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ABSTRACT. This note attemptsto shav, that QuantumMechanicsis alwaysin accord
with thewave formulasinducedby thediscontinuityhypothesis.

The penasie physicalsignificanceof wave phenomenas basedon the fact, thatthey
are amongthe mostintuitive and productive for describingdiscontinuousprocessesn
small volumesand shorttimes. Accordingto EINSTEIN, for example, the effects of
BRrowNian motioncanbeattributedto the consequencesf theatomicstructureof matter;
Eneigy and momentumoscillationswithin cavities lead directly to EINSTEIN’S concep-
tion of light (quanta);and,enegy oscillationsin a crystalarein closerelationshipto the
existenceof discreetstationarystatesn mechanicaktructuresin thatthe analysisof me-
chanicalsystemshasbecomefeasibleby virtue of QuantumMechanicstheremustbe a
closerelationshipbetweenthe abore namedeffectsand oscillations. This noteis, there-
fore, anextentionof work the author togethemwith BorN andJORDAN([1, Chapterd, 8§3],
have doneon the developmentof quantummechanick A deeperinvestigationof such
phenomenaeemedo meto bein order asdoubthasbeenvoicedfrom mary sidesonthe
very existenceof discontinuities.

81. The mathematicaportion of the following considerationgxtendsa recentpaper
of the author[3 on quantummechanicakresonancefamiliarity with which is assumed
below. To begin, considerthe following problem: Two identicalatoms,a andb, arefound
in the statesn andm (ignoring for the momentall radiative interactions),.e., W2 = E;,
andWP = E,,; and,let thembe coupledtogetheronly by a very weakinteraction. Then,
therewill occura certainresonanc®etweerthem;it canbe describedrom two different
viewpoints:

1.1. In the courseof time leapsof enegy occurwith a particularfrequeng, suchthat
spontaneouslgnddiscontinuouslyv? jumpsfrom Ep, to Er,, or visaversa.ln otherwords,
in the courseof time a “quantumof light”?, (E, — Enm) repeatedlys transferedrom ato b
or back.Ontheaveragefrom symmetryconsiderationsye expectanatom,a say half the
time to have this quantumof enegy, while b hasit the otherhalf.

1.2. Thisresonanceanbe seenasan analogudo the classicalexchangebetweenwo
oscillators.In thisview theenegy is sloshingbackandforth with arelatively low [secular]
frequeng betweenthe atoms. Thus, the enegy of eachatomis a harmonicallyperiodic
functionof time. Thisdescriptiorfully contradictsheformer. Via quantummechanicshe

1The criticism from SMEKEL[2], is not relatedto the caseconsiderechere, namely mechanicalsystems;
whethetthis criticism couldbe extendedo radiationin cavities, remainsanopenquestion; preferto assumehat
cavity andcrystalsarefully analogue.

2Here, perhapsone shouldspeakof a “quantumof sound; in sofar aswe are consideringa mechanical
system.
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descriptionof the correspondences substantiallymodified therebyenablinga practical
treatmentthereis, for a particularstateof thetotal systemlittle sensen talking aboutthe
enegy of oneatom. Only the time averageof ary time dependantjuantity hasphysical
significancefor a particularstateof the total system. The enegy of oneatomis, in this
circumstancetepresentabley a matrix that correspondso a harmonicfunction of time.
The harmonicelementsof this matrix areattributedto two statesof the total system. So
long as no transformationof the whole systemare underconsiderationonly the time
averagesareobsenablein principle.

We seekto shov now, that for all effects obsenablein principle, both descriptions
areequialent. Thefirst issueis, whetherit is possible,usingscatteringto determinethe
enepy level of eitheratom,to fix it at E, or En, or somethingn between Fromthe point
of view of eitherdescriptiontheansweiis: no. In thesecondview, oneneedonly applythe
definitionsfrom quantummechanicdo thewhole system(bothatomsa andb) to see that
(up to quantitiesthe orderof the interaction)only the sameenegy increments:E, — Ep,
asit is alsotrue for the non-interactioncase,can be transferedby scatteringprocesses.
In orderto proceed,let us calculatethe quantumtheoreticalmatrix for the enegy of a
singleatom(a, say): all matricesfor the interactingsystemarederived from thoseof the
undisturbedsystemvia a canonicalransformationS, in matrix form (See: Egs. (8) and
(9)in [3].):

W' =stws
(1) ! _ gl S ’
q=o"95

whereSis ( Eq. (12)in [3]):
\/é’ &m’mn = ﬁ’ S‘nn,nm = %a S‘nn,mn = —72.

If onedenotegheenegy of atoma in theunperturbedtateasW?, andin theperturbed
stateasW'’?, then

(3) W = s twas,

2) S1m,nm =

GivenEg. (2), thisis amatrix with elements:
() quﬁlnm = 1/2(En + Em), er&,mn = 1/2(En - Em):
Wr{r%,nm = 1/2(En —Em), Wr{n%,mn = 1/2(En + Em).
Thosequantitiesof a particularstatethatcanbetakenasobsenablein principleare:the
time averageof W? itself, meansquareenegy, andary oscillationaverages.In general,
all theseoscillationscanbeattributedto atime averageof somefunctionof W, e.g.,f(W)
(for examplethe averageof W2, W*, etc.). Thus,we shall computethe time averageof
suchafunction: it would be:
(5) f = SIS,
thatis:
frl1m,nm = 1/2(f(En) + f(Em));
likewise:
fmm = 1/2(f(En) + f(Em)).
Oneseedirectly, thatthesevaluescorresponaxactly with thosefrom thefirst viewpoint.
Onecould, in fact, posethe questionthe otherway around:is therea function, E(t), for
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whichthetime averageof afunction f (E(t)) satisfies:

TE®) = 5 (1(En) + F(Em)?

In factonewill find, thatonly functionsof the type for which the total dwell time in each
sub-statés equal will have this quality, whichis preciselythe conditionspresumedor the
first viewpoint.

The resultis, therefore thatin this applicationQuantumMechanicscomesto exactly
the sameconclusionsas thosebasedon the discontinuity hypothesis;in otherwords, it
is apparentthat the discontinuityhypothesidits naturallyin quantumtheory It seems,
that QuantumMechanicshasasmuchor little to sayaboutdiscontinuityasis empirically
available. The exacttime of a transition,eventhe transitionsthemseles,do not directly
manifestthemseles. It is thus,our opinionthatonly the relative total time spentin each
stateis physicallysignificant.

Is should be noted, that all calculationsare subjectto approximationsn which the
interactionis takento be vanishinglysmall. This is the only approximationin which the
problemcanbesensiblyposed.Thevery concepof “energy of anatom”makessensenly
whentheinteractionenegy canbe neglected.

§2. Mathematicalsupportfor the agreemenbetweenmeanquantumoscillationsand
discontinuitytheoryderivesfrom theform of Egs. (1) and(5). Thisform hassucha exten-
sive applicationin QuantumMechanicsthatthenotionsoutlinedabore on oscillationsbeg
generalizationTo begin, theassumptionn §1.,thata andb aretwo atoms,is notcrucial;
it could be arny two similar mechanicabystems.Further the agumentsemainthe same
if multiple interactingsystemsare underconsideration.The unperturbedystemexhibits
thengreaterdegeneration.The preciseform of Egs. (1) and(5) remainsunalteredhow-
ever, only thematrix Sitself is different. With respecto therelationshipbetweerQuantum
Mechanicsanddiscontinuity the elementof the S matrix areunimportantonly theform
of the canonicatransformations critical. Let usdenotethe perturbedstateof a mechani-
cal systemwith “a” andthe unperturbedtatewith “.” Thena canonicaktransformation,
Egs. (1) or (5), within the discontinuityviewpoint meanshe following: If the system is
in the state a, then |Sm|2 gives the probability, that (by collisions or sudden removal of
perturbations, etc.) the systemwill be found in state B. For ary functionof W2, according
to Eq. (5):

6) fa(W?) = Y |Supl* F (W),
B

Wherewg‘ signifiesthosevaluesof W2, thatthe systema in statef3 takeson. Following
generalprinciples,it is truethat

(7) Y Ispl®=1.
B

As a secondgeneralizationye canrelaxthe stipulationthatsimilar systemsareunder
considerationThe only essentiahssumptioris thatthe sameenegy incrementsg, — En,
arisein all the subsystemsptherwise(evenin systemsn which it doesnot occur)there
would be no resonance.In termsof the discontinuity viewpoint, the enegy decrement
En — En mustfit into eachsubsystemThe calculationdrom 81 canbe appliedunchanged
in this case.

Thethird extentionthatshouldbe consideredpertainsto thetype andsizeof theinves-
tigatedoscillations.Theabove considerationsemainunchangedf insteadf theenepgy of
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subsystemsye considersomeotherquantity whichfor theunperturbedasecanberepre-
sentedby amatrix. Suchquantitiesncludethetotalmomentumangulamomentumabout
afixedaxis,etc. The calculationsof the meanoscillationof all thesequantitiesagreefrom

bothviewpoints.In so far as, within Quantum Mechanics, energy, angular momentum etc.

of a mechanical system as functions of time are to be considered, only those functions of

such quantities of the type for which the average dwell time in each sub-stateis equal, are
suitable. The probabilitycoeficients,|qu|2, areidenticalin eitherviewpoint.

Finally, it canbetakenthatevenfor aperiodicoscillations,the techniquef 81 retain
theirvalidity, astheform of the canonicakransformationsigs,(1) and(5) remainappro-
priate.As anexample finally, let usconsidemow thecalculationsof BORN, JORDAN and
this author on oscillationsin a crystalare capturedby the considerationserein.[] They
compriseenegy oscillationsin a small portion of the crystal. In the unperturbedystem,
it is to beimagined thatthe small portionshouldis cut out. Thenin the perturbedsystem
therearisesaresonancén thosefrequencieshatarecommonto boththecrystalandsmall
portion. This is approximatelythe casefor all oscillationsfor which the wave lengthis
smallcomparedo thelineardimensionf thesmallportion. Only for sucheigenoscilla-
tions doesthe eigenoscillationconceptmadesense.Fromthe considerationin 81, even
without calculation we canseethatmeansquareoscillationandall higherharmonicsrom
QuantumMechanicsmustyield the sameresultas obtainedwith BOSE-EINSTEIN light
statistics.(Specificallythesestatisticsarerelevant, becausevenin QuantumMechanics,
theissueis alwaysthe enegy valuesof stationarystates.See:[3].) For the caseof mean
squarenscillations the calculationis giventherein.

The calculationshereinseemto me to be an agument,that a continuuminterpreta-
tion of the guantumformalism,thatis oneinvolving DE BROGLIE-SCHRODINGER Waves,
doesnot correspondo known facts. Rather the reality of the discontinuityhypothesisn
guantummechanicss containedn our calculations.
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