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Comment on: classical derivation of Planck’s spectrum

Aloysius F. Kracklauer
(Dated:13 October1975)

Inconsistenciesin a recentclassicalderivation of Planck’s spectrumareshown not to obtain in an earlier
version.

I. INTRODUCTION

Recently there appeareda critical reexamination [1] of
Theimer’s classicalderivationof the Planckblackbodyspec-
trum [2] which concludedthat Theimer’s classicaltheory is
“either incompleteor inconsistent,andin any caseits results
aredifferentfrom thoseof the quantumtheoryof blackbody
radiation.” It is the purposeof this noteto draw attentionto
a differentassumptionemployedin thereasoningusedin the
reexaminationwhich appearsto be both ill foundedandnot
relevantto Theimer’sclassicalderivation.

Bothderivationsarebasedon theassumptionthatthereex-
istsbackgroundelectromagneticradiationwhosespectralen-
ergy densityis a Lorentzinvariant.This assumptionhasbeen
exploited by several authorsin recentyearsin varioustypes
of attemptsto reformulatethefoundationsof quantumtheory
in order to resolve questionsof interpretation[3]-[7] and to
facilitate the formulation of a fully relativistic multiparticle
quantumtheory [8] (to be distinguishedfrom quantumfield
theory).Theessenceof thisassumptionis thatis thatatevery
point in spacein additionto any thermalradiationthereis also
backgroundradiationwhich maybeconsideredto beemitted
by N sourceswhich areincoherentwith respectto eachother
andall othersourcesof radiation. If theeffectsof this radia-
tion arenot to violatethepreceptsof SpecialRelativity or the
observed propertiesof space,then it mustbe both isotropic
andLorentzinvariant,otherwiseit wouldmakeitself manifest
in ways in which it doesnot. For example,the latter stipu-
lation implies thatanoscillatorin equilibriumwith theback-
groundwouldhaveto thesameaverageenergy in everyframe.
That is, Lorentzinvarianceof a spectralenergy densityε

�
ω �

meansthatthequantityof energy betweentwo fixedvaluesof
ω, (a andb, say)is thesamein every frame,i.e.,� b

a
ε
�
ω � d3k � � b

a
ε � � ω ��� d3k � (1)

� � b

a
ε
�
ω � γ � 1 � v � c � d3k � (2)

where,ascustomary, γ � �
1 � v2 � c2 �
	 1� 2. This expressionis

clearlyinvariantfor thefollowing functionof ω:

ε
�
ω ��� const
�� ω 
 (3)

Theconstantscalesthebackgroundandits effectsandis em-
pirically settoh̄ � 2.

II. THEIMER’S DERIVATION

Theimer’sderivationof thePlanckblackbodyspectrumex-
ploits thefollowing relationshipsamongtwo incoherentradi-
ationfields:� �

δρi � 2 � �
�

ρ2
i
� �

�
ρi
� 2 �

�
ρi
� 2; (4)�

ρ � total �
�

ρ1
��� �

ρ2
� ; (5)� �

δρ � 2 � total �
� �

δρ1 � 2 ���
� �

δρ2 � 2 � ; (6)�
ρ1ρ2

� �
�

ρ1
� � ρ2

� ; (7)

whereρi is theenergy densityof thei-th field,

��� � indicates
theexpectationvalue,andδρi is thefluctuationof ρi. If now
ρ1 andρ2 aretheenergy densitiesof thebackgroundandther-
mal fields respectively, thenby manipulationof Eqs. (4)-(7),
thefollowing expressioncanbeobtained:� �

δρ2 � 2 � �
�

ρ2
� 2 � 2

�
ρ1
� � ρ2

� 
 (8)

Now, by invokingthefluctuationtheoremfor thethermalfield,
namely:

∂

�
ρ2
� � ∂β �

� �
ρ2 � 2 � � (9)

whereβ ��� 1 � kT , oneobtainsthedifferentialequation:

∂

�
ρ2
� � ∂β �

�
ρ2
� 2 � 2

�
ρ1
� � ρ2

� � (10)

whosesolutionis, uponsetting

�
ρ1
� � h̄ω � 2,�

ρ2
� � h̄ω

e
h̄ω
kT � 1

� (11)

thePlanckspectrum.

III. THE CRITICAL REEXAMINATION

The derivation of the Planckspectrumusedin the critical
reexaminationproceedsasfollows. First thedifferentialequa-
tion for thefirst momentof theexpectationis derived:

d

�
ρ � � dβ �

�
ρ2 � �

�
ρ � 2 �

�
ρ � 2 
 (12)
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(the actualderivation wasof a dimensionlessquantity simi-
lar to� a photonpopulationandstructurallyequivalent to the
energy density). By virtue of Eq. (4) this is the sameasthe
fluctuationtheorem.Thenρ is setequalto ρ1

� ρ2, to yield

d

�
ρ2
�

dβ
�
�

ρ1
� 2 � 2

�
ρ1
� � ρ2

��� �
ρ2
� 2 � (13)

whered

�
ρ1
� � dβ � 0, and

�
ρ1
� 2 is now to be purged

from this equationby authority of a “renormalizationpos-
tulate,” which demandsthat divergenttermsbe disregarded.
Thereafter, integratingEq. (13) leadsonceagainto thePlanck
spectrum.

This line of analysisis thencontinuedby showing that the
solutionsto the “renormalized”differentialequationsfor the
higher-ordermomentsarenot consistentwith thesolutionfor
the first ordermoment. This inconsistency is the foundation
for theconclusionregardingTheimer’sclassicalderivationof
Planck’sspectrumto which thiscritical reexaminationcomes.

IV. COMMENTS AND CONCLUSIONS

Among the variousdifferencesbetweenthesetwo deriva-
tions,particularattentionis hereincalledto only onefeature.
In thefirst derivationtheenergy densitiesonbothsidesof the
equationregardingfluctuations,Eq. (9), pertainedto thether-
mal field, whereasin the secondderivation the total field is
intendedin Eq. (12). This is tantamountto theassumptionin
eachcasethat the subjectfield is describedby the canonical
ensembleformalism. This assumptionseemsto be on solid
foundationswith regard to the thermalfield; however, with
regardto thetotal field it wouldseemnot to beobviouslycor-
rect,althoughit maybe. Thecanonicalensembleformalism
is derivedon thebasisof theassumptionthat thesystemun-
der considerationis in constantthermalcontactwith with a
heatbath,a situationthat obtainsfor radiationconfinedin a
box. However, backgroundradiationis not presumedto beso

confined;therefore,it is not clear that the canonicalensem-
ble formalismshoulddescribeit. In any case,thepoint here
is only that thesetwo derivationsappearto be predicatedon
distinctandseparateassumptions;therefore,inconsistency of
either doesnot imply inconsistency of the other. Thus, the
flaw found in the critical reexaminationpertainsonly to the
derivation usedtherein. Theimer’s classicalderivation may
alsocontaina flaw, perhapseven fatal one,but it remainsto
befound.

Note added: Thereply[9] to thiscommentbothrevealsthat
the renderinggiven in this commentof Theimer’s derivation
on the Planckspectrumis misleadinglyimpreciseandgives
further insight into thedifferencesbetweenit andthederiva-
tion in the reexamination.In Theimer’s derivation the renor-
malizationis effectedby defininga term,the“renormalized”
energy ρ̃, which includes the interferenceterms—nothingis
left out. In contrast,in the otherderivation renormalization
is effectedby excluding a term in the appropriateequation.
Furthermore,In Theimer’s derivation it is not assumedthat
�

ρ̃ � , which satisfiesPlanck’s spectrum,alsosatisfiesclas-
sicalstatisticsincludingtheequation:�

ρq � � q!

�
ρ � q 
 (14)

Thus, inconsistenciesfound in Ref. [1] using Eq. (14) do
not pertainto Theimer’sderivationfor this additionalreason;
in other words, the consistency of Theimer’s derivation, al-
thoughunverified;remainsunchallenged.

It is theembodimentof inconsistency ratherthatof ad hoc
assumptionsthat is the nemesisof theory. All theoriesare
basedon upon hypothesisthat are ad hoc from an internal
prospective; it is by their results that they are judged. It
is hopedthat the ultimate value of Theimer’s derivation of
Planck’s spectrum(or any self-consistentalternative) will be
foundin attemptsto resolvequestionson theinterpretationof
quantummechanicsratherthan in the aestheticvalue of its
hypothesis.
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