagnetibackgroundadiationin thermodynamiequilibriumwith all chaged
particles.(For presenpurposesa particleneednot carryanetchage,any multipolealone
is sufficient.)!The enepy in this backgroundradiationis ervisionedto be a residuede-
volving from pastinteractionsor emissiongrom all chaigedpatrticlesin the universe.For
mostderivationsin classicalphysicsthis residueandits sourceareignored;for example,
the derivationsof the Thermodynamidormulaefor an ideal gasignoreradiationcaused
by accelerationncidentalto collisions. Regardlessof the physicalmodelascribedo the
generatiorof this backgroundhowever, for the purposesf the formal theory or logical
foundationof SED, its existences assertedsanaxiomaticproposition.[2]

The essentiafeatureof backgroundadiationis determinedyy therequirementhatits
spectralenegy densityE (w) beinvariantunderLorentztransformationsn the sensethat
thetotal enegy betweernwo fixednumericalvaluesof w, aandb, beidenticalin all inertial
framesit i.e.,

(1) /:E(w)dskz/:E'((o)y(l—v/c)d‘q’k, Y= (1 v2/@) 7

As Physics this stipulationis tantamounto the requirementhattherebe no distinguish-
ableframes;and, it is basedon the factthat, wereit not true, the backgroundvould en-

gendercertainanisotropismahatin factarenot obsened. Eq. (1) is satisfiedby alinear

spectraknegy densityE (w) = congant x wwheretheconstanscalefactoris determined
empiricallyto be Plancks constant/4e—#/2. [2, 3]

lonthe otherhand,particleswith no chage structure includingno netchage, no multipole momentsetc.,
are“invisible” to all forms of electromagneticadiationandarelargely unmanipulatabld®y interactionwith the
materiallaboratoryworld comprisef atomsand,assuch,areinaccessibleo directexperiment.Their behaior
remainsat best,a matterfor indirectinferenceandis notgovernedby the considerationgresentedierein.
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Taking this Lorentz invariant backgroundradiationinto accountleadsdirectly to the
Planckblackbodyspectrumandan understandingf “photonstatistics[3] This hasbeen
shavn mostsimply by manipulationthe following four equationsnvolving the meanen-

ergy densityE;, the meansquareenegy densityE?, andthe meansquaredeviation of the
enegy density(3E; )2 of any two mutuallyincoherentadiationfields:

(2) Esum=E1+E,

(3) E1E2 = E_l E_Z;

(4) (8E)? = (8E1)2 + (3E2)?,
and

(5) @E)Z=E?-E ' =E% i=1,2
to obtain

(6) (3Er)? = E2 + 2E7 Es,

where,in the caseat hand,Eg is the meanenegy densitysolely of the backgroundra-
diation, and Et is the samefor a temperaturelependantadiationfield. This latter field
coexistswith thebackgroundandis modifiedby it via themutualinterferencgermswhich
areincludedin Er. Invoking the FluctuationTheorem:

0Er ——
() o = (EN2, 1= —1/kT]

sl

for thethermalfield at temperaturdl wherek is Boltzmanns constantyields the differ-
entialequation:

0BT —2
—=E 2ET E
(8) ap T + T EB,
whosesolution,with Eg = hiw/ 2, is the Planckblack body spectraenegy distribution
S hw
9 Br = gai —1°

The Fluctuationtheoremis applicableif the thermalfield exchangesnly enegy with the
background—atipulationmethereab initio.

FurthermoreEg. (6) written in theform:

> —

)y, B
ET ET
elucidateghe sourceof the dualisticnatureof radiation.[3]Werethefirst termontheright
to standalone,Eq. (10) would characterizaentensity fluctuationsof a classicalradiation
field while the secondterm alone,being proportionalto 1/Er, givesan equationcharac-
terizing densityfluctuationsof a particleensemble.Togetherthey capturethe essencef
“photon statistics”andthus,without assuminghe existenceof discreetjuantacharacter
ize the“quantizedelectromagnetifield.”[3]

Zitterbewvegung in this theory is interpretedas a manifestationof the interactionof
particleswith therandom Lorentz-irvariantbackground.

(10) (



4 A. F. KRACKLAUER

First Quantizationhowever, pertaingto resonancandwave-like phenomenéor which
physicalintuition admitsno suggestiorof Zitterbevegung However, following SED, all
particleswith chagestructureareconsideredo bein thermodynami@quilibriumwith the
backgroundria interactionwith signalsat frequenciesharacteristiof their structure.The
intuitive paradigmproposedereinto modelFirst Quantizatioris basenthe Ansatzhat,
in framesin which they aremoving, particleswill be deflectedby diffraction patternsin
the backgroundsignalsto which they aretuned. Backgroundwaves, being conventional
electromagneticadiation, are diffracted by physicalboundariesaccordingto the usual
principlesof optics? For example,a particlemoving towardsa slit would equilibratewith
a signalthat is a standingwave in its own frame but which is a traveling wave in the
slit’s framewhereit diffractsat boundariesuchasthoseof the slit. On passagehrough
thesslit, the particleis subjectto the lateralenegy flux attendanto the diffraction of the
backgroundsignalto whichit is tuned. In otherwords,it is envisionedthata particlewill
tendto bejostledinto theenegy nodesof thediffractionpatternof the“standingwave” to
whichit is tunedin its own inertial framebut which is a translatingwave in the frame of
theslit. Thiseffectis similarto theway froth anddebristendto trackthenodesof standing
wavesin riversor sandtendsto settleon thenodesof a vibratingmembraneAn ensemble
of similar particlesin identical circumstances—e.ga beamof particlesimpinging on a
slit—uponaccumulatiorat the detectordiscloseghe diffraction patternof the composite
wave comprisedf componentsvith which theindividual particlesarein equilibrium.

Considey for example,a neutralparticle or systemconsistingof a dipole of opposite
chagesheld apartby someinternal structuremodeledto first orderby a simple spring
with resonanfrequeny wp. Accordingto the basicSED assumptiorof thermodynamic
equilibrium with the backgroundthe restenegy of this systemconstitutingthe particle
will equalthe enepgy in the backgroundnodewy which is alsothe resonanfrequengy of
thesystemat whichit is exchangingenegy with the backgroundthatis

(11) MoC? = ho,

wherea contribution of fiwp/2 is madeto theright sideby both polarizationstatesof the
backgroundnode.(In the caseof systemavith morecomple internalstructure (g stands
for the sumof the frequenciesorrespondingo the variouspossibleinteractions J In its
restframe, with respectto eachindependenspatialdirection, a particle will equilibrate
with a standingwave having anantinodeatiits location,which, if the particleis locatedat
x = 0, hasanintensityproportionalto the expressior2 cog kox) sin(uy).* Whenprojected
onto a coordinateframetranslatingat velocity v with respecto the particle,that of a slit
for example,this standingwave hasthe form of the modulatedtranslatingwave andis

2Resultsfrom experimentsin Cavity QuantumElectrodynamicg4] substantiatehe conceptof the back-
groundas ordinary electromagnetigadiation. Were backgroundradiationan immutableground stateor the
“guantizedvacuum”ascorventionallycharacterizedhy QM, then,contraryto obseration, it might be expected
to resemblehe vacuum(viz., anabsolutespace-timevoid) by beinguniformly ubiquitousandby permeatinghe
intersticeof materialsdown to thescaleof atomsandeven“elementaryparticles”(essentiallywithoutalteration,
in particularat macroscopicavity boundaries.

3Also, mp is to be the sumof the masse®f the systemconstituentsrenormalized”to accountfor relatiistic
massincreasesvhich are due to internal motion. For presentpurposeshowever, the detailsof the internal
structureof the particleareimmaterial.

4Tautologically a chaged particle doesnot interactwith thosesignalsthat interferedestructiely soasto
have anodeatits spaciallocation.
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proportionalto

(12) 2cogkoy(x — cft)) sin(aoy(t — c1Bx)); [B=Vv/c]
Thiswave consistof ashortwavelengthtcarrier” modulatedatawavelength = (yBko) ~*
inverselyproportionalto the relative velocity of the particlewith respecto theslit. The
modulationon this wave is a relatiistic kinematiceffect. It arisesfrom the differencein
the Lorentztransformation®f the oppositelytranslatingcomponent®f a standingwave.

Themodulatedvave, uponpropagatiorthroughaslit, for example,is diffractedaccord-
ing to Huygens’principle suchthat the modulationdiffraction patternis imposedon the
carriers diffraction pattern.[5]A particlebathedin this diffractedwave will experiencea
grossenegy flux with a spatialpatternproportionalto the squareof the modulationin-
tensityimposedon the fine-scalebackgroundvave driving the Zitterbevegung In other
words, accordingto this interpretation boundaryconditionson wavesin the background
modify the stochasticeffects of Zitterbevegung on the orbits of materialparticles. The
actualdetailedmotionof a particle,while it reflectstherelatively large scaleeffectsof the
modulation,is very complex andjitters in consortwith spatially modulatedZitterbewe-
gung

Now, a Lorentztransformationinto the translatingframe appliedto both sidesof the
statemenof enegy equilibrium,Eqg. (11), yieldsboth

(13) YMoc? = yhio
and
(14) p’ = ymoc = hyBko.

From Eq. (14), yBko, canbe identified asthe De Broglie wave vectorfrom corventional
QM. Notethatin expression(12), thecarrierpropagatesvith the“phasevelocity” v while
the modulationhasthe “group velocity” Vgroup = c?/v. In the usualQM interpretation,
ontheotherhand,v is identifiedasa groupvelocity for a localizedwave packetintended
to representhe local characteof a particle. In that casethe dispersiorrelationVgroup =
v=0w/dk, whenintegrated yieldstheequatiorEyineic = mov2/2 = hwp, whichrelateshe
particleskineticenegy E to afrequeny wp, whichis identifiedasthetemporalfrequeng
of the particle’'s De Broglie wave. A De Broglie wave pacletis not required,however, to
accounfor thewave-like behavior of alocalizedparticle,if wave-like propertiecanjustas
well be ascribedo modulatedZitterbevegung More importantly this new interpretation
suggestslirectresolutiongor mary of the semanticandepistemologicaproblemsvexing
otherinterpretation®f QM asdiscussedbelow in SectionlV.

3. TIME EVOLUTION IN QUANTUM MECHANICS

Timeevolutionin QM is governedby the SchibdingerEquation.Beingahyperbolicdif-
ferentialequationthe SchibdingerEquationhassolutionswhicharetime reversible andin
thisrespectjnter alia, arestructurallydistinctfrom thosefor the parabolicdiffusionequa-
tion. This fact, which arisesin variousandnot always obviously relatedmanifestations,
precludednterpretingthat partof QM connectedvith the SchibdingerEquationin terms
of StochastidMlechanicswherediffusion processegovernthetime evolution of physical
phenomena.Theconceptuaiodeldevelopedabore, viz. of the De Broglie wavelengthas
amanifestatiorof kinematicallyderivedmodulationon Zitterbevegungdrivenby Lorentz

SThis point is obfuscatedby the fact that propagationformulae pertainingto deterministicprocesseslso
canbe castto have the apparenstructureof Fokker-Planckequationglescribingthe time evolution of stochastic
processesln thesecaseshowever, if fundamentabhssumptionseintroducingthe epistemologicaproblemsof
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invariantbackgroundradiation, however, supportsan interpretationfor the Schiddinger
Equationwith anew andcoherentntuitive physicalmotivationbasecbn classicaphysics.
Thisnew physicalinterpretatiorrespectshefundamentatiifferencebetweereffectsattrib-
utableto Zitterbevegunganddescribedby SecondQuantizationandeffectsdescribedy
basicQM or FirstQuantizationjncluding“hyperbolic” time evolution. Considera particle
subjectto a force F andfor which the densityof trajectorieson phasespaceis p(x, p, t),

wherep(x, p, t = 0) canberegardedeitherasthedistribution of initial conditionsfor sim-
ilarly preparedparticles,or, equivalently, asthe a priori probability distribution of initial

conditionsfor a singleparticle. Time evolution of p(x, p, t), is governedby the Liouville

Equation

(15) % =-Op B+ () F = 3 o).

i=Xy,z api

By virtue of Eq.(14),eachvalueof pin p(x, p, t) is correlatedvith aparticularwavelength
of kinematicalmodulation.As proposedibove, boundariesandgeometricatonstrainton

the wavesto which the particleis tunedcausethesewavesto diffract andinterferesothat
gradientsin their enegy densitiesare induced. Thesegradients,in turn, resultin spa-
tial variationsin the magnitudeof the Zitterbevegung the averagedeffect of which is to

systematicallymodify particletrajectories.Becausehe enegy densityof a wave is pro-

portionalto the squareof its intensity thewavelengthof enegy densityoscillationscaused
by the modulationwill be half thatof the modulationitself. Thatis, the wavelengthof the

physicalagentmodifying trajectoriesan enegy gradient,is half that of the modulation.
Further an ensembleconsistingof multiple particles,eitherconceptuabr extant, will be

guidedby anensemblef enegy densitywavesderived from anensemblef kinematical
modulations. The spatialstructureof this ensemblevave is found by taking the Fourier

transformof p(x, p, t) with respecto 2p/#, thewave vectorfor the physicalagent;i.e.:

(16 p0x, X, = [ € p(x, )b,
for which the similarly transformed_iouville Eq. is

B _( 2\ s (12) s
(17) i (iZm) O'0Op (h) xX'-F)p.

Solutionsfor equationsof this form are soughtby first separatingvariablesusing a
transformatiorof theform

(18) r=x+x, r=x-x,
whichyields

B_ (N2 (Neoom.e ()5
(19) % = (7am) @@= (3) -1 (55) .

In generalfor anarbitraryform of theforceF(r, r'), this equationstill is notseparable.
However, for thepurposeof calculatingexpectatiorvalues solutionsto Eq.(19) areneeded
only onthelinein ther, r’ planefor whichr = r’. For example the expectationof x is

(20) <X>= //xp(x, p)dxdp,

QM in new formsareeschaed, the physical“dif fusion constant’canbe shovn on the basisof kinematicsalone
to equalzero.
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which, with theinverseFouriertransformof Eq.(16),becomes

(21) <x>:///ei2h&xﬁ(x, x")dxdpdx’,
sothatthe transformation®f variables Eqs.(18), give

!
(22) <X>= //6(r —r') (r ;r ) p(r, r')drdr’

whered(r —r’) is aDirac deltafunctionthatrestrictsthe solutionsof Eq. (19) to contribut-
ing only alongtheline r = r’ to theintegral for calculating< x >. Similar resultsareob-
tainedfor < p >andfunctionsof x andp; e.g. theexpectatiorof theenegy, < p? > /2m.6
Thus,techniqueyielding separableolutionsto Eq. (19) which coincidewith solutionsto
thenonseparablequationon this line, may be usedfor this limited purpose.
Thesespecialsolutionson the line r = r’ can be found by exploiting the symmetry
of Eq. (19) in the variablesr andr’ andthe factthatp(r, r’) is realto write it the form
P*(r')P(r). Thus,with theusualmanipulationgo separatevariablesEq. (19) yields

@ 5 () vo+ (3)rF (S50 Jwn = (3) #ere

andits complex conjugatewherei 7 (r, r') /h, which playstherole of whatcouldbecalled
a“function of separatiori,hasageneraform determinedy symmetryanddimensionality
considerations.

If Y(x) satisfiesEq. (23)whenr — r’, theny* (r’)Y(r) will satisfy

ey {5 () @@ (5) c--F(55) bo=tarm=0

ontheliner =r’. Thisis seenby writing p(r, r’) as@*(r')y(r) in Eq. (24), addingzero
in theform (F — F)y*(r')Y(r) andrearrangingo obtain

[ i
o (o (el
from whichthe conclusionfollows by lettingr — r’. Thespecificform of ¥ (r) necessary
to presere the physicalcontentof the Liouville canbe determinedy requiring
d<p>

(26) G =< F>

to hold. This stipulation(which, asphysics,addsnothingnew but asmathematicextracts
structureobscuredy the separatioriechnique)eadsto

27) /qJ*(r-DF—D{F)qurzo

which, with thevectoridentityr - OF — 0% = 0O(r - F — ) — F impliesthat & mustsatisfy
(28) r-F—f=-Vv, [F=-0V].

Finally, with thisresult,ontheliner = r’, Eq. (23) becomeshe SchivdingerEquation

o R,

5The manipulationsusedhereto computeexpectationvaluescan be shavn to lead naturally to unique,
symmetric“operator” expressions therebyobviating ad hoc “Hermitezation” rules for the primitive operator
equialents.[6]
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Consisteng with the assumptionseadingto the extractior’ of the SchibdingerEqua-
tion above, requiresthatits interpretablesolutionsbe thosefor which the resultingphase
spacedensityis everywherepositive andsuchthatp(x, p, t = 0) is the appropriatanitial
condition. The relationshipbetweensolutionssatisfyingthesephysicsrequirementsand
the eigenfunction®f the SchibdingerEquationis a complex matter Although crucialto
anultimatejudgmentof thecoherencef theinterpretatiorespousetierein,it is left for fu-
turestudy However, it seemsighly portentin thisregard,that“thermalstates;'i.e., mixed
stateswith Boltzmannweightingfactorsandcoherenstatesgive physicallyinterpretable,
everywherepositive densitiesamongotherdesirableraits.[7]

For potentialshaving the form of a quadraticpolynomial,the extractionof the Schid-
dingerEquationgivenabove requiresno unusualseparatioriechnique.Sincesuchpoten-
tial include that the harmonicoscillator a substantiafraction of all analytically soluble
problemsarecovered;but, unfortunatelythe mostimportantcaseof all, the Coulombpo-
tential,is notincluded. The manipulationsisedabove to obtainthe SchibdingerEquation
areessentiallythereverseof thosesuggestetbng agoin a studyof QM phasespacedensi-
ties.[8] The principledifferencewith thereasoninderein,is thatformerly it wasassumed
that QM is the fundamentatheoryandthatthe solutionsof the SchibdingerEquationall
representealizablestatesalthoughsomeyield nonsensicaphasespacedensities.(Also,
nonquadratipotentialscomplicatecorrespondenasith theLiouville Equation.)Here,the
Liouville Equationis givenlogical primag/ and only thosesolutionsof the Schiddinger
Equationareadmittedwhich yield meaningfulLiouville densities.

In summarythe considerationsbove suggesthatat the level of “First Quantizatiorf,
QM can be given a formal or mathematicaktructurein termsof what might be called
a theory of ‘Eik onal Mechanics®The dynamicallaws embodiedin Eikonal Mechanics
aredeterministic;statisticalaspectf the theoryare conceptuain natureand pertainto
probabilitiesimplicit in a densityon phasespace. At its foundation,therefore,Eikonal
Mechanicds incompletebecauserobabilitiesarean artifact of the theory not of nature.
UnderlyingEikonalMechanicsarethe stochastieffectsof Zitterbevegung at this deeper
level probabilitiesare conceptuallythe sameasthosein the studyof Brownian motionin
statisticalphysics,sothatherealsothe theoryis incomplete. Thus, QM in this rendition
is interpretedasa statisticaltheorywith built-in structureto accountfor alterationgo the
classicalmotion of particlesthatendavs their averagedrajectorieswith ray-like proper
ties. Thesealterationsare a particularmanifestatiorof theinfluenceof all otherchaged
particlesin the universevia the mediationof a residueof electromagnetibackgrounda-
diation.

"Theword “extraction” is usedheredeliberatelyin the belief that expositoryphysicsshouldesche mathe-
maticalterminology(e. g., THEOREM, PROOF, even DERIVATION, etc) asit invitestheinferenceof a degreeof
logical rigor, which in the faceof the vastcompleity of natureis oftenunobtainableor yieldsresultsidealized
into irrelevang. Moreover, it is probablywise not to readphysicalsignificanceinto theseor similar symbolic
manipulationghathasnot beeninvesteddeliberatelyandexplicitly; indeed,conceving mathematicamodelsfor
naturalphenomenanaybelessanexplorationof Nature(the privilege of theexperimentalistthananexploration
of justone’s own imagination.

8'Wave Mechanics'would be as good a namewereit not alreadyvirtually synorymouswith all of QM,
including SecondQuantization. The usehereof eithertermis meantto emphasizehe fact that althoughthe
SchibdingerEquationcontainsessentiallythe samedynamicallaws asthe Liouville Equation,it is formulated
especiallyto accountor theray-like natureof particletrajectoriesnducedby relatvistic, kinematicaimodulation.
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4. COMMENTS ON INTERPRETATIONAL PARADOXES

Kinematicalmodulationasembodiedn EikonalMechanicgprovidesa physicalmodel
for thephenomendescribedy FirstQuantizatiorwhich offersnew perspectieson philo-
sophicalproblemsintrinsic to mostwidely considerednterpretation®f QM. Many of the
seeminglynovel featuresof this new interpretatioralreadyhave beenfound heuristically
to beimplicit in the structureof QM if the samedegreeof logical consisteng is enforced
for the semanticof theterminologyappliedto its symbolsasis requiredmathematically
of therelationshipsamongthe symbolsthemseles. Thesefeaturestherefore areexplicit
elementsn certainnonstandardéhterpretationsandipsofacto, implicit in the mostwidely
endorsed;Copenhageti,interpretation.

Although much hasbeensaid concerningparadoxsand ambiguitiesin the orthodox
interpretationof QM andthe attendantmeasuremenprocess perhapsone of Einsteins
Gedanlen experimentsstill capturesthe kernel of the problemin the most conciseand
revealingfashion.[9]Following Einstein,considera beamof particlesimpingingon avir-
tually infinitesimal hole in a barrier Accordingto the principlesof QM, upon passage
throughthe holethe (planewave) beamdiffractsto becomeahemisphericalvave. Now, if
ahemisphericatietectoycenterecn the hole, wereusedto detectthe diffractedbeam,in
time the obsenedresultwould beauniform distribution of distinct, point-impactsverthe
surfaceof thedetector If, asEinsteinobsened,a QM wave function constituteghe onto-
logical essencef individual particles,then,althoughimmediatelyprecedingeachimpact
the wave function for eachparticleis finite over the whole surfaceof the detector at the
instantof theimpactit must“collapse”to a deltafunctionat theimpactpoint. A collapse
or focusingof wave functions,occurringeveninstantaneous|ys unobjectionabléf wave
functionsare only mathematicahrtifactsfor calculatingexpectationvaluesand not the
embodimenbf the materialessenc®f particles.However, purely formal, nonphysicabr
“mathematical'interpretation®f wave functionsseento beprecludedy thefactthatQM
wave functions,like electromagneticadiationandwavesin physicalmedia,interactwith
materialboundariesIn Einsteins Gedanlen experiment,for example,the wave function
diffractsuponpassagéhroughthe hole,implying thatit hassubstantie existence.

Eikonal Mechanicsresohesthis conflict by identifying wave functionsasindeedjust
mathematicaéxpressiongor computingexpectationvalueson phasespaceut, with the
differencethat,thesesxpectationvaluespertainto specialtrajectoriesnamelythosewhich
areray-likein responséo spatialpatternsn theenegy densityof kinematicallymodulated
backgroundvaves. The physicalwork of diffractingthe trajectoriesof localizedmaterial
particlesis accomplishedy the external agentof modulatedZitterbevegung acting on
themlike a guiding hand. The whole effect is embeddedn the mathematicaktructure
of QM, specificallythe SchibdingerEquation,for which the solutionsgive phasespace
densitiesof the physicallyfeasiblesetof ray-like trajectoriesavailableto particlesor sys-
tems. Thus,measuremeris not an ontologicalissuefor Eikonal Mechanicshecausét is
only a “recalibration” of phasespacedensities gssentiallyrevising the initial conditions.
Measurementasthe samerole hereasis hasin classicalstatisticalphysics whereit only
reduceshe degreeof ignorancebut doesnot purportto revamprealitiesinstantaneously

Theimageryof Eikonal Mechanicshasa certainresemblancéo propositionsndepen-
dently derived in other studieswhich strive to renderthe interpretationof QM semanti-
cally consistentln particulat the concepiof modulationwaveswasanticipatedy the De
Broglie-Bohmtheoryof the “pilot wave’[10, 11] The conceptuabifferencebetweernthe
pilot wave theoryandEikonal Mechanicss that, whereaghe pilot wave is ervisionedas
partof the physicalessencef a particle—emanatinfrom it in the mannerof an ethereal
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scout,or corverselyasthe carrierof the particleasa confinedhigh densityregion, mod-
ulationwavesareconsideredo bein existencein the particle’s ervironmenta priori and
emanatesoto speakjfrom all otherparticlesin theuniverse.

Anotheraspecbf modulationwaveswasanticipatedn the “many worlds” interpreta-
tion of QM.[12] In this interpretationwave function collapseis obviatedby positing’that
eachpossibletrajectoryfor the universe(andindividual particlesin particular)existssuch
that at eachjuncturewherethereare diversepotentialoutcomesthe universe(including
every particleindividually) replicateswvith one“daughterfulfilling eachpotentiality'°The
interpretatiorbasedn EikonalMechanicsuggestshatwhile thegeometryof aparticular
situationaccommodatethe existenceof a bundle of possibleray-like orbits availableto
particulatesystemsindividual systemsn effect arebumpedstochasticallyby background
radiationfrom orbit to orbit while maintainingtheirindividualidentity. In otherwords,the
multiplicity implicit in QM is locatedin the potentialityimplicit in thebackgroundandnot
theactualityof materialparticles.

In the contemporaryiteratureon the interpretatiorof QM, the focusis oftenon Bell’s
Theoremwhich hasbeencreditedwith showving thatthereis

“...acontradictiorbetweerseveralprincipleswe hadwishedcouldall be
true,includingthevalidity of quantuntheory Einsteinsrelativity princi-
ple, causalityactingforwardin time, local objectve reality andthe struc-
ture of space[;but,] experimentssupportsomeof theseprinciplesto a
certaindegreeof accurag only. The contradictioncan be resohed by
abandoningneor severalof theseprinciples’[13]

In view of this statementthe questionmmediatelyarrises:within the modelbasedon
EikonalMechanicswhich of theseprincipleshasbeenabandoned?

The answemrovided by Eikonal Mechanicss: noneat a fundamentalevel, although
themathematicabr formal structureof QM abandongocal objectivereality;i.e.,thelocal
identity of particlesin favor of extendeddensitiesconditionedinstantaneouslyy distant
boundariesThis canbeunderstoodsfollows. Considera particlein abox. Accordingto
EikonalMechanicsaparticleis alocalizedentity whichis in equilibriumwith background
wavesstandingn thebox. This meanghatthe behavior of a particleat a particularspace-
time pointin aboxis affectedby waveswhosestructurds determinedin part,by boundary
conditions;i.e., the sidesof the box, locatedat space-lile separationgrom the particle.
Hereis the sourceof the nonlocalaspectof QM which seemgo violate local reality or
time-like causality In the imageryof Eikonal Mechanics,however, the standingwaves
in the box resultfrom backgroundradiationemittedin the pastby other sourcesat null
or light-like separationsThe nonlocalfeaturein QM, accordingto this interpretationjs
thesameasthatin ary steadystatesolutionto wave equationsvhereboundaryconditions
determinethe solutionin aregion of interest. Therefore accordingto this interpretation,
althoughparticledensitieson phasespacedo manifestonlocaleffects,sucheffectsdo not
constitutean ontologicalproblembecausehe radiationinducingtheseeffectspropagated
alonglight-lik e separationg Minkowski Spacdrom thepast.Phenomengaeculiarto QM
canbeconsideredo be“multibody effects” causedy classicainteractiondrom all other

9Actua||y, themary-worldsinterpretationis mandatedy logic if QM asformulatedis assumedo be funda-
mentalandcomplete becauséhen,in principle,theremustbe a wave functionfor thewhole universefor which
no externalagentexiststo causecollapse.

10Specifically in this interpretatioreach'measuremenact’ hasto be a junctureat which replicationoccurs;
but, presumablyhenonly aninsignificantminority of suchjuncturesactuallycouldinvolve consciencebserers,
i.e.,all interactionis ‘measuremerit.
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chagedparticlesin the universe ratherthanmanifestation®f the fundamentahatureof
particleinteractionsexclusively.

Underlyingtherelatively grossbehavior of particlesasdescribedy EikonalMechanics
is the fine-grainedZitterbevegung All phenomenalescribedy Eikonal Mechanicsthat
is “First Quantizatiori, invite deeperanalysisto understandhe “anomalies”and “shifts”
causedy Zitterbavegung And, atleastin conceptthis canbe accomplishedising SED
for which thereis no problemwith interpretation.

5. SPIN AND EXTERNAL FIELDS

To includeexternalelectromagnetidieldsin this formalism,let the total enegy of the
radiationto which the particleis exposedncludethatof the backgroundlusthe potential
enegy from additionalfields;i.e.,let

(30) moc? = hw+ e

wheree is the chaige on the particleand ¢(x) is the potentialfunction for the additional
field. The gaugefor the externalfield hasbeenchosersothatthe four-vectorpotentialin
therestframeof the particleis purely scalaror time-like. Thisis tantamounto assuming
thatthe potentialenegy of the additionalfields contribute to the restmassof the particle
suchthat (mo)total = Mo + €p/c?.[14]

While clearasformalism,theseconsiderationslependbntheunderlyingtheoryof elec-
tromagnetidnteraction,in particularthe useof potentialfunctionsto take full relatiistic
accountof interaction.Referencel 3 providesreasorto suspecthatthereis considerable
roomfor deepemunderstandingf the useof potentialfunctionsconsistentvith specialrel-
ativity. Neverthelesstherole of Eq. (30) asan axiomaticpropositionprecedinghe logic
and manipulationsusedto extract the SchibdingerEquation,elucidatesthe structureof
QM by indicatingthatobscuritiesn the physicalmeaningof electromagnetipotentialsn
QM arenotwholly intrinsic to QM per sg but substantiallyto relativistic kinematicsand
dynamics.

Intuitive motivation for spin consistentwith conceptsof Eikonal Mechanicscan be
found asa manifestatiorof the existenceof two independenpolarizationstatesfor elec-
tromagneticradiation. This canbe seenby conceptuallydecomposingachbackground
modeinto its two polarizationstatesand consideringhat a given densityon phasespace
p(x, p,t) consistof two parts,p; andp,, eachpertainingto thatportion of anensemble
in equilibriumwith one polarizationstate. Time evolution of a tandemsetof densitiess
governedby atandemform of the Liouville Equation

(31) T[ ggi?gi ] = [(0-%)(0—'D)+(O’_F):| [ Si ]

wherec and T arethe Pauli spinmatricesandthe 2 x 2 identity matrix respectiely. By
usingthe 3-vectoridentity (o-V)((o-W) =V -W +io- (V x W) togethewith theequa-
tion for enegy equilibriumin the presencef additionalfields, Eq. (30), andthe methods
of Fourierdecompositiorof modulationwavesaspresentedn Sectionlll above, straight-
forward but somavhat tediousmanipulationsyield the Pauli versionof the Schibdinger
Equationfor Fermions

oy 1 eA\?
(32) mg_%@-(mm—?)) W+ U,

whereA is the electromagnetigectorpotentialassociateavith ¢ Eq. (30).
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Exceptfor anomaliesto be taken into accountby SecondQuantizationor SED and
causedy Zitterbeavegung asis well known, Eqg. (32) givesthe correctmagneticnoment
for theelectron.(In spiteof prejudicialnomenclaturehereinspinmatricesareactuallyjust
the vehiclesfor attachingthe algebraicstructureimplicit in what,in the languageof Dif-
ferentialGeometryis atwo dimensionabundleattachedo eachindependentangentiber
atevery point of a threedimensionalmanifold. A two-dimensionaktructureis neededo
take accountof the two polarizationstates.)Bosons,asusual,are comprisedof multiple
Fermions.Theimagerysuggestedby thesemanipulationdmpliesthatspin magneticmo-
mentsresultfrom currentsattendanto Zitterbevegungmotion. In theabsencef magnetic
fields, particlesequilibraterandomlywith both polarizationmodesin the background An
externalmagneticield, however, will lift the degenerag by causingthoseparticleswhose
instantaneousandommotionis, whenprojectedon theorientedplaneperpendiculato the
axisof themagnetidield, positive rotation,to precessoasto tendto couplepreferentially
to, andthereaftemaintainenegeticequilibriumwith aparticularcircularpolarizationstate
of thatbackgroundnodepropagatingparallelto the axis of the magnetidield. Thosepar
ticleswith theoppositesenseof rotationwill likewisecouplewith theoppositepolarization
state.Thus,thebinaryresultof SternGerlachexperimentswith respecto anarbitraryaxis
canbeunderstoodisa consequencef thefactthatthe magneticfield itself is responsible
for inducingthe axis of precessiomvith respecto which the backgroundnodeis decom-
posableasthe sumof two circularpolarizationstatesgachof which is thenindependently
availablefor enegeticequilibrium.

6. BELL'S THEOREM

In analysisof the foundationsof QM, Bell's Theoremhastaken a centralpositionbe-
causadt providesanexperimentallytestablaistinctionbetweerQM andpossiblealternate
formulationsinvolving hiddenvariables. Thus, it is essentiato analyzeits significance
from thevantageof EikonalMechanics.

Recallthatthe proof of Bell's Theoremis formulatedin termsof the disintegration of
aspinfreebosoninto two fermionsof oppositespin. This eventis particularlysignificant
becausdt is alsoarealizabledemonstratiornf a situationoriginally analyzedoy Einstein,
PadolskiandRosen(EPR)to demonstrat¢heincompletecharacteof QM. They noted,in
effect, thataccordingo conventionalQM, prior to obsenation,thewave functionfor each
derivative particle or “daughter”comprisesan ambiguoudamixed statewhich is collapsed
uponmeasuremertip aspecific,obsenedvalue. Thus,whenonedaughteiis measuredhy
virtue of spin conseration, the wave functionfor hersibling is fixedinstantly If QM is
completeandfundamentalthenthe objective stateof eachdaughtemustalsobe ambigu-
ousprior to a measurementf eitherdaughterandthis, in turn, implies thatthe objective
statef bothdaughtersat space-lile separatiorirom eachother, arealtered;.e.,rendered
specific,by a spinmeasuremennadeon only one.

EPRthenargued,asis well known, thatQM mustbeincompletebecausehy admitting
ambiguousmixed statesthat require instantaneousransmittalof information from one
particleto its twin whenameasuremeris madeononly one,it violatesSpecialRelatvity.
In concept,the problemwith the EPR eventis exactly the sameasthatillustratedby a
particlebeamdiffractingthroughan orifice asdiscussedbovein SectionlV.

The proof of Bell's Theoremconsistsin shaving that QM expectationvaluesfor the
correlationof spin measurements?, madewith respecto arbitraryaxis denotedby a, b
andc in therealizationof the decayversionof the EPReventcannot satisfytheinequality

(33) 1+ P(b7 C) > |P(a7 b) - P(a7 C)l)
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which, as Bell found, shouldobtainfor all suchcorrelationsof local, dichotomicvari-
ables.[1]The connectionto the physicsof the EPReventin the proof of this Theoremis
establishedby constraintsmposedon the explicit form of the correlationdP, to wit:

(34 P(a,b) = [ dAp(N)A(2, MBI(b, ),

whereA representpossiblehiddenvariablesp(A) aprobability distribution over the vari-
ablesA, andA andB aretheresultsof measurementsf the spinof thedaughtersNow, to
duplicateQM results,A and B mustbe dichotomic;i.e., A= +1, B= +1. As themea-
suringinstruments;e.g., Stern-Gerlachmagnets are capableof registeringa continuum
of values,this constraintfixes A and B as expressionf the propertiesof the derivative
particles. To be “local” requiresthat A doesnot dependon b andB doesnot dependon
a. GiventheseconstraintsEg. (33) follows directly. The factthatthe QM expectations
calculatedfor the EPR eventdo not satisfy Eq. (33) is takento meanthat theorieswith
hiddenvariablescannot duplicatethe structureof QM. Furthermoregxperimentsseemnmto
verify QM ratherthanEg. (33).

However, the relevanceof the assumptiorthat a spin measurememf eitherdaughter
is independenbf the other canbe questioned.This assumptioris reasonableéf it is as-
sumedthateachdaughterdepartsthe sceneof the disintegrationin anambiguousstateso
thateitherdichotomicoutcomeis possiblebeforethe actof measuremeritself breaksthe
ambiguity and precipitatesa distinct value. If, on the otherhand,eachdaughterin fact
departsthe sceneof the disintegrationwith propertiesthat unambiguoushdeterminethe
value of the spinwhich will be subsequentlyneasuredvith respecto an arbitrary axis,
theninstantaneougformationtransmissioracrossspace-like separationss not required
to accountfor theresult. This is exactly the situationas ervisionedfrom the vantageof
EikonalMechanicdor whichwave functionsdo notconstituteheessencef materialexis-
tence ratherthey arejust symbolicexpressiongor computingdensitiesn the phasespace
of ray-like trajectoriedor whataredistinctmaterialparticlesin the classicakense.

Moreover, the proof of Bell’'s Theoremexplicitly exploits the assumptiorthatspincor-
relationsareto becomputedvith thedichotomicdataresultingfrom measurement&Vhile
seeminglyreasonablethis appearsiot to be consistentvith the calculationcarriedout us-
ing QM rules. The QM result,

(35) <01-a,02-b>=-a-b,

is obtainedif A andB aretaken asprojectionson the axesof the measuringdevicesand

dichotomicityimposed soto speakto interpretresultsonly after (if atall) the correlation

is computed.This mayreflectthe factthatin orthodoxQM, measuremeris subordinated
to anappendixof theformalism!

7. CONCLUSION

Besidegheir obvious utility for philosophicalanalysisandpedagogicahids,interpre-
tationsfor physicstheoriesideally sene to provide coherenimentalimagesand mutually

11 recentpublication,[16], criticized the interpretationof experimentsexploiting atomic cascadesvents
to generateoppositelypolarizedphotonsto testBell's Theorem. The essencef the criticism is that properly
accountingor the sphericalsymmetryof photonsso generatednvalidatesthe conclusionthat suchexperiments
supportQM vice possiblehiddenvariabletheories Evenwithoutthis criticism, however, asubstantiationf Bell's
resultderived from experimentn “photons”would belesssatisfyingthatanexperimentwith entitiesclassically
regardedas particles. Becauseof the existenceof phenomenauchaswave paclets, needlesand solitonsfor
waves, particle-like behaior by waves(especiallyinteractingwith particulatedetectors)s lesscounterintuitie
thanwave-like behaior, in particulardiffraction, by Gibbsianensemblesf individual particles.
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consistenvocatularyin orderto facilitatethinking aboutanddescribingphysicalphenom-
ena. Although they arenot unequvocally requiredto formulateor useoperationallycor-
rect, quantitatize physicstheories—aghe history of QM hasdemonstrateébundantly—
imagesandevocativevocahilaryneverthelessftenprovideguidancdor modelingparticu-
lar phenomenandinspirationfor new experimentaltheoreticabr calculationtechniques.
The acceptancef a particularinterpretationtherefore,is determinedn part by the suc-
cessof specificmodelsandcalculationsvhich it prompted.Neverthelessmoreis usually
desired;a physicalmodel shouldhave universalityand renderall phenomenavithin its
presumediomainintuitively comprehensible.

Perhapsthe central challengein this regard for an interpretationfor QM basedon
Eikonal Mechanicsis to provide visualizationor intuitive justification for the Pauli ex-
clusionprinciple,in particularasappliedto atomicstructure.For a start,considera pair
of electrondn orbit abouta nucleuswvhereeachelectronassumes spinmagnetionoment
by virtue of exposureto the apparentmagneticfield generatedy its orbital motion. The
imageof suchaninteractingcoupletseekingan enegy minimumin antialignmentseems
natural.Hencetherule thatelectrongendto form pairswith spin“up anddown” for each
setof orbital quantumnumbers. For increasingnumbersof electronswhich repeleach
otherand shield the nucleus,the increasein total enegy for the electroncollectionand
decreasef individual bindingenegiesalsoseemintuitively natural.

The imageof electronsseggregatedand stacled by enegy eigervalueasneatlyasim-
plied by the exclusion principle, evenif only into zones,is, however, lessnatural. But,
literal compliancewith this principle maynotbe necessaryAll thatis requiredto account
for obsened spectra,s that emissionand absorptionoccurasif electronorbits wereon
the averageneatly orderedandsingly populatedoy eigervalue. This could well occurin
amacroscopicampleif the combinedeffect of the backgroundandboundaryconditions
is thatthe only radiationto escapgrom the sample(or to fail to penetratehroughit in
the caseof absorption)s thatwhich doesnot fit the equilibriuminterplay betweenback-
groundandatom.For electronorbiting apointchage,sphericasymmetryis theboundary
conditionwhich determineghe eigenfunctiorspaceandeigervalues;.e., it structureghe
enegy levelsof nonequilibriumemissiorandadsorption Thus,in thesteadystate jindivid-
ual electronsmight be ervisionedto be constantlymigratingthroughvariouseigenzones
or exchangingorbitsamongthemselessuchthatontheaverage gnepy is exchangednly
with thebackgroundThus,in thisimagery statisticalcharacteristicarevestedn the mo-
tion of individual particlesratherthanin the populationdistribution amongstateseachof
which s ervisionedto compriseensemblesf fixed enegy level systemdockedinto spe-
cific orbits. Thisimagery in fact,seemsiniquelyconsistentvith the previousobsenation
thatphysicallyinterpretabledensitiesseemo resultonly from mixedstateswith all eigen-
functionspresent. Still, the questionof just how to determinespecificweighting factors
for eigenfunctiongomprisingphysicallyrealizablemixed statess openbut not obviously
unresohable.

The problemswith fundamentaQM addressetiereinareoverwhelminglyverbal. QM
asa quantitatve codificationof physicalphenomendasbeenverified virtually beyond
guestionWhatis said aboutreality basedon QM, however, is atleastsemanticallyincon-
sistent;oneconsequencef which is that QM defiesvisualization.EikonalMechanicsas
outlinedabove, proposevocahulary with intuitive imagesto portrayreality in a new way
on the basisof QM without changesn its currentmathematica{symbolic) formulation.
New or reformulatedcalculationssimply to replacecustomaryQM techniquesarein gen-
eralnotrequired;the primaryvalueof any new paradigmat this level is philosophicaland
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pedagogical.Hopefully, however, the intuitive conceptsunderlying Eikonal Mechanics,
whetheror not they ultimately withstandcritical analysisof their useto interpretQM, can
be exploited or extendedin orderto contribute to the explanationof still ill understood
physicalphenomenar the discovery of utterly new ones.
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