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ON THE IMAGINABLE CONTENT OF DE BROGLIE WAVES

A. F. KRACKLAUER

ABSTRACT. DeBroglie’s concepbf aparticleasa singularityin a physicalwave of very
small amplitudeis given imaginablecontentwith the agumentthat the electromagnetic
backgroundusedto classicallyderive the Planckblack-bodyradiationspectrumprovides
the wave to which a classicalchaged particle couplesto constructthe unit of wave and
singularityimaginedby deBroglie.

“Mais je ne suis passir que dansun univers ou tous les phénonenes
seraientégisparun sctemamathematiguementohérent,maisdépourvu
de contneuimagg, I'esprit humainseraitpleinementsatishit” —Reré
Thom[]]

1. INTRODUCTION.

In recenttimesno onehasbroughtdeepeidoubtandmoredisciplinedcriticism to what
hasbecomethe orthodoxunderstandingf the quantummechanicalconceptof duality,
thanthe originatorof the concept,de Broglie. He hasaccomplishedhis critique by his
adwcag of an alternatve theory designatedhsthe “theory of the double solution”[2],
which seekgo interpretthewave characteof particlesin afashionrespectingheintegrity
of spaceandtime andthereforeour classicaintuition.

Suchareinterpretatiorin needechotin orderto satisfyhumanvanity by respectingn-
tuition, but in orderto resole the paradoxwhich perplexesthe interpretatiorof quantum
theory This paradoX3] discussedirst by Einstein,canbe statedbriefly asfollows: Sup-
posea planewave solutionto Schibdingers Equation,representing particlein a beam,
impingeson a planedetectorsuchthatthewave front is parallelto the detector Eventually
oneobsenesthattheparticleimpactsthedetectorat adistinctlocation. At theveryinstant
of impact, the entirewave must“collapse” to the point of impact,and mustdo so faster
thanthe speedof light, which implies thatthe wave mustnot be considereda “physical”
wave, but insteadmustberegardedasan“informational” device. Ontheotherhand,parti-
cle beamsaarediffractedat slits, which impliesthatparticlesaremovedin their individual
trajectoriesapparentlythroughthe mediationof thewave. Thefactthatthewave mediates
in physicaleventsmeanghatthe wave mustbe a “physical” entity. Thus,the wave must
bebothunphysicabndphysical,paradoxically

Accordingto theimageryof de Broglie's doublesolutiontheory particleduality is a
manifestationof the physicalnatureof a particle (i.e., somethingwhoseclassicallimit
is a particle) as“a very small region of high-enegy concentratiorasa kind of moving
singularity’[4] In otherwords,thewave characteof aparticleis dueto thewave in which
theparticleresidesasa singularity

On the otherhand,wave duality can be accountedor consistentlywith the classical
postulatethat there exists fluctuating electromagneticadiationwith a Lorentz invariant
enepgy spectraldensity Lorentzinvarianceinsuresthatno frameis preferredandimplies
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thatthe enegy spectraldensityis of theform:
(1.1) E(w) = const x w,

wherethe constanis setequalto 7i/2 phenomenologically5]

Now Theimerhasshavn in a beautifully simple way how this backgroundspectrum
leadsto the Planckblack-bodyspectrumwithout a “quantum” hypothesis. [6] He has
alsoderivedthefollowing expressiorfor thefluctuationsof thermal(blackbody)radiation
enegy density:

2

(1.2) < (pT) 2> =1+2<p3>7

<pr> <pr>
wherept andpg aretheenepgy densitieof thethermalandbackgroundieldsrespectiely,
anddp is thefluctuationmagnitude Thesignificanceof this expressioris thatthefirst term
ontheright sideis characteristiof classicawaves,the seconderm of a classicalkystem
of particles.The summaybe saidto characterisa “dualistic” entity; however, Theimers
derivation shaws that this dualismneednot be predicatedon a quantumhypothesis put
can be understoodwithout violating the identity of classicalwaves. Furthermore this
demonstratioris sufficient to completelyprecludethe needfor a “quantum” or photon
hypothesishecausé arisedrom therequiremento explain“photonstatistics, which Eq.
(1.2)satisfies.

It is the point of this commento proposethe algumentthatthe backgrounchypothesis
canalso be usedto furnish imaginablecontentof a lessethereaform to the basicidea
adwcatedby de Broglie with his theory of the doublesolution. [7]. In particular it is
proposecherein,thatthe backgroundorovidesthe wave to which a chagedparticle may
be saidto coupleto constructthe compositeunit of wave andsingularityimaginedby de
Broglie.

2. THE FUNDAMENTAL ANSATZ: ENERGETIC EQUILIBRIUM WITH THE
BACKGROUND

ThefundamentaAnsatzuponwhich theimaginablecontentfor particleduality is built
istheclaimthatary particlewith chagestructurewill obtain,whenconsideredor suitably
long periodsof time, enegeticequilibriumwith the modeof the backgroundo which the
particle chaige structurepredispose# to couple. Alternately this may be expressedy
sayingthe the particle “tunes” to a particularmodefrom the backgroundand establishes
enepgeticequilibriumwith backgroundsignalsin this mode.

As an example,considera dipole consistingof two oppositelychaged particlesheld
apartby a springsuchthatthe resonanfrequeng of the systemis wy. The consequence
of the above Ansatzis thatthe time averagekinetic enepgy of the oscillator, written usu-
ally as mAzu%/Z , is equalto the time averageenenpy in the fluctuatingelectromagnetic
backgroundnodewy, namelyE(wy); i.e.,

(2.1) mA2wE/2 = E(wp).

This expressionis setout hereas an hypothesiswith somedisregardfor the details
becausehe thrust of the analysispresentechereis directedtoward an understandingf
particleduality, and not of the structureof the particleitself. In fact, however, Abraham
andBecler [8] have shovn thatEqg. (2.1)is rigorousto first order;furthermore Surdin[9]
hasshown thatthe secondorderapproximationeadsto a “Lamb” type correction. These
refinementshowever, arenotgermanedo the subsequertiasicargumentregardingparticle
duality andthe resolutionof its concomitanparadox.
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It now remainsonly to interpretEq. (2.1) in termsof obsenableor known quantities.
To begin, obsenethattheenegy of theoscillatingdipoleis indistinguishablérom therest
enegy of thesystemo anobsenerwho percevesonly amassie unchangingystemj.e.,
anobsenrerunavareof thedipoleinteractionwith the backgroundwho would write:

(2.2) mA2WE /2 = moc?,

wheremy is, asit were,a “renormalised’massgreaterthanthe sumof the restmasse®f

thechagedparticlescomprisingthedipole. Thedifferencein masss due,of courseto the
relativistic oscillationof the particles.As it wasshovn above the enegy spectraldensity
whichis Lorentzinvariantis givenby the equationsuchthatthe enegy pernormalmode
is:

(2.3) E (o) = hwo/2.
Eq. (2.1) can,therefore pewritten:
(2.4) moc? = fitd/2.

Now, it is of interestandconsequenc® investigatehe compositionof the right hand
sideof Eq. (2.4)in greaterdetail. Implicit in the above developmentis the understanding
thatEq. (2.4)is valid aswrittenin therestframeof thedipole,whereit is meantto express
thefactthatthe averageenengy of the systemequalsthe averageenepgy of the modewy.
The questionbecomestherefore how to expressthe conceptof enegetic equilibriumin
anarbitraryframeotherthattherestframeof the particle.

In orderto resole this question,a meansmustbe found of transformingthe average
enegy of the backgroundnodeto which the particleis tuned. A problemarisesin that
thetime averageequilibriumis establishedvith regardto the unit of time of the particle's
restframe. This unit of time is not frameindependenso thatwhathasbeencomputedn
theparticle’s restframemustberecomputedvith respecto theappropriatgime unitin an
equivalentframe.Thereforeatonce,it is seenthatthe averagesannot be computedhen
transformedratherthetransformmustbe executedirst, thenthe averagesomputed.

Timeaverageenegeticequilibriumbetweeradipoleandisotropicsignalsin aparticular
modein therestframeof thedipolealsoimpliestime averageanomentunequilibriumsince
theparticle's momenturis zeroin thisframeandthetime averagenomentuntransporof
isotropicradiationis alsozero.If this statemenis physicallymeaningful,it follows thatit
mustbeframeindependentthereforejt follows thattime averagemomenturrequilibrium
mustalsohold in eachframewhencomputedwith respecto thetime unit of thatframe.

Therenow remainsonly oneaspecto thequestionof how to transformthetime average
enegy equilibriumstatemento anequivalentframeandthataspecis: how aretheenegy
and momentumof the signalsof the backgroundexpressed?t is preciselywith respect
to this questionthat the enegy spectrumproves mostauspicious. Considerthe general
expressiongor the enegy andmomentunof planewavesin free spaceto wit:

_ i 243
(2.5) E = o [ [Eofe) P
and

_ 1 2.3
(2.6) p= 8m/|Eo(w)| .

Now, by virtue of the Lorentzinvariantenegy spectradensity it followsthat

2.7) 8—T[/|Eo(oo)| dx =3,
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sothatfor the averageof the backgroundsignals theenegy maybe expresseds:

1
2. E = Zhw:
(2.8) 4hw,
andmomentungs:

1.
2. P = Zhk.
(2.9) 2l

Theseexpressiorrefer, of course,to averageor characteristisignals. In the frame of
the particlestherearetwo suchsignalsfor eachdirectionin spacecorrespondingo +k.
Thereforethetotal time averageof the enegy for eachdimensionin spaces in fact:

hwy  how-
2.10 E=< | —/L 4+ =
(2.10) <( 2 + 7 )>,
where<> denotegime averageof thesetwo signals sothat

(2.12) E= %hw.
Ontheotherhand thetotal time averageof the momentum:
1 nd 1 -
(2.12) P=< th—th>,

is clearlyzeroin therestframeof the dipole. This resultis obtainedbecausehe fluctuat-
ing backgroundsignalsmay be saidto be one-halfthe time representedy a planewave
moving to theleft, say andotherhalf moving to theright, sothatonthetime averagethere
is no motion.

If now, however, the w.. andk.. aretransformedo anotherinertial frameandthenthe
averagesarecomputedthefollowing expressionsareobtainedor theenegy:

E'=<E, +E. >,
(2.13) E = lh<y((mo+c5’|2)+(mo—cs'|2)),
E' = 1 hyo;
andfor themomentum:

(214) P = Sl

whereafactorof 1/2 ariseswith regardto momenturmasanexpressiorof thefactthateach
signoccursone-halfof thetime; i.e., the time averageof two equallyprobablevectorsis
heirbarycentre.

Now, by transformingthe enegy of the particle and equatingmomentumand enegy
partsto the correspondingpartsfor the backgroundyields:

(2.15) ymoc? = hyTwo;
and

3
(2.16) B %.

In anonrelatvistic approximationthe enegy termsexpandedjive:
(2.17) moc?(1+B%/2) = hox/2(1+ B?/2),
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or
V2
where
(2.19) w, = B2 /4,
sothat
v _ Bk
(2.20) ky = v = a0

is in agreemenwith Eq. (2.16)wheny — 1. Egs. (2.18)and(2.20) arerecognisedas
the classical“de Broglie relations; so Eqgs (2.15) and (2.16) can be identified as their
relatiistic generalisations.

Physically the implication is that, to an obsener in a frame translatingwith respect
to the restframe of a particle with chage structure,the averageor effective properties
of to the backgroundelectromagnetisignalswith which the particle is in equilibrium
can be characteriseds a wave describedby the well known de Broglie relations. It is
this fact which givesimaginablecontentto the basicconceptof de Broglie’s theory of
the doublesolutionandwhich is in completeaccordwith notionsfamiliar from classical
physics. Furthermoresincethis “averagewave; asit were,is in factthe compositionof
classicalelectromagnetigvaves, its responseo obstaclesn the ervironmentis governed
by the principlesof electromagnetismAs anillustration, let us considerthe pedagogical
exercise a particlepassinghrougha doubleslit apparatusThe resultsof this experiment
canbe understoodasfollows: The particletunesto an averageeffective signal,which in
the frame of the slit apparatuss describedy a wave impinging on the apparatusvhose
wave vectoris thatfor the “de Broglie wave” of the particle. The effect of the slit on this
waveis, accordingo the principlesof wave theory to establista diffractionpatternonthe
backsideof the slit apparatusThis diffraction patternrepresents patternin the enegy
of the signalsin the backgroundo which the particleis tuned,a patternwhich givesrise
to spatialgradientsof enepy, of forces,which tendto coaxthe particleinto the troughs
in the pattern muchasdustsettleson the nodesof a vibratingdrumhead.Theresolution
of the philosophicaldilemmaposedby Einstein, Schibdingerand others,is an equally
straightforvardapplicationof theunderstandingffordedby this viewpoint.

Considerfor example theparadoXirst proposedy Einstein.If afreeparticleimpinges
perpendicularlyon a screenpuncturedby a infinitesimally small hole, then,accordingto
the principlesof QuantumTheory, the wave function of the particle beamshouldemege
from the hole having beenrefractedinto a sphericalwave. Furthermore|f a perfectly
sphericaldetectoris centredon the hole, then an instantbeforethe particleimpactsthe
detector the wave function for the particle will be finite over the entire surface of the
detector However, immediatelyuponimpactthe wave function mustcollapseto a zero
value everywhereexceptat the preciselocation of the impact. This collapsemustoccur
fasterthanthe speedof light, which impliesthatthe wave function cannotbe regardedas
a physicalentity; but on the otherhand,the wave mustalsomediatein therefraction,and
must,thereforebe physical.

Theresolutionof this paradoxaffordedby thebackground:oncepis directandsimple.
Theparticlesof anensemblaredeflectedn passinghroughthe hole by theageng of the
fluctuatingbackgroundsothattheinformationalcharactenf the wave functionis freedof
the preternaturataskto reflectthe essentiallystatisticalnatureof the fluctuationsasthey
affectthesamplepathsof theensemble.



6 A. F. KRACKLAUER

3. POINT PARTICLES EXHIBIT THE MASS RENORMALISATION DIVERGENCE OF
QUANTUM THEORY

The agumentpresentedbore appeardo beinadequatdor the understandin@f point
chagesbecausehey have no preferredmodeof interactionwith electromagnetidields.
This inadequayg is as muchapparentsreal. It is only apparenin the following sense.
Point particlesmay be regardedas chage structureswvhich interactwith electromagnetic
fieldsin amultiplicity of of modesjn this caseevery mode.Therefore Eq. (2.15)maybe
written:

(3.1) moc? = %h/ wf (w)dw,
0

wheref (w) is anadmittancdunctionsuchthattheintegrationoverall modesgivesacon-
vergentresultwhich senesasanequialentwe. Following from thefactthatall equations
regardingde Broglie relationsarelinearin w, it is permissabléo replacewy with we ev-
erywhere.ln otherwords,the linearity of the de Broglie expressionsmpliesthat multiple
interactionwith the backgroundwill notleadto differentresultsor conclusions.

The inadequagy is real, however, in that the admittancefunction, f(w) hasno ratio-
nalisationwithin the context of theseconsiderations.This fault is, hawever, faithful to
guantumtheorywherepreciselythis problemarisesin massrenormalisatiorcalculations
andis resohed only throughthe ad-hocimposition of cut-offs. [10] With regardto this
difficulty, this authorfinds two possibleresolutionssuggestedy the conceptof back-
groundradiation. One,the radiationreactionto accelerationgsauseddy interactionswith
the backgroundmay leadto a suitableacceptancéunction, f(w). Two, the background
may be Lorentzinvariantonly to first order while in factbeingcorvergent. In ary case,
ary meanswhatsoger thatwould leadto an acceptancéunctionis adequatdor the con-
clusionsobtainedregardingduality.

4. SPIN IS A MANIFESTATION OF POLARISATION OF THE BACKGROUND

A fundamentablspecbf electromagneticadiationis its two statecharactemanifested
aspolarisationphenomenasSincethe backgroundsignalswith which a chagedparticle
arein equilibriumareelectromagnetidche consequencesf polarisatiormustbeincluded
in thefundamentaAnsatzemployedabove. This canbe mosteffectively accomplishedby
elaboratinghe Ansatzwith thestipulationthatthe helicity of theparticleandthe‘effective’
deBroglie wave bethe same.Symbolically in termsof four-vectors:

(4.1) [0+ B, Mymoc?] = Ao - Bylko| /4, Myuwo/2],

whereao in this equationrepresents Pauli spinvectorandll is the 2 x 2 identity matrix,
which in this contet, are nothing more than the formalistic devices throughwhich the
two statesof polarisationaretakeninto account.This “contenuimagg” of this stipulation
is the following: a point chagedparticlecantuneto eitherof two waves,which may be
thoughtof asclock- or counterclock-wisepolarisedin anarbitraryframe. To anobsener
in this arbitrary frame, the particle will appearto be drivenin eitherright or left hand
helical motion of the samesenseasthe effective de Broglie wave to which the particleis
tuned.Of coursethis naiveimageryis overstatecindin factunnecessaryA morerealistic
imagewould be that of an ensembleof identical particlesin interactionwith a randomly
polarisedsignalof the backgroundvhosestatisticalpropertiegexpectationspareidentical
to theidealsituationin which particleexecuteperfecthelicalmotion.
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This modelof electronspinis by no meanauniqueto this author Smit[11] in his book
on ferritesusesthe modelto comprehendertainphenomendn thesemetals.By employ-
ing a novel formulationof tensoranalysis called“space-timealgebrd, Hestene$12] has
shavn thatwhatis herepresentedisan hypothesisjs in fact, a consisteninterpretation
for the Dirac equation.

5. CONCLUSION

Thereappeardo benolimit to theimaginaryconstructionghatresultfrom compound-
ing considerationsf the above sort. For example,the Pauli ExclusionPrinciplemight be
renderedhsthe statementhattwo point chagesin proximity will tendto equilibratewith
oppositelypolarisedbackgroundvaves,aseachparticlebeingdrivenin circularmotionis
an effective magneticdipole and magneticdipolesenegetically preferto antialign. As a
secondexample,a massve Bosoncanbe thoughof asa boundcombinationof fermions,
which, asaunit, equilibratewith the backgroundscalarwave composeaf the sumof two
polarisedbackgroundvaves.

To be sure,the plausibility of the viewpoint statedhereinis damagedy the obsena-
tion thatthe enegy of the backgroundliverges. Although othershave suggestegossible
remediesye confineour remarksto the pointthatthe valueof this or any hypothesisnust
in theendbe judgedboth by its internalconsisteng andby is usefulnessn comprehend-
ing the patternsof nature;no oneis compelledto acceptit, but thosewho are troubled
by the paradoxsin theinterpretationof quantumtheorymay be ableto find meritin this
alternatve, especiallysinceit hasimaginablecontent.
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