Inertial Mass as an Electromagnetic Phenomena

Introduction

Following his discovery of the electron, JJ Thompson tried to explain matter as a purely
electromagnetiphenomenaA paperby Searle,a colleague,in 1896 looked towardsexplaininginertia in
purely electromagnetiterms.Challengedy this, afterseveralyearswork, | completedny own theoryin the
summerof 1997. This explainedhow a sphericalchargeof no masswould resistaccelerationThis theory
was expressedn classicaltermsand showedhow by assumingthe substanceof the magneticfield to be
energy,it was possibleto calculatethe velocity with which magneticflux emergedor sankback into the
surfaceof a chargeasit was acceleratedThat movementgeneratedan electric field which actedon the
chargeproducingan inertial force proportionalto the accelerationThe following year,| cameacrossthe
work of Lorentz and Abraham.Both had derived similar theories,consideringelectronsmoving at high
velocity andpredictingrelativisticincreasesn mass .My theorywasstrictly classical but unlike them,| had
described the actual mechanism by which the inertial force is generated.

This papercombinesideasof Lorentz with my previouswork to producea theory explaining how
inertial forces are generatedand how these forces result in a relativistic increasein inertial mass.
Conceptuallyjt takesus backto 1905andthe evolutionof Lorentz-Poincareelativity into Einstein'sSR. In
thistheory,theelectronis assumedo havea definite velocity v againstsomebackgroundhroughwhich light
travelsat a constantspeed.While personallypreferringto identify that backgroundas the presenceof the
electric fields of all charged this theory is consistentwith an understandingof electromagnetisnas
describedoy the theory of relativity. In this context,v is the velocity of the chargein the observersnertial
frameandtheelectricfield of the chargeandits surroundingnagnetidield arethe observediescriptorsof its
electromagnetic field as seen by that observer.

Sl units are used throughout.

Magnetic energy density flux

If we think of the substancef a magnetidield asbeingdescribedy its flux density@ andthink in the
traditionaltermsof the movemenf magneticflux, the geometryof the sphericalchargepresents problem.
If we sumthetotal flux @ cuttinga half planethroughthe centreof the chargefrom its line of motion,we get
aninfinite answer.If we tried to explaintheinertial force resistingaccelerationn termsof inductiondueto
the movement of flux into or out of the surface of the charge, the predicted force would be infinite.

If however,we think of the "substance'of a magneticfield as being energyand describeit as an
"energydensityflux" with anassociateghropertyof direction,we find thatthe field containsa finite amount
of "magnetic energy density flux" and the problem becomes solvable. We define a vector quantity:
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Thisis avectorin the sensehatit hasmagnitudeanddirection,butit doesnotform a vectorfield over
addition and scalar multiplication. This leadsto problemsin differentiating the magneticenergy density
vectorwith respecto time. If we considera limiting procesgo find the differential, 6Q, is a vectorwith the
magnitud% ot andthe directionof 48 5t. We solvethis by drawingthe vectortrianglesrepresentinghese

1 This is published on the internet at <http://users.powernet.co.uk/bearsoft/P1Int.html>

2 This is based on the proposition that the magnetic intensity, at a point, generated by the motion of an
individual charge is due to its velocity relative to each of the other charges in the universe weighted by
their relative field strengths at the point. This is then generalised to describe a background against whict
the motion of electric and magnetic fields generate each other in accordance with Maxwell's laws. This
theory is published on the internet at <http://users.powernet.co.uk/bearsoft/StFTi.htm|>
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two limiting processes.

We resolvethe incrementalector B into two componentsS%u and ,BEL parallelandperpendiculato
the magneticfield and do the samefor 6(5. The action of the flow of magneticenergyinto the volume
elementis now bestunderstoodn termsof two componentsﬁé” and 6(1 and their magnitudes 0Q, and
0Q.. The actionof the formeris to changethe energycontentof the conic elementandthat of the latter to
changethe directionalpropertyof its magneticfield. Thereforeit is the parallelcomponentsvhich mustbe
comparedto determinea scaling factor for the two triangles. These componentscan be found by
differentiating the the scalar definition of magnetic energy density.

Qm = Zio B’
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The reader might think this odd preferrlng dt<2yoB B) (Z#OB?“B + 7 P B) but it must be

rememberedthat the magnetic energy density does not form a vector field over addition and scalar
multiplication rendering the normal methods of differentiation invalid.

A further assumptionis neededbefore we can proceed.That magneticenergyis personalto each
chargeandcanonly moveparallelto its electricfield. It is usefulto reviseanideaof Faraday'sandthink of
the electricfield asdivided by surfacesforming tubeswhosewalls are everywhereparallel to the electric
field. Although this ideawas supersededy the conceptof lines of force, it enablesus to picture a conical
tubedrawnoutwardsfrom therectangulasurfaceelementro sSin 0 6¢ x r 66. We canthencalculatethetotal
energy within this conical element and consider the movement of magnetic energy into and out of it.

& = j°° Qnr2sin6 66 d¢ dr
0

Any changean the magnetidield within the conicelementmustthenbe associatedvith a movemenof
energy out of or into the elemerniy SN 6 d¢ x r 66 of the charge's surface.

d
dt
However,this will notyield the correctresultfor the resistanceo centripetalaccelerationWe needto

takeinto accountthe directionalpropertyof the magneticenergywhich is beingaddedto or adsorbedrom
the magnetic field. We therefore need to consider.

(- d 2 .
m—fro dter sSin 6 60 o¢ dr
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d = = d > 2 .
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Relativistic effects
By this term, | mean any modification of an observable quantity by a functbon:o\/fﬁ.
T2

The mathematicatlerivationof this factor wasfirst achievedby LorentZ who combinedthe potential
form of the wave equationand Poisson'ssquationto producea generalequationfor the electricfields of a
moving systemof chargesin equilibrium. The substitution x = /1 — ‘é—ix’ y =Y z= Zagain
yieldsPoisson'quationandLorentzarguedhatany systemheldin equilibriumby electrostatidorceswhen
at rest,will whenin motion,remainin a stateof equilibrium now governedby the samesolutionin the co-
ordinatesx, y' and Z resultingin a contractionin the direction of motion. The Lorentz transformsand the
time dilation can be deducedfrom the contraction.Poincareprovedthat for two inertial systemseachin
motionthroughthe aether the resultof theseeffectsis to renderthe Lorentztransformsvalid for converting
betweenmeasurementmadein themby a pair of inertial observers providedthat their axeswere aligned
andclockssynchronisedn the specifiedmanor.Theresultis thatany attemptto measurehe speedof light
overa pathto amirror andbackwill yield thesameresult.Lorentzpostulatedhatall attemptgo measurehe
speed of a laboratory through the aether will produce null results.

The problemin trying to constructa modelof the electronwhich hasthe correctinertia at relativistic
velocitiesis to limit theincreaself we expandy asa seriesin ‘C’—ﬁ it hascoefficients 1, 3, 8, & ....; for y> we
getl, 3, £, & ... Mostmodelsgive expressionsvhoseexpansiongive largercoefficients Lorentzwasable
to get his result by making a number of assumptions:

» The electric field and the surface suffer a Lorentz contraction and the field's component
perpendicular to the direction of motion increases by a factor

» The magnetic field intensity is consequently increased by the same factor.

« Energy density and electromagnetianomentumconsequentlyincreaseby a factor y?, but the
volumeelements decreasedy y resultingin increase thetotal energyof themagnetidield and
the electromagnetic momentum by the required factor

» The total energy in the electric field and body of the electron remains constant.

Abraham had useda transformedfield and a sphericalsurface obtaining horrific expressionsBy
assumingthat the surfaceof the electronis also contracted L orentz was able to do his integrationin the
sphericallysymmetriccontradictecco-ordinatesandjust divide by y gettingthe correctanswerfor the energy
contentof the magneticfield. Howeverhe still had a predictedincreasein the energyof the electricfield
which hadto beremoved.To do this, he madethe lastassumptiorwhich is highly dubiousandrelieson the
invention of internal stressesvhoseenergycontentdecreasesvith increasedspeed.While this might work
for low values ofy it becomes ridiculous at high values.

The Lorentz and Abrahamelectronmodelsare fundamentallydifferent from the Pure Chargemodel
with regardto their internalstructure.The PureChargemodelhasno internalstructure lts sphericalsurface
is simply the terminationof the electric polarisationof space.As such,it is a "raw edge"of charge.lIt
experiencedorces from other chargesby sitting within the polarisedspaceof their electric fields. The
electricfield of the PureChargeextendsradially outwardfrom its surfacetowardsinfinity. The consequence
of thisis thatanelementof the surfaceof the PureChargeexperienceso force from othersurfaceelements.
This completely eliminatesthe problem of internal energy.It is not a questionof the chargepossessing
energybecauset is held together,but the reverse.lt is energywhich exists, and is indestructible,that
coalesces to form the charge.

3 Lorentz, "The theory of Electrons, ...." 1915
Jeans "The mathematical theory of electricity and magnetism” 1923
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Improving on the Abraham Lorentz model

The Lorentzmodelwasdeficientonly in onerespectLorentzfailed to realisethathis derivationof the
contractionfrom equationsasedon the electricpotentialgp implies thatthe equipotentiaurfacesnustalso
suffer a Lorentz contraction.Taking this into considerationthe sphericalsymmetryof the un-contracted
electricfield resultsin the energycontentof the field being unchangedoy the contraction.All Lorentz's
conclusionsaboutthe energycontentof the magneticfield are correctand his deductionof what he called
longitudinaland transversemasswas also correct,evenif basedon false reasoningaboutthe energyin the
charge and its electric field.

By combining the wave equationwith Poisson'sequation, Lorentz introducesa kind of mutual
feedbackn which the motionof the magnetidield in turn generateanelectricfield throughinductionwhich
modifiesthe electricfield of the charge Lorentzassumedhat Gausslaw would still apply sothatthe surface
integral of the electric flux densitywould remain constant. Without this assumptionan extra factor of y
creepsn givingm = y*myandm = y°m,. Theneatnessf Lorentz'smodelliesin thefact thatthe modified
electricfield is boththe causeandresultof the Lorentzcontractionof the chargeandits field, butin spiteof
this, it is unableto accountfor the changein energycontentof the electricfield which he effectively choose
to ignore.

The normalway of describingthe Lorentz contractionis to look at the field at somepoint in space
specifiedrelativeto the centreof the charge.This givesa distortedview of the changesn the electricfield
becausehe contractionincorporateghe effect of the inversesquardaw mapingthe point (y X, y, ) ontothe
point (x, y, 2 andcomparingthefield at (X, y, zZ) beforeandafterthe contraction.lt is moreinformativeto
map(X, Yy, 2 in Sonto (% X, Y, 2) in S'andcomparethefield descriptorsat (X, y, 2) beforethe contractionwith

those at{x, y, ) after the contraction.

Lorentzthoughtof the electricfield of a chargeas consistingof a fixed quantity of electricflux. We
needto seethe chargeandits field in a more holistic way and regardflux density D, electric intensity E,
potentialp, energydensity,lines of force and equipotentialsurfacesas being descriptorsof the onething.
When a chargemoveswith high velocity throughthe stationarysystem,it suffersa Lorentz contraction.
Using Lorentz'sview of lines of force, we candescribea mappingof electricflux densityin Sonto S’ (as
described above):

D, D,
D = Dy| - D = v Dy
D, y D,

His mistake was not to realise that the contraction might apply to other descriptors.Since the
contractionwasderivedfrom equationsof potential,it is reasonabléo assumehatthe equipotentiakurfaces
suffer a contraction. This has the effect of increasing the componEnih dfiex direction giving

Ex v Ex
E, E,
The predicted effect on the energy dengiﬁ/- E now becomes
D, Ex 1 Dy v Ex 1
—Dy'Ey—>§VDy' E, :VEB'E

D, E, v D, E,
increasingit by a factor of y ratherthany? asin Lorentz'zmodel. Sincethe contractionreducesthe
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capacityof eachvolume elementby the samefactor, the total energyin the electricfield remainsconstant.
Lorentz'sanalysisof the changein energycontentof the magneticfield is now the only changeand agrees
with the experimental resuly = y*my, m = y m.

Themagnetidield is generatedsa resultof the motionof the chargethroughS', the stationarysystem.
It is therefore primarily defined in that system.

H =V AD, B = uoVnaAD
Relativity predictsthatno magneticfield is seenin S,thereferencdrameof the charge sowe needto
createa third "parametric” co-ordinatesystemS", in which the magneticfield exists, as a device for
integratingover the contractedcharge'smagneticfield. This parametricsystemis spaciallyidentical to the
view of the chargefrom S. The electricfield of the chargeis the same,but the magneticfield takeson the
values found in the contracted charge.

-

|:)|// — |:)|’, _B)II - B
This changes the pattern of the mapping to:
Qv — Qn = Qn, o’ — 7 = yor, Em = & = y&y

The situation with regardto the magneticfield is now that seenby Lorentz when he talks about
performing the integration in the contracted co-ordinates.

Generation of the inertial force
We can calculatethe changesin energycontentof the magneticfield within the conic elementby
performing the integrals in the parametric sys&inwhere spherical symmetry prevails and:
B = Hoq
4mr?
If the chargeexperiencesn acceleratiors, normal methodsof differentiationand somemanipulation
yields:

yV AP

d 0] e
B 0
dt B= 47 42’ Gafig =13
8

Substituting in equation (A) gives

d > q

- = P

dtQm 412 4nr2yay/\
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The rate of changeof energycontentis accomplishedoy the generationor adsorptionof magnetic
energy at the surface of the charge. It is denoted as a vector because of the directional properties it exhibi

The rate of change of the energy content of a conic element is given by integrating over its volume.

d oo
aaﬁmzj‘roanr sné 60 o¢ dr
ﬂoq
= 16527 yvsm0|aA|“|sm9605¢

Denoting the magnetic energy den5|ty at the base of the conic elenigxy &s can simplify this to:
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%a@m = 2r3Qmo |3, A | 96 ¢

Dividing this by the productof the magneticenergydensityat the baseof the conic elementandthe
areaof its basegivesusthe velocity vi . With which magneticenergydensityflux passeshroughthe surface
of the charge.

Qmor3Sind 06 06

ZrSQmo |a/ A f\i 060 6¢
Qmorgsin®d o0 o¢
2 Mo
- sné |é'y A f\i
This velocity is in thedirectionf andits crossproductwith the magneticdnductionof the flux (moving
into or out of the surfaceof the charge)givesus the electricfield generatedThis magneticinduction flux
Briu takes its direction forng Qn and its magnitude from the energy dengjtyB’.

By = -0 q a A f
T Axr? |3 A f
We can now calculatethe electricfield generatedy the movementof magneticenergydensityflux
from the surface of the charge into the base of the conic element,

-

E = Viix A Briux

Vilux =
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The surfaceof the chargehasa finite thicknessandthe magneticfield strengthincreasedinearly aswe
movefrom theinnerfaceto the outerfaceof the surface.This variationdoesnot affectthe calculationof the
velocity of the flux within the surface,but it doesaffect the strengthof the electric field generatedy its
motion and we mustintroducea factor of 3 calledthe "surfacepenetrationcoefficient” which averageghe
electric field over the thickness of the surface. The element of charge at the base of the conic element is

sné 00 o
oq = 4—¢q
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The force on the element of charge is
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Z
This is the resultderivedby Lorentzandnow linked with an actualcausalmechanisnfor generating
the inertial Force. We can identify this with the relativistic form of Newton's 2nd law:

to OF
6rry

F =

d .
— mV:m= rmy =
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Analysis of the implications
The first commentto makeis that the resultallows us to calculatea radiusfor the electronfrom its
known inertial mass. This radius can then be used to work out a corresponding electrical energy content:

2
€= —1
8megrlyg
If we taketheinertial masscorrespondingo inertial forceandmultiply by c? to give theenergycontent
of the electronaccordingto Einstein,we get&, = 67” - Whichis greaterby a factorof 3 4 thanhis prediction.
We shouldnot be surprisedby the factor of § becauset arisesfrom thethespherlcalgeometryof thecharge
andits field. The early attemptgo understandhe natureof of inertiaof anelectromagnetidield werebased
on the "Poynting vector" for momentum which in S.1. units is defined as:
P=DAB
The conceptcomesfrom a time whentheoristsweretrying to reconcilethe action of magneticforces

on chargeswith Newton's conservationof momentum.It is interestingto note that the result we have
obtained above can be rearranged as:
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which we could interpretas force = Integral of rate of changeof electromagnetianomentunover
volume The conceptof Poynting'svectorlies backin Maxwell's understandingf the aetherasthe seatof
electromagnetidnteractions.The lines of force of the magneticfield of the chargewere thoughtto be
stationaryin the aether.As the chargemoved energyhadto be transferredrom the rearto the front of the
charge Poyntingfound two vectorsSandP representinghe energyflow andthe momentumassociatedavith
it. If we examinethe direction of the Poyntingvectors,we find that they lie in lines of longitudeto the
directionof motion. The integrationof themoverthe volumehasan averagingeffect. If we wereto perform
the sameintegrationof the fields of a photonwhich areall perpendiculato the directionof motion,thena
factor of 2 rather thafresults.

The behaviourof y throughoutthe calculationis of interest.From the analysisthat & O = ™ B% ,

and the differentiation d we get:

dt B = 412 dt (vt
which is a product and gives
Yy
d , . dy . B
. (yV AP) = p VAP)+y@EAP) =y Zy

Now the effect of some other power> 0 of gamma at this point would be:

d d e
a()/ni’//\f)z gt(V/\F)+y(é/\f) ay
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The presencef n in the x componenbf the vector makesthe final answerincompatiblewith energy
considerationgor any value of n otherthan 1. We are thus confirmedin the decisionto map yB’ of the
contracted charge ont@®” of the third system.
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Whenthe velocity of the magneticflux emergingfrom the surfaceof the chargeis calculated,apart
from the y? in thex componenbf &, they s cancelout andit is not until we substitutefor the magnitudeof
themagnetidnductionB thatafactorof y reappearso give aforce equalto therateof changeof momentum.

We neednow to turn to the teachingof SR on the subject.Namelythatthe electricandmagneticfields
of a chargeexistasa singleentity andthat different observerseethemdifferently accordingto the velocity
of the chargethroughtheir frame. If we take the view that naturebehavesn accordancewith Einstein's
specialtheoryof relativity asa consequencef causalkeffectsdescribedy Lorentz- Poincarerelativity, then
the moving observersdo not necessarilyobservethat which is actually there. Thus an observerin whose
frame an electronis stationarywill seeonly its electric field and an observerthrough whoseframe the
electronmoveswith moderatevelocity v will seethe electricfield anda magneticfield given@ =1iVa E.
Both observersanexplainwhat happensasseenfrom their frameusingthe samelaws of physics,but only
in the stationaryframe would we actually seethe true causalmechanismWe can interpretthis view as
follows. The actualmagneticfield generatedy the chargeis that seenfrom the stationaryframe.Unableto
identify the stationaryframe, we in our laboratoryframe measureelectric and magneticfields which are
Lorentz transformsof the real fields in the stationarysystem.The interactionsbetweenthe chargeand its
fields which we observe are of the same form as those which actually take place in the stationary frame.

| take the observationof phenomenassociatedvith binary starsas prima facie evidencethat light

travelsthrougheveryregion of spaceat the samespeed.The SR explanationthat light travelsat the same
speedin every referenceframe is an insufficient explanationand | interpret the observationof these
phenomenasproof of the existenceof a backgroundhroughwhich light travelsat a constanspeedThatis
notto saythatl acceptany of the pastor currentethertheories.The natureof the backgroundandthe velocity
of our laboratorythrough it remainsa matter for speculation.The fact that that speculationis as yet
unresolveddoesnot preventour referenceo "the stationarysystem"in formulatingtheories just asEinstein
in his 1905 derivation of the Lorentz transforms used that concept.
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