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1. INTRODUCTION

Thedevelopmenbf thenew ideasintroducecby MAXWEL L into thescienceof electric-
ity, andtheoriesderivedtherefrom,certainly constitutesone of the mostinterestingchap-
tersin thehistoryof sciencegspeciallyfor its psychologicahspectsFor thosebeinghabit-
uatedto the aesthetiosalueof clarity givento classicaltheoriesby mathematicaphysics,
his new ideas,upsettingthe establishearder, evokedintellectualrepugnancend,at first
sight,seemedo promoteoutlandishconfusion.MAXwWELL’sfirst publication(1856): On
FARADAY’s Lines of Force; took thirty yearsandthe full authorityof a HELMHOLTZ to
gainpurchaseasa new theory not acceptancehut just to be consideredvorthy of inter-
est. Acceptancdinally resultedafter experimentsby HERTz andfollowers,demonstrated
theidentity of light andelectromagnetioscillations which thereby confirmedthe general
ideasof MAXWELL, broke the last barriersand madeit legitimate ‘physics. The origin
of the obscuritiesin MAXWELL’s works derives,in large measurefrom the factthat he
unified two very differentconceptions On the one hand,onetendedto explain electric
interactionin termsof the propertiesof a medium(an explanationthatleadMAXWELL to
variousaccessonpnypothesiswhich, in spiteof his efforts, wasa diversionfrom the con-
cernsof electrodynamics)Ontheotherhand,hecallsona phenomenologicaixplanation
by meanf partialdifferentialequationsandon anhypothesin electromagnetienegy
pertainingto certainvectorsthatcharacterizéheelectricandmagneticstateof abody. The
secondactbroughtonly difficulties.

MAXWELL' stheory asextendedby HERTZ to maoving bodiesjs notin accordwith cer
tain opticalexperimentgaberrationfi1zEAu, etc.),or with thoseby EICHENWALD onthe
actionof dielectricsin motion. The new form givenby LORENTZ to MAXWELL’stheory
on the otherhand,is in perfectaccordwith theseexperiments;moreover, in incorporat-
ing FECHNER's and WEBER’ s assumptionnamely thatall electriccurrentis corvection
current,i.e., dueto electronflow, a hypothesisverified ever moreoftenrecently consider
ably simplifiesthe equations.The atomicparadigmit supportgyivesa clearview of these
phenomenakinally, by consideringaetherasimmobile andpresenevenin theinterior of
atoms,it overcomesan indeterminategapin MAXWELL’S theorythat had not beencor-
rectedtheretofore. An indeterminatiorresultingfrom aethermotion, that also exists in
HERTZ' stheory, but the existenceof which no experimenthasthusfar confirmed.Finally,
thereciprocalinterpenetrabilityandubiquity of aethemwithin matterexplainshow a body
traversingaetheexperiencesoresistanceandthatthe‘aethemwind, which FRESNEL and
LORENTZ estimatefor the earths motion aboutthe sunto be about30k./sec. hasnever
beenseengvenby the mostsensitve of experiments.
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In sum, MAXWELL'’S theory hasa simple formulation, and overcomesmathematical
difficulties, LORENTZ hasbridgedthe chasmthat separatedAXwWELL's theoryandthe
classicaltheoriesfoundedon the notion of action-at-a-distancegnd madeprecisethe re-
ciprocalrelationshipon the one handbetweenthe equationsof WEBER and CLAUSIUS,
andontheother betweenM AXWELL’s andhis own.

Moreover, the simplified theory provides anotheradvantage,namely that it permits
more rigorouscriticism of the principleson which it is founded. Theseprinciplesarea
diverselot. They include,to begin, the experimentalbasis,which at first view seemso
confirmit, but which, in fact doesnt do so without reproach,asit verifies somepoints
andleavesothers,of equalimportancejn the shadaevs. Thus,the questionremainsopen,
which modificationsof LORENTZ's equationscan be madewithout actually comingin
conflictwith experiments?

In addition,onemay ask: whatis the realmeaningof the vectorsk, electricforce,and
H, magneticforce, which enterinto its equations?And, how shallthey be relatedto the
empiricalfactsthey shouldrepresentnalogousquestionshave beenposed,in mechan-
ics, whereno roundlyacceptecinswerhasbeenforthcoming.Also, by introductionof the
notionof electromagnetitmass, andby theimpotenceof theoryto explainthemechanical
propertief aethermodernphysicsis inclinedto conceve, corversely of anelectromag-
netic origin for the laws of mechanicsthusmakingout of electrodynamicshe pivot of a
novel paradigmof naturereplacingthe old mechanicatonceptionsilt is, therefore partic-
ularly importantthatno cloud obscureshelogical foundationof this vast,new, intellectual
edifice.

Onefindsamongits basicassumptionshe hypothesighatthereexists an absolutesys-
tem of coordinatesmoreorer, MICHELSON and MORLEY’s experiment,aswell asmore
recentand more preciseversions,have revealeda formal contradictionto this theory in
sofar asuniform translationsasin mechanicsseemto have no influenceon concurrent
opticalor electromagnetiphenomenal ORENTZ, EINSTEIN, POINCARE andothershave
deducedrom this therequiremento introducea new hypothesiswithoutaltering the fun-
damentakequationsThey find it necessaryhereforeto: a.) renounceheclassicaideaof
universaltime, therebymakingsimultaneitya relative conceptb.) invalidatethe concep-
tion of theinvariability of mass,c.) to suppresshe ideaof arigid body, d.) to suppress
theaxiomsof kinematicsande.) thearithmeticadditionof velocities,etc. This last point
meansthatif aradiumatomemitstwo B-raysin oppositedirections,eachwith velocity of
2.5 x 10°%km./sec, we cannot saythatthe relative velocity of oneray with respecto the
otheris 5 x 10Pkm./sec, ,rather it is still: 2.5 x 10%km./sec Lik ewise,two simultaneous
timesfor two eventsfor someobsener, neednot be simultaneoudor a secondobsener
who s in motionwith respecto thefirst. And it is a curiosity worthy of note,thata few
yearsagoit wasbelievedsufficientin orderto refutea theoryto shav thatonly oneor an-
otherof its deductionss false;nowadayshowever, MAXWELL's equationsareconsidered
so absolutelyuntouchablethat noneof its consequencesightensanybody. Ratherthan
concludethattheseequationsneedbe modifiedmoreor lessseriously it hasbheendecided
in steadto sacrificekinematics,the notion of time, etc. After first having beenignored,
evenasa fruitful theory moreor lesssystematicallyfor thirty years,we now take herethe
directoppositeextreme,andask: do its equationgeally merit suchexcessve confidence?
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My answeris generallynegative, andl shall presentherea resumeof critiquesof the
theoriesof MAXWELL andL ORENTZ in view of therelevantexperiments Thedetailshave
beengivenelsavheré.

2. LORENTZ: ELECTRODYNAMICS

To bagin, let usrecallthe fundamentakquationsof LORENTZ' s formulation. Electric
chagesarefixedonionsconsiderecasundeformableLet H bethemagneticvector E the
electricvector, p bethe chage densitymeasuredn electrostatiaunits, at the point x,y, z,
attheinstantt, wherethe coordinatesystemis that of the aetherrestsystem,andv is the
velocity of the electriccarryngmatterin the systemx,y,zt, andwherec is the speedof
light. Thefollowing equationbtainamongthesequantities:

10E Y
(2.1) DXH_EE—MHPE’
and

10H
(2.3) 0-E = 4mp,
(2.4) O-H=0,
0

(2.5) a—f+u-(pv)=o.

The field so createdby otherchagesin the aetherexercisesa vectorforce, FpdV, on
thechageelementpdV, where:

(2.6) F=E+%v><H.

In this theory thereis no magnetism:ratherinteractionby virtue of AMPERE’S. cur
rents.

Conditionedon certainhypothesighatwe shallrecall below, this systemof equations
canbeintegratedby introducingretarded potentials.Onetakesit, in effect, thatany solu-
tion of Egs.(2.1) through(2.5),wherep andv aregiven,canbeputin theform:

10A
2.7 E=—Ob—-=-__
(2.7) o
(2.8) H=0OxA,
where® is thescalar, andA arethevectorpotential, whichin turn satisfy:
1 6°®
2.9 I AP=4
(2.9) 2 o2 T,
1 0%A 41V

1B'TZ' W., Retherchescritiquessur |Electodynamicgéréral in Euvres,317-426X VIl (1909). Seealso:
Durle del'ether enPhysique Euves, 447-461XX (1909).
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and

10
(2.11) D'A__EW'

Thefunctions:
/
2.12) D(x,t) = /// [‘;—]dv',
and
/

(2.13) A= %// [pr—"]dv’,

wherer? = x - x, areparticularintegralsof the systemEgs. (2.9), (2.10)and(2.11); they
havetheform of NEWTON’s potentialswith thedifferencethat,in steadof takingthevalue
of p(X',t) atthetimet, oneis to usethe pasttime: t — r /c wherer is the distancebetween
x andx’, which we, following LORENTZ, shallindicatewith the notation:[p'] , [p'V'], or
generally:

[f]:=f(x,t—r/cC).

Thefield is completelydeterminedhereby andintroducingits valuesinto Egs. (2.6),
(2.7) and(2.8), oneobtainsanalogueexpressionsthatis, a triple integral over “retarded
forces, which are,however, quite complicatedsothatwe shallnot write themdown, but
which expressthe force exercisedby a point chage on anotherunit chage by meansof
elementarynteractionanalogouso thatconsideredn theold electrodynamicby GAUSS,
exceptfor the elementof retardation For two chagesat a finite separationgivencertain
hereunimportaniconditions onegetsthefollowing expressiof for theforceof thechage
€ with velocity v’ andacceleratiomv’ onthe chagee with velocity v:

(2.14) F =eé {Ki + :—é [(v-K) (cogrxi) —eri]} , I=XY,7
whereK is theelectricforceatx, givenby the expression:

/ 1— Yo 4rwr /
(2.15) K=o W 1Tt [cos(m)—%], i=xY,z

c2r (1—%)2 r2 (1—%)2

The distancer is that betweene and e taken at that pasttime, t, at which a light
wave departinge’ takesto reache. The coordinates< of €, x of e andtheir derivatives,
the velocitiesand accelerationare all well determinedfunctionsof time, the instantof
emissiont’ is determinedy theequation:

(2.16) At —t')2=(x-x)-(x=x).

If thevelocitiesaremuchlessthanthespeedf light, andtheir changesrenottoorapid
(quasi-stationargtategthatis), in the majority of casesoneconsidersn electrodynamics
(with the exceptionof HERTZzian oscillatorsand KAUFMANN’s experimentswith B-rays),
onemay expanda function,suchas f (t —r /c), with TAYLOR’s formula:

2
r r r
flt—=)=ft)——f'(t)+ —ft)—---
(t-2) = O - FO+551P0 -,

2This expressionwas given by: SCHWARZSCHILD, K., Gott. Nadct. Math.-Phys. Klause 126 (1903);
seealso: POINCARE, Rendicontidel Circ. math. de PalermoXXI, 129 (1906);and: LANGEVIN, Journal de
Physique(1904).
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andneglecttermswith afactorl/c? or smaller Thisgivesanexpressiorfor theelementary
actionof € onein theform of action-at-a-distance:
(2.17)
cogrx) V232 —2(v-V)\  Vivi W H+w.cogrx)) .
F = eé 1 r i N favdin k2 i=XY,z
! { r2 ( + 2c2 t e 2rc? ’ 2
This formulais particularlyauspiciougor comparisorwith classicaformulas.
Thewriter’s criticismsof the LORENTZ formulationarebasedn thefollowing consid-
erations.

3. LORENTZ: A SPECIFIC CRITIQUE

To begin, assaidabove, LORENTZ considerediy hypothesisonly the particularinte-
grals,Egs. (2.12) and (2.13) of the systemof partial differential equationsEqgs. (2.9),
(2.10)and(2.11); but therearealsoothersolutions.We notethe fundamentalmportance
of this restriction: In distinctionto mechanicabhenomenaglectrodynamigohenomena
areirreversibleby causeof radiation.But the equationgyivenby L oRENTZ do notchange
undera changeof signfor time; they arereversible.To the contrary in retardedpotentials
andelementarynteractionsfq. (2.14),the positive andnegative time directionsplay dif-
ferentroles. Still, onehasintroduceda velocitywhich by hypothesisis impossibleo alter,
i.e., the velocity with which waves extendaway from their sourcechage(s);this is the
causeof irreversibility of electromagnetiphenomenaOnecaneasilyseethatthe system
of Egs. (2.9), (2.10)and(2.11)admitsaninfinity of integralsotherthanEgs. (2.12)and
(2.13) which also satisfy the continuity conditionsand behae well at infinity; in effect
the generalsolution containstwo arbitrary functions. Among thesesolutions,thereare
alsothosecorrespondingo corvergentwaves;i.e., containingt +r/c, in steadof t —r /c,
in Egs. (2.12)and (2.13),i.e., which emege from infinity and corverge onto the point
chage—justthe reverseof retardedinteraction. Thesecorverging waves are physically
absurdhowever; they imply the possibility of perpetuunmobile Thatis, if in Egs.(2.12)
and(2.13)t—r/cis changedot+r/c, in otherwords,if thesignof cis changedit is easy
to verify thatthesignof POYNTING’s vectoris alsochangedIn sofarastheusualsolution
pertainsto a sourcewhich losesenegy to radiation(thatis to say it continuego animate
otherparticlesto nonuniformmotion),thesign-changedersionmustcorrespondo again
of enegy, whichis providedby theaethemtinfinity ratherthanotherbodies andis, there-
fore, presumablyinexhaustible.Underthesecircumstancesa chage constitutesa system
capableof perpetuummobile In otherwords,the equationsof LORENTZ and MAXWELL
admitan infinity of solutionswhich satisfyall conditionsimposedy the theory but which
contradictempirical experience

It is certainly necessarytherfore,to add additionalhypothesego the theory be they
to theinitial state,or to the boundaryconditionsat infinity, which excludegenerallyand
completelyall solutionsexceptEgs. (2.12)and(2.13). But, this seemampossibleto do
without underminingthe basisof the theoryitself. | have shovn (loc. cit., p. 166), that
the only admissibleand sufiicient conditionis that Egs. (2.12)and(2.13) areacceptable
asaninitial stateattimet = tgp andatthe consecutie instantty + dt. All otherhypothesis
proposedhusfar, in particularthoseof POINCARE, ABRAHAM andothers thatthefields
vanishat large distanceat the instantty areinadmissiblejn sofar asthenattimest < tg
cornvergentwaveswould be acceptable But if the validity of Egs. (2.12)and(2.13)are
restrictedto theinstantstg andtp + dt, this imposesa conditionwith no meaningin terms
of MAXWELL’s ideas. This concernsan essentiabspectof his doctrinewhich doesnot
considerelementaryinteractionsandthe origin of fields,andthatit doesnt concernitself
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with morethantheimmediatepoint. Oneseeghatit is nothingbut a meango eliminate
thephysicallyimpossiblesolutionsto his equationsThusit follows, thatoneshouldadopt
a priori theform of theseretardedpotentialdeadingto elementarynteractions|ik e those
of classicatheoriesandthenverify thatthey satisfytheequationsThus,theseelementary
interactionscancompletelyreplacethe partial differentialequationsyhile the oppositein
nottrue. Thesepartial differential equationsare thusinadequatdo encompasthe laws of
propagationof theaction of electricityandillumination.

4. FIELDS: A GENERAL CRITIQUE

But, if retardedbotentialsareacceptedthenwhatsignificances to begiventhevectors
E andH which seemto play suchanessentiatole in the theory?l say thatthesevectors
canbe eliminatedcompletely andthat, they play a role only as mathematicabhssistance
in certainspecialcases Indeed,without knowing the significanceof E andH, onecan
integratethe equationsy meansof Eqgs. (2.12) and(2.13) simply by insertingtheminto
(2.6), (2.7) and (2.8) to obtainF (i.e., the mechanicaforce exercisedon a unit chage)
expresseasthe sumof elementarynteractionsoriginatingfrom otherchages.Moreover,
F itself canbe eliminated,asthe stateof motion of a chage, or systemof chages,is by
hypothesisgwhetheror not they resideon real masses)determinedby b’ ALEMBERT'S
principle:

d?x

(4.1) Z(ij—F—P)-ESx:O,

whereF represent$orcesarisingfrom elementaryinteractionsandwhereP resultsfrom
other nonelectricforces. Thus,Eq. (4.1) concernsonly the objective stateof motion of
theseobjects fieldsin aethemplaynorolein it atall. In ary caseto determinghestateof a
field atapoint,onemustinserta chageatthatpoint. It would beotherwisef E and(or) H
wereto modify aetheror setit in motion,assupposedy MAXWELL. In thatcasejt might
be possibleto utilize interferencesffectsof light, without putting a chage at the point of
interest,to reveal the effects of suchalterations.Numerousclever experimentswith this
aim have given,however, only negative results. The hypothesigegardingthesesupposed
aethemotionshasled to no mechanicakxplanationof electrodynamicsL ORENTZ, and
with him mary others have beenforced,thereforeto concoctanabstraction.

We seetherefore that from the point of view of the facts,thatthe notionsof electric
andmagneticfields,andtheir partial differentialequationswith continuity conditions,are
insufficient. We seethatto determinethe solutions,only elementaryinteractionspr more
preciselyEq. (4.1),is fully adequatewhichis nottruefor LORENTZ’ stheory Theformer
hasfrom thestarttheadvantageof containingnothingbut space-timeelations,andcertain
invariantconstantgalledthe‘charges. Theconcepbf forcecanbecompletelyeliminated.

Moreover, as SCHWARZSCHILD shaved (loc. cit.), elementaryinteractionlinks up
quite directly with classicalphysics. Also, CLAUSIUS haspointedout an equationthat
expresseswith the hypothesiof action-at-a-distanceéhe actionof onechage on another
(this formulais the analogueof the celebratedVEBER formula, but basedon considera-
tionsinvolving absolutemotion),to whichit is only necessaryo addthe time-of-flight or
‘law of propagationto getL ORENTZ’s formulation. If oneimaginesthathe hasheardof

3Ordinarily onedefinesE asa mechanicaforce exercisedon a unit chage at a point, wherethis chage is
takento be at restwith respecto the aether But, it is not known how to apply this condition; this definition,
thereforemustberejected.In reality, oneobseresonly F, andthendeduce<€ andH usingEg. (2.6); thesetwo
vectorsaredefinedonly by their equationsyhatever point of view onetakes.
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this notionalreadyfrom GAu ss andRIEMANN, he might be astonishedo realizehow, in
this regard, sciencein its linear developmentpasseslongtwistedroutesthroughlogical
thicketsandthenreturnssocloseto its point of departure.

But, by following thesetwistedroutes,it hasgainedcompetenceFor example,it has
cometo conceve of light alsoasanelectromagnetiphenomenorandthis conceptiorhas
modified opticsfundamentally All thathasbeensaid above aboutelectromagnetiphe-
nomenaalsopertaingo optics. Aetherandthepartialdifferentialequationsareconsidered
artifacts;in reality, whatis obsenred, is nothingbut elementaryinteractionsbetweenthe
atomsof the sourceand thoseof the eye or photographiglate. All optical phenomena
derive from the principle of superposition.

Aether, which seemedo play suchan essentialole in the theory is robbedof its do-
main,andstepby stepit hasbeenreducedn significanceto thatof just beingan absolute
coordinatesystemthatis, oneindependenof any ordinarymatter a systemwith respect
to which one measureshe velocity of wavesandelectrons. It mustbe emphasizedthat
experimentaeverrevealthis mathematicaphantomandthatcontraryto LORENTZ's for-
mulas,absolutemotionseemseverto play arolein physics.

Letusmention,in passingptherobjectiongo whichthenotionof aethegivesoccasion,
that are generallyadmittedby modernphysics,e.g.: the distribution and motion of rest
enegy, to a large extent arbitrary; however, thereare multiple simple solutionsto this
problem(loc. cit., 172-179).Moreover, in suppressinghe motion of the aetheronealso
suppressethe principle of actionandreaction—althoughthereare otherparadigmshat
canbefoundfor propagatiorof wavespermittingthe sahageof this principle,aswe shall
seebelow. Finally, the notion of field cannot be appliedto gravitation (loc. cit., 179),
asMAXWELL himselfremarled, asaetherwould bein an unstablestateby causeof the
negative enegy of gravitation. Thus,the notion of field cannot constitutea generabasis
capableof replacingmechanic$.

Anticipatingcommentdelow, note,thatEgs. (2.14)and(2.15)for elementarynterac-
tions of point chagescapturethe essencef LORENTZ's theory andinvolve an absolute
velocity, be it explicitely, or beit in the law of propagationEq. (2.16). In sofar asto
dateonly relative velocitiesplay arole in experimentsit is a priori clearthatit shouldbe
possible without contradictiorwith empiricalevidence to make significantmodifications
to LORENTZ’s formulasconcerningvelocities;thatis to say this shouldbe possiblebe-
causaheseformulasare,to alargedegree hypothetical.ln orderto specifymoreprecisely
whatthesechangeshouldbe,to startlet usconsidemuasistationarphenomenéor which
Eq. (4.1) pertains.Sofar, no electromagnetieffect dependingon the velocity of a closed
or nearly closedcircuit of chage carriers,or wherecertainvelocitiesare negligible with
respecto others,hasbeenobsened. Experimentddy ROWLAND andEICHENWALD, etc.
oninductionby causeof motionof cathoderays,fall into this category. Onefindsthenfor
Eq. (2.17):

a) Termsof theorderv’? or v/, introducedby the seriesexpansionof f (t —r /c), which
havelittle influenceor effect;

4 shall not considerherethe difficulties arising from the notion of an elasticaether neithershall | shov
how superficialthe analogybetweenM AXWELL's equationr thoseof opticsandequationgor anelasticsolid,
is; ananalogythat hasgiven MAxXwEeLL andothersvain hope. One canno longerdoubtthat thereshall be a
mechanicakxplanationfor electricinteraction. The writer hasconsideredhis questionin the work cited abore
andalsodraws attentionto: POINCARE, H., Electricite etOptique Chap.4 (Paris,1901).
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b) termsof theform:

eé ,
S —lv-V]cosrxg) +Viw} = i,

thatcanbereplacedy

e€ coqrx;)

o 2~ [v-V]cosrx)) + 3V } = .

(which correspondso AMPERE’s formula for the interactionof currentelements)and
moregenerallyonemayaddto thesetermsthedifference#\(f —f1) whereA isanarbitrary
constantyithoutaffectingtheagreementith experiment.Finally, onecancompletethese
expressiondor the termsin v'2,v?, etc. sothatthey containonly relative velocitiesand
suchthatactionandreactionareequal,whichis notthe casefor f. Let:

v—V:i=u, u-u=u?

andlet k beanarbitraryconstantthenthe mostgenerakexpressiorfor the electrodynamic
termscontainingonly relative velocitiesmustbe:

coqrx; k+1)ujuy
fo) = %{(3— Ku? —3(1—k)ur} — %

Onemight supposehowever, that a circulating electroncurrentwould engendeionly
magneticfields. Onerealizesthis, if onerecallsthatthe actionof a magneticfield is not
obsenedwhenit is dueto a closedcircuit, thereis then,in any casea magneticpotential
proportionalto the solid angleunderwhich the currente is seen(aswe do not consider
the linear case). Now, the surfaceof a polygonalfigure tracedon a sphereis expressed
asthe sumof the anglesthatareformed,eachwith the following one, by the sidesof the
polygon.For a continuouscurve, its anglesmustdifferentiatethe shareof the angleof the
continuoussphericakturve,andthis expresse®y meanof theradiusof thecurve of C and
from thedirectionwith respecto theradius. Themolecularypothesepermitsexpressing
this curve, beit by theacceleratiorof the electron,beit by electronnon-symmetryby its
rotation. Oneso obtainsthe entirely nev decompositiorof the actionof a closedcurrent
aselementanynteractionswhich areconsidered/ariablefor every currentelementlosed
or not, and which by integrationalongthe currentin all casesconstituteshe magnetic
potential. The magneticfield is alsocreatedby currentelementdik ewise determinedand
the force exercisedon onechage e in motionis, asin LORENTZ’s theory (e/c)(v x H),
wherev is therelative velocity with respecto theelement.

In sum,regardingtermsdependandn velocity, we arenot now betterinformedthatwe
wereduringthetimesof WEBER andHELMHOLTZ.

Thereis alsotheterm:

e€ ;
01 = sl + i cosr)], | =32

whichis dependanbnaccelerationOnecansaythatall empiricalexperienceall we know
of electricoscillations,llumination andinductionin openandclosedcircuits, is provided
uniquelyby thisterm. It canbe decomposeihto two others:
1) thefirstis: e€[-w) +w| cogrx;j)]/rc? = Wj, whichis, takingtermsof 1/c, nothing
otherthantheterm:
—Wj + W cog(rj)

c2r (1— %)2

7
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from Eqg. (2.15), which playsthe role of the FRESNEL vectorin optics. This is the one
from which all oscillatoryphenomenatlargedistancefrom the sourcedepend.Thisterm
playsnorole in inductionin closedcircuitsasit maybewritten:

d w
dx c2’
sothatin anintegrationof theforce
P. dx,
arounda closedcircuit, it makesno contribution.

2) e€[w; — 3w} corx; )1/(2¢?r) = xj, which comesentirely from the seriesexpansion,
andby causeof thefinite speeddf propagationandwhich determinesnductionphenom-
enain closedcircuitsandelectricforcesin theimmediatevicinity of HERTzian oscillators
(with theelectrostaticermee cogrx;)/r2, of whichtheform s in no doubt).

But this impelstheremarkthat: the propagationlaw at the wavecenterof an emitting
ion at theinstantt staysconstantlydrivenin rectilinearand uniformmotionat a velocity
equalto that of theion at theinstantt, andalso givesper the electiostaticterm, the term
Xj» which resultcan be geneslized. Onecannot concludethat this centerwill remainat
rest,asin thetheoryof animmobile aether

The reactionof a chage systemto itself, whenthereis accelerationthatis to saythe
expressionof its electrodynamianassfor low velocities,dependsxclusively on ¢y; the
existenceof suchareactionshouldnot, therefore pe doubted;t is absolutelyindependent
of all incertituderegardingrelative or absolutemotionin the electrodynamid¢erms,andof
thelaw of propagation.

Let usreturnnow to Egs.(2.14)and(2.15);onecan,in them,lay outall thev’ without
aid of any empiricaldata,beit from optics,beit from electrodynamicsgven modifiedin
somereasonablevay, just thatthe term —V,,/(cr?) mustremainedunchanged Only this
term, first orderwith respectto the speedof light, playsno role from the startin optics
or for HERTzian oscillators,no term of its type remainsin Eq. (4.1). Otherlaws, not
involving considerationbasedn absolutecoordinatestenderit useless.

Whentermsin Eqg. (2.14)linearin v (electric force properly speaking),containthe
factorl/c? andplay no role in quasistationarphenomenawe have seenhow their form
remainsundetermined.

The lastpoint, however, entailstwo restrictionswith respecto termshigherthansec-
ondorder Light pressurecorrespondso oneof theseterms,which is dependanon both
acceleratiorandvelocity; but its form remainsundeterminedFurther KAUFMANN’S ex-
perimentson B-rays from radium confirm the ensembleof termsin Eq. (2.14). Unfor-
tunately no conclusioncanbe dravn from that, asonecanrehut it, be it with WEBER'S
formula, CLAUSIUS’ or RIEMANN’s formulas,or finally, from f2, ainfinite complex of
termsdependantn powershigherthantwo andpairs of velocitiesdivided by the corre-
spondingpowersof ¢, termswhich play norole unlessvelocity is closeto c, thatis, e.g.,in
KAUFMANN's experiments.Eachof thesetheoriescan, with anauspiciousseriesexpan-
sion,satisfyexperimentgsee:loc. cit., 189-197 260-270) which shavs, thatevenif there
exists electromagnetiénertial reactionas, in fact, hasbeenseen,the variability of this
reactionwith velocity, on the otherhand,is surely hypothetical;it could not be deduced
from KAUFMANN’s experiments exceptby adoptinga priori LORENTZ's hypothesison
absolutemotion andthe forces fy. This theoryof the variablity of electomagneticmass
rests therfore, on thewealestpointsof LORENTZ'stheory Onecanexplainjustaswell,
perhapsbetter all the observationdy auspiciousnodificationsn the expressiondor the
forcein termsdependanbn velocity in thesamewaythatrelativemotionwasintroduced.
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It is scarcelyusefulto addthatthelittle we know aboutmolecularforcesdoesnotpermit
usto asserthatthe known laws of electricity arevalid at all distanceshowever small. In
reality, it is alwaysthe laws for point chagesthatwe have to dealwith, andthereis no
evidencefor restrictionson their domainof applicability:

Finally, we have to enforcein theorythatwhich experienceteachesaboutthe laws of
propagationin otherwords,expressn theequationghatemissioris attheinstantt’, while
actiontakesplaceandattheinstantt. In LORENTZ'stheory thewave emittedby anelec-
tronin uniform motionattheinstantt’ remainsatall lattertimesin theform of aspherefor
which the centerremainsat the emissionpoint, andthereafterdoesnot participatein the
electrons motion. This hypotheticakoncepintroducestherefore the concepof absolute
motion,and,if oneassumeshatfuture experimentswill revealno moreevidencefor such
motionthanrevealedsofar, it will be necessaryo rejectit andto consideright motion
aspurely relative and dependanbn the motion of the body producingit—to be achieved
by meansof renouncing,alongwith LORENTZ and EINSTEIN, both kinematicsandthe
notion of time. The principle of relative motion in its classicalform, requiresthata.)
wavesemittedby a systemin uniform motion, shieldedfrom materialexternalinfluence,
move with the systemjn the mannersuchthatthe centerof eachsphericalwave continues
to coincidewith the electronwhich emittedit, andthatb.) the radial velocity is universal
constanequalto c. Whenthe electrons motionis arbitrary the principle of relativity then
would nolongerdeterminghespeedwvith whichit depend®nthewave centerasit would
always be this constantspeed(if not, therewould be instantaneousaction-at-a-distance
betweerthe wave andits sourceparticle). Underthis hypothesisit will no longerbe pos-
sible, it is true,to presere theimageof an“aether”or “wavesin anelasticbody” for such
alaw of propagationput, if we wishto presere suchneverthelessandwith it the partial
differentialequationsit would be necessaryo adda new hypothesispnamelythatimplied
by the LORENTZ-EINSTEIN transformationswhich, actually profoundlychangethe con-
ditionsof the problem—forwhich theimageof the“aether”or “elasticbody” arerendered
entirelyinapplicable.Moreover, light propagatiorin LORENTZ’s and EINSTEIN’S views,
actually doesnot comportitself consistenwith a mechanicaimageat all. On the con-
trary, the propagationlaw we have announcedabove, correspondsimply to the image
of particlesemittedin every directionwith the sameradial speedwhich thencontinuein
uniform motion; it approachegherefore|n this respectthe emissionlaw of NEWTON. |
have shavn (loc. cit., Partll) thatif onesupposeshatthislaw is valid for whatthemotion
of an electronwould be, andtakesit thattheseficticious particlesact on electricchages
with whichthey comein contact,onehasnodifficulty to constructaninfinity of electrody-
namictheoriesn perfectaccordwith empiricalevidence without concerningoneselfwith
the optics of moving bodies. Herewith, experiments,interpretedin termsof the atomic
conceptionof electricity which we have just adopted give this unambiguousnd simple
resulP: until alight ray putsthe ions of an arbitrarybody into oscillation, the centersof
thesewavesdo not move with the speedf the body (asour hypothesisvould haveiit), but
with the speedf the sourceof thelight. Or, thatwhichtheprinciple of actionandreaction
would forecast.En effect, this principle canberead,perour hypothesisto imply thatthe
actionof our ficticious particles(which sene only to provide animage)on theions does
not correspondo ary reactionof the ions back on the sourceparticles. It is necessary
asin LORENTZ’s theory to attribute to the ray enepy, or a quantity of directedmotion,
whichis morenaturallydoneif oneconsiderghis enegy projectedthanif it is considered

5Oneeasilyverifiesthistheoren‘closelyfolIowing L ORENTZ'sdemonstratiornin: Versud einer Theorieder
elektr u. opt. Vorgange in bewegtenKorper, (Leiden,1985).
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propagatedandif theinitial speedof thesefictitious particlesemittedby anion is deter
minedby theprinciple of conservatiorof momentumor the principle of reaction.Thatis,
in the caseof optics,onewould take it thatall ray enegy is provided by the source,and
thatscreensr opticaldevicesprovide no contribution; it is natural thereforeo think that
theprinciple of reactionwhich maybe preciselystatedwill havetheeffectthatthe speed
of theficticious particlesreemittedby the screengtc.,areuniquelydetermineddy that of
their original source.

Evidently, sofar asa generaltheorydirectly basedon suchnew views is absentthere
will be placeto study this issuein all its aspectsjn particular not to allow oneselfto
overlookthe necessityf anew kinematicsaanddynamicsjustasthe LORENTZ-EINSTEIN
hypothesebave ledto.® But it is importantto know, thatnothingsofar obligesusto con-
siderthe lasthypotheseascorrect,not to mentionprobable.And | believe thatit will be
regrettablefor Physicsif it doesnot find, in orderto representhe laws of electrodynam-
ics, simplermethodghanthosebasedon admittingfrom the startabsolutecoordinatesby
writing a systemof eleven equationspf which nine are partial differentialequationsfor
which, afterintegration,by meansof additionalhypothesesnemustrejectimpossibleso-
lutions or selectpossiblesolutions;andtherebycomplicatethe alreadylong procedureso
obtained with transformationglestructve of the principlesof kinematics,and,therefore,
for which the explicit purposes to precludethe consequencesf the absolutecoordinates
misguidedlyintroducedn thefirst place.Finally, thesearenottheonly reasonghistheory
displeasesne. The equality of the units of the speedof light, one says,areexplainedin
MAXWELL's andLORENTZ's theories.The complicationsof thefirst typerendera clear
view of the mannerin which this resultfollows, difficult. But let usconsiderLORENTZ’S
equations. The speedc therefiguresinto this issuein variousways, andit is not diffi-
cult to seethatwhenc is held constantin the partial differential equationsput changes
in Eq. (2.6) for theforcefrom 1/cto 1/c/, wherec' # ¢, onedoesnot modify the speed
of propagationnor units, nor enegy’, but ratherthe relationshipof the electrostaticto
the electrodynamiainit is changedandthe theoryso explicatedcontainsnothingthatwe
madecomprehensibléecausehe coeficient of thetermv x H is preciselyequalto 1/c.
Onechooseghen,becausebsenationdemandst, exactly asit is in formulasfrom WE-
BER andCLAUSIUS, etc. Thisis nothingbut thatrequiredby applicationof HAMILTON'S
principle,in a specialform, whereonefindsthe coeficient1/c a priori. Only the princi-
ple, thatwhichis usedby L ORENTZ, is clearly differentthanthe principlein the ordinary
sensethevariationsarepreciselythoseusedelsavherefor fluids, for example;moreover,
as SCHWARZSCHILD shaved, therearedifferentwaysto usethis principle. Oneof them
determineglirectly the elementarfforces,without considerationgvolving fields,a view-
point to which we give preferencen this work; The LAGRANGian function hasthe same
form (nearto propagation}hat CLAUSIUS gaveit:

dEdE’ vV
=)
r c

80nemustirom the startnote,thatthe LORENTZ-EINSTEIN theoryis not, in part, a stageof the programof
D' ALEMBERT'sprinciple; or moregenerally classicaldynamicsof systemss incompatiblewith their program,
asEINSTEIN remarled; but, nothingelsehasreplacedhesefundamentaprinciples. They persistonthecontrary
in theauthors hypotheses.

"Termswith factorsof 1/c actuallycontritute nowork. It is necessargrom thestartto recallthatH, asit is
said,is definedby the theoryitself; if it is defineda priori astheforce (expressedn gauss)hatit exerciseson
apole of apermanenmagnet the coeficient of pv, deries,in turn, from an empiricalcoeficient andremains
unchanged.
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wheredE, dE’ arechageelementsandwherev, V' mustbetakenat suitableinstants.

By changingl/c? to 1/c’?, theabove formulano longerconformswith obsenations,as
theunitsceaseo bec, but if the principle of leastactioncontinuesto apply andthe speed
of propagatiomemainsequalto c; thenit is the partial differentialequationsvhichareno
longersatisfied.

5. CONCLUSIONS

In summary one seesthat this remarkablerelation doesnot resultfrom LORENTZ'S
theory howeverindirect,asmuchasfrom adeterminatiorof coeficients,aswith WEBER
andCLAUSIUS, to which onedoesnot addtherelativity conditionto the principle of least
action;in text books,ABRAHAM’S for example,andevenin LORENTZ’S memoiremen-
tionedabove wherehe presentsis theory this principle is not mentionedandapparently
consideredgecondary

GAUSS, in a celebratedetter to WEBER indicatedthat without doubt, the electrody-
namictermsresultfrom the finite value of the speedof propagationgnsconcedn a well
choserlaw, anddevelopedn aseriesasonehasseemabove,introducingeffectively speed
andaccelerationsvith coeficientsdependingn c. Therelationbetweerthe scaleof units
andthe speedof light alreadyhasimmediatesignificance.Accordingto MAXWELL, the
electrodynamidermsdependon the vector potential; this is, onceagain,a profoundin-
sightfrom GAuss (it is importantto reinforcethis, asthe oppositehasbeenasserted)not
in factrealizedby MAXWELL andLORENTZ, but to which the future of electrodynamics
maywell belong.
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