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Models of Extended Electron with a Point Charge
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The discovery of the electron insisted and inspired a number of theoreti-
cal predictions which are formulated in terms of models. A lot of models
in wide variety were proposed for more than a century time. An attempt
of a mini-review of them is taken here. But as a shorter version here
only extended models with point charge are discussed instead of all.
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Following the discovery of the
electron as the first subatomic
particle in 1897 [1] several theoret-
ical approaches were initialized to
provide a better understanding of
this enigmatic particle. But the struc-
ture of the electron is considerably
a good topic though very recent re-
search is advocating for a spherical
electron [2] from the data of elec-
tric dipole moment of the same.
Depending on the properties of the
electron (for the most current data
one can have a look at recent vol-
ume of Particle Data Group) num-
bers of models of the electron [1-35,
37, 39-64] have been proposed the-
oretically over more than a century.
According to the experimental data
the electron is a fundamental particle
that does not decay into other parti-
cleand henceitis described as a point
particle in the standard model of the
particle physics. But with a non-zero
definite mass, electric dipole mo-
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ment, magnetic moment is it proper
to label electron to be structure-less?
As this question haunted physicists,
logics, counter logics and models
are over-poured in this subject area.
These models have been developed
both in classical and quantum me-
chanical domain and some of them
are atthe boundary of thetwo and are
known as semi-classical approaches.
Crudely the models of the electron
are either point-particle models or ex-
tended models. Advancing further P
Lancini classified all electron models
in three types: Point-models [11-14],
Extended models [3, 5, 15-20] and Ex-
tended models with point charge [7-
9]. Some other models are also there
which does not fall in these three
kinds and they are chiefly sub-struc-
ture models. Lepton and quark
sub-structure models are proposed
in good number of articles [21-26].
Also there are some other theories,
which deal with the extra dimen-
sions or above the known four di-
mensions [9, 26-27] and they provide
the picture of the electron in their
own ways. Gravity as a zero point

fluctuation [28] is an important model.
To discuss all of them would be a very
lengthy discussion. So here we will re-
strictourselves only within the last kind.

Discussion

Extended models with point-like
charge

(i) Bunge model

Without executing Foldy-Wouthuysen
transformation [36-38], a mean posi-
tion operator with a smooth motion
is derived by M. Bunge to illustrate
the picture of the electron [7]. This
picture represents the extended elec-
tron of the Compton size with a point
charge and a distribution of mass.
This is a Compton-sized model with a
point charge and distributed mass. The
mean-position operator was provided
by L. L. Foldy and S. A. Wouthuysen.
This operator is named by Bunge as
the center-of-mass operator. The oper-
ator provided by Foldy-Wouthuysen is
not oscillatory in nature and the corre-
sponding time derivative is proportion-
al to the momentum. This is read as [7]
x'=e*xe", (1)
where, is the point where charge
is concentrated. The displacement
operator proposed by Bunge is
T=e", )]
where,

A, @
=— — u=0,1,2,3,(3
N 2;#7 " H ©)

Here A= e is the Compton radius,
myc
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o 0 (4)
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A model of the electron within the
frame of the standard representation
of the one particle theory is repre-
sented here. Extended structure and
point particle notion are merged in
this picture. Here Lorentz force has
been employed to the terminus of
the dancing vector and that depicts
the charge of Dirac’s electron [6] at
that point. This oscillation is around
the mean position co-ordinate with
amplitude of the Compton radius, A.
The mass of the body is assumed to
be spread over a region of dimen-
sions of a Compton wavelength or A.
The trajectory of the movement of
the electron and the details of the
dynamics are not absolutely shaped
by Bunge in greater depth. But this
endeavor of him was completely out
of the box of classical approaches to
define this subatomic particle as well
as this respected the experimental-
ly measured facts regarding electric
dipole moment, magnetic moment
and the different sizes of the electron.

(ii) Relativistic Spinning Sphere
Model (RSS)

A semi-classical structure of the
‘enigmatic electron’ is portrayed by
relativistic spinning sphere model
[8, 39-40] of the electron. The spec-
troscopic properties of the electron
at the first order of the fine structure
constant, a is theorised in RSS model.
Framing the characteristic features,
the sphereis considered to be made of
the non-interacting but rigid mechan-
ical mass along with the point charge
e, residing at the equatorial zone of
the sphere. This spherical model suc-
cessfully transforms under the Lorentz
transformation too. The observed
electron spin, the total quantum-me-
chanical spin and the accurate gyro-
magnetic ratio are reproduced ex-
actly by this model. MacGregor has
shown the context of the different

energies corresponding to the elec-
tron structure. The spinning mass is

3
taken here as g ==, where

m, is the rest mass of the elec
tron. Starting with the relationship
between the mass and the spin
angular momentum of the elec-
tron, the RSS model is developed.
MacGregor considered the well-
known facts about the electron to
build up the relativistic spinning
sphere model of the electron. They
are: a) the electron is spinning, b) the

N . - 1
spin is quantized, ¢) the spinis J ZEh

and it is very large with respect
to the mass of the electron, d) the
spherical shape of the electron is not
changed due to relativistic rotation.
As the relativistic rotation in-
corporates the increase in mass,
the rest mass  of an element of
ring is modified according to

mg (r)
1-w*r?/c?
where. is the angular velocity of the
spinningringand isthe distance of the
element from the axis of rotation. For
a sphere with radius R, the mass-den-
sity of the sphere is figured out as,

(5)

m(r) =

D= m(r) _ 3my(r) ©)
Vsphere 47[R3'\j1—a)27’2 /02
where, V is the volume of the

sphere
entire sphere. To get the relativistic

mass of a spinning sphere, it is easi-
er to explore the axially centred cy-
lindrical mass elements. The volume
of the cylindrical element becomes

V(r)=4x\R* —r’rdr (7)

where, R is the radius of the sphere
and r is the distance of the ele-

ment from the axis of rotation. So
the spinning mass of the element
of the ring can be calculated as

3 2 _ 2
ms = m30 Rz 2” yrdr
R 1-w°r“/c 8)
Therefore for the entire
sphere, the spinning mass is
M, f | RP-?

)

’ 1-w%r?/c?

where, @ is the non-spinning mass.
With the equatorial velocity of the
spinning sphere, the angular velocity
attains the highest value without vio-
lating the special theory of relativity as

c
w=—

2 (10)

This value of @ reduces the above
equation (8) into

m, =M (11)

R
. I Rrdr
R” 9

which implies

M:3

S =—M, (12)
MacGregor has established the mod-
el keeping the theory of relativity in
his mind. That helped him to write
down separately the conditions
of non-rotating and the rotating
frames. The relativistic moment of
inertia of the spinning sphere about

the axis of rotation comes out as

3 2 1, 5

2o 5 (13)
In the conclusion, it is shown
that the mechanical mass consti-

tutes 99.9% of the observed mass.
(iii) Dynamical spinning sphere model

A classical model, called dynamical
spinning sphere model, for a spin-
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ning electron is proposed by M. Ri-
vas in the framework of kinematical
formalism [9, 41-42]. The dynamics
of the system is expressed in terms
of some arbitrary evolution param-
eter ¢ though the Lagrangian is in-
dependent of 7. In the generalized
Lagrangian, some kinematical vari-
ables will be the time derivatives of
some other kinematical variables de-
pending on the nature of the higher
order derivatives. Thus the dynamical
variables will no longer be of second
order, rather fourth order or of higher,
which advocate the condition for the
charge position of a spinning particle.
In this formalism, author has made
good use of Galilei group of space-
time transformation [41] to represent
the dynamics of the elementary par-
ticles. The action of a group element

- > —

g= (b,a, v,a) on a space-time point

x= (t,;), is represented by

x'=g . a is the space parameter
and b represents the time parameter
whereas the velocity parameteris and
is dimensionless. The correspond-

ing expression for the x' is given as

v and o

x'= exp(b] )exp(;.;)exp(;.z)exp(;j)x
(14)

where, H, P , K and J are the
generators of the Poincare group.
This is a rotation of the point, fol-
lowed by a pure Galilei transforma-
tion and a space and time translation.
The Lagrangian for the non-relativistic
spinningelementaryparticleisgivenas

L=Ti+Rr+Uii+V.i (15)

. oL
and the functions are T = 5

oL oL

oL
U, :—.i,and V,=—-.

o o op
In general, they will be the func-

i

tions of the ten kinematical variables
(t,;,;,;) and the homogeneous
functions of zero degree of the de-
rivatives (z,7,4, p) . Similarly the rel-
ativistic condition is described as

L=Ti+Ri+Udi+Wav (16)

where, T:a—L.,Rl. :6_;, l_ :6_;,
ot or o
and lea_L
ow'

In general, they will be the func-
tions of the ten kinematical variables

(t, ;,Z,E)and the homogeneous func-
tions of zero degree of the derivatives

(t,7,1,¢) . Here, t represents the time
parameter, » represents the posi-

tion, u represents the velocity of the
particle as u=c and the orientation

—

is given by « . This model describes
the magnetic moment and the spin
of the electron in a better way. This
is concerned with the orientation
part and ultimately describes the
spinning sphere model by a fourth
order differential equation using Fren-
et-Serret differential equations [43].

The mass of the particle got
less attention in this work and that is a
weaker point left by this model, as the
mechanical mass plays a crucial role in
the electron’s total energy. This mod-
el has been built more or less consid-
ering the Zitterbewewgung model
of the electron. But if structural phe-
nomena to be considered, then the
limits of the motion should also be de-
fined as well, which is not in this case.

Concluding remarks

Puzzling behavior of the electron kept
on mocking us regarding our exper-
imental limitation to explain a tiny
electron in all aspects. In that respect

the theory of the electron is colorful
and advanced. Variety of approach-
es solidified the improvement of the
understanding of those properties
as well. Very recent finding of ACME
Collaboration on the improved lim-
it on the electric dipole moment of
the electron [2] provided more con-
fidence to the concept of a spherical
electron and of course that provid-
ed a huge support to the extended
electron model. Thus experimental
evidences are advancing to unveil
the shape of the enigmatic electron.
Though a spherical electron is advo-
cated by the observed values of the
ACME Collaboration [2] regarding the
extended structure of the smallest
fundamental particle yet known, the
point charge strengthens the support
for QED calculation and the Standard
model of the elementary particles.
The calculation of the magnetic mo-
ment of the electron can be done
using extended structure with point
charge comparatively faster than the
magnetic moment calculation using
QED. This magnetic moment calcu-
lation is shown in an article using
modified relativistic spinning sphere
model by the present author [64].
Similarly the magnetic moment calcu-
lation of the muon can also be done
by alike expressions and that can help
us to theorize the conceptual base to
overcome the recent crisis of explana-
tion regarding the anomalous mag-
netic moment of the muon [65-66].
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