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1. INTRODUCTION

Electrodynamicsasis well known, specifieghatthe[electrodynamicforceonanelec-
tron (i.e.,achagedpointmass)s proportionalto its chageandtheelectromagnetiields
to which it is exposed,aswell asto its own velocity. On the otherhand,the LORENTZ-
MAXWELL differentialequationsalonearenot sufficientto unambiguouslyeterminethe
motionof electronsrom field strengthspr alternatelyfrom potentials.Generalsolutions
for the potentialscan be found quite simply, they consistof retardedintegrals over the
chageswithin a volume,or over the potentialsandtheir differentialquotientson the sur
faceenclosingthis volume. Lik ewise, in steadof retardedexpressionsthatis: potentials
dependanbn the sourcechagesat pasttimesequalto r /c, wherer is the distanceto the
sourcechage,onecouldconsider‘advanced’expressionslependanbn sourcechagesas
they will beatimer /cin thefuture. Thesetwo possibilitiesbasically mustbe mathemati-
cally equivalent.Only whenthe surfaceintegrals[i.e., boundaryconditions]areneglected
will they differin general.

Thefactthatelectronmotion—orthe alterationghereof—isgovernedby fields, which
in turnarenotuniquelydeterminedy electronghemseles,makesit clearwhy onemight
preferto considerfields as ‘primary, in which electronsare high intensity singularity-
deviationsfrom solutions(eitherasfieldsor potentials)f theL ORENTZ-MAXWELL equa-
tions. In fact,however, thereis noreasorfieldsshouldbedeterminedully by singlepoints;
it couldwell bethatthereexist fields derived from no chageat all, but ratherthatsimply
emege from infinity. Sucha theory for matterwas proffered by MIE; it is subjectto
HAMILTON's principle andfails to explain quantumeffects,however. In fact, suchquan-
tum effectsappeaincompatiblealtogethemwith field concepts.

For thesereasong electto take the oppositeviewpointby consideringhosefeaturesas
primary for which thereis directempiricalevidence,namely positive and negative elec-
trons[chamges],ascountabldétemswith individualtrajectories| takeit thatdetailedtrajec-
tory changeqi.e., accelerationsjor individual chagesare causecdnly by otherchages
and considerfields asjust mathematicatonstructionswvhich, whereser quantumeffects
canbeneglectedassistin describingmutualinteractionsput otherwiseareimmaterial.

Date: 14 Junel922.
rangator’s note: A thetime of writing, ‘electron’ appeargo have beenvirtually a synorym for ‘charged,
massve particle.
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2. CLASSICAL INTERACTION

Following this basicpremisewe musttake it, thatthe potentialsmentionedabove give
correctvalueswheneerwe take the spacentegralssoasto includeall chagesbutignore
thesurfaceintegrals. Furthermorewe shalltentatively take both positive andnegative time
directionsasbeingof equalsignificance Thus,the effective potentialshallbe the meanof
adwancedandretardedpotentials:

dS 1 ds
(2.1) o=3 [Pl T+5 [P,
whereP is the4-current.

This expressiorcanalsobewritten in the form:

2.2) o= /cdt’/// f(cozz) Pdxdyd?,
whereo is 4-distance:
Vx—X)2 4 (y—y)2 4 (2-2)2 - Rt 1) = /2 2t )2,
from eachsourcepoint (primed)to eachpoint of application. The function f is to satisfy
thefollowing conditionsfor eachpositive, nonnull A:

f(£A) =0 and/ T gy =1

(for negative A, the integral equals—1 naturally). From this it follows that only over
aninfinitesimalregion of the “light cone” (i.e., whereo = 0) doesthe integrandmalke a
contribution.

The contrikution of asingleelectronwith chage€ andvelocity V', giventhat

d:/?ds, and é%:/ms,

wheneerthe dimensionof anelectroncanbe regardechsbeingvery small,would be:

2.3) CDlz/_: (e(e( ) ) et =

wheredp’ is the vectorline elementof the world-line of this electronwith components
dp, =icdt’, dpx = dx, etc.Integrationof the secondntegral alsois to be carriedout over
the whole world-line. For evaluationof the first integral, it is to be keptin mind thata
spacdlistance thatgoesinto a2, in this casevarieswith t’. So,onegets:

o, 1] (95%) +;(ge’; |
¢) eyt

? ' (1_ %) t—L
accordingto well known formulas.

The HAmILTONIan for motion of an electronwith massm, andchage e; immersed
in an electromagnetidield is known to be (with signsreversedwith respectto the usual
mechanics):

Hi=my [ \/~(@pr-dby) -3 [(@1-dpr) =m [dsi— 2 [(@1-p),

wherep; arethe space-timecoordinatesof the electron,andds; is the infinitesimal ar-
clengthalongits world-line. Integrationsare understoodo extendover the whole length
of world-lines.
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Whenthefield is engenderetly a seconckelectron Eq. (2.3) gives:

sothat

f(0?2,)
Hl:ml/ dsl‘%// 021’2 (dpy - dpy).
12

For infinitesimal variation of the world-line of the first electron,which vanishesfor
t = +o0, andprovidesthe stipulation:3H; = 0, onegetsan equationof motion of thefirst
chagein thefield of thesecondHere,H1 canreplacecby

(2.4) Hio= ml/dsl+mz/d52— // dpl dpy),

asvariation of the first world-line is carried out ignoring the second. This expression,

however, is symmetricsuchthatfor avariationof thesecondwvorld-lineit givesanequation

of motion for the secondchage underinfluenceof the first. Thus, H; j constitutesthe

mutual‘influencefunction’ of eachchage on the other It is, however, no longeravalid

HAMILTONiIan, asit is notanintegral over a single,uniquelydefinedtime parameter
Theexpression

(2.5) // dpl dp2),

is, exceptfor thefactorf, the4-space1nalogt0 aNEwTONian, or 3-spaceglectrodynamic
interactionpotentialof two electriccurrentcircuits,namely:

iy //M-

The‘influencefunction’ for the universewould be'

(2.6) H= Zm/d ;aej // ) (dor- dpj).

3. QUANTUM INTERACTION

We now wish to extendthis structure which we extractedfrom classicalequationgor
electromagnetimteractionssoasto admitthe possibility of coveringquantumeffects.In
placeof the function f(a?), consideranother for the time beingundeterminedfunction,
w, of the4-velocity andrelative coordinate®f interactingpairsof chaiges.Thatis, write:

(3.1) H :Zm/ds—;%/ wi j (dsdsj),

wherew; j = wj i, whichis to be a function of threevariablesvi,v; andpj —p; = 0j; =
—aj,i, andwhich for the threepermutations;++,—— and+—, of chage gendey canbe
distinct,e.g.,for electronsandprotons say

TheconditiondH = 0 yields,wheneer the variationof the coordinatest infinity van-
ish, theequationof motionfor eachindex i

(3.2) Z /

oW, |

= ds;j,
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where

. 6Wi7j 6Wi7j
= mV; — ;{ Y + v (6— -V —viwi,j) de}.
Z Vi Vi
Hered/ds indicatesdifferentiationalongthe world-line. Quantitieswith subscript per
tainto particlarpointsalongtheworld-line of thei-th particle,whereashosewith subscript
j arecoveredby anintegrationalongthe entirelengthof the j-th particle.

For eachparticletherearefour equationscorrespondingo thefour component®f Eq.
(3.2). Amongthem,however, interdependenciasustobtain,in sofar asthereis a certain
arbitrarinesswithin limits, of the correlationof pointson variedtrajectoriesto thoseon
un-variedtrajectories andbecausehis correlationcanhave no significanceasthe world-
line is mappedntoitself. In fact,by scalamultiplicationof Eq. (3.2) with v;, anidentical
equatioris obtainedwhenaccountis takenof boththefactthatv - vi = v = —1, andthat:

aw | oW j owij dv
0 — —_— 2. Vi + — . — .
0s opi ovi ds
Oneobsenes,thatin casethe constant? explicitly appearsn Wi j (which canbe ar-
bitrarily introducedin fact), thatthis hasno effect on the equationsassuchalterationsn

oW j . 9w j )
R andin v (a_v. -Vi ), mutuallycompensateachother

Eq. (3.2)links motionof anelectronto thatof all otherelectrondor all times,although
somelimited time segmentshave greaterinfluence,which is similar to the situationin
classicaimechanicsn which motionof otherelectronsnly at a specifictime matters.

Thefunctionsw; j, naturally will haveto have certaincorvergencepropertiesptherwise
divergencieswill occurin calculatingeq. (3.2). We shalltake t, thatthe quantity /' w; ;ds;
for large distancesbetweenelectroni and the world-line of chage j fall off as1/r in
generalgexcept,perhapdor afew exceptionalpoints;theaverageof [w; jds; overasmall
sggmentof thei-th world-line should,however, closelyapproachl/r. Exceptionsfrom
this patternwe shallinterpretebelony asquantumenengy transfers.

Perhapghe simpleintegral in Eq. (3.1) shouldbe generalizedo a doubleintegral,
traversingthe sameworld-line twice. This would leadto:

(3.3) H= %Z;/ w; jdsds;.

Whenindicesareidentical,it is necessaryo make a distinction,however, aseachpertains
to differentpositionsalongthe world-line; sothatit might be betterto write:

1
E /Wi7ilds dSI

For straightworld-lines and for longer straight sggments,this mustreduceto m [ ds.
Whenever, w; j exhibits certainuniformity andcorvergencecharacteristicanay onewrite
J mids for it, asm is in generalvariableand dependon acceleratiorand higheraccel-
erationsof evenorder We shall not make useof this generalizatiorherein,aswe further
consideronly motionsfor which they have no effect.

Let usconsidemow electrontrajectorieshatcomein from infinity, mutuallyinfluence
oneanotherandthenescapdo infinity again. Herewe shalltake it thatall otherchages
in the universehave insignificantinfluenceduring the mutualinteraction. Let us denote
this asan hyperbolicinteraction,so that beforeandafterinteraction,the above discussed
integralswith w; j, maybewritten: 15 = myv;.
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By multiplying Eqg. (3.2) with ds;, thenintegratingover interactionfrom —co to 4o
andsummingfor n electronsgivesfor thechangean thetotal momentumandtotal enegy
Y "myv;, asumof doubleintegralsover dsds; thatcancelpairwisebecause:

aWi,j . awi,j

opi op;j
Thisshawvsthatafterahyperbolicinteractionmomentumandenegy areunchangedThat
is, in this extendedsensethe laws of conseration of momentumand enepgy are valid,
althoughthey do nothold asthey doin classicaimechanicdor eachinfinitesimalmoment.

A distinctfeatureof this formulationsis, thatnot only thatretardedpotentialsfrom the
pastaffectary particularelectron but alsoadvancedpotentialsfrom thefuture. Neverthe-
less,thetwo time directionsarenot fully equivalent. For reasonsierivedfrom thetheory
of invariance the interactionsw; ; dependonly on the scalarsa?;, (vi - vj),(v; - gi ;) and
(vj-0j,). In thosecasesvhenthechagesinvolvedin aninteractionaredifferenttypes the
termsin (v; - 0 j) and(v;j-0j;) in w; ; canbenon-symmetricalln sofar astheimaginary
time componenbf v; andv; arealwayspositve (imaginary),andic(tj —t;) in o; j hasthe
oppositesign,i.e., —ic(tj —t;), in g; i, while thespacecomponentslo not changesign, this
asymmetndistinguishegime directions,suchthatnegative chagesareinfluencedargely,
or evenexclusively, by the pastof positive chages,while the latterareinfluencedmostly
by thefutureof theformer. Thisaccordswith thefactthatthetransformatiort — —t is not
in the LORENTZ groupsothatit mustnotleave the of laws of natureinvariant. The differ-
encein themasse®f thetwo chagegendersouldbe, togethemwith this time asymmetry
very significantfor the irreversibility of somephenomenaThis contrastswith the usual
assumptiorthatanasymmetryin time arises,in spiteof time symmetryof the basiclaws
of mechanicsbecaus®f a statisticalprinciple of essentiatlisorderatthe molecularevel.
Thatsucha principle follows from the classicalaws of mechanicsomehay, is, however,
unprovenandpresumablyfalse.

Let us examinethe questionregardingconseration of angularmomentumin this for-
mulation. It is easyto shaw, aswe have for momentumandenepgy above, thatif angular
momentunis definedasa sumof crossproductsof theform 1 x p;, andconsiderghatall
termswith vj x v; vanish,onegetsfor the changen angularmomenturma doubleintegral
with integrand

oW 0w W

0jj X 3., + Vi X o +Vj x o,
The sum of thesethreecrossproductsvanishidentically, ascanbe easily seenby direct
calculationif onetakesw; j asfunction of the four scalarsasgiven above. Angular mo-
mentumis usuallydefinedasy; pi x myv; suchthatalthoughatlargedistancesip to terms
of theorder1/r, onemaywrite: myv; = 1%, only the factorsp; increaseproportionalto r,
sothattheidentity of 3 pj x T4 with § pi x myv; is notassuredAlthoughl have foundthat
asufiicientcondition,is thesymmetryof w; j in v; - 0; « andv; - 0; j, asfarasl canseeijt is
notnecessary

4. SPECULATIONS AND CONCLUSIONS

Thusfar| have notbeenableto determinethefunctionsw; j (norevento provetheir ex-
istence}hatleadto theactuallaws of nature hamelythosecoveringquantumphenomena.
Nevertheles®verarchingconsiderationbasednthesedeasseento supportheirgeneral
rectitude.Moreover, thereis considerabléatitudefor the possiblegeneralizatiorof w; j as
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functionalrelationshipof avery generahaturebetweerworld-lines,sothatthefollowing
considerationseemsecure Perhap®ven,suchageneralizatiowill beunnecessary

In classicaldynamicsone getsone and only one possiblemotion for a systemgiven
coordinate@ndmomentaasinitial conditionsata specifictime, whichis aconsequencef
thefactthattime differentialsin HAMILTON’s equationf motionaredependanbn each
othersimultaneouslyAccordingto Eq. (3.2) in this formulations therearecontributions
to eachpoint on eachtrajectoryfrom earlierandlatertimesandsoit is not at all clearif
ateachpointthereis a uniqueorbit in phasespacesatisfyingthis equation.For hyperbolic
orbits this may well be the caseasthe orbits comein from infinity andit would seen
thatthereis sufiicient latitudethereto allow accommodationsi-or quasiperiodianotion,
however, it seemgossiblethatthefunctionsw; ; mayaccommodata solutionto Eq. (3.2)
only atalimited numberof pointsof phasespacefor example,at pointscorrespondingo
stableBOHR orbits,whereSOMMERFELD’s quantizatiorconditionsaresatisfied.If thisis
thecasejt mightbethatthe confluenceof orbitsfor two negative chagesandonepositive
chageorbit structurallycanaccommodat@ist a hydrogenatomanda free electron.

Supposéwo atomsin differentstatesf excitationarelocatedneareachother normally
it is to be expectedthat they would have little influenceon eachother; however, under
specialconditionswith respecto positionsandvelocities,possiblyalsoin the vicinity of
a third atom, it might be that stronginteractionsoccur, similar to the way in which the
averageof coqnt) cogmt) is zeroexceptwhenn = m. Sucha situationcouldwell leadto
anenepy transferetweeratomssuchthattheir excited statesareexchangedThe enegy
lossof oneandthe gainof the othercould occurin atime interval correspondingo their
separationthatis, we would have aninstanceof emissiorfrom oneatomandabsorptiorby
theother While accordingto classicalunderstandingemissionis a randomeventleading
to radiationthat alsorandomly might somavhereat sometimebe adsorbedherein this
theory the sourceand sink of a radiative interactionare virtually predeterminegaired
events.

Thatis, in effect, the sunwould not shineat all were thereno other chagedbodies
in the universeto adsorbits radiation. Betweenheatradiationand heatconductionthere
is no principle differencein this theory becauseatomson the surfaceof a warm body
arecontinuouslyin interactionwith thoseof the absorbingoody, the only differencewith
radiationis thatthe separatiordistancefor thelatteris muchlarger.

The fundamentalequationseven permit absorptionto preceedemission,however, it
seems/eryimprobablehatthis occurs.Absorptioncanalsonaturallyoccurwhenanatom
undegoeschangesfor example,via ionizationor otherreactions.

It is alsopossiblethatbetweersourceandsink, additionalcomplex systemsf chages
couldgetinvolvedin theinteractionandcauserefraction,reflectionor similar deviations.
Light thatis emittedasa quantumjs alsoabsorbedsa quantumalthoughin theinterim,
it may exhibit the characteof anextendedobject,asseemso beindicatedby interference
effects.Accordingto corventionaltheory which overlooksthe essentiapairwiseunitarity
of theemission:absorptioprocessthis is alogical contradiction.

This new formulationelucidatesanothemystery To date,it is consideredhatemission
of a quantumof light is oftena radomevent,with no identifiablecause Accordingto this
new conceptionhowever, emissionoccurswhenconditionsfor subsequenabsorptiorat
a latertime aresuitable. One might temptedto imaginethatthe large quantity of massin
the universewould accommodatexcessive emission. However, this is notinevitable, as
two absorbingcenterseednotreinforceeachother, ratherthey might suppresgachother
Werethe massof theuniverselargeenoughanddistributedevenly, its sizewould thenlose
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all effect. At the moment,however, failing mathematicablevelopmentfor theseissues,
furtherdiscussioris pointless.

If 1, for example,usingatelescop@bsene a star100light yearsaway, not| aloneshall
have known that light seenat that momentwas emitted 100 yearsago; as beforel even
existedat leastatomson the star musthave beenpredestinec&ndinformed of my future
existenceto includeeventhe designandconstructiorof my telescopeandsoon. Suchan
ideasoundsquite paradoxicalasit is at oddswith normalunderstandingContemporary
sciencdeachesheprimagy of proximatecausesndthedominanceof aunidirectional but
possiblystatisticallymodified,causalityprinciple. It is known, however, thatsuchnotions
werenot the original spiritual inclination of mankind;in earliertimesthey werenot uni-
versallyconsideredalid, andthe existenceof other, now exotic, realitieswasconjectured,
althoughoftenin arathernaive manner

Thus, purely on the basisof logic, therecanbe, in my view, no objectionto this new
formulation. It is actuallyno morethanan extentionof classicaldynamicsto relatiistic
interactionof pointmassesasmadenecessarpy L ORENTZ transformations.

Moreover, thereseemdo beno contraryempiricalevidence asleastasfarasthisinitial
analysigndicates Whensolarradiationis emittedandtheneightminutedaterabsorbedn
Earth,in theinterveningtime interval, accordingo classicaphysicsit is to befoundeach
momentatadistinctlocationasfield enegy. Thisnew theory however, doesnotrecognize
fields,soin its termsin theinterval the enegy is none&istent,althoughit will reappeaat
themomentof absorptionThisleadsto no obsenabledifferencesOf courseathird body
couldbeplacedbetweerthe SunandEarththatitself absorbea portionof theradiationso
asto substantiatexistenceandreality of theinteractionin theinterval, but thisintervening
matteris unrelatedo thesurfaceof theEarth,leaving theissueof the Sun-Earthinteraction
still openin principle. A diffracting objectcouldalsobeinsertedin the pathof Sun-Earth
interaction,but againwithout absorptionat someplaceandtime, this exercisetoo, would
beempty Althoughclassicalconception®f interactionseemmorenaturalandsatisfying
to our ontologicalunderstandingguantumphenomendorce us, in my view, to abandon
classicabrinciples,evenwhile they, for purpose®f settingup calculationgn mary cases
(diffraction, dispersion etc.), practically are indispensablegspeciallyas wave opticsin
this new formulationwould be, presumablyquiteintractable.

The speculationsn this sectionhave exceededathergrosslythe mathematicatesults
that we have obtained. Our dynamicscontains,as doesclassicaldynamics,an undeter
minedforce function. Sincedeterminingthe preciseform of this function will bein all
probability very difficult, andthereforerequireconsiderabldime, it seemedappropriate
to speculateon further developmentsvenwhile having aneye on thefactthatthesevery
developmentsmight necessitatenathematicamodifications.However, all this seemghe
only way to suggesthe possibility thatthis new formulationcanexplicatequantumphe-
nomenaandresole conflictsbetweerthemandclassicaphysics.
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