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When NEWTON discoveredthat the motion of astronomicalbodiescould be forecast
with extraordinaryprecisionusingsimply the assumptionthat they attractedeachother
in accordwith his famouslaw, neitherhe nor his contemporariesimaginedthat the issue
wasexhausted.In spiteof its elementalsimplicity, hisexplanationof astronomicalmotion
by causeof a force propagatedwithout an interveningmedium,or what amountsto the
samething: instantaneously, wasfor peopleat that time bothhighly unlikely andrepug-
nant. The rejectionof [instantaneous]action-at-a-distance,asprevails still today, cannot
be spareda psychologicalrationalization: it issuesfrom a deepsenseof the essenceof
physicalforce,which, in all its variation,alwaysneedsa certaininterval of time to propa-
gateits effect;and,whenthis forceexistsbetweentwo bodiesimmersedin amedium,this
mediumis in a realsense,modified1. However, in GALILEO’ S times,light wasconsidered
an exception;nevertheless,he never doubtedthat this wasonly an apparentfact; subse-
quentexperimentshave substantiatedhis doubts.Thedesireto fathomthestructureof the
mediumandpropagation,hasled from HUYGENS, NEWTON andFRESNEL to thelawsof
optics. Also for electricalforces,experimentshave tendednot to support[instantaneous]
action-at-a-distance.Only gravity is anexception.It is difficult to believe,thatin this case
thesituationis morethanjust an illusion, andmany experimentsweredone,themajority
of which reveal a finite propagationvelocity andcall for no changesin NEWTON’s law,
thatareamenableto empiricallyverification.We shalldiscussthembelow; by useof well
chosencategorization,thosefew archetypescanbeidentified,from which realeffectscan
beexpected.

One shouldnot imaginethat the velocity of gravity can be experimentallyobserved
as was the casefor electric interaction. But indirect consequencesof eachhypothesis
usuallysuffice to make somedeterminationthanksto the high precisionof astronomical
observations. Suchindirect alterations,which eventualnew hypothesesintroduce,must
not exceedtolerancessetby observation. But thereareexceptions.A hundredyearsof
astronomicalobservationsandcalculationshave revealedseveral discrepanciesbetween
them,which so far have not beenexplainedusing NEWTONian mechanics,but which a
new law mustbe able to reconcile. Among theseanomalies,surely the largestpertains
to Mercury, for which the effect of gravitation from otherplanetson its elliptical orbit is
to causeit to rotatein its plane: observationsshow a precessionof 42 arc-secondsper
centuryin excessof thecalculatedvalue. This differenceis small,but beyonddoubtand
unexplained. It is possiblethat the next nearestplanets,Venusand Earth, also exhibit

1A hundredyearsago,whengravity in generalwasformulatedasan action-at-a-distance, the thencurrent
sensibilitiespertainingto theunity of naturalforces,led to regardingall suchforces,e.g.,molecular, asaction-at-
a-distance.Thatnowadays,contemporarysensibilitiesweighagainstsuchartificial concoctions,canbecredited
to thesuccessof FARADAY AND MAXWELL .
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similar, if 5 to 10 time smaller, anomalies.Theeccentricityof their orbits is very small,
approximately0 � 01%; they arevirtually circular. Although it is obviously impossibleto
observe the rotationof a circle in itself, it is sufficient to observe the cycle time of the
planetto detectthis effect. In this case,the very small changescausedby this anomaly,
weretheir orbits very eccentric,would be reducedby onepart in a hundred,if the cycle
time werechangedeven in an insignificantway. For Mars, for which the eccentricityis
0 � 09%,asimilar, smallanomalyshouldbeexpected,andit is in factobserved.

Other anomaliesconcernlunar motion and the ENCKER comet; which we shall not
furtherconsider.

Observationshows that for gravity, in contrastto electricforces,thereis no shielding
effect; further, thereis no evidenceof influencefrom a medium.Werea partof thematter
of a planetpartially shieldedagainstthepull of theSun,thenthetotal forcewould not be
proportionalto the full masses,which would causesignificantabberations;asLAPLACE

calculated,in order to estimatethe largestsuchaberrationallowed by observations,one
wouldhave to assumethatat mosttheforceof gravity on passagethroughtheEarthcould
bereducedby onepartin amillion.

Thesefactsareof the greatestimportancefor all theories,especiallythose,which in
oneway or anotherdo not seekto give a “mechanicalexplanation” in the usualsense,
ratherseekto reducegravity to a sideeffect of theelectricforce,sothat,for example,the
gravitationalconstantwouldbedeterminablefrom electricalandmagneticmeasurements.
Thiswouldrepresentareformulationof theproblemof verygreatsignificancefor Physics.

To datetheexplanationssuggestedfor gravity canbecategorizedin two groups:static
anddynamic.

In thefirst of these,matteris takento deformsurroundingaether, a deformationthat is
assumedto expandoutwardsontootherbitsof mattersuchthattheeffectis to createtheap-
pearanceof anattraction.Whenponderablematteris in equilibrium,soalsois theaether,
at leastaftera suitableinterval. Suchanassumptionis themostobviousandgoesbackto
NEWTON. Gravitationalenergy is herethepotentialenergyof theaether. Thisassumption,
however, asMAXWELL noted,is itself sufficient to underminethe theoryfrom the start.
This is so accordingto a very generalprinciple of statics,which statesthat energy must
begreaterafter a deformationthanbefore,thatis, in theabsenceof ponderablematter, or
elsetheequilibriumof thematerialwould beunstable.In this case,however, theopposite
musttake place,in so far asgravitation is an attractive force, so that its potentialenergy
shouldbesmallerwhenthemassesin asystemarelargercausinganaetherdeformationto
belarger. For electricforces,thesignof theforce is theoppositesoenergy undersimilar
circumstanceincreases.It wasonthebasisof thisprinciplethatMAXWELL expectedto be
ableto formulatehis explanationof staticelectricforces,a taskatwhich,however, hewas
not successful.Thus,oneseesthatan “aether” in which deformationis to effect gravity,
would be,evenin theabsenceof ponderablebodies,unstable;sothatsuchanexplanation
is precludedfrom thestart.

We arethennecessarilyled to introducinghiddenmotionsin orderthatkineticenergy
is involved,evenwhenthematerialbodieswhich aredetectableby our sensesthemselves
appearatrest.In this theprincipleof minimumenergy is notdeterminant,andtheproblem
becomesresolvablein principle.

The oldestof the kinetic theoriesis that from LASAGE, which was taken up later by
ISENKRAHE andothers.The fundamentalpremiseof their theorytakesit that thatspace
is repletewith ultramicroscopicparticles,corpusclesultramondains,propagatingin all
directionswith very high velocity. Whena materialbody, A, is exposedto the impactsof
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this flow, it remainsat restbecausetheaverageimpulseis zero,but shoulda secondbody,
B, belocatedat somedistancefrom A, it shadesA from thestreamcomingtowardit from
B’s location,andthenthetotal impulseis theaverageof thenon-shadedflow, which leads
directly to a netattractionof thetwo bodies.

Carefulconsiderationshows2, thatthesecorpusclesmustundergomoreor lessonly in-
elasticscattering,so that the impactswould causean increasein temperature,otherwise
bodyA wouldreflectjustasmany particletowardB asit shadedfrom B sothatthetotalef-
fectwouldcancelout. Moreover, in sofarasfor gravity thereis noneutralizationby cause
of negativemass,theatomsof amaterialbodymustbelocatedatdistancesfrom eachother
thatarelargein comparisonto theirsize,they mustbecomposedof identicalelementsthat
aremuchlarger thanthe corpusclesultramondains.For particlesat restthis leadsto the
law of gravitation. For particlesin motion, as in a gasfor example,friction mustarise.
Theeffect of gravity musthave a finite propagationspeedat mostthatof thecorpuscles,
andthe effect on materialbodiescandependonly on their relative speedwith respectto
thesecorpuscles.LAPLACE, consideredsucha theory, which, asmentioned,shouldlead
to friction that would have the long term effect on planetsof slowing themdown. Such
aneffectwould bedetectablewith greataccuracy from solarandlunareclipses,for which
thereis quitegoodhistoricaldata.Theabsenceof observationsof this effect putsa lower
limit on thepropagationspeedof gravity, which must,on this basis,bea hundredmillion
time greaterthanlight! Thecorpusculesthemselveshave an evenmoreunbelievableve-
locity, for which POINCARÉ calculatesafter taking into accountall perturbations,a value
of 24 � 1017 timesthe velocity of light. Simultaneouslythe friction would becauseof a
temperatureincreasefor the Earthaloneper unit time 1026 timeslarger thanthat dueto
solarinsolation!

Suchconsiderations,in spiteof all modifications,torpedothis theorydefinitively. This
pertainsespeciallyto a hypothesisfrom HOOKE, a contemporaryof NEWTON’s, which
recentlywasrevivedanddevelopedby LORENTZ. It replacesthe corpuscleswith waves
that are presumedto traversethe aetherin all directions. Suchwaves are taken to be
partiallyadsorbedby material,otherwisethey wouldhaveno effectat all.

For this variant too, a temperatureincreaseshouldresult. On the otherhand,no no-
ticeableadsorbtionof gravity shouldtake place. Thesewaveson traversingthroughthe
Earthloseat mostonepart in a million of their strength.This is highly improbable,and
for this reasonLORENTZ abandonedhishypothesis.Again,accordingto POINCARÉ’scal-
culations,the depositedheatwould be horrendouslyhigh, that is about1013 degreesper
second.

In thesetheories,gravitation wasdependanton irreversibleprocesses.This is not the
casefor theattemptsat hydrodynamicalparadigmsfrom BJERKNES andRIEMANN.

Thefirst of theseshallbeonly brieflymentioned.If oneconsidersasystemcomprisedof
spheresthatsimultaneouslyanduniformly periodicallypulsateby expandingandcontract-
ing, andthatareimmersedin anincompressibleandfrictionlessfluid, andif theintensity
of thepulsationis setproportionalto andidentifiedwith theatomsof thespheres,onegets
the NEWTONian expressionfor the forcesthesesphereshave on oneanotherthroughthe
fluid. The simultaneityis crucial,however, andevenmoreincomprehensiblethanNEW-
TON’s law itself, andquitedistantfrom all thatwe seein Natureelsewhere. WEBER has
found,ontheotherhand,thatif oneattemptsto inducesynchronization,shouldit notexist
at the start,it quickly andspontaneouslyestablishesitself by meansof the mutualeffect

2See,e.g.:POINCARË, H., ScienceetMéthode, (Paris,1908)p. 263;ZENNECK , J. Gravitation, in: Enzklop.
demath.Wissenshaft.V, (Leipzig,1903)p. 57.
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of the sphereson eachother. This transpires,however, only by causeof friction, which
playsa role in all realisticfluids,andleadsto thedeleteriouseffectsconsideredabove for
irreversibleprocesses.

One may replacethe pulsationof the sphereswith alternatingin- and exhalationof
aether, for which, if theperiodof alternationis allowedto increase,oneeventuallyreaches
theconceptionsof BERNOULLI andRIEMANN, which wereactuallymorethoroughlyre-
searchedby A. BRILL . In this paradigm,eachatomis considereda persistentsource(or
sink) for aether. This aethersubstanceis supposedto be incompressibleoutsideanatom,
while in anatomit mustthereforebecontinuouslycreatedor annihilated,in otherwords,
it is not subjectedto theprincipleof conservationof matter. In orderto retainNEWTON’ s
Law, it is thennecessarythatatoms,or sourceswhatever they be,aresmallwith respectto
theirseparation.Thevelocityof aetheremissionthenplaystheroleof acycliccoordinate,
for which theappropriatemoment,accordingto the laws of mechanicsmustremaincon-
stant;thismoment(but nottheemissionvelocity)mustbesetequalto themassof theatom.
Undertheseassumptions,atomswould attracteachotherin accordwith NEWTON’s Law
of gravitation, and,on accountof the incompressibilityof this aether, theeffect would be
instantaneous,therewouldbeneitherpropagationvelocitynorperturbations,nor friction.

This is, of course,not a mechanicalexplanationof gravity. Evenin a generalizedme-
chanics,indestructibilityof matterwould beanaxiom,thatwe would surrenderonly with
greatregret.Further, thereis theadditionaldifficulty, thatanaetherof thischaracter, could
notbereconciledwith thedisciplineof Optics.

With theseconsiderations,we have beenacquaintedwith all currentnotionsfor a me-
chanical explanationof gravity. This survey shows, I hold, that this problemcannot be
resolvedwithin today’s overly narrow conceptions;but, perhaps,betterfortunecould be
hadstill with somewider generalization.What’s importantfor a mechanicalexplantation,
so that it cansatisfyour vaguelyformulateddesideratafor a view of Nature,is not that
mechanicalprinciplesknown to us todayaredirectly applicable,rather, that theuniquely
variablequantitiesarespaceandtime,while otherwiseall quantitiesthatarise,namelythe
totalquantityof material3, or energy4, electriccharge,etc.areinvariants.

A mechanicsof energy, in which it is consideredasa constantlymoving fluid, perhaps
would leadto a solutionof this problem.

In steadof seekingamechanicalexplanation,onecanposethejudicious,andseemingly
morepromising,questionwhethergravitation is anancillaryeffectwhich is dueto electric
interaction.In this case,gravity would propagatewith thespeedof light, andNEWTON’s
Law would have to be extendedwith termsdependingon the velocity andacceleration
dividedby c. If in thesetermsc appearsin thedenominatorwith thepower n, onespeaks
of a termof then-th order. For thesolarsystem,first ordertermshaveamagnitudeof three
partsin 10� 000,andsecondordertermsof 10� 7, etc.

First we must ask ourselves, how this suppositioncontrastswith that of LAPLACE,
accordingto which thevelocityof gravitation is 108 timesthatof thespeedof light. Now,
we know from aberration,that the directionof a gravity wave is not the samefor fluid
and fixed situations,and that the differenceis of the first order. This is the LAPLACE

assumption,andit is probablethatheattributedaberrationto it. Only detailedexamination

3The term “substance,” would capturethe samesenseof indestructibility, however, nowadaysit hasbeen
loadedwith metaphysicalsignificancethatrendersit unusablein thephysicalsciences.

4The unity of all energy, as it is sought,for example,in HERTZian mechanics,shouldbe oneof the most
importantpostulatestowardwhichPhysicsstrives.To date,gravitationaltheorieshaveconsideredenergy only in
its usualkineticvariant,which is, nodoubt,too narrow.
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can show, that this result in Optics is conditionedby the wavelengthbeing small with
respectto separationdistances.For planetsandtheir satellites,however, theperiods(year
lengths)areof suchanature,thatthewavelengthsarelargewith respectto thedimensions
of the solarsystem.Calculationsshow that changesin the directionof emission,that is,
aberration,throughchangesin intensityandin thedistancefrom thesourcearesuchthat
the first ordertermscancel. The new gravity law would differ from NEWTON’s only by
verysmalltermsof secondandhigherorder. Moreover theseterms,to theextentthatthey
give detectableeffectsat all, arenot friction terms;so that the LAPACEian calculationis
not applicableandonecan from the consequencesseethat nothingpreventsattributing
the velocity of light to gravity, but likewise nothing requiresit either, in so far as this
hypothesis,to dateat least,doesn’t leadto any clarificationof Mercury’sanomaly.

In anattemptto attributegravity to theelectricinteraction,MOSSOTTI , ZÖLLNER and
latelyevenLORENTZ, suggestedthattheattractiveforcebetweenunlikechargessomewhat
outweighsthe repulsive force of like charges. In so far asnowadaysa hydrogenatomis
seenastwo unlike chargesboundtogether, thenaccordingto theusualelectrostaticlaws,
two suchatomsat a distancefrom oneanotherwhich is largewith respectto their size,no
longerexert a force in exact proportionto the inversesquareof their separation.By this
hypothesis,the combinationof attractionandrepulsionno longercompensate,ratherthe
attractiondominates.Sincethechargeandmassesin a hydrogenatomareknown approx-
imately, onecanestimateto whatpercenttheattractiondominates.This is extraordinarily
small, it is about10� 34%. That is, gravitational force is vastlyweaker thanelectricforce
thatwould resultwerethepositive andnegativechargesof anatomcompletelyseparated.
Suchseparationis successfullyachieved (throughfriction, for example)only to a very
smallextent.

Suchasmalldissymmetry, wereits existencebeyonddoubt,wouldscarcelycorrespond
to our physical-asceticinstincts. In reality, even a very small alterationin the relation-
ships5, suffices to realizea superpositionof the ordinary electric with the gravitational
force. Thereis thenin this hypothesisfrom MOSSOTTI , just an alteredrelationship;for
which the positive aspectis, that the laws for electric force are to be appliedto gravity
simply in thatonereplaceschargewith mass.Moreover, onemustattributea certaincon-
ductioncapacityso that in principle a shadow or screeningeffect candiminish gravity.
By consequenceof appropriatelychosenancillary assumptions,asshown by GANS, one
canreducethis effect; but, to getanabsorptionof onepart in million throughtheEarth’s
diameter, which experienceseemsto require,appearsimpossible.This thenconstitutesa
seriousobjectionto this theory.

What effect would this theorypredictfor planetarymotion? To answerthis question,
we mustdistinguishamongthe variouselectrodynamictheories. One hasalreadyused
formulasfrom WEBER andRIEMANN for gravitation. Theonly significantdeviation was
theprecessionof theperihelionof Mercury, which per WEBER, amountedto 7

� �
percen-

tury6, andaccordingto RIEMANN, 14
� �
, while for otherplanetsit is vanishinglysmall.The

generalmagnitudeanddirectionagreewith observations,which is alreadya remarkable
achievement.But the observedanomalyis actually42

� �
, i.e., substantiallylarger. As far

asthemutualinfluenceof the planetson eachother, it is soweak— it is a correctionof
secondorderof approximatelyonepartin 10� 000— thatit hasno observableeffect.

5See:GANS, R., Jahresber. deutsch. Math.-Vereinigung, XIV, 578(1905).
6T ISSERAND obtainedthedoubleof thisfigure,namely14

� �
; hesetWEBER’sconstantequalto thereciprocal

of thesquareof the speedof light, whenit actuallyhasonly half this value. This he thenrepeatedeverywhere
thatthis issuearose.



6 RITZ

LORENTZ alsoappliedhis equationto planetarymotion. As is well know, LORENTZ

consideredabsolutevelocity with respectto an aether. Detailedexaminationshows, that
theparticularsourceof deviationscouldbethefollowing:

(1) thetranslationvelocityof theSunin space:LORENTZ findsdiscrepanciesbetween
the motion of the Sun relative to the fixed starsasobserved in astronomy, and
as identified with the motion of the Sun relative to aether, a not unreasonable
identification,thatin factevenfor Mercuryarenot evident.

(2) the changein masswith the absolutevelocity: If one takes it that massfor all
matter, asis donefor the electron,is of a purely electromagneticorigin (the as-
sumptionof a“true” mass,wouldreducethediscrepancy), thenonefindsthatpre-
cessionof the perihelionof Mercury would be several arc-secondsper century7,
regardlesswhetheroneusesformulasfrom ABRAHAM , BUCHERER-LANGEVIN

or LORENTZ for thecalculationof mass.

Finally, in recenttimesLORENTZ hasreformulatedhis theorysothatabsolutevelocityno
longerplaysa role at all in it. Thus,theeffectof translationof thesolarsystem,vanishes;
sincehowever, it resultedin nocorrectionsin any case,this considerationhasno influence
onour conclusions.

In summarywe canconclude,that it is possibleto apply the laws of electrodynamics
to gravity, but that this doesnot give a clarificationof eitherthe magnitudeof the gravi-
tationalconstantfrom electricalandmagneticmeasurements,nor of theprecessionof the
perihelionof Mercury.

As the laws of electromagnetismthemselves,however, areratherprovisional,onecan
posethequestionwhetherfurtherdevelopmentsmight in factallow theextractionof grav-
ity from themin a satisfactorymanner. We shall aguethat, this very likely is indeedthe
case.

To make this argument,it is necessaryto know exactly within which boundariesone
canmodify the expressionfor the force that two chargesexerciseon eachotherwithout
introducinga conflict with empiricalexperience.Exactly this the writer hasdone8. It is
probablyimpossibleto provideageneralsolution;onewins,however, satisfactorilygeneral
conclusionsif oneintroducescertainaccessoryhypotheses,in particulartheassumptionof
therelativity of motionin its classicalsense(not in thesensethatEINSTEIN andLORENTZ

introduced)9, andits applicationto light propagation10.
Theforcementionedabovebetweentwo arbitrarychargesor electronsdependsontheir

position,velocityandaccelerationaswell asonthelawsgoverningpropagation.Fromex-
periment,onefinds,thattermsof secondordereven,arenotcompletelydetermined,rather
containan arbitraryconstant. Termsof higher orderplay a role only in KAUFMANN’s
experimentson thevariability of massandfor themostpart remainundetermined.Under
theseconditions,thereremainstwo waysto unify gravitation andelectricforcessoasto
derivethegravitationalconstantandcalculatetheprecessionof theperihelionof Mercury.

According to currentunderstanding,the atomconsistsof a given numberof positive
chargeswhich are fully compensatedby negative electrons. Magneticeffects seemto
requirethatoneattributerotationor gyrationto thesecharges.Let usassume,in orderto

7WI LKENS, Physik.Zeitschr. VII, p. 846(1906).
8RI TZ, W., “L’ElectrodynamicGéńeral,AnnalesdeChimieit dePhysique, XIII, 145-275(1908).
9Accordingto thePrincipleof Relativity, auniform translationof asystemhasno influenceon theprocesses

takingplacewithin it. LORENTZ andEINSTEIN,ontheotherhandintroducenew definitionsfor ‘time,’ ‘velocity’
andsoon.

10For detailssee:RI TZ, W., “Du rôle deL’ ÉtherenPhysique”,Rivistadi Scientia, III (6) (1908).



GRAVITY 7

haveaparticularvisionasbasis,thattheelectronsareat restwhile thepositivechargesare
in uniform andvery rapid rotation. If two suchatomsat large distanceinteracton each
other, thefollowing will transpire.

Electrostaticinteractionvanishes,or rather, interactassmall dipolesaccordingto an
entirelydifferentlaw thanthatof NEWTON. For asystemof alargenumberof suchatoms,
the total forceof this interactionis null. But, thoseforcesdependanton thevelocity and
acceleration,of which the formerareproportionalto the inversesquareof theseparation
andthe latter to the inversedistanceitself, mustbetaken into account.Thefirst category
includes,for example,theeffectsstudiedby AMPÈRE, thattwo constantcurrentsexercise
on eachother, and thereforealso two moving charges. The latter includesthe electric
forcesthatemanatefrom a HERTZian oscillator, aswell asthosefrom light, suchaslight
pressure.

In order that theseforcescould leadto a gravitational force, it mustbe the casethat
their averagedoesnot vanishwhenthe axesof rotationtake on all possibleorientations,
which mustoccurin a block of materialcomprisedof a largenumberof atoms.Neither
in theoriginal nor in the revisedversionof LORENTZ’ theoryaretheretermsthatsatisfy
thesestipulations.But mustthis inevitably alwaysbethecase?Closeexaminationshows
that in the original theory, this arrisesby effect of the existenceof absolutevelocities,
whereasin the revisedtheoryit arrisesbecausethe principle of kinematicsanduniversal
time weresurrendered.Preciselythesefeatures,however, are the leastsecurepoints in
thecurrentunderstandingof electrodynamics.As soonasoneretainsclassicalkinematics,
andconsidersrelativemotion, thereappeartermsthat give a finite averagecontribution.
Suchtermsariseevenin thesecondorder, theresultingforceis proportionalto theaverage
of the squareof thevelocity of a charge11 anddependon an arbitraryconstant.Thermal
molecularmotionalreadysufficesin any case(maintainingthegeneralviewsasdescribed
above),in orderto getansignificantforcebetweentwo bodies,A andB, thatis proportional
to temperature,which conflictswith experience,sothat it becomesnecessaryto sochose
the constant,that this force vanishes.But higher, fourth andsixth orderterms,with still
unknowncoefficients,wouldnotbevulnerableto thisobjectionif themotionin theinterior
of atomsis largecomparedto thermalmotion,which is very likely thecase.In this way
onewould get a force that is proportionalto the inverseof the squareof the separation
distance,anddirectlyproportionalto thenumberof rotatingchargescontainedin A andB,
evenwhile thecoefficientsremainundetermined.It sufficesto assumethat thenumberof
chargesin eachatomis proportionalto themassof theatom,andthe coefficientscanbe
obtainedby retainingNEWTON’s law12. Naturally, a future theorymustdeterminethese
coefficientsa priori or derive themfrom electricaland(or) magneticmeasurements.The
socalculatedgravitational constantmustbe identicalto the measuredvalue. In so far as
the relevant termsareof high order, it is clear, that gravitational forceswould be much
weaker thantheelectricforcesdirectlybetweenthechargesthemselves.

Besidesthetermof fourth(or sixth)order, from whichwededucedgravitation,thenext
term,thesixth (or eighth)is alsoto beexploitedfor secondordergravitational forces.Of
its coefficients,weknow knowing. It wouldagaindeterminearotationof theperihelion,as

11See:RI TZ, W., “L’electrodynamicGéńeral,AnnalesdeChimieit dePhysique, XIII, §2.17(1908).
12If rotatingchargesareunadaptabley boundto the atom,thentherecanbeno screeningeffect for gravity.

Electricalscreeningarisesby effect of rearrangementsof chargeswithin a block of material;likewise,magnetic
forcesarescreenedby rearrangementsof the axesof rotationof chargesby causeof forcesimposedfrom the
exterior of thematerial.Neitherof theseeffectswould occurfor gravity.
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in thecasestreatedabove,andit is sufficient, thatcoefficientbelargerthanin thosecases,
in orderto gettheanomalyseenfir Mercury.

Thus far we have consideredonly electromagnetictermsthat dependon the velocity
andfall off in inverseproportionto the squareof the separation.Othertermsdependon
theaccelerationandsomepower of the relative velocity, they areof third or higherorder
andfall off in proportionto the inverseof the separation.But for a rotatingelectron,the
accelerationof onepartwill becompensatedby theotherpart,andin factmoresoasthe
separationof thetwo electronsis largerthantheir diameter, a. An exactcalculation,using
an expansionin termsof a

�
r, shows that the term in 1

�
r vanishes,andthat in generala

termwith a
�
r2 survives,for which theaveragevalueoverall possiblepositionsof theaxis

of rotation, is different from zero. That is, we get a force proportionalto the inverseof
the squareof the separationfor which the coefficient, a, that is, oneproportionalto the
thedimensionof the electronanda power of the reciprocalof thespeedof light, usually
“3”, all of which againcorroboratesthe observedweaknessof gravity relative to electric
force. Thecoefficient of this term,just asfor theothertermsof orderhigherthansecond
(with the exceptionof light pressure,which is herenot an issue),is obviously unknown,
sowe againobtainthesameresult:extractionof theforceof gravity fromelectromagnetic
measurements,alongwith a calculationof thegravitationalconstantanda clarificationof
Mercury’sanomalywill bepossibleonly after thelawsof electrodynamicsare sufficiently
preciselyknown.

In anycase, gravitywill dependon thedynamicalconstitutionof atoms.
If after two centuriesof intenseresearch,still no connectionbetweengravity andan-

other, especiallyelectrical,force is developed,andif no limit on its propagationvelocity
is revealed,thenit mostlikely will bedueto our ignoranceof theelectricinteraction.We
canhope,however, that in the foreseeablefuture, if not a “mechanicalexplanation,” still
a reductionof gravity to electrodynamicswill beachieved. Towardsa unifiedview of our
universe,suchwill constituteastepof greatsignificance.

Translatedby A. F. KRACKLAUER, c
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