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ABSTRACT. Of the various“complimentarities”or “dualities” evidentin QuantumMe-
chanics(QM), amongthe mostvexing is thatafflicting the characteiof a ‘wave function;,
which at onceis to be somethingontologicalbecauset diffracts at materialboundaries,
andsomethingepistemologicabecausét carriesonly probabilisticinformation. Hereina
descriptionof a paradigm,a conceptuamodelof physicaleffects,will bepresentedthat,
perhapsgcanprovide anunderstandin@f this schizophrenimatureof wave functions. It
is basedon Stochasti€Electrodynamic¢SED),a candidateheoryto elucidatethe myster
ies of QM. The fundamentabssumptiorunderlyingSED is the supposedxistenceof a
certainsortof random electromagnetibackgroundthe natureof which, it is hoped will
ultimately accountfor the behaior of atomicscaleentitiesasdescribedusuallyby QM.
In addition, the interplay of this paradigmwith Bell's ‘no-go’ theoremfor local, realistic
extentionsof QM will beanalyzed.

1. INTRODUCTION

Of thevarious‘complimentarities’or “dualities” evidentin QuantumMechanicgQM),
amongthe mostvexing is thatafflicting the characteof a ‘wave function; which at once
is to be somethingontologicalbecausét diffractsat materialboundariesandsomething
epistemologicabecausat carriesonly probabilisticinformation. All other diffractable
waves,it may be said,carry {momentumenegy}, not conceptualabstracinformation,
“ideas” All otherprobabilitiesare calculationalaids,andlik e abstractiongienerally are
utterly unafectedby materialboundariesTheliteratureis repletewith resolutionsof QM-
conundrumselectvely ignoringoneor the otherof thesecharacteristics—itheend,they
all fail.

Herein a descriptionof a paradigm,a conceptuaimodel of physicaleffects, will be
presentedhatperhapscanprovide anunderstandingf this schizophrenimatureof wave
functions.It is basedn Stochasti&lectrodynamic§SED),acandidateheoryto elucidate
the mysteriesof QM.[1] The fundamentatonceptunderlyingSED is the supposeaxis-
tenceof a certainsort of random,electromagnetidackgroundthe natureof which, it is
hopedwill ultimatelyaccounfor thebehaior of atomicscaleentitiesasdescribedisually
by QM. [2] Amongthesuccessesf SED,oneis alocalrealisticexplanationof thediffrac-
tion of particle beams.[B The core of this explanationis the notion that relative motion
throughthe SED backgrounceffectively engendersle Broglie's pilot wave. Givensucha
pilot wave associatewvith a particle’s motion,thestatisticaldistribution of momentunin a
densityover phasespacecanbedecomposedn the senseof Fourieranalysis suchthatthe
resultingform of Liouville’ s Equationundersomeconditions,is Schibdingers Equation.
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Fromthis viewpoint, the ‘schizophrenic’characteiof wave functionscanbe discussed
andunderstoodreeof preternaturahttributes. Theseconceptshave broadimplicationsfor
seriousphilosophicalquestionsuchasthe “mind-body” dichotomythroughteleportation
to popularsciencefiction effects. In addition,the peculiarnatureof probabilityin QM is
clarified.

Althoughmuchremainsto be doneto comprehensiely interpretall of QM in termsof
SED, mary of theby now hoary‘paradoyes’ 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 be presentedghoning thatin his proof, Bell (essentiallyby misconstruing
theuseof conditionalprobabilities)calledoninappropriaténypotheticapresumptiongust
asHermanngdeBroglie, BohmandothersfoundthatVon Neumanndid beforehim.[4, 5]

2. DE BROGLIE WAVES AS AN SED EFFECT

The foundationof the model or conceptualparadigmfor the mechanisnof particle
diffractionproposecdhereinis StochastiElectrodynamic¢SED).Most of SED,for which
thereexists a substantialiterature,is not crucial for theissueat hand.[] The nux of SED
canbecharacterize@sthelogical inversionof QM in thefollowing senself QM is taken
asa valid theory thenultimately one concludeghat thereexists a finite groundstatefor
thefreeelectromagnetiéield with enegy permodegivenby

(2.1) E = hw/2.

SED,ontheotherhand,invertsthislogic andaxiomaticallypositsthe existenceof aran-
domelectromagnetibackgroundield with this samespectraknegy distribution,andthen
ende&orsto shav that ultimately, a consequencef the existenceof sucha background
is that physicalsystemsexhibit the behaior otherwisecodified by QM. The motivation
for SEDproponentss to find anintuitive local realisticinterpretatiorfor QM, hopefullyto
resohethewell known philosophicabindlexical problemsaswell asto inspirenew attacks
onotherproblems.

The questionof the origin of this electromagnetibackgrounds, of course fundamen-
tal. In the historicaldevelopmeniof SED, its existencehasbeenpositedasan operational
hypothesisvhosejustificationrestsa posteriori on results. Nevertheless|urking on the
fringesfrom the begginning, hasbeenthe ideathat this backgrounds the resultof self-
consistentnteraction;i.e., the backgroundarisesout of interactiondrom all otherelectro-
magneticchagesin the universe.[§

For presenpurposesall thatis neededs the hypothesighat particles,assystemswith
chagestructurgnotnecessarilyvith anetchage),arein equilibriumwith electromagnetic
signalsin the background.Considey for example,asa prototypesystem,a dipole with
characteristiérequeny w. Equilibriumfor suchasystemin its restframecanbeexpressed
as

(2.2) moc? = hwyp.

This statements actuallytautological,asit just defineswy for which anexactnumerical
valuewill turnoutto be practicallyimmaterial.

This equilibriumin eachdegreeof freedomis achievedin the particle’s restframeby
interactionwith counterpropagatingelectromagnetibackgroundignalsin bothpolariza-
tion modesseparatelywhich onthe average addto give a standingwave with antinodeat
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the particle’s position:
(2.3) 2cogkox) sin(wot).

Again, this is essentiallya tautologicalstatementis a particle doesnt ‘see’ signalswith
nodesatits location,therebyleaving only the others.Of course gverythingis to beunder
stoodin anon-the-aeragestatisticalsense.

Now considerEg. (2.3) in a translatingframe, in particularthe restframe of a slit
throughwhich the particleasa memberof a beamensemblepassesin sucha framethe
componensignalsundera LorentztransformareDopplershiftedandthenaddtogetheito
give whatappearsasmodulatedvaves:

(2.4) 2cogkoy(x — cBt)) sin(woy(t — c~'Bx)),

for which the second,the modulationfactor haswave length A = (yBko)~1. Fromthe
Lorentztransformof Eq. (2.2), P = hyBko, the factorsyBko canbe identified asthe de
Broglie wave vectorfrom QM asexpressedn theslit frame.

In short,it is seernthata particle’'s de Broglie wave is modulationon whatthe orthodox
theory designateitterbewegung. The modulation-vave effectively functionsasa pilot
wave. Unlike de Broglie’s original conceptiorin which the pilot wave emanate$rom the
kernel,herethis pilot wave is a kinematiceffect of the particleinteractingwith the SED
Background.Becausehis SED Backgrounds classicalelectromagneticadiation,it will
diffract accordingto the usuallaws of opticsandthereafter modify the trajectoryof the
particlewith which it is in equilibrium.[§ (SeeRef. [1], Section12.3,for a didactical
elaboratiorof theseconcepts.)

The detailedmechanisnfor pilot wave steerages basedon observingthatthe enegy
patternof the actualsignalthat pilot wavesare modulating,andto which a particletunes,
comprisesa fenceor rake-like structurewith prongsof varying averageheightsspecified
by the pilot wave modulation. Theseprongs,in turn, canbe consideredas forming the
boundarie®f enegy wellsin which particlesaretrapped;a seriesof micro-Paul-trapsas
it were. Intuitively, it is clearthat wheresuchtrapsare deepestparticleswill tendto be
capturedanddwell the longest. The exact mechanismmoving andrestrainingparticlesis
radiationpressureput not asgiven by the modulation,ratherby the carrier signalitself.
Of course becausehesesignalsarestochasticyell boundariearebobbingup anddown
somavhatsothatary givenparticlewith whatever enegy it haswill tendto migrateback
andforth into neighboringcellsasboundaryfluctuationgpermit. Wherethewells arevery
shallow, however, particlesare laterally (in a diffraction setup,say) unconstrainedthey
tendto vacatesuchregions,andthereforehave alow probability of beingfoundthere.

The obsenableconsequencesf the constraintimposedon the motion of particlesis
amicroscopiceffect which canbe mademanifestonly in the obsenationof mary similar
systems. For illustration, consideran ensembleof similar particlescomprisinga beam
passingthrougha slit. Let us assumehat theseparticlesare very closeto equilibrium
with the backgroundthatis, thatany effectsdueto the slit canbe consideredas slight
perturbation®n the systematienotion of thebeammembers.

Giventhis assumptiongachmemberof theensemblevith index, n say will with acer
tain probability have a givenamountof kinetic enegy, E,, associateavith eachdegreeof
freedom.Of specialinteresthereis the beamdirectionperpendiculato boththe beamand
theslit in which, by virtue of the assumedtateof nearequilibriumwith the background,
we cantake the distribution, with respecto enegy of thememberof theensembleto be
givenin theusualway by the BoltzmannFactore—PEn wherep is thereciprocalproductof
the BoltzmannConstank andthetemperatureT, in degreesKelvin. The temperaturén

3



relative
intensity

Neutron Diffraction
1.1
1.04 © Particle Beam

0.94 * Radiation

084 P Chi(y)-squared (x50)
0.7 1
0.6 1
0.5 -
0.4 4
0.3 1

0.2 ] lateral

displacement
0.1+ in radians,
0.0 o ‘theta’

-6 -4 -2 0 2 4 6

FIGURE 2.1. A simulatedsingleslit neutrondiffractionpatternshaving
theclosenessf thefit of Eq. (6) to the purewave diffractionpatten.See
Ref. [3] for details.wave diffraction

this casels thatof the electromagnetibackgroundservingasa thermalbathfor the beam
particleswith whichit is in nearequilibrium.

Now, the relative probability of finding ary given particle;i.e., with enegy Egy, j; or
Efny Or ..., trappedin a particularwell will be, accordingto elementaryprobability,
proportionalto the sumof the probabilitiesof finding particleswith enegy lessthanthe
well depth,

D En 1
(2.5) e PE / d(—)e_BE“ =——(1- e—BD)7
{'lEgﬁd} o Eo BEo

whereapproximatingthe sumwith an integral is tantamounto the recognitionthat the
numberof enegy levels,if nota priori continuousijs largewith respecto thewell depth.

If now din Eq. (2.5) is expressedasa function of position, we get the probability
densityasa functionof position. For example for adiffractionpatternfrom asingleslit of
width a atdistanceD, theintensity(essentiallythe enegy density)asa function of lateral
positionis: Eg sinz(e)/e2 where8 = Kpiiotwave(2a/D)y, andthe probability of occurrence,
P(8(y)), asafunctionof position,would be

(2.6) P(y) O (1— e~ PEosi®(8)/6%),

Wheneer the exponentin Eq. (2.6) is significantlylessthanone,its r.h.s. is very ac-
curatelyapproximatedy the exponentitself; sothatoneobtainsthe standarcandverified
resultthatthe probability of occurrenceP(y) = @*y in corventionalQM, is proportional
to theintensityof a particle’'s de Broglie (pilot) wave.
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3. SCHRODINGER EQUATION
A consequencef theattachmenof a De Broglie pilot wave to eachparticleis thatthere
existsa Fourierkernelof thefollowing form:

i2p-x

(3.1) ern ,

which canbe usedto decompos¢he densityfunction of anensembleof similar particles.
Consideranensembleyovernedby the Liouville Equation:

op p 0
(3.2) — =-0p-=+(0pp)-F, [Op= —.
ot m P P izxz’y’zapi
Now, decompos@(x, p)with respecto p usingthe De Broglie-FourierKernel:
(33) p0x, X0 = [ € p(x, )b,
to transformthe Liouville Equationinto:
M _( h o 2\, , .~
(3.4) i _<i2m>DDp—(h>(x-F)p.
To solve, separateariablesusing:
(3.5) r=x+x, r=x-x,
to get
aﬁ _ h 2 "N2\A i ! r+r"\ -
6o F=(mm) @@ (;)e-m-F (508
which can(sometimespe separatedby writing:
3.7) pr, r) = (r)u(r),
to getSchibdingers Equation:
L op R?
(3.8) 'hﬁ = ?nD UEVIUR

4. CONCLUSIONS

Within thisparadigmQuantumMechanicssincompleteassurmisedy Einstein,Padol-
sky andRosen.[T It is built onthebasisof theLiouville Equationwhile takinga particular
stochastidackgroundnto account.The conceptuafunction of Probabilityin QM is just
asin StatisticalMechanics.Measurementeducesgnorance;it doesnot precipitate“re-
ality.” Of course,measuremenalso disturbsthe measuredsystem,but this presentano
morefundamentaproblemsthatit doesin classicalphysics.‘Heisenbeg uncertainty on
the otherhand,is seento be causedsimply by the incessantlynamicalperturbatiorfrom
backgroundsignals.In sofar asthe sourceof backgroundignalscannot beisolated this
sourceof uncertaintyis intrinsic, but notfundamentallynovel. For thesereasons;iduality”
is superfluousParticleshave the sameontologicalstatusasin classicaphysics.Individual
particlesin a beampassthroughone or the otherslit in a Youngdoubleslit experiment,
for example,while their De Broglie piloting waves passthroughboth slits. Beyond the
slit, the particlesareinducedstochasticallyto trackthe nodesof their pilot wavessothata
diffractionpatternis built up mimicking theintensityof the pilot wave.
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Fromwithin this paradigm the now infamouslyparadoxicakituationsillustrating var-
ious problemswith the interpretationof QM never ariseor areresohed with elementary
reasoningln particular wave functionsarenot vestedwith anambiguousature.

The SED Paradigmalsoclarifiesthe appearancef interferenceamong”probabilities”
Numerousanalystdrom variousview pointshave (re)discweredthatfactthat Probability
Theoryadmitsstructure(usedby QM) that goesunexploited in traditional applications.
(E.g.,seeGudder Summhammaithis volume)While eachof theseapproachegrovides
deepand surprisinginsights, nonereally offers any explanationof why andhow nature
exploitsthis structure Justasacertainsecondrderhyperbolicpartialdifferentialequation
becomeghe “wave equatior!, asa physicsstatemenbnly with the introduction;e.g., of
Hooke’s Law, so this extra probability structurecan be madeinto physicsonly with an
analogudo Hooke’s Law.

SEDprovidesthatanalogudor particlebehavior with its modelof pilot wave guidance.
In this model, radiationpressurds responsibleor particle guidance.[B Radiationpres-
sureis proportionalto the square of EM fields; i.e., the intensity (in this caseof the the
backgroundield asmodifiedby objectsin the environment)whichis notadditive. Rather
the field amplitudesare additive and interferencearrisesin the way well understoodn
classicaEM. In otherwords,QM interferencds a manifestatiorof EM interferenceThe
relevantHook’s Law analogués the phenomenowf radiationpressureFor radiation this
is all intimatelyrelated,of courseto classicaktoherenceéheoryasappliedto “square law”
photoelectrordetectorswhich, whenproperly applied,resohesmary QM conundrums,
includingthoseinstigatedby Bell's TheoremsurroundingePRcorrelations.

APPENDIX: BELL'S THEOREM

Theinterpretatioror paradigmdescribechereinconflictswith the conclusionf Bell's
“no-go” theorem,accordingto which a local, realistic extention of QM shouldconform
with certainrestraintsthat have beenshovn empirically to be false. To be sure, this par
adigm doesnot deliver the hiddenvariablesfor exploitation in calculations,but it does
indicateto which featuresin the universethey pertain—namelyall otherchages. The
charactef thesehiddenvariablesis dictatedby the factthatthey aredistinguishecnly
in thatthey pertainto particlesdistantfrom the systemof particularinterest;thus,internal
consisteng requiresthatthey belocal andrealistic.[§

The basicproof. Bell's Theorempurportsto establishcertainlimitations on coincidence
probabilitiesof spin or polarizationmeasurementas calculatedusingQM if they areto
have anunderlyingdeterministicbut still local andrealisticbasisdescribabléby extra, as
yet, ‘hiddenvariables, A, distributedwith a densityp(A). Theselimitationstake the form
of inequalitiesvhich measurableoincidencesustrespect.Theextractionof oneof these
inequalitieswherethe input assumptionsireenumerateésBell madethem,proceedsas
follows:
Bell's fundamentalAnsatz consistof the following equation:

4.1) P(a, b) = / dAP(\A(a, A)B(b, M),

where,per explicit assumption: A is not a function of b; nor B of a. This he motivated
onthegroundsthata measuremerdt stationA, if it respectslocality, cannotdependon
remoteconditions,suchasthe settingsof a distantmeasuringdevice, i.,e.,b. In addition,
each by definition, satisfies

(4.2) A<1; Bl <1
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Eq. (4.1) expresseghe fact that whenthe hiddenvariablesare integratedout, the usual
resultsfrom QM arerecovered.

The extractionproceeddy consideringhe differenceof two suchcoincidenceproba-
bilities wherethe parametersf onemeasuringtationdiffer:

(4.3) P(a, b) - P(a,b) = / dAp(M)[A(a, M)B(b, A) — A(a, M)B(D', M),

to which zeroin theform

(4.4) A(a, \)B(b, M)A, M)B(L', ) — Aa, A)B(b', M)A, N)B(b, A),
is addedto get:

P(a,b) —P(a,b') = /d)\p()\)(A(a, N)B(b,A))(1+ A&, MBI, A)+

(4.5) / dAp(A)(A(a, M)B(D, N)) (1A, N)B(b, ),
which, upontakingabsolutevalues Bell wroteas:

IP(ab) — P(a, b)| < [ dhp(h) (1 Alal, NB(H', M)+

(4.6) / dAP(N) (1 £ A&, M)B(b, A).

Then,usingEq. (4.1),“Ansatz, ” andnormalizationf dAp(A) = 1, onegets
(4.7) IP(a, b) — P(a, b')| +|P(d, b') + P(a, b)| < 2,

aBell inequality[9]

Now if the QM resultfor thesecoincidencespamelyP(a, b) = — cog26), is putin Eq.
(4.7),it will befoundthatfor 6 = 11/8, ther.h.s.of Eq. (4.7) become®+/2. Experiments
verify this result.[1Q Why the discrepang? Accordingto Bell: it musthave beeninduced
by demandindlocality,” asall elsehetookto beharmless.

Critiques. Although Bell’s analysisis denoteda ‘theorem; in facttherecanbe no such
thing in Physics;the axiomaticbaseon which to basea theoremconsistsof thosefunda-
mentaltheorieswhich the whole enterprisds ende&oring to reveal. Moreover, buriedin
all mathematicgertainingto the physicalworld arenumerousunarticulatecassumptions,
someof which areexposedbelow.

The analytical character of dichotomic functions. In motivating his discussiorof the
extraction of inequalities,Bell consideredhe measurementf spin using Stern-Gerlach
magnetsor polarizationmeasurementsf ‘photons. In both casessingle measurements
canbe seenasindividual termsin a symmetricdichotomicseries;i.e., having the values
+1. Itistherforenaturatlto askif thecorrelationcomputedusingQM, P(a, b) = —cog26),
andverifiedempirically, canbethe correlationof dichotomicfunctions.It is easyto show
thatthey can not sobe;consider:

4.8) —cog28) =k / P(x— 8)P(x)dXx,



wherep(}) is k/2mandwherethe P's aredichotomicfunctions. Now, take the derivative
w.r.t. 6, to get:

(4.9) 2sin(26) = / 3(x—8))P(x)dx = ZP =
andagain
(4.10) 4cog20) =

whichis false.QED

Someauthors(see,e.g.,Aerts, this volume)employ a parameterizedichotomicfunc-
tion to represenmeasurementsSucha function canbe dichotomicin the argumentbut
continuousn theparametere.qg.,of theform P(sin(t) — X)), for whichthenthecorrelation
is takento be of theform

(4.11) Corr(t /Dx sin(2t))D(x)dx.

However, thisapproactseemsnisguided Firstit assumeshatthetheargumentof Corr, t,
canbeidenticalto the parametepf the dichotomicfunction R (x) ratherthanthe ‘off-set’
in the agument,herex, asbefitting a correlation.Moreover, the samesortof consisteng
testappliedabove alsoresultsin contradictionstherefore,suchparameterizedunctions
do not constitutecountergamplesinvalidatingthe claim thatdiscontinuougunctionscan
nothave anharmoniccorrelation.At best thistacticimplicitly resultsin thecorrelationof
the measuremerfunctionsw.r.t. the continuougparametert, which is interpretedasthe
“weight” or frequeng of thethedichotomicvalue. Thistactic,however, doesnot conform
with Bell's analysisn which thedichotomicvaluesareto correlatedratherit corresponds
with thetype of modelproposedelow, without, however, recognizingMalus’ Law asthe
sourceof the ‘weights!

Conclusion:Thereis afundamentaérrorin Bell’s analysisthe QM resultis atirrecon-
cilable oddswith the corventionalunderstandingf his aguments.[1]1

This can be revealedalternately following Sica, by consideringfour dichotomic se-
qguencegwith values+1 andlengthN) a, &, b andb’ andthe following two quantities
aibi + aibl = aj(bj + bf) andd/b; — a/b{ = & (b; — bf). Sumtheseexpressionoveri, divide
by N, andtake absolute/aluesbeforeaddingtogetherto get

N N

zab. Nzab’|+|—2abu DR

1 N 1 N
(4.12) N > [aullbi bl + 5 > faf][bi — b
| I

Ther.h.s. equals2; sothis is a Bell Inequality Conclusion: this Bell Inequalityis an
arithmeticidentity for dichotomicsequencesthereis no needto postulate‘locality” in
orderto extractit.[12]

Discretevice continuousvariables. By implicationBell consideredliscretevariablesor
whichthecorrelationwould be

(4.13) Cor(a,b) = = zx.

But: experimentaneasureghe numberof hits perunit time givena, b; andthencompute
the correlation,eacheventis a density not a single pair. The datatakenin experiments
8



correspondso the read-outfor Malus’ Law, not the generatiorof dichotomicsequences
for which eachtermrepresentaneventconsistingof a pair of photonswith anticorrelated
polarizationor a particle pair with anticorrelatedpins. This discrepang is ignoredin the
standardenditionsof Bell's analysis.lt is, however, seriousandsuggests differenttack.
Consider following Barut, a modelfor which the spin axis of pairsof particleshave
random,but totally anticorrelatednstantaneousrientation:S; = —S,.[13] Eachpatrticle
thenis directedthrougha Stern-Gerlachmagneticfield with orientationa andb. The
obsenablein eachcasethenwouldbeA:= S; -aandB := S;-b. Now by standardheory

<|AB|>—-<A><B>
V<AZ><BZ>

wherethe anglebracletsindicateaveragevertherangeof the variables.This becomes

(4.15) Cor (A, B) = J dysin(y)d¢ cosly - 8) cogy)
V/(J dysin(y) co(y))?

which evaluateso — cog6); i.e.,the QM resultfor spinstatecorrelation.Conclusionthis
model, essentiallya counterexampleto Bell's analysis,shavs that continuousfunctions
(vice dichotomic)work. It is morethanjust naturalto askwheredo the ‘gremlins’ reside
in Bell'sanalysis?Thereareatleasttwo.

Onehasto do with the following covert hypothesisBell's ‘proof’ seemsgo pertainto
continuousvariablesn thatthedemands only that|A| (|B|) < 1. Thisagumenthowever,
silently alsoassumeshatthe averages< A >=< B >= 0. It entersin thederivationof a
Bell inequalitywherethe secondermabove is ignoredasif it is alwayszero. Whenit is
notzero,Bell inequalitiesbecomeg.g.,

(4.14) Cor (A, B) =

2<A><B>

(4.16) |P(a, b) — P(a,b)|+|P(&,b') = P(d, b)| < 2+ ————,
V<A ><B?>
which opensup a broadercateyory of nonquantummodels.

A secondcovertgremlinhaving broadersignificances discussedbelow.

Are ‘nonlocal’ correlations essential? The demandthat in spite of the introductionof
hiddenvariables A, thata probability, P(a, b), averagedover theseextra variablesreduce
to currentlyusedQM expressionsimpliesthat:

(4.17) P(a, b) = / P(a, b, A)d\.

By basicprobabilitytheory theintegrandin this equationis to be decomposeth termsof
individual detectionsn eacharmaccordingto Bayes'formula

(4.18) P(a, b, A) = P(A\)P(a|A)P(bla, A),

whereP(a|\) is aconditionalprobability. In turn, theintegrandabove canbe corvertedto
theintegrandof Bell's Ansatz: P(a, b) = [ A(a, A)B(b, \)p(A)dA, iff

(4.19) P(bja,A) = P(b|A), Va.
This equationadmits,it seemstwo interpretations:

(1) Whenthisequatioris true,theratio of occurrenc®f outcomeststationB mustbe
statisticallyindependenbf the outcomesat A. Thereforeasthe hiddenvariables
A are‘extra’ anddo notduplicatea andb, evenif the correlationis consideredo
be encodedby a A , it will not be availableto an obsenrer. But, the correlation
by hypothesisdoesexist andis to be detectablevia the a’s and b's; therefore,
9



this equationcannot hold. Thus,within this interpretation Bell's Ansatz is not
internally consistent.

(2) Alternately if theaonthel.h.s.is superfluoussois b; sothatP = P(A) = 0 except
atonevalueof A, whereit equalsl, or is a Dirac-deltafunction. Thatis, thecorre-
lation is totally encodedy the hiddenvariables asfollowsif a sufficientnumber
of new variablesareintroducedto rendereverything deterministic—aften as-
sumed.Consequentlyindividual productsof probabilitiesat the separatetations,
i.e.,AB’s, in Bell's notation,becomeDirac delta-functionof theA. If everything
is deterministicthentherecanbe no overlapof the of thenon-zerovaluesof pairs
of probabilitiesfor a given valueof A, andtherefore,in the extractionof a Bell
inequality all quadruplgproductsof P'swith pairwisedifferentvaluesof A in Eq.
(4.5) areidentically zero so that the final form of a Bell inequalityis the trivial
identity:

(4.20) |P(a, b) — P(a, b')| < 2.

In eithercase,'locality” is notto be so employedsoasto excludecorrelationsgenerated
at the conceptionof the spin-particlesor photonpairs,i.e., “common causes. The non
existenceof instantaneousommunicatiorcannotimposearestrainthere;it mustbearno
relationshipto thevalidity of Eq. (4.19).

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

Bell-Kochen-Speckr ‘Theorem’. BesidesBell's original theorenthereis anothersetof
no-gotheoremsstensiblyprohibitinga local realisticextentionfor QM. In contrasto the
theoremanalyzedabove, they do not make explicit useof ‘locality,” ratherthey usecertain
properties(falsely it turnsout) of angularmomentum(spin). In generalthe ‘proof’ of
thesetheoremsproceedsas follows: The systemof interestis describedas beingin a
‘state’ |P) specifiedby obsenablesA,B,C.... A hiddenvariabletheoryis thentakento
be a mappingv of obsenablesto numericalvalues:v(A),v(B),v(C)... Useis thenmade
of the factthat if a setof operatorsall commute,then ary function of theseoperators
f(A,B,C...) = 0will alsobesatisfiedby their eigervalues:f (v(A),v(B),v(C)...) = 0.

The proof of a Kochen-Speolr Theoremproceedsy displayinga contradiction;con-
sider, e.g.,two ‘spin-1/2’ particlesfor which the nine separatenutually commutingoper
atorscanbearrangedn thefollowing 3 by 3 matrix:

o O 00

(4.21) o; o 0%02
0505 030, 030%

It is thenalittle exercisein bookkeepingto verify thatany assignmenof plusandminus
onesfor eachof thefactorsin eachelemenbf this matrixresultsn acontradictionnamely
theproductof all theseoperatorgormedrow-wiseis plusoneandthesameproductformed
column-wiseis minusone.[14

Now, recall that givena uniform staticmagneticfield B in the z-direction,the Hamil-
tonianis: H = :£Ba; for which the time-dependergolutionof the Schibdingerequation

—iax

is: Y(t) = % §+m , andthisin turn givestime-dependergxpectationvaluesfor spin

valuesin thex,y directions:[1%

(4.22) <Oy >= gcos(wt); <0y >= gsin(wt),
10



wherew = eB/mc.
Proofof aBell-Kochen-Speodrtheorendepend®nsimultaneouslassigninghe[eigenvalues

+1to oy, oy ando, asmeasurablefor eachparticle. (With someeffort, for all otherproofs

of this theoremonecanfind an equivalentassumption.)However, asBarut[13 obsened
andcanbeseenin Eq. (4.22),if theeigervaluest1 arerealizablemeasurementesultsin
the“B-field” direction,thenin the othertwo directionsthe expectatiorvaluesoscillateout

of phaseandtherefore,cannot be simultaneouslyequalto +1. Thus,this variationof a

Bell theoremalsois defective physics.

A local model for EPR (polarization Corr elations. The following modelincorporates
the featuresof polarizationcorrelationswithout preternaturabspectsor the conceptof
‘photon! Thebasicassumptiors thatthe sourceemitsoppositelydirected,anticorrelated
classicaklectromagnetisignals:

(4.23) Ea = XcogVv) + §sin(v); Eg = —Xsin(v+6)+§cogv +0),
wherefactorsof the form exp(i(wt + k - x4+ &(t)), whereg(t), is a randomvariable,are
droppedasthey aresuppresseby averaging.[1$ Now, therandonvariableswith physical
significance emeging in the detectorgper Malus’ Law, are E,iB . It is the detectorghat
digitize the dataand createthe illusion of ‘photons. But, becauseMaxwell’'s Equations
arenotlinearin intensities ratherin thefields, a fourth orderfield correlationis required
to calculatethe crosscorrelationof theintensity:

(4.24) P(a,b) =k < (A-B)(B-A) >,

wherebracletsindicateaveragesover space-time (This appeargo be the sourceof “en-
tanglement’in QM, whichis seento have no basisbeyondthatfoundin classicaphysics.)
Here,Eq. (4.24)turnsoutto be:

(4.25) P(+,+) Ok /On(cos(v) sin(v + 8) — sin(v) cog(v + 8))?dv,

whichgivesP(+,+) = P(—,—) O ksir?(8) andP(—,+) = P(—,—) O kcog(8). Thecon-
stant,k, canbe eliminatedby computingtheratio of particulareventsto the total sample
spacewhich hereincludescoincidentdetectionsn all four combinationsof detectorsav-

eragedoverall possibledisplacemenanglesd; thus,thedenominatois:

Tt

(4.26) 2—: / (Sir2(8) + co(6))de = 2K,

0
sothattheratio; becomes:
(4.27) P(+,+) = %sinz(e),
the QM result. Thisin turnyieldsthe correlation
P(+> +) + P(_7 _) - P(+7 _) - P(_7 +)
P(+a +) + P(_a _) + P(+a _) + P(_a +),
(4.28) Cor(a, b) = —coq26).

If the fundamentabhssumptionsnvolved in this local, realistic modelare valid, then
therewould be obsenable consequenceskor example,if radiationon the “other side”
of a photodetectors continuousandnot comprisedof “photons; then,photoelectronare
evokedindependentlyn eachdetectorby continuousbut (anti)correlatedadiation. Thus,
thedensityof photoelectrompairsshouldbelinearly proportional(baringeffectscausedy

11
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limited coherence)o the coincidencenindow width. Onthe otherhand,if photonsarein
factgeneratedh matchedpairsatthesourcethenatverylow intensitiesthedetectiorrate
shouldberelatively insensitve to the coincidencavindow width onceit is wide enoughto
capturebothelectrons.
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