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Taking the self force of sn electron as Zel'Cy
the Lorentz-Dirac egustion is modified to a new IoIT.
It is found thet the stability of an electron nninst
the repulsive actlon of its parts can be explained and
Lhe difficult situstions like run-avay solutions and
pre-acceleration can be avoided. AlsO the procsoure

of mass renoimalizstion is no longer necessalys
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The difficulties of the clas~ienl theory of eleclran
is known since the beginning of the theory. The first model
of the electron was that of a rigid sphere with spherically
symmetric cnarge distribution. 1lhis model was studied in det-il
(4braham.1903)

by Abraham "« This theory is inconsistent with

Lorentz invariance.

One important feature of the theory of elecliron was ihe
exagt evaluation of the force that an electron exerts on itselfls
This force arises because according to cculomb's law each prort
of the ch-rged sphere repels all othér oarts. This self force

was first obtained by Torentz{Eohriich, 1965). lhe electron .heory

based on these equations faced several difficulties.

1) The equation is not Wewtonian anG it contains strucours
deoendent terhs and efen 1 structure dependent teris
are dropped for o point electron, it is a third-orcer
differential equation of motion for the position
instead of a second order eguation.

2) Bven if one tries to eliminate the structure~dependent

terms, the gself-energy(W self) diverges.

Moreover nrodlems arose when one trleu to make a :
relativistic theory frcom non- relat1v1st10 nbrohﬁm - Lom,ntu
theory of the electron. For every fres particle, the momen tum

~ E =
= — V
P == (1)



. e @ l'ﬂ

Humerous attemgfs have been made for the modifieation
of this unsuccessful theory(Mie, 19123 Born, 194%3; Weyl, 19133
Wessel, 193%; Fokker, 1929);

Dirac(Dirac, 1938) gave an equation which is relativistic
generalization of Lorentz equation when applied to a point electron.
The electromagne®ic mass,?M@bn ig infinite in the 1imit R ~—>o
but it is lumped into M@ to yield the observed mass m, ignorin

af,ﬂﬁk Pﬂt%clztxﬂﬁoul'ckﬂt

its divergent na turefomv W AR mam

The Lorentz =- Dirac equation is not without difficulties.
The appearance of a third derivative of position does not allow
solutions in terms of Hewtonian initial condition of position
end velocity. A set of!solutions results 2nd 211 but one sclutions
are meaningless. TUney give the eleciron a velocity which irncrenses
asymptotically (as 4> ) to the velocity of light, even when ther
is no applied féfces. These run-sway solutions are the set backs
of Lorentz-Dirac equatien. Another difficulty of the Lorentz-Dirac
‘equation is that it violates causatity over very short time interve
e.g. an acceleration occurs prior to the applied force. Suchk
difficulties made Diracﬁs theory unscceptablea

After the point charge theory falled, attempts were made
to consider a finite, extended charge distribution. They wers
persued by Bopp and his co-workers(Bopp,1940,1943). DBut such theo
were arbitrary because the form factor caniiot be determined from
sxperiment. A theory of this type was given by Frigogine anc Heni
(Prigogine et. al. 196“) but charge structure of the particle 1s

now dependent on its motion and has no absolute meaning everl in uY

co-moving systenm.
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2#50 for an axtended electron.

Tn both the cases we have

%__Q;a’ = 0 ({Cy
: 'q

pecause 0(R) beingjof.thé order of radius of the electrox@(ﬁ);é

The relativistic generalizntion of this term is given vy lhe fc

vector rﬂrl and is kmown as the Abraham four vector of radi
reaction.

The Lorentz-Dirac equation 1s :
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where

m snd e are the observed mass and charge ol the point electror

Uf* the [our velocity, GF the four receleration snd T the
s — D o s . )

proper time. }jj; is the incident radiation field =and Ffﬁ;e

is the external fdrces with which the electron may interact.

: =1
In our model of electron we have l P':W7 and the

Lorentz-Dirac equation reduces to

v ™
mal = £ FIY v + Faxt

where m is the obgerved mass of the electron.

Now if a charged psrticle is placed in external fielc
or incident radiation field it accelerstes =and an aceeierate(
charge units radiation(Lorentz invariant criterion)e I

the Lorentz-Dirac egquation, we have to write a Lterm whidch -

the radiation from the accelerated charge. We do 110u nssunt
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that radiation is due to an extra force which is another
aspect of the eleftromagnetic f‘ielde;:’(Mo et 21.1971).
Instend we assume ihat the radiation emitted is due to
external force or dincident radiation a:.1d vanighes as sodn
as these =re absent and hencs posing no problem of solution
in the =zbsence of:external forces or incicdent radiation.
The equation(13) cen now be written in the followling form

2 e+ Q‘a i
maf'[:gFtlj'{,]y”“be:{—H?C A

The last term is the radiation reaction force -—éJ—,LRL'P wheres

| ﬁz,, 2z igi_ ?kﬂg (
= 3 &

In the abgence of any external force and incicent
radietion, the right hand side of eguation (14) is zero
and we have (gr:::ﬂ . Thus there is nc run-away solution.
The ecuation(14) is a local egualion and hence 1o
pre-—acceleration.‘ There is no infinite self-mass snd hence
no mass renormaligztion is reguired.

3 Summary and Conclusions.

It is often assumed thiat the electron consists of a
pare particle of massyme and a Collomb field sround it. Sin
the bare particle and its Coulomb field always move Lopether

M = Mpgpe T M coudomb
The quantity W, codulomb is the mass equivalent of the electro
static self-eneré;y. Since this wuantity diverges for @ poln
charge, the corrgsponding Wl bare would have to be —ee 50 I

MM has the observed value. This is the usuzl mass rerornall:



procedure.  In our theory Y\ Cculont = O(because charges

" of one part of zn electron do not act on another part),

hence Y = N paxe ‘

Since both anaua_rlld M Coulonb aré‘%.etermined, we can
distribute m intoM bare and M coulomby Buch that Mpare =
and "M coulomb =€ ., Thus it is highly satisfactory that no
relation of the t}rpe(%) needs to be specified and noc mass
rencrmslization ig required. We lake m as the physical
mass of the electron and do not divide it into parts which
cannot be experimentally ascertained.

The equatﬁon(1h) differs from the Lorentz-Dirac
equation by the term 'é% g Al wnich is called the Schott
term. Our theory do not contain this term. There =rz scme
disadv:mtaé;eé of having this term. The physical inter-
pretation of this term 1s obscure. 1t is responsible lor
non-local time dependence of the equation of moction. Let
us deling B 2 e* Ad, 1‘!‘{

:k"c.c-) = Flf; + FQ-"{ 3

For a classical system, kkchanges very “ittle over o time

interval *C, so that in good cpprodination(fohrliic 1900,

. 150) _ kk
p? mal @ = KF (—(“'LETQ - KT

This local theory obtained from Lorentz-Dirac equntion

coincides wit" our eguation of motion(1k).
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