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Comment on: classical derivation of Planck’s spectrum

Aloysius F. Kracklauer
(Dated:13 Octoberl975)

Inconsistenciesn a recentclassicalderivation of Plancks spectrumare shavn not to obtainin an earlier

version.

I. INTRODUCTION

Recently there appeareda critical reexamination[1] of
Theimers classicalderivation of the Planckblackbodyspec-
trum [2] which concludedthat Theimers classicaltheoryis
“either incompleteor inconsistentandin arny caseits results
aredifferentfrom thoseof the quantumtheory of blackbody
radiation” It is the purposeof this noteto draw attentionto
adifferentassumptioremployedin the reasoningusedin the
reexaminationwhich appeardo be bothill foundedand not
relevantto Theimers classicalderivation.

Both derivationsarebasedn theassumptiorthatthereex-
istsbackgrouncelectromagneticadiationwhosespectralen-
ergy densityis a Lorentzinvariant. This assumptiorhasbeen
exploited by several authorsin recentyearsin varioustypes
of attemptgo reformulatethe foundationsof quantumtheory
in orderto resole questionsof interpretation[3]-[7] andto
facilitate the formulation of a fully relatiistic multiparticle
guantumtheory[8] (to be distinguishedrom quantumfield
theory). Theessencef this assumptions thatis thatatevery
pointin spacen additionto ary thermalradiationthereis also
backgroundadiationwhich may be consideredo be emitted
by N sourcesvhich areincoherentwith respecto eachother
andall othersourcef radiation. If the effectsof this radia-
tion arenot to violate the preceptf SpecialRelatvity or the
obsened propertiesof space thenit mustbe both isotropic
andLorentzinvariant,otherwiset would make itself manifest
in waysin which it doesnot. For example,the latter stipu-
lation impliesthatan oscillatorin equilibriumwith the back-
groundwould haveto thesameaverageenegy in everyframe.
Thatis, Lorentzinvarianceof a spectralenegy densitye(w)
meanghatthe quantityof enegy betweertwo fixedvaluesof
w, (@ andb, say)is thesamein everyframe,i.e.,
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where,ascustomaryy = (1—Vv?/c?)~%/2, This expressioris
clearlyinvariantfor thefollowing function of w:

€(w) = const x w. (3)

The constanscaleshe backgroundandits effectsandis em-
pirically settoh/2.

Il. THEIMER'SDERIVATION

Theimersderivationof the Planckblackbodyspectrumex-
ploits the following relationshipsamongtwo incoherentadi-
ationfields:

< (Bp)2 >=<p?> — < pi >2=<pi >4 4
<P >total=< P1> + < P2 >; (5)

< (8p) >tora=< (3p1)* > + < (3p2)°>;  (6)
< p1p2 >=< p1>< P2 >; (7

wherep; is theenegy densityof thei-th field, < - > indicates
the expectationvalue,anddp; is thefluctuationof p;. If now

p1 andp, aretheenegy densitief thebackgroundandther

mal fields respectiely, thenby manipulationof Eqgs. (4)-(7),

thefollowing expressiorcanbe obtained:

<(Bp2)?>=<pr>?42<p1><p2>. (8

Now, by invokingthefluctuationtheorenfor thethermailfield,
namely:

d< p2> /OB=<(p2)° >, )

wherep = —1/KT, oneobtainsthedifferentialequation:

d<p2>/B=<p2>242<p1><p2>, (10)
whosesolutionis, uponsetting< p1 >=hw/2,
hw
<pr>=——, (11)
ekt —1

the Planckspectrum.

I11. THE CRITICAL REEXAMINATION

The derivation of the Planckspectrumusedin the critical
reexaminationproceedssfollows. Firstthedifferentialequa-
tion for thefirst momentof the expectationis derived:

d<p>/dB=<p?®>—-<p>?=<p>2. (12



(the actualderivation was of a dimensionlesgjuantity simi-
lar to a photonpopulationand structurallyequialentto the
enegy density). By virtue of Eq. (4) this is the sameasthe
fluctuationtheorem.Thenp is setequalto p; + p2, to yield

% =<p1>2+2<p1>< P>+ <p2>2, (13)
whered < p; > /dB = 0, and < p; > is now to be purged
from this equationby authority of a “renormalizationpos-
tulate; which demandghat divergenttermsbe disregarded.
ThereafterintegratingEqg. (13) leadsonceagainto the Planck
spectrum.

This line of analysisis thencontinuedby shaving thatthe
solutionsto the “renormalized”differentialequationgor the
higherordermomentsarenot consistentvith the solutionfor
the first ordermoment. This inconsisteng is the foundation
for the conclusiorregardingTheimers classicalderivation of
Plancks spectrunto which this critical reexaminationcomes.

IV. COMMENTSAND CONCLUSIONS

Among the variousdifferencesetweenthesetwo deriva-
tions, particularattentionis hereincalledto only onefeature.
In thefirst derivationthe enegy densitieson both sidesof the
equationregardingfluctuations Eq. (9), pertainedo thether
mal field, whereasin the secondderivation the total field is
intendedin Eqg.(12). This is tantamounto the assumptiorin
eachcasethat the subjectfield is describedy the canonical
ensemblgormalism. This assumptiorseemso be on solid
foundationswith regardto the thermalfield; however, with
regardto thetotal field it would seennotto be obviously cor-
rect, althoughit may be. The canonicalensembldormalism
is derived on the basisof the assumptiorthatthe systemun-
der consideratioris in constantthermalcontactwith with a
heatbath, a situationthat obtainsfor radiationconfinedin a
box. However, backgroundadiationis not presumedo be so

confined;therefore,it is not clearthat the canonicalensem-
ble formalismshoulddescribeit. In any case the point here
is only thatthesetwo derivationsappearto be predicatecon

distinctandseparat@ssumptionstherefore jnconsisteng of

either doesnot imply inconsisteng of the other Thus, the
flaw found in the critical reexaminationpertainsonly to the

derivation usedtherein. Theimers classicalderivation may
alsocontaina flaw, perhapsevenfatal one, but it remainsto

befound.

Note added: Thereply[9] to thiscommenbothrevealsthat
therenderinggivenin this commentof Theimers derivation
on the Planckspectrumis misleadinglyimpreciseand gives
furtherinsightinto the differencesetweernit andthe deriva-
tion in the reexamination. In Theimers derivationthe renor
malizationis effectedby defininga term, the “renormalized”
enegy P, which includes the interferenceterms—nothings
left out. In contrast,in the otherderivation renormalization
is effectedby excluding a term in the appropriateequation.
Furthermoren Theimers derivation it is not assumedhat
< p >, which satisfiesPlancks spectrumalsosatisfiesclas-
sicalstatisticancludingthe equation:

<pi>=q<p>9. (14)
Thus, inconsistenciedound in Ref. [1] using Eq. (14) do
not pertainto Theimers derivationfor this additionalreason;
in otherwords, the consisteng of Theimers derivation, al-
thoughunverified; remainsunchallenged.

It is the embodimenbf inconsisteng ratherthat of ad hoc
assumptionghat is the nemesisof theory All theoriesare
basedon upon hypothesisthat are ad hoc from an internal
prospectie; it is by their resultsthat they are judged. It
is hopedthat the ultimate value of Theimers derivation of
Plancks spectrum(or ary self-consistenalternative) will be
foundin attemptdo resole questionontheinterpretatiorof
guantummechanicgatherthanin the aestheticvalue of its
hypothesis.
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