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ABSTRACT. Of the various“complimentarities”or “dualities” evident in QuantumMe-
chanics(QM), amongthemostvexing is thatafflicting thecharacterof a ‘wave function,’
which at onceis to be somethingontologicalbecauseit diffractsat materialboundaries,
andsomethingepistemologicalbecauseit carriesonly probabilisticinformation.Hereina
descriptionof a paradigm,a conceptualmodelof physicaleffects,will bepresented,that,
perhaps,canprovide anunderstandingof this schizophrenicnatureof wave functions. It
is basedonStochasticElectrodynamics(SED),acandidatetheoryto elucidatethemyster-
ies of QM. The fundamentalassumptionunderlyingSED is the supposedexistenceof a
certainsortof random,electromagneticbackground,thenatureof which, it is hoped,will
ultimately accountfor the behavior of atomicscaleentitiesasdescribedusuallyby QM.
In addition,the interplayof this paradigmwith Bell’s ‘no-go’ theoremfor local, realistic
extentionsof QM will beanalyzed.

1. INTRODUCTION

Of thevarious“complimentarities”or “dualities” evidentin QuantumMechanics(QM),
amongthemostvexing is thatafflicting thecharacterof a ‘wave function,’ which at once
is to be somethingontologicalbecauseit diffractsat materialboundaries,andsomething
epistemologicalbecauseit carriesonly probabilistic information. All other diffractable
waves,it maybe said,carry

�
momentum,energy � , not conceptual,abstractinformation,

“ideas.” All otherprobabilitiesarecalculationalaids,andlike abstractionsgenerally, are
utterlyunaffectedby materialboundaries.Theliteratureis repletewith resolutionsof QM-
conundrumsselectively ignoringoneor theotherof thesecharacteristics—intheend,they
all fail.

Herein a descriptionof a paradigm,a conceptualmodel of physicaleffects, will be
presentedthatperhapscanprovide anunderstandingof this schizophrenicnatureof wave
functions.It is basedonStochasticElectrodynamics(SED),acandidatetheoryto elucidate
themysteriesof QM.[1] The fundamentalconceptunderlyingSED is the supposedexis-
tenceof a certainsort of random,electromagneticbackground,the natureof which, it is
hoped,will ultimatelyaccountfor thebehavior of atomicscaleentitiesasdescribedusually
by QM. [2] Amongthesuccessesof SED,oneis alocal realisticexplanationof thediffrac-
tion of particlebeams.[3] The coreof this explanationis the notion that relative motion
throughtheSEDbackgroundeffectively engendersdeBroglie’s pilot wave. Givensucha
pilot waveassociatedwith aparticle’smotion,thestatisticaldistributionof momentumin a
densityoverphasespacecanbedecomposed,in thesenseof Fourieranalysis,suchthatthe
resultingform of Liouville’ sEquation,undersomeconditions,is Schr̈odinger’sEquation.
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Fromthis viewpoint, the‘schizophrenic’characterof wave functionscanbediscussed
andunderstoodfreeof preternaturalattributes.Theseconceptshavebroadimplicationsfor
seriousphilosophicalquestionssuchasthe“mind-body” dichotomythroughteleportation
to popularsciencefiction effects. In addition,thepeculiarnatureof probability in QM is
clarified.

Althoughmuchremainsto bedoneto comprehensively interpretall of QM in termsof
SED,many of theby now hoary‘paradoxes’canberationallydeconstructed.

A secondary(but intimately related)issueis that of determiningthe import of Bell’s
Theoremfor the useof the SED paradigmto reconcilefully the interpretationof QM.
Argumentswill bepresentedshowing thatin his proof,Bell (essentiallyby misconstruing
theuseof conditionalprobabilities)calledoninappropriatehypotheticalpresumptions,just
asHermann,deBroglie,BohmandothersfoundthatVon Neumanndid beforehim.[4, 5]

2. DE BROGLIE WAVES AS AN SED EFFECT

The foundationof the model or conceptualparadigmfor the mechanismof particle
diffractionproposedhereinis StochasticElectrodynamics(SED).Mostof SED,for which
thereexistsa substantialliterature,is not crucial for theissueat hand.[1] Thenux of SED
canbecharacterizedasthelogical inversionof QM in thefollowing sense.If QM is taken
asa valid theory, thenultimatelyoneconcludesthat thereexists a finite groundstatefor
thefreeelectromagneticfield with energy permodegivenby

(2.1) E ��� ω � 2 �
SED,ontheotherhand,invertsthislogic andaxiomaticallypositstheexistenceof aran-

domelectromagneticbackgroundfield with thissamespectralenergydistribution,andthen
endeavors to show that ultimately, a consequenceof the existenceof sucha background
is that physicalsystemsexhibit the behavior otherwisecodifiedby QM. The motivation
for SEDproponentsis to find anintuitivelocal realisticinterpretationfor QM, hopefullyto
resolvethewell known philosophicalandlexical problemsaswell asto inspirenew attacks
onotherproblems.

Thequestionof theorigin of this electromagneticbackgroundis, of course,fundamen-
tal. In thehistoricaldevelopmentof SED,its existencehasbeenpositedasanoperational
hypothesiswhosejustificationrestsa posteriori on results. Nevertheless,lurking on the
fringesfrom the beginning, hasbeenthe idea that this backgroundis the resultof self-
consistentinteraction;i.e., thebackgroundarisesoutof interactionsfrom all otherelectro-
magneticchargesin theuniverse.[6]

For presentpurposes,all thatis neededis thehypothesisthatparticles,assystemswith
chargestructure(notnecessarilywith anetcharge),arein equilibriumwith electromagnetic
signalsin the background.Consider, for example,asa prototypesystem,a dipole with
characteristicfrequency ω. Equilibriumfor suchasystemin its restframecanbeexpressed
as

(2.2) m0c2 ��� ω0 �
This statementis actuallytautological,asit just definesω0 for which anexactnumerical
valuewill turn out to bepracticallyimmaterial.

This equilibrium in eachdegreeof freedomis achieved in the particle’s restframeby
interactionwith counterpropagatingelectromagneticbackgroundsignalsin bothpolariza-
tion modesseparately, which on theaverage,addto givea standingwave with antinodeat
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theparticle’sposition:

(2.3) 2cos� k0x � sin� ω0t �	�
Again, this is essentiallya tautologicalstatementasa particledoesn’t ‘see’ signalswith
nodesat its location,therebyleaving only theothers.Of course,everythingis to beunder-
stoodin anon-the-average,statisticalsense.

Now considerEq. (2.3) in a translatingframe, in particularthe rest frame of a slit
throughwhich theparticleasa memberof a beamensemblepasses.In sucha framethe
componentsignalsunderaLorentztransformareDopplershiftedandthenaddtogetherto
givewhatappearsasmodulatedwaves:

(2.4) 2cos� k0γ � x 
 cβt ��� sin� ω0γ � t 
 c � 1βx �
�	�
for which the second,the modulationfactor, haswave length λ ��� γβk0 � � 1. From the
Lorentz transformof Eq. (2.2), P ��� γβk0, the factorsγβk0 canbe identifiedas the de
Brogliewave vectorfrom QM asexpressedin theslit frame.

In short,it is seenthata particle’sdeBroglie wave is modulationon whattheorthodox
theorydesignatesZitterbewegung. The modulation-wave effectively functionsasa pilot
wave. Unlike deBroglie’s original conceptionin which thepilot wave emanatesfrom the
kernel,herethis pilot wave is a kinematiceffect of the particleinteractingwith the SED
Background.Becausethis SEDBackgroundis classicalelectromagneticradiation,it will
diffract accordingto the usuallaws of opticsandthereafter, modify the trajectoryof the
particlewith which it is in equilibrium.[3] (SeeRef. [1], Section12.3, for a didactical
elaborationof theseconcepts.)

Thedetailedmechanismfor pilot wave steerageis basedon observingthat theenergy
patternof theactualsignalthatpilot wavesaremodulating,andto which a particletunes,
comprisesa fenceor rake-like structurewith prongsof varyingaverageheightsspecified
by the pilot wave modulation. Theseprongs,in turn, canbe consideredas forming the
boundariesof energy wells in which particlesaretrapped;a seriesof micro-Paul-traps,as
it were. Intuitively, it is clearthat wheresuchtrapsaredeepest,particleswill tendto be
capturedanddwell the longest.Theexactmechanismmoving andrestrainingparticlesis
radiationpressure,but not asgiven by the modulation,ratherby the carriersignal itself.
Of course,becausethesesignalsarestochastic,well boundariesarebobbingup anddown
somewhatsothatany givenparticlewith whateverenergy it haswill tendto migrateback
andforth into neighboringcellsasboundaryfluctuationspermit.Wherethewellsarevery
shallow, however, particlesare laterally (in a diffraction setup,say)unconstrained;they
tendto vacatesuchregions,andthereforehavea low probabilityof beingfoundthere.

The observableconsequencesof the constraintsimposedon the motion of particlesis
a microscopiceffect which canbemademanifestonly in theobservationof many similar
systems.For illustration, consideran ensembleof similar particlescomprisinga beam
passingthrougha slit. Let us assumethat theseparticlesare very closeto equilibrium
with the background,that is, that any effectsdue to the slit canbe consideredasslight
perturbationson thesystematicmotionof thebeammembers.

Giventhisassumption,eachmemberof theensemblewith index, n say, will with acer-
tain probabilityhave a givenamountof kinetic energy, En, associatedwith eachdegreeof
freedom.Of specialinteresthereis thebeamdirectionperpendicularto boththebeamand
theslit in which, by virtue of theassumedstateof nearequilibriumwith thebackground,
we cantake thedistribution,with respectto energy of themembersof theensemble,to be
givenin theusualwayby theBoltzmannFactor:e � βEn whereβ is thereciprocalproductof
theBoltzmannConstantk andthetemperature,T , in degreesKelvin. Thetemperaturein

3



-6 -4 -2 0 2 4 6
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

Ο
Ο Ο

Ο

Ο

Ο

Ο

Ο

Ο

Ο
Ο Ο

Ο×
× ×

×

×

×

×

×

×

×
× ×

×∇

∇ ∇

∇

∇

∇

∇

∇

∇

∇

∇ ∇

∇

Ο

×

∇

Particle Beam 

Radiation 

Chi(y)-squared (x50) 

relative 
intensity 
  

  

Neutron Diffraction  

‘theta’ 
in radians, 
displacement 
lateral 

FIGURE 2.1. A simulatedsingleslit neutrondiffractionpatternshowing
theclosenessof thefit of Eq. (6) to thepurewavediffractionpatten.See
Ref. [3] for details.wavediffraction

this caseis thatof theelectromagneticbackgroundservingasa thermalbathfor thebeam
particleswith which it is in nearequilibrium.

Now, the relative probability of finding any given particle; i.e., with energy E � n � j � or
E � n � k � or �
��� , trappedin a particularwell will be, accordingto elementaryprobability,
proportionalto the sumof the probabilitiesof finding particleswith energy lessthanthe
well depth,

(2.5) ∑� l �En � l � d � e � βEn � l ��� D

0
d � En

E0
� e � βEn � 1

βE0
� 1 
 e � βD ���

whereapproximatingthe sumwith an integral is tantamountto the recognitionthat the
numberof energy levels,if not a priori continuous,is largewith respectto thewell depth.

If now d in Eq. (2.5) is expressedas a function of position, we get the probability
densityasafunctionof position.For example,for adiffractionpatternfrom asingleslit of
width a at distanceD, theintensity(essentiallytheenergy density)asa functionof lateral
positionis: E0sin2 � θ ��� θ2 whereθ � kpilot wave � 2a � D � y, andtheprobabilityof occurrence,
P � θ � y ��� , asa functionof position,wouldbe

(2.6) P � y � ∝ � 1 
 e � βE0sin2 � θ ��� θ2 ���
Whenever theexponentin Eq. (2.6) is significantlylessthanone,its r.h.s. is very ac-

curatelyapproximatedby theexponentitself; sothatoneobtainsthestandardandverified
resultthat theprobabilityof occurrence,P � y � � ψ ! ψ in conventionalQM, is proportional
to theintensityof aparticle’sdeBroglie (pilot) wave.
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3. SCHRÖDINGER EQUATION

A consequenceof theattachmentof aDeBrogliepilot waveto eachparticleis thatthere
existsa Fourierkernelof thefollowing form:

(3.1) e
i2p " x #$ �

which canbeusedto decomposethedensityfunctionof anensembleof similar particles.
Consideranensemblegovernedby theLiouville Equation:

(3.2)
∂ρ
∂t

�%
 ∇ρ & p
m ' � ∇pρ �(& F �*) ∇p + ∑

i , x � y � z ∂
∂pi - �

Now, decomposeρ � x � p � with respectto p usingtheDeBroglie-FourierKernel:

(3.3) .ρ � x � x /0� t �1� � e
i2p " x #$ ρ � x � p � t � dp �

to transformtheLiouville Equationinto:

(3.4)
∂.ρ
∂t

�32 �
i2m 4 ∇ / ∇.ρ 
52 i2�64 � x / & F �7.ρ �

To solve,separatevariablesusing:

(3.5) r � x ' x /8� r /9� x 
 x /��
to get

(3.6)
∂.ρ
∂t

�32 �
i2m 4 � ∇2 
:� ∇ / � 2 �;.ρ 
52 i� 4 � r 
 r / �(& F 2 r ' r /

2 4 .ρ �
whichcan(sometimes)beseparatedby writing:

(3.7) .ρ � r � r / �1� ψ ! � r / � ψ � r ���
to getSchr̈odinger’sEquation:

(3.8) i � ∂ψ
∂t

� � 2

2m
∇2ψ ' Vψ �

4. CONCLUSIONS

Within thisparadigm,QuantumMechanicsis incompleteassurmisedbyEinstein,Padol-
sky andRosen.[7] It is built onthebasisof theLiouville Equationwhile takingaparticular
stochasticbackgroundinto account.Theconceptualfunctionof Probabilityin QM is just
asin StatisticalMechanics.Measurementreducesignorance;it doesnot precipitate“re-
ality.” Of course,measurementalsodisturbsthe measuredsystem,but this presentsno
morefundamentalproblemsthat it doesin classicalphysics.‘Heisenberg uncertainty,’ on
theotherhand,is seento becausedsimply by the incessantdynamicalperturbationfrom
backgroundsignals.In sofar asthesourceof backgroundsignalscannot beisolated,this
sourceof uncertaintyis intrinsic,but not fundamentallynovel. For thesereasons,“duality”
is superfluous.Particleshavethesameontologicalstatusasin classicalphysics.Individual
particlesin a beampassthroughoneor the otherslit in a Youngdoubleslit experiment,
for example,while their De Broglie piloting wavespassthroughboth slits. Beyond the
slit, theparticlesareinducedstochasticallyto trackthenodesof their pilot wavessothata
diffractionpatternis built upmimicking theintensityof thepilot wave.
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Fromwithin this paradigm,thenow infamouslyparadoxicalsituationsillustratingvar-
ious problemswith the interpretationof QM never ariseor areresolvedwith elementary
reasoning.In particular, wave functionsarenot vestedwith anambiguousnature.

TheSEDParadigmalsoclarifiestheappearanceof interferenceamong“probabilities.”
Numerousanalystsfrom variousview pointshave (re)discoveredthatfactthatProbability
Theoryadmitsstructure(usedby QM) that goesunexploited in traditionalapplications.
(E.g.,seeGudder, Summhammar, this volume)While eachof theseapproachesprovides
deepandsurprisinginsights,nonereally offers any explanationof why andhow nature
exploitsthisstructure.Justasacertainsecondorderhyperbolicpartialdifferentialequation
becomesthe “wave equation,” asa physicsstatementonly with the introduction;e.g.,of
Hooke’s Law, so this extra probability structurecanbe madeinto physicsonly with an
analogueto Hooke’sLaw.

SEDprovidesthatanaloguefor particlebehavior with its modelof pilot waveguidance.
In this model, radiationpressureis responsiblefor particleguidance.[3] Radiationpres-
sureis proportionalto the square of EM fields; i.e., the intensity(in this caseof the the
backgroundfield asmodifiedby objectsin theenvironment)which is notadditive. Rather,
the field amplitudesare additive and interferencearrisesin the way well understoodin
classicalEM. In otherwords,QM interferenceis a manifestationof EM interference.The
relevantHook’sLaw analogueis thephenomenonof radiationpressure.For radiation,this
is all intimatelyrelated,of course,to classicalcoherencetheoryasappliedto “square law”
photoelectrondetectors,which, whenproperlyapplied,resolvesmany QM conundrums,
includingthoseinstigatedby Bell’s TheoremsurroundingEPRcorrelations.

APPENDIX : BELL’ S THEOREM

Theinterpretationor paradigmdescribedhereinconflictswith theconclusionsof Bell’s
“no-go” theorem,accordingto which a local, realisticextentionof QM shouldconform
with certainrestraintsthathave beenshown empirically to be false. To besure,this par-
adigmdoesnot deliver the hiddenvariablesfor exploitation in calculations,but it does
indicateto which featuresin the universethey pertain—namely, all othercharges. The
characterof thesehiddenvariablesis dictatedby thefact that they aredistinguishedonly
in thatthey pertainto particlesdistantfrom thesystemof particularinterest;thus,internal
consistency requiresthatthey belocalandrealistic.[8]

The basicproof. Bell’s Theorempurportsto establishcertainlimitationson coincidence
probabilitiesof spin or polarizationmeasurementsascalculatedusingQM if they areto
have anunderlyingdeterministicbut still local andrealisticbasisdescribableby extra, as
yet, ‘hiddenvariables,’ λ, distributedwith a densityρ � λ � . Theselimitationstake theform
of inequalitieswhichmeasurablecoincidencesmustrespect.Theextractionof oneof these
inequalities,wheretheinput assumptionsareenumeratedasBell madethem,proceedsas
follows:

Bell’s fundamentalAnsatz consistsof thefollowing equation:

(4.1) P � a � b �1� � dλρ � λ � A � a � λ � B � b � λ ���
where,per explicit assumption: A is not a function of b; nor B of a. This he motivated
on thegroundsthata measurementat stationA, if it respects‘locality,’ cannot dependon
remoteconditions,suchasthesettingsof a distantmeasuringdevice, i.,e.,b. In addition,
each,by definition,satisfies

(4.2) <A <>= 1; <B <?= 1 �
6



Eq. (4.1) expressesthe fact that whenthe hiddenvariablesare integratedout, the usual
resultsfrom QM arerecovered.

Theextractionproceedsby consideringthedifferenceof two suchcoincidenceproba-
bilities wheretheparametersof onemeasuringstationdiffer:

(4.3) P � a � b �(
 P � a � b / �@� � dλρ � λ ��A A � a � λ � B � b � λ �B
 A � a � λ � B � b / � λ �7C7�
to which zeroin theform

(4.4) A � a � λ � B � b � λ � A � a / � λ � B � b / � λ �B
 A � a � λ � B � b / � λ � A � a / � λ � B � b � λ ���
is addedto get:

P � a � b �B
 P � a � b / �@� � dλρ � λ �D� A � a � λ � B � b � λ �
�D� 1 E A � a / � λ � B � b / � λ � '
(4.5) � dλρ � λ ��� A � a � λ � B � b /0� λ ����� 1 E A � a /�� λ � B � b � λ �	�
which,upontakingabsolutevalues,Bell wroteas:<P � a � b �(
 P � a � b / �F<?= � dλρ � λ ��� 1 E A � a / � λ � B � b / � λ � '
(4.6) � dλρ � λ ��� 1 E A � a / � λ � B � b � λ �	�
Then,usingEq. (4.1),“Ansatz, ” andnormalizationG dλρ � λ �H� 1 � onegets

(4.7) <P � a � b �(
 P � a � b / �F< ' <P � a / � b / � ' P � a / � b �F<>= 2 �
aBell inequality.[9]

Now if theQM resultfor thesecoincidences,namelyP � a � b �1�I
 cos� 2θ �	� is put in Eq.
(4.7), it will befoundthat for θ � π � 8, ther.h.s.of Eq. (4.7)becomes2 J 2. Experiments
verify this result.[10] Why thediscrepancy? Accordingto Bell: it musthavebeeninduced
by demanding“locality,” asall elsehetook to beharmless.

Critiques. Although Bell’s analysisis denoteda ‘theorem,’ in fact therecanbe no such
thing in Physics;theaxiomaticbaseon which to basea theoremconsistsof thosefunda-
mentaltheorieswhich thewholeenterpriseis endeavoring to reveal. Moreover, buried in
all mathematicspertainingto thephysicalworld arenumerousunarticulatedassumptions,
someof whichareexposedbelow.

The analytical character of dichotomic functions. In motivating his discussionof the
extractionof inequalities,Bell consideredthe measurementof spin usingStern-Gerlach
magnetsor polarizationmeasurementsof ‘photons.’ In both cases,singlemeasurements
canbe seenasindividual termsin a symmetricdichotomicseries;i.e., having the valuesE 1. It is therforenaturalto askif thecorrelationcomputedusingQM, P � a � b �(��
 cos� 2θ � ,
andverifiedempirically, canbethecorrelationof dichotomicfunctions.It is easyto show
thatthey can not sobe;consider:

(4.8) 
 cos� 2θ �1� k � P � x 
 θ � P � x � dx �
7



whereρ � λ � is k � 2π andwheretheP / s aredichotomicfunctions.Now, take thederivative
w.r.t. θ, to get:

(4.9) 2sin� 2θ �@� � δ � x 
 θ j � P � x � dx � ∑
j

P � θ j � � k �
andagain

(4.10) 4cos� 2θ � + 0 �
which is false.QED

Someauthors(see,e.g.,Aerts, this volume)employ a parameterizeddichotomicfunc-
tion to representmeasurements.Sucha function canbe dichotomicin the argumentbut
continuousin theparameter, e.g.,of theform P � sin� t �K
 x ��� , for which thenthecorrelation
is takento beof theform

(4.11) Corr � t �1� � π� π
D � x 
 sin� 2t �
� D � x � dx �

However, thisapproachseemsmisguided.First it assumesthatthetheargumentof Corr� t,
canbeidenticalto theparameterof thedichotomicfunctionPt � x � ratherthanthe‘of f-set’
in theargument,herex, asbefittinga correlation.Moreover, thesamesortof consistency
testappliedabove alsoresultsin contradictions;therefore,suchparameterizedfunctions
do not constitutecounterexamplesinvalidatingtheclaim thatdiscontinuousfunctionscan
nothaveanharmoniccorrelation.At best,this tacticimplicitly resultsin thecorrelationof
themeasurementfunctionsw.r.t. the continuousparameter, t, which is interpretedasthe
“weight” or frequency of thethedichotomicvalue.This tactic,however, doesnotconform
with Bell’sanalysisin which thedichotomicvaluesareto correlated,ratherit corresponds
with thetypeof modelproposedbelow, without,however, recognizingMalus’ Law asthe
sourceof the‘weights.’

Conclusion:Thereis a fundamentalerrorin Bell’sanalysis;theQM resultis at irrecon-
cilableoddswith theconventionalunderstandingof his arguments.[11]

This can be revealedalternately, following Sica, by consideringfour dichotomicse-
quences(with values E 1 andlengthN) a � a / � b andb / andthe following two quantities
aibi ' aib /i � ai � bi ' b /i � andd /ibi 
 a /ib /i � a /i � bi 
 b /i ��� Sumtheseexpressionsover i, divide
by N, andtakeabsolutevaluesbeforeaddingtogetherto get< 1

N

N

∑
i

aibi ' 1
N

N

∑
i

aib /i < ' < 1
N

N

∑
i

a /ibi 
 1
N

N

∑
i

a /ib /i <?=
(4.12)

1
N

N

∑
i
< ai <L< bi ' b /i < ' 1

N

N

∑
i
< a /i <8< bi 
 b /i <M�

The r.h.s. equals2; so this is a Bell Inequality. Conclusion: this Bell Inequality is an
arithmeticidentity for dichotomicsequences;thereis no needto postulate“locality” in
orderto extractit.[12]

Discretevicecontinuousvariables. By implicationBell considereddiscretevariablesfor
which thecorrelationwouldbe

(4.13) Cor � a � b � : � 1
N

N

∑
i

Xi � a � Yi � b �	�
But: experimentsmeasurethe numberof hits per unit time givena � b; andthencompute
the correlation,eachevent is a density, not a singlepair. The datataken in experiments
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correspondsto the read-outfor Malus’ Law, not the generationof dichotomicsequences
for whicheachtermrepresentsaneventconsistingof a pairof photonswith anticorrelated
polarizationor a particlepair with anticorrelatedspins.This discrepancy is ignoredin the
standardrenditionsof Bell’s analysis.It is, however, seriousandsuggestsadifferenttack.

Consider, following Barut, a model for which the spin axis of pairsof particleshave
random,but totally anticorrelatedinstantaneousorientation:S1 �5
 S2.[13] Eachparticle
then is directedthrougha Stern-Gerlachmagneticfield with orientationa and b. The
observablein eachcasethenwouldbeA : � S1 & a andB : � S2 & b. Now by standardtheory,

(4.14) Cor � A � B �1�3N <AB <>OP
 N A O N B OJ N A2 O N B2 O �
wheretheanglebracketsindicateaveragesover therangeof thevariables.Thisbecomes

(4.15) Cor � A � B �1� G dγsin� γ � dϕcos� γ 
 θ � cos� γ �Q � G dγsin� γ � cos2 � γ �
� 2 �
whichevaluatesto 
 cos� θ � ; i.e., theQM resultfor spinstatecorrelation.Conclusion:this
model,essentiallya counterexampleto Bell’s analysis,shows that continuousfunctions
(vice dichotomic)work. It is morethanjust naturalto askwheredo the‘gremlins’ reside
in Bell’sanalysis?Thereareat leasttwo.

Onehasto do with the following covert hypothesis:Bell’s ‘proof’ seemsto pertainto
continuousvariablesin thatthedemandis only that <A <
��<B < �R= 1. Thisargument,however,
silently alsoassumesthat theaverages,N A OS� N B OS� 0 � It entersin thederivationof a
Bell inequalitywherethesecondtermabove is ignoredasif it is alwayszero. Whenit is
notzero,Bell inequalitiesbecome;e.g.,

(4.16) <P � a � b �(
 P � a � b / �F< ' <P � a / � b / �B
 P � a / � b �F<?= 2 ' 2 N A O N B OJ N A2 O N B2 O �
whichopensupa broadercategoryof nonquantummodels.

A secondcovertgremlinhaving broadersignificanceis discussedbelow.

Ar e ‘nonlocal’ correlations essential?The demandthat in spiteof the introductionof
hiddenvariables,λ, thata probability, P � a � b � , averagedover theseextra variablesreduce
to currentlyusedQM expressions,impliesthat:

(4.17) P � a � b �1� � P � a � b � λ � dλ �
By basicprobabilitytheory, theintegrandin this equationis to bedecomposedin termsof
individualdetectionsin eacharmaccordingto Bayes’formula

(4.18) P � a � b � λ �1� P � λ � P � a < λ � P � b < a � λ ���
whereP � a < λ � is aconditionalprobability. In turn, theintegrandabovecanbeconvertedto
theintegrandof Bell’s Ansatz: P � a � b �@� G A � a � λ � B � b � λ � ρ � λ � dλ � iff
(4.19) P � b < a � λ � + P � b < λ �	�ST a �
Thisequationadmits,it seems,two interpretations:

(1) Whenthisequationis true,theratioof occurrenceof outcomesatstationB mustbe
statisticallyindependentof theoutcomesat A. Therefore,asthehiddenvariables
λ are‘extra’ anddo not duplicatea andb � evenif thecorrelationis consideredto
be encodedby a λ , it will not be availableto an observer. But, the correlation
by hypothesisdoesexist and is to be detectablevia the a’s and b’s; therefore,
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this equationcannot hold. Thus,within this interpretation,Bell’s Ansatz is not
internallyconsistent.

(2) Alternately, if thea onthel.h.s. is superfluous,sois b; sothatP � P � λ �(� 0 except
atonevalueof λ, whereit equals1, or is aDirac-deltafunction. Thatis, thecorre-
lation is totally encodedby thehiddenvariables,asfollows if a sufficient number
of new variablesareintroducedto rendereverythingdeterministic—asoften as-
sumed.Consequently, individualproductsof probabilitiesat theseparatestations,
i.e., AB’s, in Bell’s notation,becomeDirac delta-functionsof theλ. If everything
is deterministic,thentherecanbenooverlapof theof thenon-zerovaluesof pairs
of probabilitiesfor a given valueof λ, andtherefore,in the extractionof a Bell
inequality, all quadrupleproductsof P’swith pair-wisedifferentvaluesof λ in Eq.
(4.5) are identically zeroso that the final form of a Bell inequality is the trivial
identity:

(4.20) <P � a � b �(
 P � a � b / �D<>= 2 �
In eithercase,“locality” is not to besoemployedsoasto excludecorrelationsgenerated
at the conceptionof the spin-particlesor photonpairs, i.e., “commoncauses.” The non
existenceof instantaneouscommunicationcannot imposearestrainthere;it mustbearno
relationshipto thevalidity of Eq. (4.19).

In addition,Eq. (4.20)reconcilesBarut’s continuousvariablemodelwith Bell’s analy-
sis.

Bell-Kochen-Specker ‘Theorem’. BesidesBell’s original theoremthereis anothersetof
no-gotheoremsostensiblyprohibitinga local realisticextentionfor QM. In contrastto the
theoremanalyzedabove,they donotmakeexplicit useof ‘locality,’ ratherthey usecertain
properties(falsely, it turnsout) of angularmomentum(spin). In general,the ‘proof’ of
thesetheoremsproceedsas follows: The systemof interestis describedas being in a
‘state’ <ψ U specifiedby observablesA � B � C �
�
� . A hiddenvariabletheoryis thentaken to
bea mappingv of observablesto numericalvalues:v � A �	� v � B �	� v � C �V�
��� Useis thenmade
of the fact that if a set of operatorsall commute,then any function of theseoperators
f � A � B � C �
�
�W�@� 0 will alsobesatisfiedby their eigenvalues: f � v � A �	� v � B �	� v � C �V�
���X�@� 0.

Theproof of a Kochen-SpeckerTheoremproceedsby displayinga contradiction;con-
sider, e.g.,two ‘spin-1� 2’ particlesfor which thenineseparatemutuallycommutingoper-
atorscanbearrangedin thefollowing 3 by 3 matrix:

(4.21)
σ1

x σ2
x σ1

xσ2
x

σ2
y σ1

y σ1
yσ2

y
σ1

xσ2
y σ2

xσ1
y σ1

z σ2
z

It is thena little exercisein bookkeepingto verify thatany assignmentof plusandminus
onesfor eachof thefactorsin eachelementof thismatrixresultsin acontradiction,namely,
theproductof all theseoperatorsformedrow-wiseis plusoneandthesameproductformed
column-wiseis minusone.[14]

Now, recall thatgivena uniform staticmagneticfield B in the z-direction,the Hamil-
tonianis: H � e

mc Bσz for which thetime-dependentsolutionof theSchr̈odingerequation

is: ψ � t �@� 1Y
2 Z e � iωt

e [ iωt \ , andthis in turn givestime-dependentexpectationvaluesfor spin

valuesin thex � y directions:[15]

(4.22) N σx OS� �
2

cos� ωt � ; N σy OS� �
2

sin� ωt ���
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whereω � eB � mc.
Proofof aBell-Kochen-Speckertheoremdependsonsimultaneouslyassigningthe[eigen]valuesE 1 to σx, σy andσz asmeasurablesfor eachparticle.(With someeffort, for all otherproofs

of this theoremonecanfind anequivalentassumption.)However, asBarut[13] observed
andcanbeseenin Eq. (4.22),if theeigenvaluesE 1 arerealizablemeasurementresultsin
the“B-field” direction,thenin theothertwo directionstheexpectationvaluesoscillateout
of phaseandtherefore,cannot be simultaneouslyequalto E 1. Thus,this variationof a
Bell theoremalsois defectivephysics.

A local model for EPR (polarization Corr elations. The following model incorporates
the featuresof polarizationcorrelationswithout preternaturalaspectsor the conceptof
‘photon.’ Thebasicassumptionis thatthesourceemitsoppositelydirected,anticorrelated
classicalelectromagneticsignals:

(4.23) EA � x̂cos� ν � ' ŷsin� ν � ; EB �%
 x̂sin� ν ' θ � ' ŷcos� ν ' θ �	�
wherefactorsof the form exp � i � ωt ' k & x ' ξ � t ��� , whereξ � t � , is a randomvariable,are
dropped,asthey aresuppressedby averaging.[16] Now, therandomvariableswith physical
significance,emerging in thedetectorsperMalus’ Law, areE2

A � B . It is thedetectorsthat
digitize the dataandcreatethe illusion of ‘photons.’ But, becauseMaxwell’s Equations
arenot linear in intensities,ratherin thefields,a fourth orderfield correlationis required
to calculatethecrosscorrelationof theintensity:

(4.24) P � a � b �1� κ N � A & B ��� B & A �1O]�
wherebracketsindicateaveragesover space-time.(This appearsto be thesourceof “en-
tanglement”in QM, which is seento havenobasisbeyondthatfoundin classicalphysics.)
Here,Eq. (4.24)turnsout to be:

(4.25) P � ' � ' � ∝ κ � π

0
� cos� ν � sin� ν ' θ �(
 sin� ν � cos� ν ' θ �
� 2dν �

whichgivesP � ' � ' �(� P �

]�

^� ∝ κsin2 � θ � andP �

]� ' �_� P �X
]��
^� ∝ k cos2 � θ � . Thecon-
stant,κ, canbeeliminatedby computingtheratio of particulareventsto thetotal sample
space,which hereincludescoincidentdetectionsin all four combinationsof detectorsav-
eragedoverall possibledisplacementanglesθ; thus,thedenominatoris:

(4.26)
2k
π
� π

0
� sin2 � θ � ' cos2 � θ �
� dθ � 2κ �

sothattheratio; becomes:

(4.27) P � ' � ' �H� 1
2

sin2 � θ �	�
theQM result.This in turnyieldsthecorrelation

Cor � a � b � : � P � ' � ' � ' P �

]�

^�(
 P � ' �

^�(
 P �X
]� ' �
P � ' � ' � ' P �

]�

^� ' P � ' �

^� ' P �X
]� ' � �

(4.28) Cor � a � b �1�I
 cos� 2θ �	�
If the fundamentalassumptionsinvolved in this local, realistic modelarevalid, then

therewould be observableconsequences.For example,if radiationon the “other side”
of a photodetectoris continuousandnot comprisedof “photons,” then,photoelectronsare
evokedindependentlyin eachdetectorby continuousbut (anti)correlatedradiation.Thus,
thedensityof photoelectronpairsshouldbelinearlyproportional(baringeffectscausedby
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limited coherence)to thecoincidencewindow width. On theotherhand,if photonsarein
factgeneratedin matchedpairsat thesource,thenatvery low intensities,thedetectionrate
shouldberelatively insensitive to thecoincidencewindow width onceit is wideenoughto
capturebothelectrons.
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