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Theearly history of the developmentof QuantumMechanicds suneyedto discernthe agumentdeadingto the
introductionof thenotionsof ‘irreal’ wave functionsand‘nonlocal’ correlationslt is aguedthattheassumption
thatQuantumMechanicss ‘complete’,i.e., notjust a variantof StatisticalMechanicsjs the featurecompelling
theintroductionof theseotherwiseproblematicproperties.Additionally, a consequencef the error first found
by JAYNES in proofsof BELL's “theorem”, is illustrated. Finally, speculatioron the practicalconsequencesf
recognisinghat“entanglement’s afeatureof all hyperbolicdifferentialequationds proposed.
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I. HISTORY

Twentieth century physicists faced extraordinary chal-
lengesn termsof the scaleof thephenomen#o beexplained.
The extremelysmall sizesof the objectscoveredby Quantum
Mechanic§QM) andtheverylargescaleof eventscoveredby
Relativity, posedsituationghatwereunimaginablewithin the
thencustomaryunderstandingndconceptsof science.This
fostered,out of desperationlicenseto introducetheretofore
unacceptablyxotic hypothesege.g.,quantisationframein-
dependentight velocity) for which therewas only indirect
laboratoryevidence At thesametime, atleastonedesiderium
wasassumedargelywithoutdeepreflection,namely thatthe
new theoriesunderdevelopmentwerefundamentabndcom-
plete (that is, that at their level they are theoriesof individ-
ual entities,not theoriegquantifyingstatisticsof ensemblesf
suchentities).

Herein, | shall ague that the last mentionedassumption,
completenesss thekey underlyingcausethatthe exotic (and
arguablyantirational)notions:irr eality andnonlocality have
beenensconcedn QM. Thereasoninghat led to this situa-
tion, was not concernedn the first instancewith the philo-
sophically problematicnature of thesefeatures,indeedthe
termsthemseles, as well astheir acceptedechnicaldeno-
tation, appearedn the literatureup to yearslaterthanthein-
troductionof the mathematicastructureto which they refer.

For thesale of expositoryefficiency, hereinareconstructed
line of reasoningyill bedescribedhat,| believe,is acompos-
ite of what happenedbut not in the mind of ary oneperson.
Theactualdevelopmentto the extentthatthe historicallytrue
storycanbediscernedatall in retrospectyasfocusedonfind-
ing themathematicastructurethatmimickedthoseaspect®f
the studiedphenomenaccessibléo experiment,which were
nearlyalwaysimaginedto be just a portion of what happens
‘down deep. In seekingthesemodelsor paradigms,how-
ever, it is clear that the founding fathersindividually quite
early settledon a personallypreferredparadigm,and tilted
their analysisto supportit. For QM, the accumulatecffect,
warpedby sociologicalfactors,is whathasbecomeknown as
the“Copenhagerlinterpretation”.

Somemay beinclinedto write off theseconcernsas‘mere
philosophy’of little interest‘during working hours”to phys-

ical scientists However, onecanobsene that,whereserthere
is a ‘philosophical’ issue,the mathematicsn useis also af-

flicted with one or anotherpathology Sucha coincidence
malkesperfectsenseactually; mathematicaproblems(incon-

sistentor incompletecalculationshearlyalwaysparallelver-

bal problemgerroneousyntax)insofarasmathematicss just

the use of symbolsand formalisedalgorithmsas a sort of

shorthandor ideasoriginally expressedrerbally. Indeed,all

mathematicgs taughtby meansof oral explanations.Philo-

sophicalproblems,following this logic, are often, therefore,
symptomsof physicsproblems.Moreover, theremaywell be

very practicalconsequencesith regardto eventualapplica-
tionsderivedfrom self consistentnterpretations.

Il. IRREALITY
Irreal wave functionsareof theform:

P(re,r2) = ¢(ra,r2) +x(re,r2), (1)

where Y(ry,r2) represents wave function for a combined
systemof subsystemsandboth¢(rq,r2) andx(r1,r2) arethe
wave functionsfor potentialoutcomesWave functionsof this
form areirreal if the summandsarelogically mutually exclu-
sive, i.e., statesthat by all logic cannotexist simultaneously
Thereis, in addition,a continuousvariantof this samestruc-
ture, in which, for examplea point particle, which canbe at
only one location at once, is representedy a wave paclet
finite over severallocations.All the conceptuafeaturesof ir-
reality areevident, neverthelessin the binary versionascap-
turedin Eq. (1); thus,let usfocusonit.

A prototypicalexampleof a binaryirreal wave functionis
the singlet stateusedto describethe emissionof correlated
photonpairsfor anEPRexperiment:

=
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wherethe systems stateis supposedo be the differenceof
permutationof polarisedphotonpairs. Sinceeachpair can
have oneor the otherorientation-combinatiomt a time, the

P(1,2) = — (WS W2S(=) —nS(=)WS(1),  (2)



summandsrelogically mutuallyexclusive. Neverthelessac-
cordingto the ‘Copenhageninterpretation this combination
stateis consideredhe ‘real’ ontologicalstateof the system
until measuremenfollapses’this wave function to one or
the other‘non irreal’ summand—asnusthappensinceirreal
statesarenever actuallyobsenedin experiments.

Irreality of wave functionsis nowadaysof relatively low
concern;an explanationof a possiblereasonfor this should
emegebelow. In part,thisis dueto thefactthatin mary cases
the summandsre not mutually exclusive andthe wave func-
tion exhibits simple,andnonproblematic, superpositiori.

A naturalquestiorhereis: justhow did this situationarise;
whatreasonindeadto acceptingsuchan extraordinarysup-
position? What problemsbroughtthis reasoningabout? To
this writer it appearsthat the answershould be found ex-
actly there,wherethe first appearancef wave functionsof
theform of Eq. (1) arosein the literature. Almost certainly
it is in HEISENBERG'S initial treatmentof the two electron
atom,helium.[]]

His initial efforts to solve this problem was aimed pri-
marily at getting a usefulanswerfor spectroscop and only
incidentally at developing and promulgating his preferred
paradigm. As a ‘test bed’ for developing the appropriate
formalism, HEISENBERG chosethe problemof coupledhar
monic oscillators.[] This problemis parallelto the problem
of the helium atomin that eachelectronis primarily influ-
encedby the nucleusandonly secondarilyby the otherelec-
tron, analogouslyto oscillatorswhosebehaviour is primarily
determinedby the ‘spring constant(s)’and secondarilyby a
relatively weakcouplingbetweerthe oscillators.

HEISENBERG obsenred,thatit is a characteristi¢eatureof
atomicsystemsthatthe component®f which they arecom-
prised,namelyelectronsareidenticalandsubjectto identical
forces. Therefore,in orderto investthis featurein his ‘test
bed’,heassumedhe HaAmILTONianto be of the form:

1 m 1 m
H= o -pi+ 5 0Pai+ o -3+ 5 w'dd+ mkaue; (3)

i.e.,thefrequencieandmasse®f the coupledoscillatorsare
takento beidentical.In Eq. (3), q1, g2 denotethe coordinates,
p1, p2 themomentam andw the massandfrequeng respec-
tively, andk the interactionconstant. With help of the well
known transformations:

(Cll —02), (4)
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Eq. (3) is transformednto the separatedorm:
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where
W = +K, f=w’—K. (6)
In otherwords,H separatesto the sumof two oscillators,

suchthat eachcorrespondso a “normal mode”, in the tech-
niguelong beforedevelopedby DANIEL BERNOULLI. When

only thefirst mode,q}, is excited, thenboth masse®scillate
in phaseandwhenonly ¢} is excited, out of phase.

Theenegiesaccordingo QM for thecombinedsystemare
thengive by the equation:

whh 1 w,yh 1
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wheren|, andn, areintegers.

In hisschemethesolutionsthatHEISENBERG obtainedare
matrix element$oundusinghis versionof QM. Thesolutions
from Eq. (7) are,asis usuallythecasefor normalcoordinates,
not physically obsenable, but particularsolutionsof an ab-
stractcombinedsystem. The obsenablesarethe inversesof
Egs.(4). At this stagethe solutionsdo notyet suffer irreality;
indeed,the classicalmechanicalkolutionspresentno philo-
sophicalproblems. If the initial conditionsare appropriate,
the systemexecutesmotion describedby one of the normal
modes,otherwise the solutionis a secularoscillation of the
total systemenepgy betweerthe two oscillators.

Observingthat, at the atomic scaleit is not possibleto
determinethe exact details of light absorptionand emis-
sion, HEISENBERG asserted,not altogethercogently that
he considereddiscontinuitiesmore faithful to reality than
SCHRODINGER'S continuouswaves.[d It is reasonablyar
guable,however, that actually he succumbedo sociological
pressureas portrayedby FORMAN, namelyto conform to
the penasive antideterministighilosophicalproclivities pre-
vailing in Germanacademidollowing World War I.[3] Thus,
with scantunderpinningseeminglyin orderto accommodate
the Zeitgeist, he simply chosea paradigminvolving intrinsic
randomnessThis, HEISENBERG realizedby supposinghat
the solutions,in placeof secularoscillation, exhibit random,
spontaneouseculadik e jumping backandforth.

Instantaneougimpingby itself, althoughnot deterministic,
is notnecessarilyrreal either;implicitly therecanbeahidden
variablethatspecifiesasafunctionof timejustwhich electron
is excitedin theserief jumpsbackandforth, thatperhapsan
extentionof QM could predict. However, admittingthis pos-
sibility would underminethe sociologicalgoal of discrediting
determinismandso,for whateverreasonthis possibilitywas
rejectedout of hand.

The explicit insinuation of the ‘completion’ assumption
into theparadignof whatlaterbecaméabelledasthe'Copen-
hagen’interpretationwasa complicatedandturbid develop-
ment, the history of which hasbeenanalysedextensively by
BELLER.[4] Notably, vON NEUMANN took up the question
of completionat the latestby 1932. He proffereda demon-
strationto the effect that presumingthe existenceof hidden
variablesmplied that someexisting quantumstructureis ob-
jectively false.[§ Although this seemedo settle the ques-
tion, it was quickly seen(but not widely heeded)that his
argumentcontainedrrelevant hypotheticalinputs.[§ In gen-
eral,boththosesupportingHEISENBERG's discontinuousnd
SCHRODINGER'’S continuousparadigmsseemedmore eager
thannotto assumehatquantumtheoryis complete.Presum-
ably, this happenedio somedegreeuncritically, asit satisfied
theambitionof the participantgo be creatinga deepandfun-



damentahew theory;andmoreorer, it did not clashwith the
prevailing culturalbias.

The strictly logical consequencethe implicit paradox,of
this assumptionhowever, was not assiduouslyanalysedun-
til later after the renavnedpaperby EINSTEIN, PODOLSKY
andRosEN (EPR).[7 It wasonly with thecontroversyevoked
by their algumentsthat the consequencesf ‘completeness’,
becamea generallyacknavledgedissueleaving a trail in the
literature. For example, SCHRODINGER reactedmmediately
with analysisof the thencurrentunderstandingf the mean-
ing of QM in whichheintroducedheterm“entanglementfor
thatform of correlationattributedto irreal wave functions.[§
In his paperson this matterthereareno new quantumtech-
niguesintroduced just new terminologyto facilitate deliber
ateanalysisof thethenjustimplicit connotationgor theterms
useddiscussingapplications. This work, beingovertly criti-
cal,wasnodoubtacontributionto theduelwith HEISENBERG
on the relative merits of discontinuougmatrix) versuscon-
tinuouswave paradigms. In it SCHRODINGER embellished
EPRS5 illustrative gedanlenexperimentto the now renavned
andabsurdlyirreal live-dead‘cat paradox”.

Thecrucialpointhereis, if QM is completethentherecan
be no hiddenvariablesto specifywhich excited stateamong
the constituentatany momentis ontologicallyvalid, thereby
giving their sumthis role. Thatis, thenall componentsgven
mutually exclusive options, are to be extant simultaneously
even whennot verifiable by obsenation. In short,if QM is
completethentheremustbeirr eal states!

IIl. NONLOCALITY

Nonlocality was introducedas the cure for irreality. The
fact that obsenations never (could!) reveal statesthat are
comprisedof irreal sumsof mutually exclusive options,im-
plies it was hypothesisedthat measurementtself some-
how “collapses”the ontologicalwave function to the ‘post-
measurementvave function’, thatis, just one of the options
comprisingtheirreal, ‘pre-measurementvave function?! In-
sofar as measurementf one of a correlatedpair instanta-
neouslycollapsesa wave functionfor the other, regardlesof
its separationthe processnsinuatesnonlocality’.

JOHN BELL in the1950's, having rediscoveredvoN NEU-
MANN’s misstepandwith inspirationfrom BoHMianmechan-
ics, took up the issuewith the goal of bringingit to anexper
imentalnexus.[d He did this with analysissubsequentlyand
strictly incorrectly labelleda “theorem”, to the effect thatlo-
cality demandshata certainstatistic(Eq. (17) below) beless
than|2|. Experimentsshawv, however, thatit canreach2y/2;
and,nowadayghedifferences takento characteriséstronger
thanclassical”correlationswvhich have becomedenoted'en-
tanglements”.In recenttimesthis matterhastaken on, soto

1 Although mary early papersreadasif their authorsimaginedwave ‘col-
lapse’uponmeasurementyON NEUMANN appeargo have beenthe first
to have madethe matterexplicit.[5] Theissueis confoundedby the fact,
thatmeasuremeris to collapsesimplesuperpositionglso.

3

speaka life of its own, thatis, irreality hasslid into oblivion
andusuallynot discusseéstheraisond’étre for nonlocality

In ary case,BELL’s final conclusionwas that, because
QM is ineluctablynonlocal,ary insinuationof hiddenvari-
ablesto ‘complete’ it, cannotlead to a deeperformulation
thatis ‘local’ and ‘real’. In turn, however, BELL'S argu-
ment too has come under criticism, starting with EDWIN
JayNES,[10], who parsedBELL’s encodingof locality and
foundthatit overlookedstructurerequiringBAYES' formula
for conditional probabilities. This writer hastaken up this
line andextendedit by working out explicit consequencesf
JAYNES' point for the experimentsthoughtto verify BELL'S
analysis.[11 12] Thatis, classical,local, realist modelsfor
all the genericforms of EPR-typeexperimentshave been
developedwhich lead to calculations,basedessentiallyon
MALUS' Law, utterly devoid of irreality and nonlocality
yielding curves preciselymimicking datataken in EPR ex-
periments,2y/2 andall. SinceBELL’s theoremstatesin ef-
fectthatsuchmodelsdo not exist, exhibiting themshows that
BELL’stheoremis wrongor misunderstood.

JAYNES' essentialpoint is that, whereasBELL wrote the
joint probability P(a,b) for a coincidenceeventin an EPR
experimentwherethe measuremergettingsarea andb, and
A representsheimputed“hiddenvariables”,in theform:

Pa.b) = [ dAp(A)P(& VPN, ®
heshouldhave written:
pab) = [dApMPEBAPON, (@)

wherethe latterform employs whatis known asBAYES' for-
mulaor simply asthe definition of conditional (versusabso-
lute) probability.[14] Eqg. (9), it canbe easilyverified, does
notadmitderiving ary form of therenovned”BELL inequal-
ities”. What this meansis that BELL misencodedlocality’
as ‘statistical independence’so that the obsened violation
of suchinequalitiesin experimentscannotbe interpretedto
meanthatnonlocalinteractionor nonlocalcorrelationis in ev-
idence. Rather only, thatthe inequalitiespertainwhenthere
is no correlationsof ary type,nonlocalor otherwise contrary
to EPR’s, and subsequentlyo BELL’S, hypothesisand the
explicit designof experimentsinvolving correlated pairs of
inputs.

Sincethis matterhasbeenexplicatedin detail elsevhere,
[11-13], hereonly onevariantof several counterarguments
shallbefeatured.Its key ideais, thatif the physicalmeaning
of thetermsin BELL’s extractionof his inequalitiesarecare-
fully interpretedjt is seenthat certainof themmustbe zero,
therebyleadingto aform of theseinequalitiesfor which there
is no significancewith regardto his soughtafter conclusion.
This counteragumentwhichis independenof JAYNES' crit-
icism, but basedon the samestructure proceedssfollows:

First, recall a mathematicaltechnicality concerningthe
productof two Dirac delta functions, which is essentiafor
whatfollows. It is thattheintegral of the productof two delta
functionsfor which the amgumentsare different,equalszero;



/ dx f (X)3(x — )8(x—m) = 0, (10)
wheneverl # m.

Thederivationof aBell Inequalitystartsfrom BELL’s fun-
damentabkssertion:

Pab)= [dAp(MA@NBBY, (1)
where,per explicit assumption:A is not a function of b; nor
B of a; andeachrepresentshe appearancef a photoelectron
in its wing of an EPR experiment,anda andb are the cor-

respondingpolariserfilter settings? This is motivatedon the

groundsthata measuremerdt stationA, if it respectslocal-
2 BELL’snotatione.g.,P(a,A), makesnodistinctionbetweervariableshere
a, andconditioningparametershere), customarilyseparatedby a vertical
barratherthana comma. This oversightis the sourceof muchconfusion,

ity’, soarguesBELL, cannotdependinstantaneouslyn re-
moteconditions,suchasthe settingsof the otherpolariser In
addition,each by definition, satisfies

A<1, Bl<1, (12)

whichin this caseeffectively restrictsthe analysisto the case
of just one photoelectrorper time window per detector Eq.
(11) encodeghecondition,thatwhenthehiddenvariablesare
averagedut, theusualresultsfrom QM areto berecovered.

The A above in BELL's analysisstandsfor a hypothetical
setof “hidden variables”,which, if they exist, shouldrender
QM deterministic.This setmayincludemary differenttypes
of variables suchasdiscrete continuoustensoror whatever.

andpossiblyeven the subliminalcauseof his ‘error’ In this paper Bell's
notationis retainedwheneer referringdirectly to his formulas.

Extractionof inequalitiesproceeddy consideringlifferencef two suchcorrelationsvhere(a, b), i.e., the polariseraxis of

measuringstations)eft andright, differ:

to which zeroin theform:

is addedto get:

which, in turn, upontakingabsolutevaluesandin view of Eqgs.(12), BELL wroteas:

Then,usingEg. (11), andthenormalisatiorcondition [ dA p(A) = 1, hegot, for example:

P(a, b) — P(a, /) = [ dA p(A\)[A(a, \)B(b, \) — A(a, \)B(W, \)], (13)

A(a, M)B(b, MA@, M)B(/, \) — A(a, \)B(W', A&, \)B(b, A) = 0, (14)
A

IP(a, b) — P(a, )| < fdAp(A)[1 A&, \)B(W, )] + [ dA p(A\)[1 £ A&, \)B(b, A)]. (16)
IP(a, b) — P(a, b)| + |P(@, b)) + P(a, b)| < 2, (17)

a‘Bell inequality’.

Now, however, if the\ areacompletesef, therebyrender
ing everythingdeterministicso thatall probabilitiesasfunc-
tionsof A becomeDirac or Kroneclerdeltadistributions,then
the A'sandB’sin Eqg. (15) arepair-wise;thatis to sayasin-
dividual eventscomprisingthe generatioratthe sourceof one
pair, arenonzerofor distinctvaluesof A, which, by virtue of
completenesgjo not coincidefor distinctevents,i.e., for dif-
ferentpairs. Thatis, for eachpair of settings(a=r,b=15)

3 BELL useda singlesymbol: A, to denotewhat could be a complicatedset
of variablesof possiblydifferenttypeseven. Thus,a“particularvaluesfor
A" meanghateachentity in thewhole setmusthave avalue.

and iteration of the experiment,n, thereexists a unique set
of values,Aa—r b—s(N = integer), or in more compactnota-
tion, A(n), say for which A(a|A(n))B(b|A(n)) is non-zero(1
in thediscretecase in thecontinuouscase) In otherwords,
eachproductA(a|A(n))B(bjA(n)) canbe written in the form
f(x)0(x— A(n)), sothatall quadrupleproductse.g.,

A(a]A(n))B(b[A(n))A(alA(m))B(b|A(m)),  (18)
areequialentto theform:
F(x)3(x = A(n))g(x)d(x—A(m)), (19)

wherex is adummyvariableof integrationto run over all ad-
missiblevaluesof A. Therefore,suchtermswith pairwise



differentvaluesof A(n) in Eq. (15), i.e.,, wheneern# m,
are,in accordwith Eq. (10), identically zerounderintegra-
tion over A. This annihilatestwo termson the right side of
Eq. (15), sothatthefinal form of this Bell Inequalityis then
actuallythetrivial identity:
P(a, b)| +|P(a, b)[ < 2. (20)
Thus, our final conclusionis, that the proof of the in-
eluctability of the presencef nonlocalityin QM, is invalid.
In the contet of whatis actuallya further point regardingthe
admissibility of additional, ostensiblystill ‘hidden’ variable
completionsof QM, this conclusionundermineghe popular
impressionthat sucha ‘completion’ necessarily}cannotrein-
state‘reality’ and‘locality.’4

IV. BOHM'S VERSION OF EPR EXPERIMENTS

EPRproposed gedanlen experimentinvolving the disin-
tegrationof amotherparticleinto two daughtersnoving off in
oppositedirections.[] They obsenedthatquantunprinciples
statethat HAMILTONian conjugatevariablessuffer HEISEN-
BERG uncertainty and therefore,cannotbe simultaneously
determinedexactly. But, in the situationervisionedby EPR,
the experimentercould obsene onedaughters positionto ar
bitrarily high precision, while observingto arbitrarily high
precisionthe otherdaughters momentum;and,then, calling
on symmetry one could specify to arbitrary high precision
all four quantities—inconflictwith HEISENBERG’s Principle.
Hence theparadox.

Complicatingmatters,actually doing the EPR experiment
asproposedis impractical.So,asis well known, BoHM pro-
posedanothewvenuenow called“qubit” space.[1pOriginally
he consideredusing particleswith spin; but, this venuetoo
was impractical, so experimenterschosespin’s homeomor
phic partner:light polarisationspace.This changeof venue,
however, introducegwo seriougproblems.One,thetwo states
of polarisation,in spite of not commuting(for purely geo-
metricreasonst turnsout), arenot HAMILTONian conjugate
pairs; the structureinvolved in not intrinsic to QM, but just
to classicakelectrodynamicsTwo, thetwo polarisationstates
arenon interacting;the structureleadingto ‘irreal’ statesas
the sumof two mutually contradictorysummandsis not rel-
evant. Appropriatestatesfor emissionsof polarisationcor
relateddaughtersignalscanbe expressedvithout useof the
‘irreal’ format. In conclusion,even disregarding JAYNES'
challengeo their generablalidity, varioushypotheticainputs
into thelogic of the derivationof BELL inequalitieshave not
beenmetby optical experimentswidely creditedwith “prov-
ing BELL’stheorem™®

4 KOCHEN-SPECKER type ‘no-go’ theoremswithout probabilitiesalso can
be shavn to be defectve asall their hypotheticalinputs cannotbe true
simultaneouslyn physicalgrounds.[1$

5 EPRexperimenton particleshave given largely ambiguousesultsfor ad-
ditional,independenteasonsSee:[17] for acurrentreview of EPRexper
iments,albeitwithoutacknavledging JAY NES’ arguments.

V. SUMMARY AND FORECAST

Herein, history hasbeen,so to say “rewritten” so asto
parsebetterthe logical interrelationship@mongthe features
constrainingdevelopmentof an interpretationfor QM. The
concludingpoint hereis that the assumptionthat quantum
theoryis “complete” compelledthe introductionof the no-
tions of ‘irreality’ and ‘nonlocality’ That the assumption
of ‘completenessis the sourceof conflictedlogic is by far
not hereunique; POsT hasargued corvincingly alreadyfor
decadespn the basisof detailedanalysisof nhumerousspe-
cific “quantum” phenomenathat this assumptiorintroduces
serioudacuna.[18

Unfortunately simply rejectingthe completenesassump-
tion alone doesnot renderthe matterclear QM captures
an undulatory feature even deeperthan the structure in-
volving the statisticsof ensemblef atomic scaleentities;
this requiresa physicalnaturefor ‘wave functions’; despite
SCHRODINGER's failureto find it, they cannotsimply bejust
progenitorsof statisticaldensities. A full remedymust be
foundelsevhere®

Independentlyand additionally | argue in support of
JAYNES, that BELL's analysisstemmingfrom the EPRargu-
mentsin favour of theincompletenesef QM, containsaner-
ror.

Beyondthe philosophicalor accompaging mathematical)
implications of revampingthe nowvadayscustomaryunder
standingof this issuein termsof “entanglement” thereis a
possiblesolidly practicalconsequencelt follows from the
factthatthe physicalmanifestation®f entanglementargeted
for exploitation, all dependin the end on the consequences
of superpositiomesultingfrom thelinearity of the hyperbolic
differentialequatiorunderpinningQM, i.e., SCHRODINGER'S
equation. Sincethis hyperbolicstructureis not an exclusive
consequencef any quantunfeature certainapplicationshow
thoughtto require atomic scalerealization, ‘quantumlogic
gates’for example,mayin factnot needmicro devicesto run
whatarethoughtto be ‘quantumalgorithms. As manufctur
ing macroscopidevicesis mucheasiera computerrealizing
the parallelismof whatturnsoutto beimplicit in all FOURIER
analysisnotjustfrom ‘quantumentanglement'mightbeem-
inently obtainable’,
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