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Synopsis

Based on the persistent current model of the electron, a new consistent frame of classical
electromagnetism is presented. Different from the present field-theoretical approach, the self-
produced electromagnetic field energy of each electron is regarded as a part of the self-energy of the
electron, requiring a self-factor 1/2 for the momentum. Clafifying the interrelation between the
Maxwell-Lorentz and the Maxwell -electromagnetism, a rigorous self-consistent electromagnetic
energy-momentum density formulation is presented. In this new frame, Zeemen energy has to be
regarded as an effective Hamiltonian of the total system including nonmagnetic energies of the
magnetic moment and the source of the external magnetic field mvolved It was found that the
transfer of electromagnetlc energy by 1nduct10n is a fundamental phenomenon for the magnetlc
moments, or the per51stent current systems which is qulte nnphclt 1n the current frame of the

quantum theory

§ 1. Introduction

" The classical and quantel ‘physics present the two strictly consistent precise mathematical
frames, having the accuracy of less than 107® in each effective field. This fact suggests that there
will be an analytical interconnection between the two frames. The effort to clarify this structure
leads -finally -for thé-author to propose the new frame of physics*?; which presents another ap-
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The New Frame in Electromagnetism

proach for the physics of materials, being more adequate than the present frame of Q.E.D., for
the analysis of macroscopic systems. In this effort, the requirement becomes evident that, since
the theory of classical electromagnetism for materials was incomplete‘”, in a point of having the
self-consistent energy-momentum transfer relation in which electrons are involved, the requirement
exists to find out a consistent unified classical electromagnetism for the Maxwell-Lorentz world.
This paper presents the essential part of thus newly constructed Maxwell-Lorentz classical electro-
magnetism, which constitutes a part of the new frame of physics. We use MKS rationalized Gauss

unit system for convenience (We call it the MKSP system5’6), P: Physical.).

82. The Persistent Current Model of the Electron
In 1974, we proposed a persistent Vortex Ring current model of the electron, having no adjust-
able parameter. We refer it as VR hereafter. Essential features of VR are as follows.

1). It is a tiny ring current with the ring radius of
o : a‘ % -13 |
R°=9%,=2(1+ —) — =7.73185 X 10 ®m (1) .
27 " me

and with a very small cross sectional radius, 7°.¥ We should note that there is an old concept of the
point charge electron, in which the classical size of the electron is assumed to be less ihan’ 107 m
Since we take the VR as fepresenting the classical electron, the classical size of the electron in the
new frame is in the order of 107'> m =10"% A, which necessitates to abandon the point electron
concept. This must be due in the new frame, because, in the old model, the associated electrostatic
self-energy itself already exceeds the rest energy of the electron by a factor of a few orders of
magnitude, the sizeless point electron concept, in principle, can not become the basic entity in the
proposed strictly self-consistent Maxwell-Lorentz classical electromagnetism. More detailed reasons
are explained in Appendix A.

2). The total energy consists of electric and magnetic energies, Ug o and Uy,

# Reference paper 1) was published in English in “Bussei Kenkyu”, which is a Japanese journal written mostly
in Japanese. There had been many pioneering papers and debates?. o

¥ we had a small mistake in the original paper2) for the calculated radius of the cross section. The values of
(6.33 or 4.75) x 10" m in p. 1586 should be replaced with (1.241 or 0.967) x 107°%* m, for the uniform or
surface charge and current distributions. Although we do not believe that the Maxwell electromagnetism can be .
simply extended to such a tiny distance, the attractive feature of VR model is that 1ts essent1a1 characters are

independent ‘of the details of these super-mlcroscopxc “structures.
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3). The magnitudes of the angular momentum and the magnetic inoment in each sihgle classical
state are A and gug, respectively.
4).. Ensemble concept is employed in order to bridge the model with the quantum characters
of the electron, in which the state a, i.e., the one with the spin directed along +z axis, is represented
by an ensemble in which the top of the angular momentum vector distributes uniformly over the
upper hemispheres)’7). Hence, the averaged charge.distribution becomes spherical with the angular
momentum and -the magnetic moment: components of 2/2 and gug/2, resepectively. In the new
frame, ensemble concept. is regarded important for bridging the physical concepts in classical and
quantal physics. . :
5). Different from the old understanding®*®, we have proposed to introduce a self-factor 1/2
for the calculation of its self-produced electromagnetic momentum. Therefore, when VR is at rest,
the momentum density in the proper frame is either
*po*qo *e© X *R°
e 7 a0 A W

Where'*po, *2°, *¢° and “n° are the original Maxwell-Lorentz’s charge density, vector potential,
and eléctric and magnetic fields, respectively. Here * indicates that it is the quantity before the
ensemble average procedure.
6). VR is electromagnetically stable. In the Maxwell electromagnetism, the Lorentz electric
force of repulsion is almost exactly cancelled by the Lorentz magnetic force of attraction and the
magnitude of the next term is extremely small, such as 1073¢° of the main term. Since the gravi-
tational force expected is quite large; such as 107 of the main term, we expect that the model is
stable in terms of general relativity.'
7). The model keeps a quantized flux of hc/es), which is twice of the fluxoid of superconducting
circuits. ‘ | ) |
8).  As shown in Eq. (1), VR has anomalous magnetic ‘moment intrinsically, or, the g-factor of
VR agrees with the result of quantum electrodynamics, up to the second order perturbation, i.e.,
less than 2 ppm. ' “ '

In the present field théorys), the electron is described by’the electron ﬁ_e]d with y-matrix
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The New Frame in Electromagnetism

and associated quantized electromagnetic field, leaving the divergence difficulty unsolved. Since
the mathematical frame in the field theory is so simple and, also, since the VR model can represent
the real electron so precisely>?), we assume in the new frame that the momentum and energy of‘ the
electron are mostly electromagnetic, or, at least, they will be approximated by the analytical ex-
tension of the frame of electromagnetism. There will be no doubt that the momentum and ehergy
of the self-produced electromagnetic fields of an electron should form important and inseparable

components of the momentum and energy of the electron.

83. The Maxwell-Lorentz and the Maxwell Equations

The real quantal electron is approximated by the following tWo steps. In the first step, the
electron is represented by the classical VR located in the space with a certain velocity. In the next
step, if the state is a, the state is represented by an ensemble in which the top of the angular mo-
mentum vector distributes uniformly over the upper hemisphere, and centers of the VR’s are dis-
tributed according to the quantal probability y*(r, 7) Y(r, ¢), moving in accordance with the probable

orbital electric current density,

- Ce Jalv*] .

V(= ey=GE) IE) V= (E9al vty () v - (

(4)
Here a is a microscopic vector potential in the Lorentz gauge. Thus, we get the electric éurrehf
density four vector, { j;, icp; }, for the electron i, j; being composed of spin and orbital currents and
i being i of the four space6). In the new frame, we regard the Schrodinger representation most basic,
as only this representation can afford the direct correspondence between the classical and quantal
physics. »

Let us denote the electromagnetic fields of the i-th electron in the first step in the Maxwell-
Lorentz world as (*e;, *h;). For the nucleus, although we do not know the detail, we assume that
we know its (*e;, *h;). Then, by applying the superposition principle for the following step, we
obtain (e;, h;) as the total ensemble average. We regard this (e;, ;) as the (e;, ;) of our Maxwell-

Lorentz world. Then, we have

1 %h;
vxel " ’ v' hzzo s
c  0¢ .
| (5)
de, o.w, I,
Uxh=— "4 D0 5 Gl =0, .
c  0¢ c c t :
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Here, the microscopic currents, j;, is intentionally decomposed as ji = p;U; + I, where I; represents
the microscopically closed persistent currents, due to spin and/or orbital magnetic moment!%1?.
In addition, there will be free electromagnetic waves, e, and kg, which have similar equations to
Eq.(5) with p;=j; = 0. |

Then, after being superposed, we have our Maxwell-Lorenz equations of

1 oh -
VXe—v—gz,—-t—, Ve h=0,
(6)
vxp=12e4 224 L gl =y,
c t c c
in which

(e:Z‘eiy h:Z hi: p(r;t):Z ﬂi(r, t), ﬂv:Z'ﬂivi, I:Z.Ii. (7)

Let us define fictitious magnetic shell functions m;(, H'? . The function mfr, t) has finite
values only in the magnetic shell bounded by I;(r, ) and has a meaningbof the microscopic fictitious
magnetization. The fictitious H field, '} (r, t), that the magnetic shell m; would produce is A} (r, ?)
=-V¢T(r, 1), and

I, ;
VXm =— : (8)

where @7 is a magnetic potential due to m;. Then we get

—— = J— — '

e=E, h=B, m=2m, =M,

_ p pv y

,o_v:( V)ree + )bound :,-7_+ 1 6_P’ ) ' (9)
c c c C c t

1 = = = _F

7=VXM, 0= free + pbound_'o — V. P ° J
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- The New Frame in Electromagnetism

Therefore, from Eq. (6), we get easily the Maxwell equations and the equation for ripple electro-

magnetic fields.

84. Energy Transfer Relations
From Egs. (5), we get’

Ve xh, e Lith, e (w4 1)) (10)
* C‘ej i‘*e]" ot i ° at e]" ﬂivi i/
so that, from Eq. (6),
% aei —}—h ah] ahj
~V- ce;X(h,—m;)=e; - 37 57 +e,-00,—m,- 57 (11)
Integrating Eq. (11) over an arbitrary volume. ¥V with the surface S, we get
~ffsc T e; x(h,—m,)-dS
JF
de. h; ' - Oh;
= .. l+ .. e 0. D — . . 14
ffijéi [(e;- 5tk 57 )t e 00+ (—m)-—=] d | (12)
Here, i can be either fixed or summed. Further, from Eq.(10) for j=1i,
o (eZ+hn?) -
T te, (oo, HI)] AV (13)

—ffsce, xh, -dS=[Jf, [
Using Egs. (10), and (12), we have an identity of
| oh; | ' |
SISy é.(—mi)--b—t-dV= E (JSSye; - I,dV+ ffsce; ¥m, -dS] . (14)
JFe JF .

In Eq. (14), since the left side is a volume integral, which will increase monotonously with the
volume, the surface integral of the last term must be compensated by a part of the first term of the
* right side, which is only effective when S cut I;’s or m;’s. When S cuts m;, then the principal term
of e;, having the form of -V¢;, works to f;, but, we have no interest to this work, because mathe-
matically it has no contribution when integrated over whole ;. Therefore, Eq. (14) represents the
action of - aaj/cat, i.e., the rate of work done by induction to the magnetic moments. Thus the right

side terms of Eq. (12) represent the time change of the elctromagnetic interaction energies, the rate
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of work done to p;¥;, and the rate of work done to /; by induction. Accordingly, the left side term
should show the flow rate of electromagnetic energy through the surface S.

In the new frame, besides the free radiation component, the electromagnetic self-energy of
particle i, [f[(e;2 +k;2)/2]dV, can not be separated from the relativistic self energy of the particle.
This view is different from the usual starting view of the field theory®, and, therefore, the renormal-
ization procedure becomes not necessary. Eq. (13) includes the time change of this part of the self
energy of particle i, The essential significance of thié’ferm will be explained in §5. We can disregard
Eq. (13) and consider only Eq. (12) after summing over i, because, in a usual material, the ratio of
the weight of Egs. (13) to (12) is N:N?, where N is the number of particle i in a small volume AV.
From Egs. (12) and (13), we get

—Jfs cEX(B-M) -

oB . op OB A
= ISy LE- —{—B-—+E'J+E'at“M"——] dv (15)

and a corresponding ripple term equation. We must notice that

oB

ot (16)

__.M.

represents the main component of the energy transfer by induction to the magnetic moments ;.

In the new frame, the energy transfer by induction to the persistent currents is regarded as an es-
sential phenomenon, being also effective quantum mechanically. Relation of this phenomenon to
the Zeeman energy is given in Apeendix B.

The ripple term equation must represent various non-Maxwell energy transfers, such as by
the mechanical stresses, phonons, thermal conductions, and thermal radiations. The energy transfer
by mass transportation, however, will be analyzed in the next section.

It is noted that up to this point the only assumption needed is that the magnetic moments

are composed of persistent currents and the details of VR model is not necessary.

§5. Electromagnetic Momentum-Energy Density Relations
We show first that a consistent electromagnetic momentum-energy density relation can be
obtained in terms of (*e;, *h;). According to the logics developed in the foregoing paper™, the

self momentum-energy density four vector of the i-th particle, {p;}qes, is represented by
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The New Frame in Electromagnetism

* O % * « O *x O * X _O % * ,0O *O
o, a; ("j - Tay) v, 08 (7j
{Pi}self :{ 2, +rvi 202 o ’7 [ 2 +rvi—] } (17)

Here, (%%, ic*pS} and {*a3,i*¢;} are the current and potential four vectors in the proper
frame of the i-th particle. It is noted that, in order to get the to';al momentum-energy four vector,
the integration must be made in the proper space VO, or, in the proper hyper plane o°. We assume
that (*e;, *h;) satisfies also the Maxwell-Lorentz equations which are similar to Eq. (5).

Now, from the Maxwell-Lorentz equations for (*e;, *h;), we have the following identities,

S (e, "e;+ *h, "k, ) dV =[S [* 6, %0, +" i 9%, 0,
ol €;° €; ? J - ol ?; 4T @; c codt cot

92* ¢ *a. a*a}, . az*aj.
+ *p —— L. —a; - —5—7] d¥ (18)
' ) 0?04 Yy cot cfot’ v
* * *
h; 6. .  o*a
fffoo & =fffew = Lo ta+vre, —L Va7 ar, (19)
v ‘et 7 c0t

SIS (0 i [y T2 TN gy T

*

Frax—2 Y gy, - (20)
J c0t )

Here, V*a; is a dyadics, and we use only the Lorentz gauge potentials which vanish at infinity.
In Eq. (20), any point can be used as the origin of 7, and the last term represents the spin angular
momentum of the electromagnetic fields.

It is to be noted that, in order to get these identities, many differentiations and integrations
over the whole space have to be made. Since, in the new frame, we can assume essentially regular
functions for all the electromagnetic quantities in the four space, all the mathematical operations
can be made without having caution to singularities. This is an eséential feature of the new frame
of electromagnetism, which was not present in the old frame where the divergence difficulties are
always present for the point charge electrons with spin.

We regard that these equations are important for analyzing the structure of the electromagnetic
momentum-energy densities in the space. When i #j, these relations are useful without any addi-

tionals, but when i =j# 0, careful consideration must be made to all these equations. Comparing
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with Eq. (17), we should notice that a self-factor 1/2 is at least needed in order to approximate the
self-energy, self-momentum, and self-angular momentum by Egs. (18), (19), and (20), respectively.
In the case when (*e;, *h;) represents the free field component which was radiated from the i-th

particle, this self-factor 1/2 is not necessary, but this complexity is dexterously resolved in our
Maxwell-Lorentz electromagnetism, as we see soon.

We get further

* *

0%e. h,
Ve(*e, X *n,)+ *e.o——+*h,-—L)+ X *e.-*j, =0, 21
cjéi ( e] L) jéi( e] ot ‘ ot ) ]:L‘;—‘i e] i ( )
0
Cv'<*ei X *hi)+ E [('*ei)z_'_(*hi)z:l/ 2 + *ei'*'ji = 0 (22)

From the principle of work, we can assume
* * . : 0 * a * ‘
S ( Z *e; )-"j,dV=—"[K.E.],+ — *[R.E.],. (23)
e 0t o0t

Here, *V; is the volume where ¥j; #0,

2
mic

* K. E. i (24)
: J VI—-(vi/c)z '

and *[R.E.]; indicates the electromagnetic energy being radiated or absorbed by the i-th particle.
In order to represent the change in the self energy due to the transfer of electromagnetic energy
by induction, we regard that m; is not a constant'. But the change is so small that, in usual purpose,

it can be neglected. We have to assume further

Sy, 2

ot

* 2 * 2
{( . —;( h) }dV-I-ffsc*'eiX*hi'dS:%{* [K.E.],

+* [R.E.1,}. (25)

where, the volume V and its surface S is about the size to include the i-th particle. From Eq. (22),

if we have another volume V', which includes V, we have the time change equation of

— 728 —



The New Frame in Electromagnetism

* ’ 2+ *h~ 2 . .
S vy aat {( eZ)g Ch) ydv=— ffsr-sc*e; X "h;-dS. (26)

Therefore, c*e; x *h;, when integrated over the surface of a volume where *j; =0, indicates the
flow of {(*e;)*> +(*h;)*} /2, so that we need this term in Eq. (25). This fact, however, does not
mean that c¥*e; x *h; can represent the energy flow. In the space where *j; =0, the energy flow

*S; must be

*S, =c*e, X *h, + VX F, ) (27)

but, in the space where *j; # 0, even Eq. (27) has no guarantee of existence. Clear recognition of
this fact is one of the cruxes of the new frame in electromagnetism.

From Egs. (25), (22), (23) and (21), we get

% [*[K.EJ,+*[R.E.] i}:—fffV*eif"jidV=fffV<§, e;) T J;dV
_] (2

[ (S Ve e,
JFe

* *

*e. h;
* z * J
- . V. 28
+J.§i(e; ot TRt 5y )] d (28)
From Egs. (21), (22) and (28), we may be able to assume
Vele(Z e, )x*n} +X(* i np,. L )=—23 Ye . -*j, =0 )
"1e ; € o TE € " ot Lot R Ji )

Now, Eq. (29) is correct where *j; =0. Our assumption is that it can hold where *j; # 0, for the
electrons. In VR, since the *p and *j have no mass, the acceleration of *p and *f due to the action
of jzi*ej and i;E&i*hj may generate the reaction A*e; and A*h;, which may just compensate the
action. Since the original *e; and *h;, which have Eq. (29), are so huge, that there is a reason to
believe the presence of balance both in a usual mathematical meaning and general relativistically.

Therefore,
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*jixz.:*hj , :
g ) o .
0,0 e, + ——(—— =0 | . (30)

Multiplying */;/*p; to Eq. (30), we see that Eq.(29) is derivable from Eq.(30).
Then, after summing over i, Eq. (29) can be regarded as the forth component (v = 4) equation

of the energy-momentum density tensor equation of

= 0. | (31)

The fact that 0*T,4/0x, =0 holds in any frames indicates that Eq. (31) must hold in general. The

basic Lagrangian for obtaining the electromagnetic energy-momentum density tensor *T, is 14)
1 2 ‘
* o T (*fﬂy) , ( (32)
\ o* a o* a . .
* _ v ﬂ:Z*z ,*G, :Z*CLL, (33)
f’w axﬂ Oox, S v a7 “

*T,UV = *f,aa*fya - % 5/“’*fa/92
= (z *f;ax;:*fﬁ'a)—% 0 (5" 115 ) (" Fo) (34)

Here, the subscript, i, j are changed to superscript for convenience, and the standard symmetrization
procedure® is requested for getting *Tu from *L£. It is easy to see that d*T,/0x, =0(v=1,2,3)
gives Eq. (30). But we should notice that, in order to get the Maxwell-Lorentz equations, we
should add (?*f‘f) (%*a"j)/c to *L, which will spoil the expression of *T,, of Eq. (34), if simply
followed the standard procedure of the field theoryls). So far as we use the new momentum-energyv
density four vector of Eq. (17) for VR, the frame of the present field theory can work Only partly.

The crux of these analyses is that, although Egs. (29) — (34) do not differentiate *e; x *h;
and *e; x *h;, we must differentiate them clearly, because, otherwise, we can not get a consistent
results in Egs. (17), (19), (28) and (31). The structure must remain when we shift from (*e;, *h;)
to (e;, h;). Therefore, in Eq. (12), we must sum with j# i, and we must understand the energy
relation in the Maxwell electromaghetism of Eq.(15) as the average of Eq.(12).

It is noted that the Maxwell equations are passive equations and *pr;, t) and *j;(r;, #) do not
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determine (*e;, *h;) precisely. We should notice the fact that even a classical hydrogen atom in
which a point charge electron is making a closed orbital motion can be stationary, when the electro-
magnetic potentials are the average of the retarded and advanced potentials of the motion. In this
sense, (e;, h;) should be determined according to the expectation of quantum theory in each specific
case. It will be added in advance that, in the new framel), there is a quantum reason that the emis-
sion or the absorption of an electromagnetic wave is made in average, following after the (e;, ;)
of our Maxwell-Lorentz equations.

It is important for the electromagnetism to confirm the existence of perfectly consistent
mathematical frame, in which no mathematical inconsistency is present. We believe that our frame
can be such a frame general relativistically. Although, in the frame of special relativity, we still
have a certain ambiguities in the system, such as in the ratio of 1:1073% the ambiguities are super-
ficial and can be neglected by postulating a certain adjusting function which can be effective only
in such anomalous regions.

It is easy to prove that, in the existing classical theory of electromagnetism with charged
particles, no consistent energy-momentum density tensor, with no renormalization difficulty, had
been presented. The logics presented by Landau and Lifshitz® is only an elegant tautology, because

they did not solve the Poincaré paradox®.

§6. A Few Additionals

In addition to the short explanation given in Appendix B, we have derived in this paper already
that the Zeeman energy is a kind of effective Hamiltonian of the total system, including the source
of the external magnetic field.

It will be noted in advance that the extension of the new frame of classical electromagnetism
has enabled to derive the c-number form of the Dirac Hamiltonian in Pauli’s approximation entirely

13). In the derivation procedure, as in the case of the Zeeman energy, transfers of electro- -

classically
magnetic energy by induction play a crucial role; the phenomena are entirely implicit in Q.E.D.
In a sense, we can regard the y-matrix in Q.E.D. as a mathematical device which has replaced this
important electromagnetic phenomena in classical physics.

The dissipation of energy in the macroscopic physics is a transfer of energy from the macro-
scopic system to the unspecified microscopic system. In the Maxwell-Lorentz world, however, there
is no further unspecified super-microscopic system. - Therefore, in the new frame, in conformity

with the quantum theory, unspecified dissipation of energy is not emphasized in the Maxwell-Lorentz

world.
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Our understanding on the Maxwell tensor and the electromagnetic forces will be shown in

Appendix C.

Appendix A. The classical size of the electron

Although the electron is definite.ly a quantal existence, in the new frame of physics, in order
to get the analytical continuation between quantal and classical physics, a requirement exists to
find out the best self-consistent classical representation of the electron, which can be used as the
basic element in the classical frame of the new physics, especially ‘in its Maxwell-Lorentz electro-
magnetism. It has turned out that our VR model satisfies this requirement. With VR, we have to
accept that the classical size of the electron is in the range of the Compton wave length, which,
in terms of the radius, be gX. = gh/mc ~ 1072A =10""2m. We know that there is an old concept,
in which the electron is assumed to be a point, less than 107'5m, and the enormous electrostatic
self-energy associated with this point charge has been just, without reason, disregarded. This concept
can not be used in the new frame, because we look for a strictly selfconsistent electromagnetism
and, in this old representation, the problem of the electrostatic selfenergy itself affords definite
selfinconsistency. Therefore, the only choice for the new frame is VR, and, the question is whether
VR can represent the classical electron adequately or not.

Let us compare the old and new concepts. For the electron, the minimum Heisenberg un-
certainty in the location, Ax, and the de Broglie wave length, Ag, in the proper frame are

% | A

o~ —— =T, Ig=-==1,, (A1)

ie., its two Compton wave lengthes. Therefore; in the old concept, the point electron is assumed
to make an iteneration in the range of the Compton wave length, being called the ““Zitterbewegung”,
and the intrinsic spin magnetic moment of the electron is ascribed to the rotational orbital motion
of this Zitterbewegung, leaving the g-factor problem (Why g =2) unsolved. In the new concept,
the electron itself is a persistent current, having the radial extension of gk, ~ 10724 and the spin
angular momentum, %, as its intrinsic virtue of the model. Since the model has g=2(1 +af2n),
the accuracy of the model is in the range of 107%. It is noted that, since the electric charge has
relativistic invariance, although the ring charge is assumed to rotate with the speed of light, ¢, (being
identical to the velocity of the Zitterbewegung in Q.E.D.) this order comes about decisively as the
minimum size, being supported also by the Q.E.D. through its Darwin term'®.

Now since Egs. (A1) exist, the question of whether a person takes the new or old model in
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his brain may be a matter of taste, but, in the new frame, we have to take VR model, because only
this model gives a classical electron with its all non-wave virtues, enabling to construct a consistent
Maxwell-Lorentz electromagnetism, and to establish an analytical continuation between quantal
and classical physics?.

It is noted that, different from the a-particle, no classically explainable quantitative Rutherford
scattering data exists for the electron. Although the quantum mechanical calculation of the scatter-
ing of the electron by an idealized electrostatic Coulomb potential gives a formulus whose leading
term is identical to the Rutherford classical scattering formulus!”, no such idealized Coulomb
potential is available in nature for the electron scattering, so that, the observed scattering data of the
electron by materials are rather utilized quantally to determine the electric charge distribution of the
nuclei in the target'®. The electron beams of less than 10 MeV give only the electron diffraction by
the target, and the beam of very high energy, having the velocity of light, e.g., 0.5 BeV 1819 ti]]
gives diffraction by the nuclei of the target, since its de Broglie wave length of 2.47x10 % m is
yet in the range of the size of the nuclei.

It is further noted that although the high energy electron-positron or electron-electron collision
experiments have given the cross sectional data of the electron, from which the size is said to beless
than 107!"m, the experiments are of essentially quantum mechanical, and, although the theory had
assumed the point charge electron, the divergence problem was left unsolved, and, under the allow-
ance of the super-position and Pauli’s exclusion principles, the obtained cross sectional data do not
necessarily be related directly to the classical size of the electron. Classically, the two particles in
these experirents, and also two VR’s, may behave like as two electromagnetic solitons, which can
penetrate or overlap mutually, without introducing any particle reactions. In this case, therefore,
the word “‘size” may be the replacement of the probability of the quantum mechanical reactions,
for which, the classical frame has nothing to do. Of course, in the new frame, we are mostly in-
terested in the physics of materials, in which the relevant energies are very low, and electrons are
regarded eternal. In conclusion, we state that no classically explainable Rutherford type simple
data, which appoints for the size of the electron to be less than 10724, has been present.

The charge distribution range of 10724, given by VR model can not only describe most of
the classical properties of the electron but also describe the hyperfine field to the nucleus preciselyz).
The instability of high Z number nuclei, which is known to be partly due to the capturing of their
1s electrons, might also be explained by the fact that the mean radii of 1s orbital in these nuclei

approach to the range of 1072A.
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Appendix B®. A Derivation of the Zeeman Energy

Let us assume two persistent current circuits C; and C,;C; beinglearge and C, being small
and located in the center of C;. We assume further that C; and C, keep fluxes ®; and ®,, respec-
tively, and C, is regarded as a magnetic moment u, located in a magnetic field, H;, from C; . Then,

the total magnetic energy of the system, C,; +C,; is

:%‘Llljf+L12]1]2+*1—L22[22' (Bl)

U 2

m

Here I; and I, are the total currents in Cy and C,, and Lj;, L, and L, are the averaged self- and

mutual-inductances. We have for the magnetic fluxes, ®; and ®,, such as,

6, = c(Lyl,+ Lly) s (B2)
so that, if we changed the mutual configurations of C; and C, slowly, we get
0U, = L 1,0L, + L, 1,00, + I,1,0L ,+L,1,01,+L,1,0I,
%'11%+ 1 5f2 — L 1,0L,,
__ 0G,— 6G, + 6" (—”Z'HZIj . | ~ (B3)

Here, G; or G, is a nonmagnetic energy of C; or C, which couples to the persistent current
I; or I, inseparably, e.g., when C; or C, is a superconducting circuit, it is the kinetic energy of
the drift component of the superconducting electrons. H,, is the H, at M2, and & * indicates the
variation with respect to L;,, or, due to the change in the mutual configuration between u, -and

H,. Therefore, we get

0 (— by e Hy )=0[U,+G,+G,] . (B4)

More rigorous treatments by the same logics will be seen in Ref. 20).
Hence, the Zeeman energy expression is a kind of effective Hamiltonian of the total system..
In Eq. (B4), we have disregarded a few secondary processes, because they are usually very small.

For instance, if u, has been rotated quickly, a free electromagnetic radiation, § Ug, starts outwards
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from the location of u,, together with the electromagnetic action, which should realize §G,, but
the former is not large. A detailed analytical explanation of these processes in terms of electro-
magnetism will be seen in another paper!®.

It will be noted that, by Q.E.D., there is no doubt that the magnetic moment of the electron

is due to the electric current®.

Appendix C. The Maxwell Tensor and Electromagnetic Forces?!

We know that, quantum mechanically, the Pauli principle requests for all the electrons to be
indistinguishable, so that p(r, ), rather than Zp,(r, ), may be more closer to the truth. In this
modified Maxwell-Lorentz world of Egs. (5) arlld (6), since each single electron spreads over a large
macroscopic volume, e; <e, or, it is not necessary to distinguish X e; from e, but, at the same time,
the kinetic energy of electron i, m;c? /\/l—j_(v,-/—c?, must be co]r::ildered as an entity which is in-

dependent from e.

We define the Maxwell-Lorentz tensor tog aS

1 1
taﬂzeaeﬁ——Z- 6aﬂ§612+ﬁa/bﬂ— 2_6(1/@%:/1/{2 (Cl)
(a, £=1,2,3)

From Eq. (31), we see that f,g is the spacial part of T,g, such as .3 = -Tog. Then we get an iden-

tity 3 of

- o
IS tar (et 22X 1) WA IS a7 () V= ffS pan2-aS, (C2)

where, YMat has the surface SM‘“, which is so constructed as to not cut the microscopic persistent

current I or electric dipole moment p. The first integral represents the total sum of the Lorentz

Mat

force inside the $™°, which must be identical to the rate of change of the total mechanical mo-

mentum, PK ,

K d o
Xy 4B (C3)
d¢ ;inyMat  dt

and, from Eq. (28), the second integral represents the total sum of the rate of change of the electro-

magnetic momentum, P&™:
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The first term of the right side of Eq. (C4) is the rate of change of the electromagnetic momenta due
to the presence of charge, p;, in a vector potential, a;, and, the second and third terms will represent
those of the electromagnetic momenta of the free radiations as well as the transient corrections to
the first term. Therefore, if the surface integral of Eq. (C2) is not zero, this term should represent
the total action of the electromagnetic force at the surface sMat |

In classical mechanics, we are usually interested in the mechanical momentum. Then we get

dPX 0 exXh
-_dT:%‘fi:f‘&Matt.dS——fffVMat—a_t—( o ) 4V, (C5)

When we drill a very thin but macroscopic shell volume VS with SM? inside, the e and A fields,
¢S and hS in V8 will be eS=ES=F + P,n and WS =HS = H + M,,n, where n is the outwards directed
unit normal vector on SM2. Then, from Egs. (C1), (C2) and (CS), the total Maxwell-Lorentz electro-

magnetic force acting on the material inside of V5 or SM2 is
F=f§ s [ ESES—5 (ES I+ HHS— 5 (H®)*I]-dS

0 e'Xh’
ry av, (C6)

~ IS 5 B av— g1,

ot

which can be transformed into?"

0
F= 55§ wu[oB+ (P E+V - )+ L (j+20) x B ar

P2+ M}

/X/ .
¢ h)dV—i—ffS——é——— ds, (C7)

c

S o

where e’ and k' are the ripple fields. A few different but equivalent representations are possible

for Eq. (C7).21) The last term of Eq. (C7) represents the inversed surface tension term which comes
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from the introduction of artificial drilling of VS, and is not present in the normal situation. A

typical example of the action of this term will be seen in the thorny surface of ferromagnetic liquid

in a magnetic field. v H indicates that the operation will be only on H(r, t). It is noted that, in this

expression, every term has a simple explanation and the main component of the change in the electro-

magnetic momentum, i.e., the middle term of Eq.(C6), has just been cancelled out. v

We know that there are different opinions,?? being not supported by the new frame of physics.
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