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In apaperappearingn thisjournal ashorttime agoentitled“Zur Stralungstheorie{On
RadiationTheory),LORENTZ cameto the conclusion thatthe theorydevelopedby him-
self and JEANS®, on black body radiation,is not compatiblewith certainobseredfacts;
but now assucha deficiengy mustimply somethingfor the derivation of the formula for
radiation,if significantmodificationsareto be madeto thefundamental®f electrodynam-
ics,thensuchmodificationarenecessanandmust,in the sensef PLANCK's theory have
the natureof injectinga notionwith atime-enegy characteinto thetheory

Consideringhegreatimportanceof thisissue andthedifficulties,which,asL ORENTZ
hasshown, persistin spiteof PLANCK’s introductionof atoms[quanta],it mustbe taken,
thatanerrorin the JEANS-LORENTZ theoryis indicated,which pointsto the core of the
deficieng.

Theassumptiorregarding electric and magneticforces,that is madein this matter is
too geneal, it standsin conflictwith the requirementhat any physicstheorymustsatisfy
namelythat only retarded potentialsare acceptable This conditionseverely restrictsthe
numberof coordinatedor the free aetheri.e. thosethat LORENTZ (loc. cit.) denoted
with g3, 0. Thesearethe coordinateghatin the enddeterminethe form of the radiation
formula; andthe conflict betweentheory and experimentis causeddy the factthat these
coordinatesthatare quite numerouspn a basisanalogueo BOLTZMANN's spectraldis-
tribution law over the degreesof freedom,suchcoordinategendto pull thewhole enegy
of thesystenmto themseles.

As is well known, the fundamentakquationsor the LORENTZ theoryof electromag-
netismcanbe unifiedin the singleequation
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wherec is the speedof light, ¢ a given function of X;t, and f vanishesat infinity. The
generakolutionof this equation sayby the methodof PoIssoN, introducegwo arbitrary
functionsof X, namelythosegiving valuesof f andof /ot attheinitial timety. Particular

solutionsare
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and,moreover, solutionscanbeary linearcombinationof f; and fp, sayfz = a3 f1 +axfo,
wherea; + a2 = 1; and,finally, also
!
fy(R1) = -1 (X, t)dXdt _
4 ) r2—(t—t)2/c?
Thefunction f; representslivergentwaves, fo corvergentwavesoriginatingat infinity, f3
their sum, all othersolutionswould representvaveswhich at pointsin pureaetheri.e.,
where¢ = 0, corvergeor diverge; f4 representsvaves,thataccordingto the POISSON or
KIRCHHOFF laws in infinitely mary wayscantake placecontinuouslybut arenever seen.
In the end,only solutionsof the form of f; actuallyareever obsened,andMAXWELL'S
theory imposesthis fact as a precondition. Justhow necessaryhis preconditionis, is
alreadyevident, in that, whereadfor f1, a body whoseelectronsare acceleratedenegy
is emittedsuchthat at a distancethe POYNTING vectorpointsaway from the source for
f, (wherec — —c) this vectoralsochangests sign which correspond$o enegy flowing
from infinity to the chage without the involvemenbf other chargeslosing enegy. Such
a situationwould allow a body to extract enegy from the aetherat infinity andwould
constitutea perpetuunmobile a simplephysicalimpossibility.

Now in orderto satisfyall suchconditions—alsahoseat infinity—for solutionsthat
arestill not physically admissible,one mustsomehow limit the initial conditions. The
necessargndsufficient conditionthat f1is valid for all time, is thatit bevalid att =t and
att = tp + dt. Thatexactly this conditionhasno reasonableepresentatiom MAXWELL
theory is enlighteningandonehadtriedto replacat with otherpreconditions!f onetakes
it, asis usuallydone thatatt = tp atlargedistancdrom thesourcethefield vanishesthenit
followsthat f1 is valid atlatertimes,but is notvalid for f, at earlier times.Moreover, now
thevalidity of f; is subjectto entirelydifferentrestrictiongfield = 0 att = tp), which, for
example auniformtranslatiordoesnotsatisfy Actually, it is acharacteristiof hyperbolic
differential equationssuchas Eq. (1), that whenthe initial conditionsare just closely
satisfied,it doesnot follow that the solutionswill behae in the sameway; for example,
weakwavesthatatt = tg, cangrow to bearbitrarily largeat particularpoints.

Lik ewise,theotherconditionsmentionedabove withstandcarefulscrutiry in thisregard
no bettef; the transitionfrom time reversibledifferentialequationgo retardedpotentials,
throughwhich irreversibility is uniquelyintroducedinto electodynamicscannot be es-
tablishedwithin the MAXWELL-LORENTZ theory Thus,it is importantto emphasizethe
the completeexpressionof the laws of radiation,and of MAXWELL-LORENTZ theoryin
generalcannot bethe givendifferentialequationsrather elementaryinteractionswhich
resultfrom theintroductionof retardatiorin LORENTZ’s expressiorfor theponderomotie
force. In this format, both the electricand magneticvectorsare alsoprecludedthey are
entities,which, in any caseareunobserable,but ratherplay only a role only asmathe-
matical crutches, while the physicalresultsof the theoryare expressednly in termsof
spacetime andelectricchage.

4ror analysisof theseandotherweakpointsin the MAXWELL-LORENTZ theory see:RITz, W., Reterches
critiquessurlélectodynamiquegéréral. Euves, XVIII, p.317.
SLoc. cit. p.318.
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For derivation of the radiationformula, JEANS and LORENTZ considera rectangular
cavity with reflectingwalls in which thereis a body; K; the electricand magneticforces
within the cavity areexpandedn FOURIER seriesasfunctionsof X, with time dependant
coeficients,andplaytherole of LAGRANGE coordinateswith which,usingHAMILTON’S
principle, their differential equationscan be derived. With thesepreconditions the im-
portantstipulationrestrictingconsiderationo retardedpotentialds nottakeninto account,
thisconditionasotherwiseadmittedandspecifiedoy two arbitraryfunctionsof X, however,
precludesasdescribedabore, aninfinity of physicallyinadmissiblenitial conditionsfor
the aether In particular it requiresthat forcesremainstaticwhenever the sourcechages
donotmove. Strictly from thedifferentialequationsthisis notnecessaryasolutionof the
homogeneousquationd?/at? — c2A = 0 canalways be appendedyhich for the cavity
mustsatisfyinitial conditionson the reflectingwalls, andtherebycontribute to the total
electricfield within the cavity (excludingbodyK). Suchsolutionsappearin the JEANS-
LORENTZ derivation, as L ORENTZ® emphasizedas acceptablewhich shouldnot be the
case Muchmorelik ely, themultipleinfinity of coeficients,whichareinvolved(thatis, the
expansiongoeficientsof the generalsolutiontod?/at? — c?A = 0 in termsof the eigen-
frequencieof the cavity, i.e., the FOURIER seriesexpansioncoeficients), mustbe zero
for all times. This infinity of parametersf the “pure aether’areexactly the ones,which
accordingto the uniform distribution of enegy over the degreesof freedom,thattendto
be distributedover the shortwave lengthsandin effect absorbthe whole enegy. In other
words, TheJEANS-L ORENTZ theoryis unacceptable

One could object, that the just mentionedsolution expandedin termsof “retarded”
forces,resultsfrom the electronsin thereflectingwalls of the cavity. In sofar, however,
asa perfectlyreflectingwall would requireinfinitely mary electronsandis thereforean
inadmissibleabstractionthe actualnumberof degreesof freedomof the of thebodyK (or
the numberof electronscontainedt) andin the reflectingwalls of the cavity cannot be
considerednfinite, andthisis the crucialpoint. Whenthe numberof electronis verylarge,
thenthe JEANS-LORENTZ assumptionsemainvalid, but thenonly for eigenfrequencies
of thecavity, for which, in fact,thediscontinuityin the structureof thereflectingwalls and
their electronstructurewith its conductionpeculiaritiesdo not intervene,thatis for long
wavelengtioscillationsor low tempeatures. Thisis the reasontheir law pertainsin this
region for sud wave andonlyfor sud waves.For waveshorterthanthesetheconditions
can not be broughtin accod with the retarded potentials,as there are simplytoo many
solutionstakeninto account.

To take the conditionof the necessityof usingretardedootentialsinto accountappears
to bedifficult, andit is unclearif it is sufiicientto determinghe spectraldistribution from
its experimentallyobsenedcharacterTo do so, it is first of all necessarjo determinenow
mary andwhich arbitrary constantof the generalsolutionof the equationof motion of
electronsin the systemareinvolved whenthe forces’ retardedpotentialsare used. Only
on thesearbitrary elementsmay the static considerationde extended. For mechanical
problemghequestiorcanbegreatlysimplified,in thatby specifyingthe coordinates and
momentap, thesubsequerdevelopmenis determinedIn theelectrontheorythesituation
is different,however, andin this casttheremay a sorepoint. Eventhe equationsof the
forcefreemotionof ainflexible electron asshavn by HERGLOTZ', in additionto uniform
translation,thereare an infinity of other solutions; for very small velocity the general
solutionis representablasa sumof aninfinity of oscillationswith arbitraryamplitudes

Bloc. cit. p.13.
"HErRGLOTZ, G., Gbtt. Nadt. 6 (1903);Math. Ann.LXV, 87 (1908).
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for which the wavelengthsarequite far beyondthe ultraviolet, thatis at mostof the order
of the diameterof an electronbut with no lower bound. The methoduseby HERGLOTZ,
which remainsapplicableandleadsto similar integral equationscanbe expectedto yield
solutionswith a similar behavior. In the endthis behavior is determinedby the fact that
in thetheoryof electronsaccelerationaredeterminedy earlier positions velocitiesand
acceleration®f otherelectrons,or chagedbodies. To begin, if we restrictourseheson
the casewhereall functionsof theform Y (t —r /c) areexpandedaccordingto
r2

W(i-2) w0 - TW O+ oW O,

thenthedifferentialequationghatresulthase endlesslyhigh orderfor which the solutions
dependn endlesslymary constantd whichin this specialcasemustsatisfyconvergence
conditions. Studiesby SommeRFELD® and HERTZ? on a solid sphericalelectronshaw,
that for a given externalforce one can specify an arbitrary motion in a time intenal T,
which equalsthe diameterof the electrondivided by the speedof light; in particular for
uniform surfacedistribution of chaige,every functionwith periodT satisfieghe equation
of motion for a force e free electron,and also ary function P(t) canbe addedto each
solutionof the problemfor givenexterior forces. If the solutionis to be analytic,thenth
valuesof P(t) within aperiodcannotbearbitrary butis canbesuchthatP = (Q+ Qx)/2,
where

Q:Q(ei"zlm) = Q(X) = ap+arx+ax’+...,

andthea; (upto corvergenceconditionsfor the series)arearbitrary

In generathesolutionfor arbitrarymotionof systemaf electrongequireghedetermi-
nationof infinitely mary constantssuchthatthey allow oscillationsof unlimitedly small
wavelength. Thesein turn are determinedby the infinity of “degreesof freedomof the
aether;"and, it is to be anticipated that they, on the principle of uniform enegy distri-
bution, finally alsotendto concentratehe radiationtotally on the shorteswave lengths,
evenif theformulashoulddeviate slightly from the form givenby JEANS. But evenaside
from theseconsiderationsthe existenceof force free eigenoscillationsf the electron,
for example,which may be superposedb give ary solutionandwith which ary solution
canbeconstructedandwhich mustappeateverywhere canbe consideredxperimentally
improbable.Shoulda beamof extremelyshortwave lengthbe unobserablewith our ob-
senationmethodsijt still shouldrevealitself througha correspondinggnegy defect,that
has,however, notbeendetected.

Fromthis onemight conclude thatjust aswe were forcedto constain the multiplicity
of available solutionsto MAXWELL’s equationsby restricting consideation to thosere-
sulting fromretarded potentials,a new restrictingprinciple is neededo similarly restrict
the constantdor solutionsto a finite number

Thatamongall the possible infinitely mary solutions,oneis alwaysdistinguishedas
thosefor partial differentialequationsaredistinguishedasbeingfrom retardedpotentials,
is easily rationalized. Supposethat one considerggravitational interactionnot to be in-
stantaneoudyut delayedasis electricinteraction. Thus,for giveninitial conditions,i.e.,
the positionsand momenta,one would calculatesubsequentnotion using classicallaws
asa first approximationwhich would thenbeinsertedn the (very small)additionalterms
from the new law; therebygiving new differentialequationf secondrderthatareto be

BSeeZLALESCO, T. Surl’ équationde \Volterra, (Thése Paris,1908).
9Gobtt. Nadhr., , 363(1904).
10Math. Ann.LXV, 1 (1908)
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integratedusingthe sameinitial conditions etc. Finally onewould obtaineachcoordinate
x asananalyticfunctionof timet andtheinitial conditions xo, X, which, however, would

bevalid only in arestricteddomain. This solutioncanbe continued however, bothasan

analytic function of t or of xg,x; andthengivesfor arbitrary initial valuesof the coor

dinatesandvelocitiesa particularsolution,dependanbn only theseinitial values,beside
which, however, aninfinity of othersolutionsexist, for which this procedureés nevervalid,

andwould correspondo extremelyoutlandishplanetarysystems.For the caseof a force
free electron,onegetsthe solutionof uniform motion. This is the only onepermitted,in

which casethe variety of constantsthat is, the variety of solutions,is no larger thanin

medanics,namelytwice the numberof degreesof freedonof the election.

This canberealizedby introducinganadditionalprinciplein theform of amaximaliza-
tion principle, wherethevariationsvanishedor all solutions put givesonly arealminimum
for the correctspecificsolution. Similar resultsobtainin the theoryof vibrating strings,
membranesgtc!!, where,while for all oscillations,infinite in number the variationvan-
ishes,only for the principle frequeng is a minimum. Likewise, one could, asidefrom
conditionsat infinity, alsointroduceconditionsat very largetimest, which againcouldbe
deducedhrougha variationalcalculation.

Thedifficultiesin thetheoryof blackbodyradiationbroughtto attentionby L ORENTZ,
leadusnotsomud to. alongwith PLANCK to introducean enegy-timeunit, ratherto the
stipulation,thatthe principle, violatedby the currenttheoryof electiodynamicf unityin
the senseof classicalmedanics,be restoed by principle of minimization sothata finite
numberof determiningfactorsspecifythe motionof electronfor all time.

With thatwe seethelastof whatwasto bethe aethemisappeafrom thelaws of nature.
Stepwisdt wasseemecessaryo dery it motionandever moreotherpropertieof matter;
from amoreor lesscomplicatednechanisnit becameanunchangeablearrierof electro-
magneticeffects.n this diminishedcompetencé couldhave shavn its existencethrough
the equationsrom which matter i.e., electronsare dependanfi.e., satisfy the equation
d?/dt? — c?A = 0). Experimentshowever, forcedusto abandorthis solution. Thenthey
compelledusto eliminatecompletelyequationsamongspaceandtime expressedor field
strengthspr “the stateof the aethef Aethersankto beinganabstractionit is now only
an absolutecoordinatesystemanda mathematicatonstructiorwhich insinuatednto the
equationsgnfinitely mary constantsExperimentseento dery aetherary of thesecharac-
teristics,they simply banishit from physics.

Throughthis developmenta substantiafundamentaklementof MAXWELL’s formu-
lation of electromagnetisrm partial differentialequationss denigratedasthey have no
physicalmeaningrathergiving themonly the significanceof a mathematicaintermediary
constructionwhich, moreover, is eveninsufiicient. Belief in MAXwELL’s formulation’s
unconditionalrectitudeis not justified, not to mentionthatit canbe shavn!? thatthe ex-
perimentabasisis in a certainsensecompletelyabsent.

Translatedy A. . KRACKLAUER, (©2005
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