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ABSTRACT. Hereinexactdefinitionsof theterms:location,velocity, enegy, etc. (of elec-
trons,for example),which have meaningin QuantumMechanicsalso,will be examined.
It will beshavn thatcanonicallyconjugateguantitiescanbe specifiedsimultaneouslynly
with a characteristieincertainty(§1). This uncertaintyis the actualreasorfor the appear
anceof statisticsn QuantumMechanics.lts mathematicaformulationis capturedby the
DirRAC-JORDAN formalism(82). Fromthebasisof this formalismit is shavn how macro-
scopicprocesseemege from QuantumMechanics(83). For elucidationof the theory
gedanlken experimentswill bediscussed.

INTRODUCTION

Oneconsiderghataphysicstheorycanbeintuitively understoodf in simplesituations
it canbeusedto understandxperimentsandif onesimultaneouslyindsthatthetheoryap-
plied to suchexperimentdntroduceso internalcontradictions For example,we believe,
thatwe understandEINSTEIN’s conceptiorof a closedthreedimensionakpacentuitively,
becausdor us the experimentalconsequencesf this notion are free of contradictions.
Of course this contradictsour usualnotionsof imaginablespace-time We cancorvince
ourselfeasily however, thatour usualspace-timadeasfor very large spacesomesfrom
neitherthe laws of thoughtnor from experience. The imaginablemeaningof Quantum
Mechanicds still full of innerconflictsthatinfluencethe debateoverdiscontinuouverses
continuougheories,aswell asparticlesversesvaves. Already from theseconsiderations
onecanconcludethataninterpretatiorfor QuantumMechanicswith the usualkinematic
andmechanicatonceptionss not possible.QuantumMechanicsaroseout of the attempt
to go beyondthe usualkinematicnotionsandto replacethemwith new relationsbetween
concreteexperiencesand numbers. Sincethis seemso have succeededthe mathemati-
cal schemataf QuantumMechanicsdoesnot needmodification. Lik ewise a revision of
geometryfor very smallspacesandshorttimes,is not neededasconsideringsufficiently
weighty masse®ring the the quantummechanicalaws arbitrarily closeto classicalaws,
evenwhensmall spaceandshorttimesareinvolved. But, it still seemghata revision of
thekinematicandmechanicatonceptionarrisesdirectly from the equationf Quantum
Mechanics.Givena particularmassm, it, in our usualconceptionshasassociatedvith it
simply understandablqualitiesof ‘location; ‘velocity’ and‘centerof mass, etc. On the
otherhand,betweermassocationandvelocity in QuantumMechanicsthe relationship
pg — qp = —ih obtains. Thus, herewe have goodreasonto be suspiciousof uncritical
useof the terms: “location” and“velocity” If oneacknavledges,that for processes
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very small spacesand shorttimes, discontinuitiesare somehav typical, thenthe failure
of thesetermsis plausible.If oneconsidergdhe onedimensionaimotion of a masspoint,
thenin continuumtheoryonecanspecifyatime curve,anorbit for the particle,x(t) (more
preciselyits centerof gravity) (SeeFig. 1), for which thetangents theinstantaneouse-
locity. In discontinuougheory on the otherhand,insteadof a curve, onehasassequence
of pointsof finite separation(See:Fig 2) In this caseit is obviously meaninglesso talk
of a particularlocationasthe velocity is definedby two points,and, likewise, two points
determineavelocity.

TN

Fig. 1 Fig. 2

Thusthe questionarises whetherthroughmoreexactanalysisof its kinematicandme-
chanicahotions,it would bepossibleo clarify thecurrentconflictsin QuantumMechanics
anddevelopanintuitive understandingf quantunrelationships:

1. THE CONCEPTIONS: PLACE, ORBIT, VELOCITY AND ENERGY

In orderto be ableto follow the quantummechanicabehaior of an object,onemust
know thefieldsthatintermediaténteractionwith otherobjects.Only thencanthe Hamil-
tonianfor theobjectbespecified [The following considerationarelimited to nonrelatvis-
tic QuantumMechanicsasthe laws for quantumelectrodynamicsrestill undeseloped?]
Furtherstatement&boutthe essentiaform (Gestalt)of an objectare pointless;the best
meaningo give theword “Gestalt] is thetotality of theseinteractions.

If oneseekdo be clearon justwhattheword “location” of an object,an electronsay
is to signify (relative to a given coordinatesystem)thenone mustspecifyexactly which
experimentsareto be usedto determinehislocation;otherwise theword is empty There
is no deficit of experimentgo call on, evenfor arbitraryprecision;onemight look with a
microscopefor example. The maximumprecisionin this caseis determinedy the wave
length of the light employed. Thus,in principle, one would chosea I'-ray microscope
soasto obtainoptimal results. Thereis, however, a complication: COMPTON scattering.
Eachobsenation of an electronwith scatteredight presumeghe useof a detector(eye,
photographiglate,photocell, etc.),andcanbe understoodisphotonsencounteringlec-
tronssoasto be scatteredr reflectedandthenagainredirectedby the microscopdenses
to finally causethe photoelectroreffect. At the instantof the positionmeasurement,e.,
whenits trajectoryis modified by the electron,the latter’s trajectoryis discontinuously
altered.This alterationis biggerwhenthe wave lengthof the scattereghotonsis smaller

IThis paperaroseout of efforts by others originatinglong agobeforethe conceptiorof QuantumMechanics.
| recallespeciallyBoHR’s work on the fundamentapostulateof QuantumMechanicse.g.,[1], andEINSTEIN's
discussionaboutthe relationsbetweenwave fields and light quanta. The clearestrecentdiscussionof these
problemss thatby PAuLl, [2], whom| heartilythankfor fruitful discussiongontrituting to this paper

2n recenttimes,however, DIRAC hasmadenotableadwancese.g.,[3].
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thatis the greaterthe precisionof the measurementThus,the morepreciselythe position
of theelectronis determinedthe greatetthe discontinuousnodificationof its momentum.
So,again,we seeadirectintuitive clarificationof therelationshippg — qp = —ik. Letqx

denotethe tolerancewith which q is known (i.e., q; is the meanerrorin q), in this case
the wave lengthof the measurindight, and p; the meanvalueof p, in this casethe dis-

continuousalterationof the electrons momentumdueto the CompTON effect, thenthe

elementanformulafor the CompPTON effectis

(1.1) P10 ~ h.

Below we shallshaow thatthis relationis directly relatedwith thecommutatiorrelationship
pg—qgp = —ih. Herewe notethatEq. (1.1)is aprecisesxpressiorof thefact,thatformerly
wascapturedoy the assertiorthatphasespacds dividedinto cells of sizeh.

Thespecificatiorof anelectrons positioncanbe determinedalsoby otherexperiments,
e.g.,particle(electron)scattering A precisemeasuremermequireshigh speedparticlesas
slow particles,accordingto EINSTEIN, will have along wave-lengthbe BROGLIE wave
(the RAMSAUER effect) andtherebypreventprecisemeasurementsigain, the morepre-
cisethedeterminatiorof thelocation,thegreatethediscontinuouslterationof thetarget's
momentasgivenalsoby Eq. (1.1).

This discussiorseeminglyhasled to a clearunderstandingf the “location of anelec-
tron,” andit remainsonly to considetthe meaningof theterm*“size” of anelectron.When
two very fastelectronsencounteeachotherin avery shortinterval At, thenthe two elec-
tronswerevery closetogetherat a separatio\l. Accordingto thelaws governinga-rays,
we conclude thatAl is of the order10-12cm. if At is sufficiently small andthe particles
sufficiently fast. All this makessenseif we consideithattheelectronis a corpusclewith a
radiussmallerthan10-*%cm.

Letusnow turnto thenotion“electronorbit.” By theterm“orbit” we signify asequence
of points(with respecto a particularcoordinatesystem}hatanelectronoccupiesserially.
In sofar aswe alreadyknow what“location at a particulartime” meanswe encounteno
new problems.Neverthelesst is easilyseen thatthe often usedphrase:“the 1S orbit in
hydrogen, from ourviewpointis meaninglessin orderto measurehis 1S“orbit,” theatom
mustbeilluminatedwith radiationfor which thewave lengthis shorterthan10-8cm. For
suchradiation,a singlequantumis sufficientto ejectthe electronout of its orbit altogether
(sothatfor suchan orbit only onepoint in spacecanbe determined)therefore theterm
“orbit” hereis meaninglessThiscanbeseengvenwithoutknowing thenew theory purely
from experimentakealities.

On the otherhand,the imaginedposition measuremenbn the 1S orbit canbe made.
(Atomsin agiven“stationary”statecanbeisolatedwith the STERN-GERLACH technique.)
For a particularstate,e.g., the 1S atomic state,theremustbe a probability function for
thelocationof the electron,that correspond$o meanvalue over all phasesandwhich is
arbitrarily preciselydeterminabléy measurementAccordingto Born® this probability
functionis givenby Y1s(q)W1s(q), if Wis(q) is the SCHRODINGER wave functionfor the
1Sstate.Togethemwith DIRAC andBORN, andwith aneyeto lattergeneralizationd, wish
to say: The probabilityis givenby S(1S q)S(1S, q), whereS(1S, q) is thatcolumnof the
transformatiormatrix S(E, q) from stateswith E to g, whereE = E;s (E =eneny).

3Thestatisti(:alinterpretatiomf DE BROGLIE waveswasfirst suggesteddy EINSTEIN [4]. This conception
playedalargerolein [5, Cap.5, §3], andin [6]; thereafteit wasmathematicallyanalyzedandusedto interpret
scatteringoy BORN [7]. Thefoundationof the probability proposaln termsof transitiontheoryof matricescan
befoundin [8-12]. A generaliscussiorof theprobabilityinterpretatiorof QuantumMechanicsanbefoundin
JORDAN [13] andBORN [14].
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In that,for aparticularquantunstate e.g.,the 1Sstate only theprobabilityfunctionfor
the electrons positioncanbe given,onecanseewith BORN andJORDAN a characteristic
statisticalpropertyof QuantumMechanicsin contrastto classicaltheory On the other
hand,if onechoosessaywith DIRAC, thatstatisticsarisethroughexperimentationthen,
obviously, evenin the classicatheoryalso,the probability of a particularelectronposition
couldbespecifiedonly solong asthephaseof theatomis left unknown. But thedifference
betweertlassicalandquantumtheoryconsistanorein thefact,thatin classicakituations
we canimaginedeterminingthe phaseby a preparatoryexperiment.In fact, however, this
is not possible becausevery experimentto determinephasealsochange®r destrysit.
In a particularstationary‘states” of the atom, phaseis in principle indeterminatewhich
canbeseenasadirectresultof theequations:

Et—tE = —ih, or Jw—wl=—ih.

wherelJ is anactionvariableandw is the correspondin@nglevariable.

Theterm“velocity” for an objectcanbe definedeasilywith respecto experimentsjf
the objectis not subjectto forces. Onecould, for example,shinered light on the object
andthenusingthe DoppPLER Effect, deducethe object’s velocity. The accurag obtained
therebywill be greaterthe longerthe wave lengthof thelight used,in thatthe alteration
of the object’s velocity asa resultof the CompTON Effect will be less. Further the ob-
ject’s location specificationwill be correspondinglyuncertainaccordingto Eq. (1.1). If
the velocity of an electronshall be measuredat a particularinstant,then one musttake
it, that the nuclearchage and forcessuddenlyvanish, so that the motion can transpire
force-free therebypermittingthe saidprocedure Again one caneasilycorvince oneself,
thatthe function p(t) for a particularstateof the atom, 1S say cannotbe defined. Nev-
erthelessthereexists a probability function of p for this state,that, accordingto DIRAC
andJORDAN, hasthevalueS(1S, p)S(1s, p), whereagainS(1S, p) denoteshatcolumnin
thetransformatiormatrix S(E, p) from enegy E to momentunp, thatbelongsto thecase
E = Eps.

In conclusion,we focuson experimentsto measurehe value of enegy or the action
variableJ, asonly with their help candiscontinuitiesin the valuesof thesevariablesbe
discussedFRANCK-HERTZ scatteringin view of quantumaws, allows measuringheen-
ergy of electronsexecutingstraightline motion. Suchexperimentsn principlecanbe car
ried outto arbitraryprecision,if oneabandonshe simultaneousleterminatiorof electron
location,i.e., phase(comparewith theabove regardingp), in accordwith Et — tE = —ih.
The STERN-GERLACH effect enabledeterminingthe magneticor meanelectricmoment
of anatom,thatis, the measuremerdf the actionvariableJ. Phasesemainundetermined
in principle. Justasit is meaninglesso talk aboutthe instantaneoufrequengy of a light
wave, soit is alsomeaninglesso talk of theinstantaneouenegy of anatom. Whenem-
ploying the STERN-GERLACH Effect, this correspondso the fact,thatthe precisionof an
enegy measuremeris theworse,the shorterthetime interval is in which the atomis un-
dertheinfluenceof thedivertingforce* An upperlimit for the divertingforceis givenby
thefactthatthe potentialenepgy of theseforcescanvary within the atomicbeamonly by
incrementssubstantiallysmallerthat the differenceetweerthe stationarystates—ifthe
stationarystatesareto be specifiableatall. Let E; bethe enegy incrementthatsatisfies
this condition (E; alsogivesthe precisionof the enegy measurement}hus, E;/d is the
highestvalue of the divertingforce, if d is the width of the atomicbeam(measurablén
termsof the diffraction screenin use). The angulardiversionof the atomicbeamis then

4Compare/vith PauLlin [2, p. 61].
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Eit1/(dp), wheret; is thetime interval during which the atomsareunderthe influenceof
thedivertingforce, p is the momentumof the atomsin the beamdirection. This diversion
mustbeatleastaslargeasthediffractionof thebeamthroughaslit in orderfor ameasure-
mentto be possible.The angulardiversionby diffractionis aboutA /d whereA is the DE
BROGLIE wave length.i.e.,

A Eitg h
1.2 -~ A=—; Eit1~h.
1.2) d dp’ r 0 10
This equationcorrespondso Eg. (1.1) andshaws, thata preciseenegy determination

canbeachievedonly atthe costof animprecisetime measurement.

2. DIRAC-JORDAN THEORY

The resultsof the preceedingsectioncanbe encapsulatednd generalizedasthe fol-
lowing statementAll conceptsusedin classicalphysicsto describea medanicalsystem,
canbe preciselydefinedfor applicationto processe# atomicsystemsThe experiments,
for which suchdefinitionspertain,practiceshavs, areafflicted with anintrinsicindetermi-
nacg if conjugatevariablesareto be measuredThe degreeof this indeterminag is given
(asappliedto ary arbitrary pair of conjugatevariables)by Eq. (1.1). Here,it may be
interestingto compareQuantumTheorywith SpecialRelatvity. In relatvity theorythe
word “simultaneous’cannotbe definedexceptin the context of experimentdor which the
speedof light is an essentiafactor Wereit to be, that anothey “more exact” definition
of simultaneityexisted, e.g.,with instantaneousignals,thenRelatvity Theorywould be
impossible In sofar asinstantaneousignalsdo not exist, andthe definition of simultane-
ity doescontainthe speedof light asan essentiafactor, the possibility is openedfor the
postulateof the constanyg of the speedf light, suchthatit doesnot conflictwith thesense
of thewords"location, velocity, andtime” Similarly, the conceptselectronlocation”and
“velocity” in QuantumMechanicsharmonize.All experimentghatcanbe usedto define
theseconcepts,nevitably contain,accordingto Eqg. (1.1), the specifiedindeterminag,
evenwhile the conceptsp andq assuchcanbe preciselydefined.Werethereexperiments
that simultaneouslymademore precisedeterminationgor p andq possiblethanallowed
by Eg. (1.1), thenQuantumMechanicswvould be renderedmpossible. The imprecision,
thatis specifiedby Eq. (1.1), engendershe tolerancefor the validity of the relationship,
thatthe quantumcommutatiorfinds expressioras:

pq—qgp=—ik;

andit makesthis equationpossiblewithout affectingthe physicalsenseof the quantitiesp
andg.

For thosephysicalphenomenéor whichaquantuntheoreticaformulationsstill is to be
found,(e.g.,electrodynamiguantities) Eq. (1.1)is achallengewhich mayevenbeuseful
for finding their quantumformulation. For QuantumMechanicsEq. (1.1) canbeextracted
from the DIRAC-JORDAN formulationwith minor generalizationlf for the specificvalue
n for someparametethe positionq of an electronthe valueq' canbe determinedwith
a precisionqs, thenwe canexpressthis fact with the probability amplitudeS(n,q), that
differsfrom null only in asmallareaaboutq’ of sizeq;. In particular onecanset

—a D1 yg-) __ay?
(2.1) Sn,q)0e 21 , sothat SSOe %
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Thenfor the probabilityamplitudebelongingto p

(2.2) S(n,p) = / S(n,a)S(a, p)da.
Following JORDAN, for §(g, p) oneuses:
(2.3) (a, p) =€/,

Thenaccordingto Eq. (2.2), p will be noticeablydifferentfrom zeroonly when (p—
p')ai/k is notsubstantiallylargerthat1. In particularfor the casewhenEg. (2.1) holds
i(e-p)a_ (a-¢)2

S(n,p)D/e " g,

thatis:
_<p—p;)2+i<pgp') _ (P2
Sn,p)0e 21 ; sothat SSOe P2 |
where
(2.4) P1Q1 = h.

The assumptiorof Eq. (2.1) for S(n,q) correspondstherefore to the experimentalfact,
thatthe measuredralue of p'for p, implies the valueof ' will be measuredor g—with
thelimit on precisiongivenby Eq. (2.4).

Seenpurely mathematicallyit is characteristidor the DIRAC-JORDAN formulationof
QuantumMechanicsthatrelationsamongp, g, E etc.,canbe written suchthatary given
guantumquantityappearssa diagonalmatrix. This featureis evidentif oneregardsma-
tricesastensorge.g.,momentof inertiatensor)in a multidimensionakpaceamongwhich
there are mathematicakelations. One always can chosethe axes for expressingthese
mathematicatelationshipssuchthat they parallelthe main axis of oneof the quantities.
Consequenthone cancharacterizéhe mathematicatelationshipbetweentwo tensorsA
and B by the transformfrom a systemorientedon A to one orientedon B. This latter
variantcorrespond$o SCHRODINGER's theory Onecantake from DIRAC's formulation
the g-numbersasthe “invariants”underall coordinatesystemtransformationslif we seek
to getphysicalresultsfrom this mathematicaschemewe mustassociateaaumbersto the
guantumtheoreticalquantities thatis to the matrices(or tensoran the multi dimensional
space)Thisis to beunderstoodo mean thatin the multidimensionakpaceor aparticular
givenarbitrarydirection(fixedby thenatureof theconsideredxperiment)t is asked,what
the valuesof the matrix (e.g.,the valuesof the momentof inertiatensor)in this direction
would be. This questionrmakessensédf the givendirectioncoincideswith oneof themain
axesof thematrix; in this casethereis anexactanswer But also,if thegivendirectionde-
viatesonly slightly from a mainaxis,onecanstill speakof arelative tendeng to acertain
probabilityof errorfor thematrix. Onecansay:thataquantuntheoreticauantitymaybe
seerto havea“value”to whichacertaintolerancds attachedthetolerancedlependsnthe
coordinatesystemfor eachquantunquantitythereexistsa coordinatesystemn whichthe
tolerancefor this quantityvanishesA particularexperimentcanneveryield precisevalues
for all gquantunguantitiesratherit splitsthequantitiesnto “known” and“unknown” (bet-
ter: moreor lessprecisequantities)in a way characteristiof the experiment. Theresults
of two experimentsanbe preciselycomparednly whenthey allow theidenticaldivision
of quantunqguantitiesnto “known” and“unknown” categories(thatis, whenthetensorsn
eachof their multidimensionakpacegor both experimentscanbe viewed from the same
axis). If thetwo experimentgequiredifferentdivisionsinto “known” and“unknown” then
the experimentakesultscanberelatedonly in a statisticalsense.
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A precisediscussiorof sucha statisticalconnectiomrmight be elucidatecby agedanlen
experiment.Considera STERN-GERLACH atomicbheamsentthroughafield F1, thatis so
strongly inhomogeneoughat noticeablymary transitionsare evoked throughagitation.
Thereaftetthe beamis allowedto propagatdurtherunperturbedway from F; beforeen-
counteringa similar secondield F,. BetweenF; andF,, andafterF,, let ussupposehat,
it is possibleto measurdhevariousstationarystatesy meansof a magnetidield. Thera-
diationforcesonthe atomsaretakento be negligible. If we know, anatomhadtheenegy
E,, beforeit encounteredr;, we canexpressthis experimentaffact,in thatwe attribute to
it awave functionin p-spacewith enegy E, with theindeterminatehase3,

iEn(a+Bn)

S(En, p) = W(En,p)e" &
After traversingthefield Fy, surelythis functionis corvertedinto®

(2.5) S(En, p) 5 ZC”mLIJ(Ema pe” i .

Hereinthe B, aresomehev arbitrarily determinedsothatthe c,m areuniquelydetermined
by F1. The matrix chm, transformsthe enegy from the ‘before’ to ‘after’ valuesby the

actionof F;. Werewe to measurehe stationarystatesafter traversingF, usinganinho-

mogeneousnagnetidield for example,we would find with the probability c,mChm thatan

atomchangedrom staten to statem. Whenwe have determinedhatthefinal stateis in

factm, thenfor subsequentalculationswe shouldnot usethe function ¥ ,,ChmSn, rather
Sy with undeterminegbhase By fixing on statem we selectfrom thetotality of possibil-
ities (chm) andsimultaneouslhydestry (aswill be explainedbelow) all phasenformation
thatis in c,m. The sameprocesgepeatstself by traversingF,; in this casethe transfor

mationmatrix is dym. If no measuremertf thefield is madebetweer; andF,, thenthe

eigenfunctionsrerelatedasfollows:

(2.6) S(Enp) 3 Y cnS(Em D) 3 S 3 ot S(E1 )

Let us sety ,Cnmdmi = €ni, If the stationarystatesafter F, are measuredthen with
probability e, &, thefinal stationarystatewill bel. On the otherhandif betweenF; and
F, it is determinedhatin betweerthemthe statewasm, thenthe probability of statel is
givenby dmdm. By repeatedepetitionsof the sameexperiment,suchthat eachtime in
betweenthe two fields the stateis determinedthenafter F, the statel will be obsened
with the relative frequeny Z, = 3 1y, CamCnmAmitmi. This expressiondoesnot agreewith
enen. JORDAN[15] hasspolen, therefore,aboutan “interferenceof probabilities: The
two experimentghen,which leadto ey €, or Z, areactuallyphysicallydifferent.In one
casethe atomssuffer no disturbancebetweenrF; andF,, in the other casethey are dis-
turbedby the meansof measuringhe stationarystate. This setuphasthe effect, that the
“phase” of the atomsis in principle madeindeterminatejust asa location measurement
of an electronrendersthe momentumindeterminatgSee: 81.). The magneticfield for
determininghe statebetweerf; andF, disturbsthe eigervaluekE; obsenationof the orbit
of theatomicbeam(perhapsasa WiLSON photograph}he atomsstatisticallyanduncon-
trollably decelerateetc. All this leadsto thefact, thatthefinal transformatiormatrix, ey,
(from theenegy valuespreceedingdr; to thoseafterF,), arenolongergivenby ¥ m CamAmi,
rathereachsummanchasanundetermineghhase We canonly expect,thatthe averageof
en € over all the phasevariationsequalsZ,. A simple calculationverifiesthis surmise.
— We candeduceysingcertainstatisticaltechniquesfrom oneexperimentthe expected

5ComparaNith DIRAC[15] andBORN [16].
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resultsof another Thefirst experimentselectdrom the possibilitiesa particularoutcome,
andtherebylimits possibilitiesfor all subsequengxperiments.Suchan interpretatiorfor
the transformationmatrix S, or SCHRODINGER'S equation,is possibleonly becausehe
sumof solutionsis alsoa solution. In this we seethe deepmeaningof the linearity of
SCHRODINGER's equationtherefore this equationcanbe seenonly asawave equationin
phasespace andthatary attemptto replaceit with a nonlinearrelativistic equation(for
multiple electrons)s hopeless.

3. THE PASSAGE FROM MICRO- TO MACRO-MECHANICS

By virtue of the analysisin the preceedingectionof the terms*“location, velocity and
enegy” of anelectron the quantuntheoreticakinematicandmechanicatonceptshould
be sufficiently clearto provide anunderstandingf macroscopi@recessefom the stand-
point of QuantumMechanics. The transitionfrom micro- to macro-mechanichasbeen
discussegbreviously by SCHRODINGER[17]; but, | do not believe thathis equationsettles
the matterfor the following reasons:Accordingto SCHRODINGER, in a highly excited
statea sumof eigenoscillationsfor a not altogethelarge wave packet canyield, by a pe-
riodic alterationof its size,the periodicmotion of a classical‘electron” Speakingagainst
this notionarethefollowing considerationslf awave pacletwith the presumedharacter
wereto exist, thenanatomwould emitradiationexpandablén a FOURIER seriesfor which
the highertermsareawhole numberof timesthefundamentafrequeng. Theactualemit-
ted radiationsfrom an atom, however, are not, accordingto QuantumMechanicswhole
multiples of the groundstatefrequeng—uwith the exceptionof the harmonicoscillator
SCHRODINGER'S argumentationtherfore,is limited to handlingthe harmonicoscillator;
in all othercasesa wave packet would eventuallyfill the whole of spacesurroundingan
atom. The greaterthe excited state,the longerthe effect takes; but eventuallyit occurs.
This sameargumentcanbe usedagainstall attemptso directly transitionbetweenquan-
tum andclassicaimechanicgor highly excited states.Thus,attemptsearlierto evadethis
argumentby calling on the naturalbandwidth of stationarystates;are clearly wrong, as
this argumentis precludedalreadyfor hydrogenby the meagernessf radiationfrom ex-
cited states. Furthermore the transitionto classicalmechanicamustbe comprehensible
alsowithout referenceo electrodynamicsBoHR hasdrawvn attentionrepeatediyto these
difficulties for linking quantumand classicalmechanics.[1Herewe have clarified them
againsothroughly because¢hey seemto have beenforgotten.

| believe,thatonecanformulatetheemegenceof aclassical'orbit” thusly: The“orbit”
emepgesasa consequencef observation Consideran atomin the 1000thexcited state.
The orbits herearequite large, sothatin the senseof §1, the useof relatively long wave
lengthlight would suffice to determinethe electrons location. If this determinatiomeed
not be so extremely precise thenthe CoMmPTON resistancdorce will leadto putting the
atominto, say a statebetween950 and 1050; simultaneouslythe electrons momentum
canbe determinedwith the precisiongivenby Eq. (1.1) usingthe DopPPLER Effect. This
experimentafactcanbecharacterizedsawave packet—in g-spacewith asizedetermined
by themeasurindight’swave length,whichis built up of eigenfunctionbetweemumbers
950and1000,aswell asa correspondingvave pacletin p-space.lf afteranappropriate
interval, a secondmeasuremenwith the sameprecisionis made,its result,accordingto
whatwasgivenin 82, canbe specifiedonly statistically in so far asprobablelocations,
only thosewithin theabove wave pacletscanbeconsideredThis would be no differentin
classicatheory in that,in classicatheorytheseconddeterminatiorwould beuncertairby
causeof theuncertaintyof thefirst. In addition,classicabrbitswould divergein amanner
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similarto the spreadbf wave paclets. Neverthelessthe statisticallaws aredifferentin the
two theories.The seconddeterminatiorselectout of all possibilitiesa particularg” and
therebylimits subsequenpossibilities. After further location measurementghe results
canbe calculatedoy attributing to the electrona “small” wave packet with wave-lengthA
(thewave-lengthof the light usedto make the measurement)Thatis, eachmeasurement
reduceshe wave paclet to its original size,A. The valuesof the variablesp andq are
known during the experimentwith a given exactitude. Thatthe valuesof p andq within
thislimit of precisiondirectly follow theequation®©f motioncanbeseerfrom thequantum

laws:
) oH . oH
(3.1) p——aa Q—%-

The orbit can be calculated,however, as notedabove, only statisticallyfrom the initial
conditions,which canbe seenasa consequencef the imprecisionof theseinitial condi-
tions. The statisticallaws are differentfor classicaland quantummechanicswhich can,
dependingn circumstancedeadto large macroscopidifferencegoo. Beforetakingup a
particularexample,| wishto shov how theabove saidtransitionto classicatheoryis math-
ematicallyformulatedfor a simplemechanicasystemaforcefreeparticle. Theequations
of motionfor this caseare:

1 1
(3.2) H=--p% a=—p p=0

As heretime canbe consideredh parametefa c-number) whenever thereareno external
forces,thesolutionto theseequationss:

1

(3.3) 9= —Pot+do; P = po,

wherepp and go arethe initial momentumand locationatt = 0. At timet = 0 (See:
Egs. (2.1) to (2.4).), the value measuredor qo = g hasthe precisiongs, and pg = p’
hasthe precisionp;. In orderto getthe valuesof g attimet, accordingto DIRAC and
JORDAN, thetransformatiorfunctionswhichtake matricesn which qq is diagonato those
in which q is diagonalmustbe found. pg canbe replacedby the operator(—i%d/dqp).
Accordingto Dirac[15,Eq. (11)], thesoughtrransformatioramplitudeS(qp, g) is givenby
thedifferentialequation

th 0
G4 {—ﬁa—%ﬂo} (o, q) = a9, ),
th 0S
Mg (do — ) S(do, a);
(3.5) S(qo,q) = conste—W_

Thus, SSis dependanbn qp, thatis, whenattimet = 0, qo is known exactly, thenfor
anarbitrarytimet > 0 all valuesof t areequallyprobablejn otherwords,the probability,
thatq falls into a finite intenal, is zero. This is actuallyintuitively clear If gg is known
exactly, this leadsto an infinite COMPTON reaction. The samewould hold true for any
mechanicabystem.If, however, qp attimet = 0 is known only with a precisionq;, and pg
with precisionp; (Comparewith Eq. (2.1).),then

C —q’)2+ p’(qhgfq)
S(r])qO) = conste 2 ’
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andthereforethe probability functionfor q is to be calculatedusingthe formula:

S(n,q) = / S(N, do)S(do, d) ddp.

Theresultis:
_m[a(ae t o) B | (=12
(3.6) S(r],q)zconst/e " [qo(q n?) 2] 2 dgp.
With the simplification
th
(3.7) B= m—ql’

theexponentin Eq. (3.6) becomes:

1 2 i / i t / 2
- 1+-)-2 —(q—— .
2q%{<:10< +B) QO<CI+B(CI mp))+q
Thetermwith 2 canbeabsorbedn the constan(i.e., asfactorindependenof g), sothat
integrationyields:

i t12
_lz[q’w(qup)]
T k]
Sn,q) = conste™ @
(@ e -iBe)%(1- )

T 521402
(3.8) = conste  2(1+F?)

Fromthis onegets:

(b -d)?

(3.9) Sn,a)S(n,q) = conste A,

Theelectronattime t will be found at locationtp’/m+ ¢ with precisiong;/1+ 2.
The wave paclet, or bettersaid,the “probability paclet” hasbeenexpandedoy the factor
/1+ B2 Accordingto Eq. (3.7), B is proportionalto the time t, inverselyproportional
to the massm—this is obviously plausible—andnverselyproportionalto q%. Excessie
precisionin gp resultsin greaterimprecisionin pg which in turn leadsto imprecisionin
g. Theparameten, which wasintroducedabove for reason®f formality, canbe dropped
from all formulas,asit doesnot enterinto calculations.

As anexamplethatthe differencein the statisticsbetweerclassicalandquantumtheo-
reticalconsiderationsanleadto large macroscopidifferenceslet us considerbriefly the
deflectionof electronson a grating. Whenthe gratingconstanis roughly the sameasthe
DE BROGLIE wave-lengthof the electronsthendeflectionoccursin discretespacialdirec-
tions, similar to light reflectingfrom a grating. Macroscopicclassicaltheory hereyields
somethingquite different. Neverthelessve seeno contradictionin termsof the orbit of
a single electron. We could, if we could steeran electronto a particularlocationon the
grating, determinethat the reflexion wasnon classical. But if we could be so preciseat
locatingtheelectron thatwe could specifyjustwhereit impactedhe grating,theelectron
would have to have avelocity sohighthatits DE BROGLIE wave-lengthwould be soshort,
thatin this approximatiorthe reflexion actuallycould be givenin a classicallyspecifiable
direction,withoutviolating quantumprinciples.
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4., CONSIDERATION OF A GEDANKEN EXPERIMENT

Following the interpretationof quantumtheory aspresentederein,the exact pointin
time of a “quantumjump” shouldbe measurablgust as certainlyasthe enegy of a sta-
tionarystate.The precisionwith which sucha jump canbe specifiedjs givenby Eq. (1.2)
ash/AEG, if AE is the enegy differenceassociatedavith the ‘jump.” We imaginethe fol-
lowing experiment:anatomattimet = 0 in thefirst excited state,seekgo drop down to
thegroundstate.In analogyto Eq. (2.5), the eigenfunction
(4.1) S(t,p) = € “Y(Ex, P +v/1— e FY(EL, e T,
canbe attributedto the excited state,wherethe decayis describedy the factore=®t (in
reality it maynotbesosimple). To measurghe enegy, theatommight be sentthroughan
inhomogeneoumagnetidield, suchasa STERN-GERLACH apparatussuchthattheatom
remainsin theinhomogeneou§eld for considerablalistance.The acceleratiorcould be
measuredby breakingthe orbit of the atomicbeaminto sectionswvhereatthe endof each
the deflectionis determined.Dependingon the velocity of the beam,this segmentation
corresponddgo dividing it into small time intervals At. From 81 Eq. (1.2), the interval
At correspondso a precisionin the enegy of h/At. The probability to obtaina particu-
lar enegy value canbe obtainedfrom S(p,E), andin the interval from nAt to (n+ 1)At
calculatedusing:

(N+1)at iEt
spE) = [ 7 spoefa
nAt—(n+1)At nAt
Whenattime (n+ 1)At it is determinedhattheatomis in thefirst excitedstate thenfor all
latertime theeigenfunctiorEg. (4.1)is nolongerappropriateratheronethatevolvesfrom
it in whicht is replaceby t — (n+ 1)At. Onthe otherhand,if the atomis in the ground
state thenthe eigenfunction:
iEqt
qJ(Ela p)e__hl_a
obtains. Thus, it will be seenthatfor a seriesof At intervals, the atomis in an excited
state,after which it will be seento be continuouslyin the groundstate. In this way, the
instantof transitionor ‘jump’ canbe determined;but, the At intervals cannotbe made
smallerthath/AE. In sum,the precisionof determiningthe transitionis limited to this
value. This is the sort of experimentwe have in mind whenwe speakof discontinuous
enegy transitionsin the old quantumtheoryof PLANCK, EINSTEIN andBOHR. In sofar
assuchanexperimentis feasible agreementn its outcomemustbe possible.

In BOHR's fundamentalquantumpostulatethe enegy of an atom, aswell asthe ac-
tion variableJ, have precedencever othervariablese.g., the locationof an electron,in
termsof having their valuesfixed. This priority, thatenegy over otherquantumquantities
enjoys, is derived from the circumstancethat for closedsystemst is anintegral of the
equationf motion (for which for the enegy matrix, onehask = const); for opensys-
tems,theenegy is notsodistinguishedln particulat thereareexperimentgor which the
phaseof anatomw canbe givenprecisely but for which thenthe enepgy is undetermined
in principle,correspondingo theequationJw— wJ = —ih, or Jyw ~ h. Resonancéores-
cencecould provide suchan experiment.If anatomis irradiatedwith aneigenfrequeny
vi2 = (E2 — E1)/h, the atomwill oscillatein phasewith the incomingsignal, so that it
malkesno sensdo askwhich state,E; or E; the atomis in. The phaserelationbetween
atomandincomingradiationcanbedeterminedrom thephaserelationshipof mary atoms

6see2, p. 12].
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amongthemseles(WoobD's experiment).If onewishesto avoid experimentswith radia-
tion, the phaserelationshipsanbe determinedn thatexactlocationmeasurementsf the
electroncanbe madein the senseof 81 at varioustimesrelative to the phaseof incoming
radiation(on mary atoms).To anindividual atomonecanassignthewave function:

iIEqt

(4.2) S(a,t) = cod2(Ez, )€™ 2B /1 BnErge F

herec, depend®n theamplitudeandon 3 from the phaseof theincomingradiation.The
probability of a particularlocationg, is then

(4.3) S(,)S(a,t) = Wz + (1 — ) W1l
+Coy/1— C% (Lpijle—iﬁ[(Ez—El)HB + q_quJle%[(Ez—El)HB]) .

The periodictermin Eq. (4.3) is experimentallydistinguishablefrom the non periodic
term,asalocationdeterminatiorfor variousphase®f theincominglight canbe made.
Let us considera gedanlen experimentproposedby BOHR in which anatomicheam,
beforepassagéhrougha STERN-GERLACH magnetidield, is excitedby resonancéores-
cenceusinga light beam. Thereafterthe atomicbeamis obsened both beforeandafter
beingdirectedthroughtheinhomogeneoumagnetidbeam.Beforethe magnetidield, res-
onancdlorescenceccursthatis, theatomsof thebeam analogouso theusualdispersion
theory areconsideredo re-emitsphericalavesin phasewith the stimulatingbeam.This
lastassumptionhowever, is in conflict with quantumtheoreticalprinciples,namely that
only a few atomswould be lifted into the “excited state’, sothatthe resonanceadiation
would be emittedby only thesefew intensively excited centers. Thus, one usedto say
thelight quantumideamay be usedhereonly for momentum-engy balanceput “in real-
ity” only atomsin the groundstateemit weakcoherentsphericalwaves. After the atoms
have passedhroughthe magneticfield, therecanbe no doubt,that the beamconsistsof
two parts,one of which is in the excited state,the otherin the groundstate. If now the
atomsin the groundstateradiate,this would be a violation of the enegy balancein that
onetakesit, thatall absorbednegy woundup in atomsin the excited state.More lik ely,
therecanbe no doubt, that following the magneticfield only the beamof excited atoms
emitslight—andcoherentight atthat—froma few intensively radiatingatoms.As BOHR
indicated,this gedanlen experimentmakesit clearjust how carefulonemustbe with the
concepbf a “stationarystate. Note now, from the understandingf quantumtheorypro-
mulgatedherein,it is particularlyeasyto discusghis experiment.The phase®f theatoms
aredeterminedn the exterior radiationfield, thatis, it is pointlessto speakabout“the”
enegy of anatom. Also after exiting the radiationfield, one may not saythat the atom
is in a stationarystate,in sofar asoneseeksto find the radiations coherencecharacter
istics. One can, however, proposeexperimentsto testjust what statethe atomis in, but
the resultscanonly be given statistically Justsuchan experimentis effectedby atoms
traversingan inhomogeneousagneticfield. Following the magneticfield, the enegies
of theatomsaredeterminedin otherwords,the phasesreundeterminedRadiationfrom
themis incoherentandemittedonly by excited atoms. The magneticfield determinedhe
enegiesandthereforeperturbedhephasesBoOHR’s gedanlenexperimentprovidesavery
goodclarificationof the fact, thatthe enegy of the atomsis not a numberbut a matrix.
The conserationlaw pertainsto the enegy matrix andthereforealsofor the valueof the
enegy asaccuratelyasit is measuredQuantitatvely, the perturbationof the phasesan
beformulatedso: Let Q bethecoordinateof theatom’s centerof gravity, suchthatinstead
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of Eq. (4.2),the eigenfunction

(4.4) S(Q,H)S(a,t) = S(Q,q,t),

is assignedwhereS(Q,t) is a function, which [just asS(n,q) in Eq. (3.8)] differsfrom
zeroonly in asmallneighborhoof the pointin Q-spaceandpropagatei thedirection
of the radiationwith the velocity of the atom. The probability of a relatve amplitudeq
for anarbitraryvalueQ is givenby theintegral of S(Q, q,t)S(Q, g,t) over Q, thatis by Eq.
(4.3).

The eigenfunctiorEq. (4.4) will besubstantiallynodifiedin the magnetidield andby
causeof transitionsto andfrom the excited statesby someatoms,andwill become

i(Ept+B) iEqt
(45) S(Qaqat) = CZSZ(Qat)LIJZ(EZ)q)e 2 +4/1- C%SEL(Qat)l-IJl(El:q)eT .
S1(Q,t) andS(Q,t) arefunctionsin Q-spacethatdiffer from zeroonly in smallneighbor
hoodsaboutsomepoint; moreover, while thesepointswill be different,the product§ S
will bezeroeverywhere Theprobabilityof therelative amplitudeq anda particularvalues
Qistherefore:

(4.6) S(Q,q,1)S(Q,q,1) = S SWP2 + (1 — ) S SIY1TT.

The periodictermin Eqg. (4.3) hasvanishedandwith it the possibility to measurethe
phaserelationship. The resultof the statisticalpositiondeterminatiorwill alwaysbe the
same,independentf whateser phasethe stimulatinglight had. We cantake it, thatthe
experimentwith radiation,for which thetheoryis not yet developed would give the same
resultson atomicphaserelationships.

Finally, let us studythe connectiorwith Eq. (1.2), Ext; ~ h with a complex of prob-
lems,discussedy EHRENFEST[18,19] andothersin two importantpublicationsin terms
of BoHR'S’ correspondencprinciple. EHRENFEST and TOLMAN speakof “weak quan-
tization; whene&era quantizedperiodicmotionis interruptedoy quantumjumpsor other
perturbationsnto time intervals, which are not long relative to the period of the system,
canbeconsideredin this casenotonly theexactquantumenegy valuesarise ratherwith
a qualitatively low a priori probability also enegy valuesthat deviate slightly from the
exactvalues. Within quantumtheorythis behaior canbe understoodasfollows: As the
enegy levels, becausef exterior perturbationor quantumjumps,actuallyare modified,
thenevery enegy measuremenin asfar asit is to be unambiguousshouldbe madein
the interval betweentwo perturbations.In this way an upperlimit for t; in the senseof
81is achieved. The enegy value Eq for a quantumstatecanbe measurenly with the
precisiongivenby E; ~ h/t;. The questionwhetherfor the systemsuchenegy values
asEj, which shoulddeviatedfrom Eg, “really” take on correspondingmallerstatistical
weight, or ratherthat their determinatiorby measuremernis subjectto uncertaintyis in
principle meaninglesslf t; is shorterthanthe periodof the systemthenit is pointlessto
talk aboutstationarystatesof discreteenepgy values.

EHRENFEST andBREIT draw attentionin this matterto thefollowing paradox:A rotor,
which we imagineto be a gear is equippedwith a gadgetthat after f rotationsreverses
the senseof rotation. The gearis engagedn atoothedrail thatis movablebackandforth
betweentwo masseswhich force the rail andgearto reverseitself after a given number
of revolutions. The actualperiodof the systemis long in comparisorto therotationtime
of thegear;the enegy levelsarecorrespondinghydenseandthelarger T, the moredense
they will be. Then,from theusualquantumconsiderationsstationarystatesall have equal

"This connectiorwasbroughtto my attentionby PAULI.
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statisticalweights, so that for sufficiently large T, all enegy levels will have the same
frequeng of occurrence—ircontrastto what would be expectedfor a rotor. From our
viewpoint, this paradoxis madeevensharper Thatis, in orderto determinewhetherthe
systemhasexclusively, or especiallyoften, the enegy belongingto the pure rotator, or
whetherit hasall possibleenegy valueswith equalprobability(i.e.,valuesthatcorrespond
to the smallstepsh/T), thetime ty, thatis smallwith respecto T (but >> t) is sufficient;
thatis, althoughthe large period for suchmeasurementactually do not enter express
themseles,apparentlyin thatall possibleenegy valuescanarise.We areof the opinion,
that suchexperimentsto determinethe total enegy of the systemwould in factyield all
possibleenegy valuesequallylik ely; the causebehindthis is not the large period T, but
the movablelinearrail. Evenwhenthe systemfindsitself in a statewhich corresponds
to the enegy of the quantumrotor, it can by causeof external forcesworking on the
rail, suffer modificationso asto wind up with a value not correspondingo onefor the
quantumrotor? The coupledsystem otor andrail, exhibits periodicity distinctfrom that
of the rotor alone. The resolutionof the paradoxsis likely to be foundin the following
considerationsif therotor enegy aloneis to be measuredirst it mustbe decoupledrom
therail. In classicaknalysisthis could be effectedby consideringsufiiciently smallmass
for therail, sothatthe total systemeneny is essentiathat of therotor alone.In quantum
theory onthe otherhand theinteractionbetweerrail andgearis atleastof the sameorder
astheenegy differencedor therotoralone(Evenfor alow masgail theelasticinteraction
hasa relatively high groundstate!);for completemechanicakeparationgachpart takes
on its own quantumenenpy levels. In so far asthe enegy valuesof the rotor alonecan
be measuredthe preciseenepgy valuesare thosedeterminedby the quantumvaluesfor
this experiment.Evenfor a diminishingly smallmassof therail, the enegy valuesfor the
coupledsystemdiffer from thoseof therotor alone;the enegy of the coupledsystemtake
onall possiblevalues(admittedby T-quantization)with equalprobability.

CONCLUSION

Quantumtheoreticalkinematicsand mechanicgliffers substantiallyfrom the classical
versions.Thedomainof applicabilityfor thelattercannot be derivedeitherfrom thelaws
of thoughtor from experimentithisis adirectconsequencef therelationshipp1q; ~ h. In
sofaras‘momentum,locationandenegy’ etc. of anelectronandpreciselydefinedcon-
cepts,onemustnotimaginethatEq. (1.1)is only a qualitative statementFurthermoreas
theexperimentakonsequencesf the quantumtheorycanbe qualitatvely comprehended,
QuantumMechanicscanno longerbe regardedasabstracanddevoid of imaginablecon-
tent® Clearlyonewould like, moreover, to derive the quantitatie laws of quantumtheory
directly from imaginablefundamentahotions,i.e., from Eq. (1.1). In this vain, JORDAN
hasattemptedto interpretthe equation

S(q,q") = / S(9,9)S(d',q") dof

8Accordingto EHRENFEST andBREIT this canseldomor never happerbecausef forcesactingon therotor
itself.

9SCHRODINGER haschaged that QuantumMechanicsis a formal theory of shocking,even revolting ab-
stractionandobscurity Certainlythe mathematicalndvisualizeablevalue of his theorycannotbe over-valued.
In mattersof principle regardingphysicalproblems,howvever, in my opinionthe commonunderstandin®f his
theorydeviatesfrom the notionsof both EINSTEIN and DE BROGLIE on the one hand,and BOHR’s Quantum
Mechanicontheother
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asa probability relationship. However, we cannotendorsehis viewpoint (§2). Rather we

believe, that the quantitatve laws canbe understoodn the first placeonly on the basis
of the imaginablefoundationsaccordingto the principle of greatestsimplicity. If, for

example the X-coordinateof anelectronin nota“number” ascanbeexperimentallyseen,
is in accordwith Eq. (1.1), thenthe simplestassumptiorjnot contradictingEq. (1.1)] is,

thatthe coordinates a diagonalelementof a matrix, for which the off diagonalelements
expressan inexactitude,or alternatelythe inexactitudeof transformationgo otherforms

(Seee.q.,84). Theassertiorthatthe velocity in the X-directionis “in reality” a matrixis

no moreabstraciandunimaginablehanthe statementhatan electricfield “in reality” is

the time componenbf an antisymmetricdensorin space-time.The notion“in reality” is

justasmuchor aslittle justifiedhereasit would for any othermathematicaéntity applied
to naturalobjectsevents. As soonasoneacceptsthat all quantumtheoreticalquantities
“in reality” arematricesthe quantitatve quantumlaws follow without difficulty.

If oneacceptsthatthe interpretatiorpresentedhereinis largely correctin its essential
points, thenoneis allowed a few wordsregardingits consequencesThe first of these
is, thatit is not our conceptionthat QuantumTheory, in contractto classicalphysics,is
in principle a statisticaltheory that candraw from precisedataonly statisticalconclu-
sions. The renovned experiments for example,of GEIGER and BOTHE, speakagainst
this conception.Rather in all casedn classicalphysicsin which therearerelationships
betweerexactly measurablguantitiesthe correspondingelationshipsn quantuntheory
(momentumandenepgy conseration, say)arealsoexact. But, with respecto the strictly
formulatedprinciple: ‘if we know the presentprecisely thenwe cancalculatethe future
precisely it is not the conclusion,but the hypothesighatis false. It is the presentstate
thatin principle cannotbe determinedwith limitless precision. Thusall perceptionis a
selectionfrom a surfeit of existing possibilities,which thenforce a restrictionon future
projections. In thatthe statisticalcharactef quantumtheoryis so tightly boundto the
imprecisionof perception,one might be seducedo consider that behindthe statistical
world thereis a “real” world hiddenin which determinisnrules. Suchspeculationseem
to us,let usexplictly emphasisptioseandmeaninglessPhysicsshoulddescribeormally
only the relationshipsbetweenperceptions.In fact, one can characterizébetterthe sub-
stanceof our viewpoint asfollows: becauseall experimentsare subjectto quantumlaws
andtherebyEq. (1.1),the principle of determinisndefinitely hasbeenrenderednvalid.

Noteaddedin proof: After completionof this paper further resultsfrom BOHR have
leadto a deepeningandrefinementof my analysisof the implicationsof quantumprin-
ciples. In this regard, BOHR hasbroughtto my attentionseveral substantiapoints that
| hadoverlooked. First amongthem, the differencein obsenationsdoesnot exclusively
dependntheoccurrencef discontinuitiesratherarisesdirectly from the attemptto han-
dle variouseffects simultaneouslyi.e., thosethat ariseboth on the one handin particle
theory andon the otherin wave theory For example,the employ of the proposed -ray
microscopepresumeshat the divergenceof the beamis takeninto considerationwhich
leadsimmediatelyto the factthatthe directionof the ComPTON scatteredlectroncanbe
known only imprecisely againimplying Eq. (1.1). Moreover, | have notemphasizeduffi-
ciently, thatthesimpletheoryof the CompTON effectis limited to unconstraineélectrons.
The consequencef taking this into consideratiorby useof the uncertaintyrelationship,
BOHR stresseshasseriousconsequence®r ary discussioron the passagérom micro-
to macro-mechanicsFinally, my considerationdasedon resonancédlorescencere not
quite correct,becausehe connectiorbetweenthe phaseof light andthe electronorbit is
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not assimpleasassumederein.| amindebteddeeplyto Prof. BoHR for accesgo, and
discussiorof, his upcomingpaperon the conceptuatonstructiorof QuantumMechanics.
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