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Abstract

The Lorentzmodelof the electronis re-examinedn classicalterms.The theoryis advancedthatthe
electricfields of individual elementarychargedparticleshave separateexistenceand coexistin spacelt is
arguedthat the presenceof the individual fields forms a backgroundagainstwhich the electromagnetic
interactiongake place.The kinetic energyof anelectronis shownto residein its surroundingmagneticfield
andthe inertial force resistingaccelerationis shownto resultfrom inductionasthe magneticfield changes.
The problemof the infinite flux ® surroundingthe electronis overcomeby consideringthe "substance'of
themagnetidield to beenergy It is thenpossibleto calculatethe velocity with which magneticflux emerges
from or is adsorbednto the surfaceof the electronanduseFaraday'saw to calculatetheforce exertedby the
inducedelectricfield. The Lorentzcontractions shownto berealandto affectthe surfaceof the electronand
its electricfield asdescribedy D and¢ from whichtheresultsm = y mpandm = y*my arederived.The
factor$ in the expressiorfor the inertial massin termsof the energycontentof the electricfield is shownto
be consistent witE = mc? for photons.

1: Introduction

This paperis thefirst of a setin which | seekprovidea unified theory of actionat a distance glectric
and magneticforces,inertia and gravity. Justas the embryoLorentz-Poincaréelativity basedon classical
physicswas strugglingto emerge Einsteinjustified its mathematicsrom a completelydifferent conceptual
basis.Oneof the mostamazingincidentsin the history of physicswasthe way in which Lorentzwelcomed
Einstein'stheoryof relativity. He could well havedenouncedhim for plagiarismanddeclarechim afool for
abandoninga theory basedon real causaleffectsfor one dealingwith nothing but artefactsof observation.
We can only concludethat the inadequaciesof the Abraham-Lorentzmodels of the electron and the
difficulties of reconcilingMaxwell's equationswith an increasinglydiscreditedaethertheory both playeda
significant role in shaping his response.

Experimentswith high energychargedparticlespresentslassicalphysicswith the almostimpossible
task of explainingwhy their inertial massbehavedasm = y®my andm = y my. Lorentznearly achieved
this equatingthe kinetic energyof a sphericakchargemovingthroughthe aethemwith the energycontentof its
magneticfield. His solution was deficientin that the Lorentz contractionof the chargealso increasedhe
energycontentof its electricfield. We will seethatLorentzmisinterpretedhe natureof the contractionand
that the energycontentof the electric field remainsconstant.Modern thinking basedon Einstein'sideas
rejectsthe Maxwellian conceptof a magneticfield anddeniesthe existenceof any backgroundagainstwhich
the velocity of the charge might result in a quantifiable kinetic energy.

The principle of superpositionn classicalphysicsis usually understoodas a mathematicatheorem
allowing us to mathematicallytreatthe electricfields of individual asif they had separateexistencewhile
adheringto the doctrinethatonly onefield exists.This way of thinking is rootedin aethertheoryratherthan
foundedon experimentabbservatiorandlogical deduction Although Maxwell'sequationavesurvivedthe
demiseof aethertheory, their reinterpretationin terms of an aether-lessuniversehas beenincomplete.
Without an aether the Poyntingvectorsbecomelittle morethanvaguelyinterestingmathematicahrtefacts
andthe validity of retardedpotentialsbecomewery questionableyet we cling to resultsderivedfrom them.
Feynman'©QQED may seento solvethe problemof actionat a distanceput vastamountsof informationhave
to be stored and processed to insure that a single electron exerts the correct forces.

In this paper,| will developa classicatheorybasedon an minimalistmodelof the electronin which it
consistsof nothingbut an electricfield in the form of a polarisationof spaceterminatingin aninner surface
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of displacementharge.In this theory,the electricfields of elementarychargedparticlesall havea separate
existenceandareextendecentitieswhich actlocally on chargesin alaterpaper,| shallshowhow this model
leadsto anexplanatiorof theforce of gravity. The presencef the myriad of electricalfields in spacgormsa
backgroundagainstwhich motion causeslectromagnetiénteractions.Using this conceptuabasisfor the
natureof chargesandtheir fields, theseclassicakheoriespredictthe sameeffectson clocksasdo SRandGR,
on measuring rods as does SR, and the path of photons as does GR.

The conclusionof this paperis at variancewith the establishedesultsof the electrodynamicdased
uponthe specialtheoryof relativity. It would be prematureo dismissit for this reasoraloneandit would be
just aswrong to useit asan argumentagainstthe predictionsof SR. The authorasksthe readerto try to
evaluate it from the perspective of early 1905 before Einstein published his paper on relativity.

2. Definitions

Sl units are usedthroughout.r} and E are the microscopicparametersiescribingfields in vacuum.
While beingrelatedto eachother by the constante, D andE are physically very different parametersf)
describingthe stateof the vacuumwhich we call electricpolarisationand E a mathematicahrtefactfound by

dividing theforce on atestchargeby its charge The caseis madefor regardingthe electricpotentialg of the
electron's electric field as its fundamental property.

The first 5 sectionsrefer to classicalphysicswith chargesmoving at speedswhich are very small
comparedo the speedof light. This view doesnot admitthe possibility that motion at evenmoderatespeeds
causesa changein the energy contentof the electronselectric field. However, the equationsare not
understoodn termsof Maxwell's aetheror any otherethertheory. Towardsthe endof section3, the caseis
presentedor the individual existenceof the electricfields of individual elementarychargedparticles.The
presencef thesefields is saidto form a backgroundagainstwhich electromagnetiinteractionstake place.
This givesvalidity to Maxwell's equationdn the absencef his aether Whenthe readermeetsthe equation

Imv? =1 f@ . Hdr in section4, it will differ from the definition of kinetic energytaughtin modern
electrodynamics and the reader must bear in mind that it is being used to describe late 19th century thinkil

Section5 explainsthe generatiorof the inertial force asa developmenof this classicalunderstanding
andit is only in section6 thatwe meetthe ideathat motion causeshangesn the electricfield of thecharge.
The modelsof Abrahamand Lorentzarereviewedandthe problemsof taking into accountthe effect of the
Lorentz contraction on the energy content of the electric field discussed.

The term Lorentz contractionis usedto denotethe real contractionof the electronas describedby
Lorentzin his book "The theoryof Electrons".This is very different from the contractiondescribedoy SR
and used in RED.

In section7, the effectof the Lorentzcontractionis reexaminedindthe readers askedto considerthe
ideathatthe contractecklectricfield is bestunderstoody useof the descriptordD and¢. The electricfield

strengthis thenunderstoodo be E = V¢ andis found to disassociatedfom D with thefactory = : 1
T2

affecting their co-ordinatedifferently. The theory presentedn this paperis now at variancewith modern
electrodynamicsvhich givesE = V¢ + 148 (in Gaussiarunits) and maintainsthe relationshipD = & E.
(See the appendix)

3: The electron model

Classicalphysicsseeghe electronasa smallhardmassiveball with electricchargestuckto its surface
and somehowfilling surroundingspacewith an electricfield E. It then creditsspacewith the property of
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beingableto be electricallypolarisedto glve afleld D = & E. Whentwo electronsoccupythe samereglon
of space,classicalphysicsassertsthat E = E; + E, +... whereE is the electrlcfleld present, E, is the
electricfield which would be presentf only thefirst chargewere presentand E, is the electricfield which
would be presentif only the secondchargewere presentetc. The fields E;, E, etc.arenot saidto have
separateexistenceput becausef the principle of superpositionthe mathematicsvorks asif they did exist
separately.

Like Feynman, do not seethat this model can possibly explainthe action of electric forcesover a
distance,but his QED is far harderfor natureto operate.l take the view that the known mathematical
behaviourof chargess moreeasilyexplainedoy a modelin which the electronandotherelementarycharged
particlesconsistof nothingbut a quantityof energydepositedn the form of an electricpolarisationof space.
When we understandall the propertiesof "electric energy”, we will doubtlessdiscoverthat the energy
content,surfacechargeand inner radius have stablesolutionscorrespondingo the electron,up quark and
down quark.

Since we find that the form of a magnetic field surrounding a current carrying circuit is given by:
= g
B = ——V, AP
Ho Z A7r? i AT

We canmosteasily explainits form by assuminghat the individual electricfields of the conduction
band electronshave separateexistencesin the spacesurroundingthe circuit. | take this as prima face
evidence that the electric fields of individual charges have separate existence. The equation
E=E +E +..is now interpretedvery differently. The fields E; and E, etc. haveseparatexistenceand
eachexertsa force F; = E g on any chargeg. Theseforcesthenadd vectorially and E is a mathematical
artefact describing the resultant effect on the chqmyed the correct form of the equation Fois:

QEZZEQ

| call this the principle of superimpositionWhereagshe principle of superpositioris a mathematical
theorem,my principle of superimpositioris the physicalmechanisnby which natureoperatesWhereasve
thoughof E asactingon spacecausingt to be polarised nhow we mustseethetheindividual electricfields as
separate polarisations which coexist in space.

The mechanisnbehindthe generatiorof the force F = E g is very simple.The chargeq; is notto be
seenasa finite object,but asa spacdfilling field extendingtowardsinfinity. The surfaceof g sits within the
polarisationof eachelectricfield anddirectly experienceshe electricforce betweerthe pulled apartpositive
and negativechargeof the polarisation.This is a directlocal action betweenthe extendecelectricfields E,
andg. This hasavery immediateeffecton the classicatheoryof the electron.The modelof the metalsphere
with alayerof surfacechargeonit nolongerapplies.In thatmodel,the surfacechargewasseenasconsisting
of elementsof charge,eachsurroundedby a sphericallysymmetricelectric field. In the new model the
electric field from a surfaceelementof the charge'ssurfaceemergesn only one direction: outward and
perpendiculato the surface.Thereis no interactionbetweenhe surfaceelementsf the chargebecausehey
do not sit in each other's electric fields.

The electronin now seenas an extendedobjectwith field andinner surface.lt is primarily a stable
structurein which energyis ableto deposititself. However,we cannotadequatelyaccountfor its behaviour
with a three dimensionalmodel. The property of electric potential ¢ which many had though of as a
mathematicalrtefactrevealsitself asreal in the long forgotten experimentsof Reissand Kohlrausch.A
parallel plate capacitoris chargedand connectedio an electrostaticvoltmeter. The distancebetweenthe
plates is varied and the voltage between the plates is found to be directly proportional to their separation.
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If we wereto examinea regioncontainingpartof the surfaceof a plateawayfrom the edge,we would
seenothinghappeningsthe distancebetweerthe platesvaried. The surfacechargedistributionwould not be
disturbedand the electric field E would remain the same.Maxwellian theory has it that work is done
polarisingthe extra volume of spacebetweenthe plateswhenthey are movedapartand energyadsorbed
enabllngthe platesto to Work WhentheyaremovedtogetherThe newmodelno longeradmitsthe notionthat
theEof theequatlonE = B, + E, +... is realandcanacton spaceto polariseit. Only theindividual fields
E; and E, etc.eX|standtheyareeachthe resultof anindividual polarisationof space The only explanation
for therecordedchangean potentialbetweenthe platesis their changen positionwithin the electricfields of
the chargeson the other plate. We must concludethat the ¢; are real and that the electric field must be
thoughtof asa four dimensionalentity existingin R3+p space.The diagramswe draw of ¢ againstx now
take on a new meaning as valid representations of a four dimensional reality.

We haveto developa moreholistic conceptof the electricfield of a chargein which D, E andg; are
descriptorof thefield. In theinteractionsof macroscopig@hysics,it is theindividual B, E and¢; which act
producingforceslf. j upontheindividual ¢;. Oneof our tasksis to distinguishwhich descriptorgeferto real
propertiesand WhICh arejust mathematlcahrtefacts Nowhereis this betterillustratedthanin the way we
write the equatloB = Mo i 7 r2 Vi A f; and the seven equations we can derive from it.

|:)| = G Y’/i A F or |j|i =V, A f)i or |j|i =V, A SoEi or |:)|i =V, A 80V¢i

=3B o B=uwYH o B=Y uH
i i i
| would suggesthatin a classicalinterpretationthe equationsB = o ¥ H; andH; = v; A D; best
describethe processedy which natureoperateslt might be helpful if the readerpondersthis for a little
while and gives eachof the eight equationsa physical interpretationin terms of the processedy which
nature might act.

It neveroccurredto classicabphysicsthatthevelocitiesv; neededa moreexactinterpretationProvided:
thatthat the summationsaaremadeovertheright setsof chargesthatfor eachconductionbandelectronin a
circuit, we include one electronunit of positive chargeupon an adjacentlattice ion; that we include the
orbital electronsactive in ferromagneticmaterialsin the sameway and that all v; < c, the v may be

measured with respect to any convenient frame and theory and experiment will agree within the laboratory

But our questis to matchour mathematicsvith the processeby which natureoperatesandthatleaves
no roomfor aninexactinterpretatiorof thev;. Maxwell hadno problemwith this andbelievingthe "flux" of
electricandmagneticfields to residein the aetherhe assumedis V; were measuredvith respectto it. This
meantthat the fields of a chargemoving throughthe aetherrequirea mechanisnto continualreform them
aroundthe moving charge.Thefields to the rearmustdecayandenergymustbe movedto the front whereit
formed into new field. The Poynting vector gave the energy flow and latter led to the concept of
electromagnetimmomentum.The abandoningf aethertheoryputsall this firmly in the realmsof history, yet
it takes a lot to get a physicist to abandon a good equation and the mathematics lives on.

The presenceof the individual electric fields of all chargesin spaceis sufficient explanationfor the
generationof magneticeffects.We simply haveto postulatethat the effect of movementof electric fields
through eachother generatesnagneticeffects. More precisely,the motion of the individual field of the
chargeq; (as describedby f)i) againstthe presenceof all the other fields generatesa magneticintensity
Hi = vi A Di. The magnitudeof H; doesnot dependon the numberof otherchargesn the universe so as
we try to takeinto accountthe velocity of g; relativeto eachof the otherg; in the universe we mustusean
averagingprocessatherthana summationWe borrow from economicshe conceptof a weightedaverage
dependenbn somepropertyof the electricfields. If theweightingfactoris thefield strengthk, thenwe may
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write:

Vi, locally absolute =

R
J#1

>, [E
j#i

the motion of a chargegeneratesnagneticintensity.A Galileanframeinvariantexpressiorfor the magnetic
intensity then becomedH: = (V, =3 A D whereV: and? are measuredrom the samereferenceframe. |
call this "stasistheory". It remainsto be determinedasto which propertynatureusesasthe weightingfactor.
Usingelectricfield strengththe vectorsin alaboratoryhascomponent®f approximatelyl6 m/sbackalong
the earth'sorbital pathplus half the velocity of thelab measuredn the ECM framedueto the earth'srotation.
If electric potentialis the weighting factor, then$ is determinedmainly by the distribution and motion of
matterin the galaxy!In a Lorentz-Poincaréworld, the real slowing of clockswould providean experimental
tool to investigate the alternatives.

pYBRRI=1

andwe might calculatea velocity$ = whichis thevelocity of the backgroundagainstwhich

4: Electromagnetic mass and momentum

Classicalphysicsregardedelectromagnetienassand momentumas propertiesof the electromagnetic
field. This interpretationdependedn Maxwell's understandingf the natureof the fields within the aether.
The action of a magneticfield on a moving electrondefiesNewton'slaws and electromagnetienomentum
wascited claimingthatits inclusionwould restoreconservatiorof linearmomentumHowever,thetheoryis
deficientin thatinsteadof evaluatingvolumeintegrals, it convertshemto surfaceintegralsandappliesthem
to a surfacecontaininga system.Examinationof the Lorentzand Abrahammodelsshowsthat the integral
must be over a volume from the surfaceof the electronoutwardsto infinity and that the main factor in
determining its magnitude is the size and shape of the inner surface.

In forming a unified theory, it is betternot to regardNewton'slaws asfundamentabnduniversal,but
to derive them from more fundamental principles for specific situations.

We cancometo a more intellectually satisfying understandingf thesemattersif we startwith the
assumptiorthateverythingis composedf energyandthat conservatiorof energyis the primarylaw. When
anelectronis acceleratedby anelectricfield, thefundamentaprocesss oneof turningthe potentialenergyit
possedy virtue of its geometricposition within the field into magneticenergycontainedin the magnetic
field generatedy its motion. Massandforce are conceptderivedfrom humanexperienceandthey canbe
used quite nicely to describethe process,but we must understandthat Newton's law F=mais a
generalisationdescribing the result of myriads of electromagneticnteractionsin the form of energy
exchanges.

In the classicalmodel of a moving charge,a magneticfield is generatedvith a total energycontent
proportionatto V2. It is a simplematterto associatehis with the kinetic energys mv? andobtainthe equation

Imv? =1 f@ . H dr, substituted = V A D, and rotate the triple scalar product to get:
%m\ﬁ:%fV~5A§dr = mV=f5A§dr

But we mustaskourselvesvhat this mathematicatierivationmeansin a Maxwell-Thompsorworld
consistingof nothingbut eddiesandflows in theaetherjt mustsurelyrepresentherealnatureof momentum

1 Lorentz-Poincaré world = world in which motion against some background causes Lorentz contraction leading to universal
validity of Lorentz transforms.
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andthe fundamentalmeaningof mass.Without an aether it is just an interestingmathematicatoincidence
which we may get quite excited about, but which nature ignores.

Lorentzusedthe electromagnetienomentumto derivethe inertial force andwe canonly assumehat
this was becauseéhe calculationomits the inconvenientchangein the energycontentof the electricfield.
neitherthe Abraham,Lorentzor relativistic modelsadequatelydeal with this. Therearetwo problems first
the predictedincreasean energycontentof the electricfield is of the sameorderof magnitudeasthat of the
magneticfield and secondjncreasean energycontentof a volume elementdependson the direction of the
electricfield in it. If the Lorentzcontractionis correctlyapplied,thenthe energycontentof the electricfield
increasedy afactor 3—1y + 2—3y which doesnot convertinto a nice function of y andthereis no way to match
theexperimentatesultsm = y®mgandm = y my. Justasin thermodynamicsthe kinetic energyof a gasis
partitionedinto thirds, onefor eachdegreeof freedom,so the energycontentof the electricfield behavesas
if it is partitionedinto 3 in the directionof motionand$ perpendiculato it andtheseareeffecteddifferently
by the Lorentzcontractionin Lorentz'stheoryandby the Lorentztransformsn arelativistictheory.Suitable
useof amethodallowing a vectorproductto effecta resolutioninto the directionperpendiculato the motion
eliminates the problem, but such methods at best lack rigor and at worst are a fudge.

Lorentz discussedPoincaré'sinternal stressesvhich seemedto provide a solution at the time. The
problem being that energyis supposedo be storedin the internal stressesand releasedby the Lorentz
contractionto do work providingtheincreasan the energycontentof the externalelectricfield. Suchenergy
mustbefinite, but thereis no limit to theenergyrequiresasv — c¢ sothesolutionwill work only solong as
y <~ 2.

Our final modelwill be derivedin two steps.Firstit will be developedasa classicaltheory. Thenwe
will look at the derivationof the Lorentz contractionandthe natureof fields andseehow we might be able
interpretthemin a way which givesan invariantenergycontentto the electricfield. We havealreadyseen
how an electronmodelwith no interactionbetweenits surfaceelementss possibleandthis eliminatesthe
possibility in any Poincaré stresses which might affect the energy.

5. A classical theory of inertia

Accordingto classicattheory,the moving chargeis surroundedy a magneticfield B = fo—?z VAP
JT
. . . 1 z .
This magneticfield has an energy density Q, = — B? = o (V A £)°. We considera surface
2 Uo 32 7%r4

elementof areadA = r2dow = r?>sinf 66 d¢p and the conical volume elementwhich can be constructed
outwardsfrom the surfaceelementeverywherearallelto the electricfield. Suchvolumeelementswill herein
afterbereferredto as"tubules"sincethey areconstructedaccordingto the rule devisedby Faradayto define
what latter became known as "Faraday tubes".

2 This is derived in more detail latter.
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basic volume element

The basicvolumeelementof thetubuleis 67 = r? dw Jor andthe energycontentof the magneticfield
within the tubule is:

_ Y 21 > _ wd . 2
(3@,“ = ﬁ (V A ?) fror—4r owdr = m(v A f) ow (D
We can now differentiatehis with respect to time.

d mod d . > Y .

—o0&m = —((VAFf)-(VAP) = VAFPR)-(AAf

i = g WA Ua) = e A @ar)
We assume that this rate of change of energy content is equal to the work done byil%. fones

g o _ /u'oq2 o .
OF V_—16n2r0 (VArP)-(BAaP)

This quadruplevector productreducesto the triple scalarproductof V, f and (& A f) which is then
invariant under cyclic rotation and we may wiitex f - (A A f) = ¢ AR A f) - Vgiving:

= ,MoCI2 N
oF v = 9 v @aAr) -
16 721, A@aat)

We have not specified the direction of 0F and are free to define its direction as being that of
f A (& A f). This then allows us to conclude that:

2
OF = 12“;;3%? A@AT)

In the specialcasewhenthe accelerations in the directionof the velocity anda = a, ¢, thechangen
the magneticfield only involves a changein magnitude.lf we assumedthat magneticflux was being
generatedvithin the surfaceof the chargeand emergingfrom the surfaceat a velocity Vs jux = Vfux f then
accordingo Faraday'saw, anelectricfield E=BAx Viiux 1S induced.This field exertsa force onthe surface
elementof the chargein the directionof (V A f) A . Thatis to saythatit is the force resistingérz andby
taking the dot product with we identify the accelerating force and the inertial force resisting it.

We canin this specialcasecalculatea value of Vs, on the assumptiorthat changesn the magnetic
field within the tubule are accomplishedoy the movementof magneticenergyup and down the tubule.
Dividing $6&,, by the productof the energydensityandthe areaof the baseof the tubule(muchaswe would
to calculate the velocity of gas in pipe) gives us the required velocity:

3 See appendix for full working out.
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d o

hal VAR - (&, AT
. dtagm 16 y_[z rO ( A ) ( X A ) 2 rO ax
Vi = 5 1200 | uo@ ) ==y f
m _Ho A P30
3aerg (A P800
B _ g 2o,

v
Sincethe generatiorof magneticflux takesplacethroughoutthe thicknessof the surface the induced

electricfield variesfrom O to E. Theeffectof this is quantifiablethroughenergyconsiderationgeadingusto
introduce a "surface penetration coefficients @iving:

1 1= 1 wdg (o 2rpay, g
—-Edg = =B oqQ=--—— f) A ——F —0
2500 = 3B A Tiuda = 5 7705 (VA b a =m0 0w
(We have already used as the accelerating force, so the resisting foreeSI%)
By some nimble rearranging

—OF =

o= KT A i E=av
167'[2r0

If we consider the differentiation &in the case of acceleration in any direction,

da d(uq . o q
dtB B dt(4nr2v 4 f>) B 4]”25. o

In the caseof accelerationn the directionof the velocity, we sawthattheinertial force resultsfrom the
actionon the chargeon the surfaceelementof an electricfield inducedby the emergencef flux. Whenthe
accelerations an any direction,thenthe magneticfield undergoeshangesn energycontentanddirection.
Therequiredflow of magneticflux into the tubulenow hasthe directionalpropertyof %@. We know thatthe
equation —OF = #‘fro (& A f) A f is correct and that in the case@ = a ¥ this correspondsto the
generatiorof a force throughinduction.We arenow in a positionto removetherestrictionandconcludethat
the process of induction is also responsible for the force in the general situation.

This leadsusto anunderstandingf the natureof magneticflux in which its "substancefs energy,but
its ability to inducean electricfield is its flux density.As magneticflux emergedrom (or is adsorbednto)
the surfaceof the chargethe direction of 4B controlsthe induction. While this might seemodd, it is an
interpretationwhich enablesus get a seamlessntegrationof the processof inductionandthe conversionof
energy between its mechanical and magnetic forms.

The inertial force is given by integrating over the surface of the charge.

2 o O
F=-—+—7— ant fd
lGJ‘[zroj( A AT do
- o QF (27 to OF _ZTnaX to O
F=-—"+—7— ant fsnd dd dp = —— |a| = ————a
16 7%rg Y0 J—; @A) A ¢ 16 72r, 3% 6721,
—813,
(This integration is given in full in the appendix)
2 2
This takesthe form of Newton'ssecondlaw of motion if m = fod andr = M. The energy
, 6mry 6rm
storedin the electricfield of a chargeof this sizeis & = d p which givesaninertial massequalto £ of
TéEolo

the massequivaleniof the electricfield calculatedrom Einstein'sE = mc2 Notethatresultcomesfrom the
classical limit ofv < c.
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6: Previous models

Early experimentaldataon the variationof masswith speedof betaparticlessuggestedhat the mass
behaveddifferently under linear and centripetalacceleration.Two types of masswere identified. Linear
acceleratiorwas resisteoby "Iongitudinal mass"andcentripetalacceleratiorby "transfersmass".Thesewere
givenby m = y*mgandm = y?m, Abrahamshowedthatthe energyin the electricandmagnetidfields of
a rigid spherical electron with Lorentz contracted field behaved as & (3<-¥logsty — 2) and
8ﬂ(cz“’zlog“" — 2). Thelongitudinalandtransfersnassesanbe derivedfrom thesediabolicalexpressions

to give answers, which when expanded as power serﬁeamproximate te* my, andy? m,.

Lorentzpreferreda modelin which the surfaceof the electronalsosuffereda Lorentzcontraction By
consideringonly the magneticenergy and equatingthat to kinetic energy, he derived m = y*m, and
m = y My asanexactresultwhich healsoderivedby consideringhe electromagneticmomentumAlthough
theseresultscontradictedcurrentexperimentadata, he preferredthem on mathematicagrounds.In his his
1906lecturesprintedin 1915as"The Theoryof Electrons” LorentzpresentddAbraham'snodelin section26
anddiscussesis own theoryat lengthtowardsthe endof the book statingwhy he would haveliked to it be
correct.By 1915,experimentatiataon transversendlongitudinalmassconfirmedLorentz'stheoryoverthat
of Abrahamand Lorentzrecordsthis in a footnote.He goesto greatlengthsto avoid a directintegrationof
the energycontentof the Lorentz contractedelectric field. Written in the co-ordinatesof the stationary
system,this is a beast,but after great calculationsfirst to form the integral and then to commencethe
integrationby meansof substitution,we arrive at the integralswhich we could have simply beenwritten
down in the co-ordinates of the moving system.

2
L1 |
¢ =" [ fzfrozgo ;Ey r2sin 6 dr do de
Z

Writing the result in terms @y, the energy content of the electric field when at rest, we get:

1 2y
€=|—+—=|¢
(37/ 3 ) °
The effect of the dot productf) . Eis to partition the energy contentof the electric field into 3

associatedwith the componentof the electric field in the in the direction of motion and £ with that
perpendiculatto it. The Lorentz contractionaffectsthesedifferently, increasingthe energydensity of the
perpendicular component by a factér but leaving the energy density of the parallel component unchanged.

Froma classicalpoint of view, the energycontentof the magneticfield is realandcanbethoughtof as
an additionalform of kinetic energy.Expressinghe kinetic energyof an electronasthe sumof mechanical
and electromagnetigarts, Lorentz showedit mustbe wholly electromagnetién nature.If we include the
increasean the energycontentof the electricfield, eachof the two termspresentsa particularproblem.The

3Co Will neverallow us to obtainexpressiongor m and m which are integerpowersof y timesthe rest
mass The L & will give ustwice the requiredmass.On its own, this would be of no consequenceyut the
resultenablesa radiusto be calculatedfor the electronandthis mustbe in reasonablegreementvith the
radiusdeducedrom radiationscattering.The restmassof the electroncanalsobe givenasa function of the
energycontentof the electricfield giving my = %€,. Einstein'sl905dequate€ = mc? andphysicistwere
left the problemof explainingthe extrathird. If theincreasan the electricenergyof the field weretakeninto
account, there would be an extra five thirds to explain away.

Subsequennterpretation®f the classicaimodelin thelight of Einstein'sSR sawthe magneticfield as
an artefactof the relative velocity of the observerto the electron. With the unwantedz 3-Co lost in the

calculationstheincreasdn energycontentof the electricfield is equalto the energycontentof themagnetic
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field andit was a simple matterto form a Lorentz invariantby subtractingthe magneticenergyfrom the
electric energy. Jackson in section 17.5 does this in the context of the Abraham-Lorentz model.

We needto definethe boundaryline betweenclassicalandrelativistic physics. Relativistic physicists
tendto claim anythinginvolving y astheir exclusiveterritory. This is quite wrong. The boundaryis clearly
defined by the claim of Einstein "that the stationarysystemis superfluous".When Lorentz combined
Poisson'sand Maxwell's equationgo deducethe Lorentz contraction he wasworking within the boundsof
classicalphysics.The embryolLorentz-Poincaréelativity wasin part classicalandit only startsto crossthe
boundaryat the point wherea non absolutesynchronisatiorof remoteclocks is admittedand the Lorentz
transformsare derived. The Lorentz model of the electronis classical.Relativistic interpretationsof the
Lorentzmodelare very different from the original modelin thatthe classicalinterpretationof the natureof
the magneticfield is abandonedindthe magneticfield is now seenasan artefactof the observatiorof the
electric field of the electron by an observer moving through its rest frame.

In the model which | will develop,the energycontentof the electric field remainsconstantif the
electron'ssurfaceandthe electricfield asdescribedy D and¢ sufferaLorentzcontractionWe needto bea
little carefulherebecauseve candescribethe effectsof the Lorentz contractionin termsof a pointin the
field, or apointin spaceForexamplein Jackson'quationl1.148 we readthat"E; = E;" whichrefersto a
point within a field whereasn the last paragraplof section11.10,he says"Along the direction of motion,
thefield strengthis down by a factorof y2 relativeto isotropy,while in transversalirectionsiit is largerby a
factor of y." When consideringa point in space,the combinedeffect of the Lorentz contractionand the
inverse square law dependence of field strength must be taken into account.

Referringto a point within thefield, if we takeE = V¢ insteadof E = %f), we find E increasedy a
factorof y in the directionof motion andD largerby afactorof y in transversalirections.J.H. Jeansn The
MathematicalTheory of Electricity and Magnetism,Cambridgel923 arrivesat this resultfor E in section
659. Referringto a point in spacethe final paragraptstates'the electrostatidorcesin S'arei (= %) times
thosein S asregardstheir x-componentsbut x timesthosein S with regardtheir y components.\Whenwe
take into accountthe effect of the inverse squarelaw within the Lorentz contractedfield, my result
correspondso E; = I E, whichis Jeans'sesult.lronically in the precedingsection,Jeansggives Abraham's
result and the following Lorentz analysisin termsof electromagnetienomentum,but he never madethe
connection.

7: Theeffectayy — c

From experimentakvidencewe know that asthe velocity of a chargeapproacheshe speedof light, it
behavesas if it had two different inertial masses.Transversemassm = ym, and longitudinal mass
m = ¥>my,. (Thesetermshavefallen out of usage)The reasonfor this in classicaltermsis very simple. A
moving magneticfield inducesan electricfield. Whenv < c the electricfield inducedby the motion of the
magnetidield surroundinghe charges very smallcomparedvith the electricfield of thecharge Only when
v approachethe speedf light doesit becomesignificantandthereis afeedbackeffect. Thetwo problemsn
modelling this feedback are first to obtain functions of the fpfrand second to limit the powersjof

We might reasonablyexpectto be ableto dealwith the secondaryelectricfield inducedby the motion
of the magneticfield by usingthe principle of superpositionThis beingso we might calculatea secondary
magneticfield due to the motion of the secondaryelectric field. Repeatingthe processthe electric and

magnetic fields become power series of the form D = Do(1 + £ + (2)° + () +... ). This is the
expansiorof y2. Theresultis to increaseB andthe component®f D perpendiculato the directionof motion
by a factor of y2 This would thenresultin m = y’my andm = »3(1 + %)m,. As this is not the case,

something must be limiting the feedback process.
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Lorentz was able to obtain the correctbehaviourof the magneticfield by assumingthat the charge
remainedconstantsits surfacesuffereda Lorentzcontraction.This allowedhm to useGauss'squationasa
boundarycondition and concludethat the field as describedby D suffereda Lorentz contraction.But he
assumedbhat this also appliedto E and concludedthat the energycontentof the electric field changed.
Lorentz'selectronmodelgoespartway to accountingor the observeceffects.To seehow we might correct
the model, we should start by examining the derivation of the Lorentz contfaction

We considera systemof chargesin motion through somebackgroundagainstwhich the motion of

electricand magneticfields generatesnagneticand electric fields. We write Poisson'squationV?p = L
€o
: 19° : . :
and Maxwell's wave equationVZ%p — Zon ¢ = 0 expressedn termsof electric potentialand combine
1 9? ! d dx d
X
themto get V2p — =2 ¢ = L. For a moving system—= = and substitutionand expansionof
9etVe -~ 25e? T 9SYSIEM3E = Bt ox P
V?¢ yields:
2 2 2

(1 _ _) P s Ly Ly P

c?) dx? dY? o"z2 &0
Thesubstitutionx’ = X restoreghis to Poisson'squationandwe concludethatif the systemis

Vi-%
in equilibriumwhenatrest,it will bein equilibriumwhenin motionif it is contractedy afactor,/1 — V—2 in
the direction of motion.

However, this a differential equationwith a multitude of possible solutions and we must apply
boundaryconditions.Assumingthat Gauss'daw still applieswe concludethatthetotal electricflux remains

f D - dA = 4z q. We thereforeconcludethat the surfaceof the electronandits electricfield asdescribed
by D are Lorentz contracted.

A problemarisesfrom thefactthatthe electricfield surroundingan electronhasthreedescriptorsf), E
and¢. It hasalwaysbeenassumedhatthe relationshipf) = ¢ E would be maintained However,if this is
the case,since E = V¢ our view from the stationarysystemseesthe electric field as describedby ¢
elongatedandthe equipotentiakurfaceso longerperpendiculato the electricfield. Worsestill, the surface
of the chargeno longercoincideswith an equipotentiaksurface Perhapsp is simply a mathematicahrtefact
of no physicalsignificanceandtheseproblemsareof little consequencaut the derivationof the contraction
wasin termsof ¢ andalthoughwe canwrite our equationsn termsof E, Poisson'squationturnsinto a first
orderdifferential equationwhile Maxwell'swaveequationin E is of theseconcbrder Thederivationwill no
Iongerwork We concludethatthe electricfield strengthmustbe givenby E = V¢ andthattherelationship
D = &E no longerholdsin the caseof motion at nearlight speedsThis then meansthat asseenfrom the
stationarysystem the surfaceof the electronand its electric field as describedby D and ¢ are Lorentz
contractedln dielectric theory, somematerialsare not isotropic and D and E do not remain parallel. It is
found that the energy density of the resulting field is still give%fby E.

We might betterunderstandhis if we seeinvarianceof the energycontentof the electricfield asa
boundary condition intimately linked with the use of Gauss's law as a boundary condition.

In the systemS moving with the electron,all measuringdevicesare Lorentzcontractedandall clocks
run slow. Measurementsf the electronandits electricfield arethe sameastheywould bein the stationary
systemif the electronwereat rest.The energydensityof the electricfield is givenby Q. = 32D - V¢ andits

4 Herein "Lorentz contraction"” refers to the real contraction caused by motion though the stationary system.
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energycontentis &, = f% D - V¢ dr in the moving systemand&,’ = f% D’ - V¢’ dr’ in the stationary
system.

D, v .
D = [yDy Vo' = ‘é—? d’ = =dr
Y
D
Y U: ‘é_‘fz’
1 Dx yg_i)1 1
And &/ = 55’ Ve'd’ = | Z|vDy| - | & |=dr = 55 V¢ dr
v D, do v

The energycontentof the electricfield of the electronis invariant. (Readerdamiliar with the field
transformsof SRwill find this very hardto accept.The fundamentalifferenceis that SR doesnot creditthe
magneticfield with real existenceThe derivationaboveis classical Fromthe stationarysystemwe seeboth
the moving chargeandits moving magneticfield andidentify two superposeelectricfields, onebelonging
to the electronandthe otherinducedby the motion of the magnetidield. SR describeghe effectof thesetwo
fields on a testchargeat restin the stationarysystemby performinga Lorentztransformof the electricfield
of the electron from its rest frame to the stationary frame. The two interpretations are different.)

The magneticfield mayalsobe calculatedasB = é\*/ A D. With v directedalongthe x axis,only the

y andz componfntsnf D areinvolved in the vector productandthe magneticfield seenfrom the stationary
system i = = VA D = yB Itfollows thatQ, = y?Qmand&y = ¥ Em.

This presentsis with a problem.The enhancednagneticfield is seenfrom the stationarysystem but
in thatsystemthe sphericalsymmetryhasbeenbrokenandtheintegrationis no longersimple.We alsohave
to takeinto accountthe fact thatthe angleof the tubuleto the directionof motion appeardgifferent. it would
be nice to perform the integrationin the moving system.To perform the calculations,we translatethe
problemto an auxiliary systemwhich hasthe co-ordinatesof the moving system,but the magneticfield
strengthseenin the stationarysystem.We canthencalculatethe energychangeandthe force generatedn
this systemknowingthatour final answersnustbedividedby y to takeinto accounthe changean the sizeof
the volume element.

2o 21 5 L 2
6€m = V32.7‘[2 (V/\ r) J.ror—4r owdr = Y m(VA f‘) ow

And the rate of change of the energy content of the tubule is:
d Mo q2 d 2 (= -
—0m = —— dw — P) - f
G = Bt 0 (VAR (VAT

Knowingin advancehataccelerationn thedirectionof v andperpendiculato it havedifferenteffects,

we associatehe y? with one of the velocity termswriting it in a form which differentiatesnaturally into
longitudinal and transverse components.

d 0Ge d 2 N
aégm = C—Zea((()’ V) U AP (VAP

= y?V/\ Ay i + a) + ak) A
(This differentiation is given in full in the appendix)

Writing y? a1 + ayf + ak asa, and after cyclic rotation of the triple scalarproductfollowing the
method used above.
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Following the reasoning used above, we might conclude that in the auxiliary system

F = Zéc—%yzf (3, A 1) A f do. Allowing for thereduceccapacityof thevolumeelementtheinertial force
experienced in the stationary system is then:

IE':Z(SC—g‘e J(éy/\f‘)/\fda)

d
il =2
dtéﬁm 4

32’ &

This is the sameresultasthatderivedby Lorentz.We sawin section4 thatthe force resultedfrom the
actionuponthe surfaceof the chargeof the electricfield inducedby the motion of the magneticflux asit
emergedrom or wasadsorbednto the surfaceof the charge Our resulthereof the sameform, but with the
inclusion of they factors and we can assume that this interpretation is still valid.

In acceleratindnigh speedchargedparticlesandobservingchangesn inertial mass the velocity of our
lab throughthe stationaryis very smallcomparedo the velocity of the chargethroughthe lab andwe arein
effect exerting forces from the stationary system on the moving system of the charge.

8: The factor of$

Much hasbeenmadeof the fact that the inertial massis % where&, is the energycontentof the
electricfield in apparentlisagreemenwith Einstein'sE = mc?. The authoris of the opinion that, whenwe
take into accountthe different geometryof the fields of electronsand photons,this resultis in direct

agreement with Einsteins = mc?.

The equationB = 4”0—?2 V A P can be squaredand rearrangedo give an equivalentrelationship
JT
. . - Vo .
expressedn termsof energydensitiesof the electric and magneticfields: Q,, = P sin?0 Q.. Integration
. : : 2 : 2V
gives the averagevalue of sin’d over the spherlcalsymmetryas§ andwe canwrite &, = 33 Ce. Under
linear acceleration:
d d2v? 2¢€
—&n= Fv=(mav= —=& = 2v—
dt " (ma) dt3c? ° 3¢2

Theinertial massis thenseento be2 x 3 % with the 2 comingfrom the differentiationof v? andthe

2 from the integration over the sphericalsymmetry.For a photon, the electric and magneticfields are
perpendiculato the direction of motion and the factor 4 becomesl. Thus we might expectthe massof a

photonto be 2 F; whichis simply anothemway of expressingzinstein'sresult.Note that Einstein'sderivation

of E = mc? appliesto photons On their adsorptiorby anatom,theincreasén massof the atomis given by
E = dmc? which is correctlywritten Eghoton = OMutom ¢?. The extensionof this to all ponderablematterin
the form ofE = mc? is unfounded.

[In alater paperof this series,| will showhow gravitationalandinertia masseof ponderablematter
are not strictly speakingequal,but merely proportional. Whenthis analysisis appliedto photons,we geta
deeper understanding of the relationship between inertia, mass and energy and gravity.]

Inertial Mass as an Electromagnetic Phenomenon © Bruce Harvey Pagel3 printed: 16:15 Friday, May 5th, 2000



Appendix
2
1, The differentiation involved in the res%é@m = fod VAaf)-(AaP)

16 72 )
S @nat) @at)= 20at) 2@ar)
dt dt
d df df
N —(VAF)=3AAP+VA— but— =0
ow - (VAP APHTA i
d e
Theref —O0C = —/——— F)-(AAF
erefore dt(%m 1621 VAaf)-(Aarf)
. . . . . . =l _ 6€e 2 _ 4€e 2 —>.
2, The integration involved in obtaining the restilt= 2—-y (B APR)A P do = 32 ¥
. [ cos 6 cos 6
["[ @At A tsnododp =] [|la]nl|snocose|l A |snocoss|sne do dg
0 0 0 0 . . . .
a, sndsing sinfsing

5 a;sinffcosfsing — a,sSinf@sin?¢ — a,sSN0 cos’ ¢ + a,Sin?6 cos 6 cos ¢
T 7T

= fo J.o a,sin?6 cosf cos¢ — a,SNOcoH — a, MO SN ¢ + a, SN0 sing cose do d¢
a,sn*@sing cos¢g — a,snN%6 co ¢ — a,sinh co? 6 + a,Sin?H coso sin ¢

3, The differentiation involved in the res@&é@m = 2y° gi’ AE AP)-V

QP uar)- (Var) = 9((y2v>vm)-(vm)+((y2v)vm)-9

(VAP

dt dt dt
We writed = %’ asa | + a,] + a,k and note that at this instant= 1
d, d (1-%) a-vR3a,. v d
i O AP) = U AP + RN
GOV = G g at] - T e
gv_g\j_va—vw.a)_ayhazk
dt = dtv 2 B v
L) a, — v=2a,, v d

(1_\é_§)2 I+f\é_§av)/\f'(V/\r)'k(VZV/\F)'(a/\r)

1-%)a —v=3'a,, . .
:yZ(VAf)-{(( 02)1iv_2 27 +aj +ak

c2

AP+ é/\i’}

1_ aX_ aX
= yz(v/\r)-{(( )1 Ve |+aX|+ZayJ+2azk)/\f‘}
_?

=2V At - ((yPad +a] + ak A f)
Writing y? a1 + a,] + a,k asd, and performing a cyclic rotation of the triple scalar product
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%((yzv)(//\f) 2)/2?/\?'(@/\?)=ZVZ?A(E\,,A?)~\7

4, Validity of E = V¢ over E = V¢ + %%—f\

Theterm 1 g-{* in Gaussiarunitsor simply%—{A in Sl units,canbeinterpretedn two ways.Originally,
it referredto the rate of changeof the magneticvector potential (A) at a point in the aether.Later it
referredto the rateof changeof A ata pointin a system.Thelatterinterpretations followed here.The
systemis the electronand its fields. Sincethe form of the magneticfield in the region of the un-

accelerated electron, as seen from a co-moving frame, is codstantD and can be neglected.
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