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ABSTRACT There is clear empirical evidence for the fact that
classical efectrodynamics is not fully described by the Maxwell-Heaviside
equations. In this paper, the empirical evidence is used to construct a form
of classical clectrodynamics which is more self-consistent and able to ac-
count for obscrvations where the received Maxwell-Heaviside view fails. It
is shown that equations of the new electrodynamics by at least four authors
have nearly identical structure. They lead to concepts and results which are
not available in the received view, and account for empirical data which
cannot be accounted for by the four Maxwell-Heaviside equations. A new
view of electrodynamics is emerging in which it is part of a gauge theory
with an internal gauge symmetry which is SU(2). This can be broken to the
isomorphic O(3) structure with the Higgs field. The structure of both the
SU(2) and O(3) clectrodynamics is identical with that of the Harmuth equa-
tions; and includes the concept of space charge and current introduced by
Lehnert and shown to lead to empirical results not accountable for with the
Maxwell-Heaviside equations.

1 INTRODUCTION

Recently it has been shown both empiricalty [1-15] and theoretically [16-
24] that classical electrodynamics is not described by the Maxwell-Heaviside
equations, which in modern gauge theory has a U(1) internal gauge group.
The evidence is now overwhelming that a new electrodynamics is needed
which is more sclf-consistent and able to account more satisfactorily for ob-
scrvational fact on the classical level. This means that quantum electrody-
namics is in need ot a similar revision [25]. In Section 2, the empirical ewvi-
dence for magnetic charge and current is reviewed briefly, together with the
Harmuth equations to which these observations lead. In Section 3, it 1s argued
that the Harmuth equations can be constructed from a gauge theory with an
internal SU(2) gauge group structure as proposed by Barrett [16, 17]. This
structure allows for the existence of Lehnert's space charge and current {20],
with which he has extended the Maxwell-Heaviside equations [18-20], and
has demonstrated advantages of his extended electrodynamics over these
received cquations. In Section 4, it is argued that the Barrett field equations,
which have an SU(2) internal gauge symmetry, can be broken to the O(3)
electrodynamics recently developed by Evans et al. [21-24] and shown to
have many advantages over the received view [26, 27]. One of the outcomes
of the O(3) equations is that there always exists in the classical vacuum, a
fundamental, longitudinally directed field, which was first proposed in 1992
[28] to account for the inverse Faraday effect and the third Stokes parameter
without phenomenology. The most extensively developed of these new theo-
rics of electrodynamics is the O(3) electrodynamics, but the Lehnert, Har-
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muth, Barrett and O(3) equations are all interlinked, and are all able to des-
cribe empirical data which are outside the scope of Maxwcll-Heaviside theory
[26, 27].

2 THE EXISTENCE OF MAGNETIC CHARGE AND CURRENT
AND THE HARMUTH FIELD EQUATIONS

Recently, Mikhailov and Mikhailova [1-8] have provided uncquivocal ex-
perimental evidence for the existence of magnetic charge. Six of these expe-
riments are reviewed in ref (9). These consist of: an experiment with a homo-
geneous magnetic field; quantitative measurement of the magnetic charge;
magnetic charge in a magnetic field of a line conductor's current; observation
of a magnetic charge in a diffusion chamber; detection of a discriminating
magnetic charge response to light of various polarizations; magnetic charge
and optical levitation of ferromagnetic particles in a magnetic field. There
were therefore six independent experimental designs showing the existence of
magnetic charge. The latter was later interpreted by Barrett [10] in terms of a
low energy magnetic monopole or instanton, a minimum action solution of an
SU(2) Yang-Mills structure applied to classical SU(2) electrodynamics [16,
17] and resulting in the Barrett field equations to be cited later in this paper.
The concept of magnetic charge and current does not exist within the received
view of electrodynamics, the Maxwell-Heaviside equations, which are there-
fore incomplete.

The Barrett field equations are homomorphic with a set of equations de-
veloped by Harmuth [L1-15] to account for the fact that the received Max-
well-Heaviside equations [26, 27] do not satisfactorily account [15-17] for the
propagation velocity of electromagnetic signals. The calculated group velo-
city is almost always larger than the speed of light for radio frequencies
through the atmosphere, and its dertvation mmplies a transmission rate of in-
formation equal to zero [16]. The Maxweil-Heaviside cquations do not permit
the calculation of the propagation velocity of signals with bandwidth propa-
gating in a lossy medium and all the published solutions for propagation vclo-
cities assume sinusoidal (linear) signals.

The set of equations proposed by Harmuth, in Gaussian units, are as fol-
lows:

VeD =4zp, (1)
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VxH =£ﬂjJ(, LoD )
¢ ¢ Ot
V.B = pl” (3)
B 4
VxE+l€E+—£JM:0 (4)
¢ of ¢

The Coulomb and Ampere-Maxwell laws look to have the same structure
but the Gauss and Faraday Laws are extended to include the existence of
magnetic charge and current. Here, D is the displacement; p. 1s the charge
density; H is the magnetic field strength; J 1s the electric current density; po. is
the magnetic charge density; J, 1s the magnetic current density and ¢ is the
speed of light in vacuo, all in Gaussian units. The constitutive relations were
modified to [11-16]:

D=¢E (5)

B=uH (6)

where ¢ is material permittivity and g is material permeability. The usual
clectric Ohm=s law was supplemented by Harmuth with a magnetic Ohm=s
law:

J=0F ()

J =sE ()

where o is electric conductivity and s is magnetic conductivity. The Har-
muth equations provide complete integrability and soliton solutions of the
Maxwell-Heaviside equations, introducing into them essentially topological
concepts. Barrett [10] later used the topological concept of instanton to de-



Empirical Evidence for Non-Abelian Electrodynamics 657

scribe magnctic charge as observed by Mikhailov et al. [1-8] and earlier by
Ehrenhaft {29].

3 HARMUTH EQUATION AND SU(2) ELECTRODYNAMICS

Later, Barrett [[6, 17] showed that the Harmuth field equations were
equations of Yang-Mills theory applied to classical electrodynamics with an
SU(2) internal gauge symmetry. In so doing, Barrett also showed the exis-
tence of the space charge and current proposed by Lehnert {18, 19] and de-
veloped by Lehnert and Roy [20].

Empirical evidence for the existence of the Lehnert space and current was
given by considering internal reflection at a vacuum [18-20]. This evidence
supplements that for the Harmuth field equations given in Section 2. In con-
densed matrix notation, the Barrett field equations in S.1. units [17] are:

VeE =], —ig(A*E~E+A) 9)
J0E . .
7—VxB+J+1q[A(,,E]—1q(AxB—BXA)=0 (10)
‘
VeB+ig(AB-B-A)=0 (1
0B . :
VXE-FE"FIC][AO,B]—FIQ(AXE—EXA)ZO. (]2)

The Maxwell-Heaviside equations are supplemented by extra terms, which
are conserved Noether currents [17]. These terms are a combination of those
appearing in the Harmuth and Lehnert field equations and will be identified as
such later in this Section. Without these extra Noether currents, the Barrett
field equations reduce to the Maxwell-Heaviside equations [26, 27], which in
Barrett=s notation are:

VeE =], (13)
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A
i-—VXB—FJ:O (14)
ot
V-B=0 (15)
VXE+§~B~=O. (16)
ot

The extra terms which appear because of the SU(2) structure of Barrett=s
cquations can be identified as follows:

1) The Harmuth magnetic charge density:

0, =—ig(AsB—B-A) (17)
2) The Harmuth magnetic current density:
J, =—ig([AyB]+ AXE—ExA) (18)
3) The Lehnert charge density:
p.=—ig( AsE—E-A] (19)
4y  The Lehnert current density:
J.=—-iqg(-[A,E]+ AxB-BxA) (20)

Here, A, and A arc scalar and vector components of a four potential, which
plays a physical role on the classical level. The empirical evidence for this is
reviewed by Barrett [16, 7] from six different sources. The factor ¢ in the
Barrett equations is the coupling constant which appears in the SU(2) covarni-
ant derivative, and couples the radiated SU(2) field to its source, electric and
magnetic charge. Therefore the Barrett equations are based on empirical
evidence from several sources [16,17].

4 ELECTROMAGNETIC FIELD EQUATIONS OF EVANS ET
ALIA

These field equations were developed in an entirely different manner and
have an entirely different history from the Barrett equations [17], but are O(3)
Yang-Mills equations isomorphic to those of Barrett. So they contain the
same information. One of the distinguishing features of the field equations by
Evans et al. {21-24] is that they infer the existence in the vacuum of a long-
tudinally directed magnetic tield component B, which is an observable in
the third Stokes paramcter [24] and in magneto-optical effects such as the
inverse Faraday etfect [21-24]. The equations were developed in a complex
basis ((1), (2), (3)) which describes an O(3) syminetry internal gauge space
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[21-24]. The B component in the theory is fundamentally defined from the
field tensor and is given by:

B(3]~ E—igA(I)XA(Z) (2])

where g is a coupling constant derived from the usc of an O(3) symmetry
covariant derivative [21-24]. It is the equivalent of Barrett=s ¢g. In the com-
plex basis ((1), (2), (3)), the complex vector potential A'" is the complex
conjugate of the vector potential A”. The product A"’ H A" is proportional
[21-24] to the third Stokes parameter in the vacuum and is observable in the
inverse Faraday effect. The coupling constant g has the classical units &/A"”
where A" is the magnitude of A'" = A®" and where « is the magnitude of the
wave-vector. 1t follows that Barrett=s SU(2) coupling constant ¢ also has
these units in a classical context. Therefore both g and ¢ disappear in the
static limit and we recover the equations of electro-statics, the Gauss, Cou-
lomb and Ampere laws.

This fact illustrates that, in the Barrett and Evans et al. equations, the on-
gin of magnetic charge and current is topological. Similarly, the origin of the
Lehnert space charge and vacuum current is topological - they are physical
instantons. Both the Barrett and Evans et alia equations have a Yang-Mills
structure, whose minimum action solution 1s a physical instanton or pseudo-
particle. Therefore both the Barrett and Evans et alia equations are significant
developments of the Maxwell-Heaviside equations, which give no instantons.
Therefore, in the Yang-Mills theory of pure electrodynamics developed by
both Barrett [16, 17] and Evans et al [21-24], the magnetic charge of Harmuth
and Mikhailov et alia, and the Lehnert space charge and current, both give
rise to physical instantons. This interpretation has already been discussed by
Barrett [ 1 0] in the context of the Mikhailov/Ehrenhaft experiments.

In their most condensed form, the equations of Evans et al. [21-24] look at
first sight to be similar to the Maxwell-Heaviside equations:

It

D,G" =0 (22)

(l
=

D H/n'

14

(23)
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The familiar ficld tensors G*"and H*"of the homogenous and inhomoge-
ncous Maxwell-Heaviside equations (a U(1) symmetry gauge theory [26])
become vectors in the O(3) internal space of eqns. (22) and (23), so are de-
noted as vectors in this space and tensors in Minkowski space-time. The O(3)
aroup is the covering group of Barrett=s SU(2) group and so eqns. (22) and
(23) have the samce physical content as the Barrett equations. The ordinary
derivatives of the Maxwell-Heaviside equations are replaced in egns. (22) and
(23) by the O(3) covariant derivatives D, [26] which are consistent with spe-
cial relativity. The isomorphic Barrett and Evans et al. equations are gauge
covariant and Lorentz covariant equations of special relativity. They are, in
other words, equations of standard gauge theory applied logically to pure
classical electrodynamics. The four current J, is also a vector in the O(3)
symmetry gauge spacc of eqns.(22) and (23). The homogeneous eqn. (22) is a
Jacobi identity of the O(3) group, and the tilde denotes dual tensor as usual.

The homogencous cqn. (22) can be developed by writing out the covariant
derivative in terms of its coupling constant g, which classically has the units
of /A", This couples the dynamical field to its source, so in the Barrett or
Evans et alia equations, the dynamical field is never free of its source, there is
no source-free region as in the Maxwell-Heaviside point of view when the
clectric charge and current are set to zero mathematically. This property of
the new equations 1s a significant advantage because a dynamical field propa-
gating without a source is effect without cause, i.e. a violation of causality.
On quantization, the coupling constant ¢ has units of e/#, an for one photon

in free space:

eA'"” = hx (24)

signaling that the photon is also always coupled to its source, the electron.
In the case of electro-statics, there is no photon or dynamic field, and g is
zero. Therefore, in gencral, g has units of /7, or k74"

Recall that these novel conclusions are based on empirical data as re-
viewed carlier in this paper, data which are not accessible to the classical
Maxwell-Heaviside point of view. These data, when interpreted in terms of
the Barrett, Harmuth, Lehnert or Evans et alia equations, represent a major
philosophical advance in thought in the arca of classical electrodynamics.
Similar advanccs are expected in quantum electrodynamics [24], based on the
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empirical evidence which led to a modification of classical clectrodynamics
as just described. This represents therefore a logical progression. The pres-
ence of g in the theory (g in Barrett=s equations) docs not mean that the
gauge bosons are charged after quantization. The role of g in this context is a
dynamical coupling constant in a covariant derivative (SU(2) in the Barrett
equations; O(3) in the Evans et al. Equations). It measures the Astrength@
with which the dynamical electromagnetic field (or photon) couples to its
source. It has the units of e/f, or x/A'", ie. C/(J-s). As described by Ryder

[26], this dynamical aspect of charge is a consequence of the gauge principle.
It means that there is a conserved charge which couples to the gauge field (the
electromagnetic field) in units of e/#, or &/A"™. The concept of g originates
in paralle] transport and in special relativity and, in general, is simply a cocf-
ficient [26] needed to make sure units are balanced. Similarly, quantities such
as magnetic flux density have units of J s C m?; electric displacement (D) is
C m™ and so on, but neither B nor D is charged. The coupling constant g
should be regarded analogously. It also appears as g in the Barrett field equa-
tions, and similarly, ts not charged in those equations. Therefore neither the
classical Barrett nor the classical Evans et alia equations should lead to
charged gauge bosons (photons) in quantum electrodynamics. To ensure this
requires the use of topological concepts [24] beyond the scope of this paper.
These are likely to be of key importance in any advance in knowledge in
quantum electrodynamics, and are based on empirical data.

The equivalent of the four Barrett equations in the O(3) internal gauge
symmetry of eqns. (22) and (23) are as follows:

The O(3) Symmetry Gauss law (cf. Eqn. (11))

V.B(H'El‘g(A(z).BU)_B(z).A(S)) (25]
VB =ig(AYB" —B"-A") (26)
V.BU)‘Eig(A(”.B(Z)_B(H.A(:)) (27)

The O(3) Symmetry Faraday Induction law (cf. Eqn. 12))
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~ypil)*

VxED 4 c.=li = _ig (('A:)J)B(Z) —(,'Atl,Z)BU) FAN G EY 2 AD Y )(28)
ot
12y
VE? 4 ﬁli _ —ig(c'A:,”Bm CeAYBY £ AP X B — A x B ) (29)
Ot
oy » LM
VxE?" +—"'i = —ig(cABY - cAY'BY + AV EY - AP < E) (30)
ot

The O(3) Symmetry Coulomb law (cf. Eqn. 9))

tn*

V.E(I)' _ P :I-g(A(l).E(J) . Ell)'AH)) (31)
8()

VE(:)*__P(N_- ( 31 e ), A

. =ig(AVEY —EV.A") (32)
E()

v Pm'_~ () _pl2) (1 A2

B =g (ATEY S B A (33)
g(l

The O(3) Symmetry Ampere-Maxwell law (cf. Eqn. 10))

= =2 (AVEY —APE? +cA” x B
¢t ot ™ &, c (34)

—CA‘}) % B(2))
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- AR 2y . ‘ X
VxB? — 12 oE *LZJ :_I_g_(A(UJ)E.I)_A(')UEL,)_’_CAH)XBH)
¢ O c &, ¢ (35)
—c'A(”XB(’”)
\V/ ><B(J)" _ 12 aEU)' - 12 Jm. = _E(A:)I)E(l) __A(UNEH) —I—('A“) « B(Z)
¢ ot ¢ g, ¢ (36)
—CA(:) . B”) ).

In the limit of clectrostatics, the coupling constant g disappears because
the wave-number « disappears, and the fields E®’ and B disappear for the
same reason. With the additional realization, E'" = E™* and B" = B® in the
static limit, we recover the empirically well verified Gauss, Coulomb and
Ampére laws. So in this view, the magnetic monopolc and Lelinert space
charge are topological or dynamical objects.

In electrodynamics, the coupling constant g is always non-zero under all
conditions, and each of the four laws is a set of threc simultaneous, non-
linear, equations which must be solved numerically. The presence of g (or
Barrett=s ¢) means that the dynamical electromagnctic ficld is always cou-
pled to its source, an electron, even if that electron be quasi-infinitely distant
from the field. The terms premultiplied by /g in each equation are conserved
Noether currents [16, 17] with the same meaning as the corresponding terms
in Barrett=s equations.

There may be particular solutions for which the terms in the brackets fol-
lowing ig arc zero [21-24]. [n this case, the equations reduce to

V.B"" =0 i=1,2.3 (37)

OB
VvV xE" +—é_:0; i=1,2.3 (38)
7
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V.Ema_ﬁ_::e; i1,2,3 (37a)
é;‘(l
A i) (I
I L A R (38a)

e g,

which are the Gauss, Faraday, Coulomb and Ampere-Maxwell laws for the
complex conjugate plane waves B'" = B™" and E'" = E"", together with
clectrodynamical equations for B and EY. If A"'=A"" is a planc wave, then
B is phaseless and a constant of motion [21-24]. It has been argued else-
where [24] that B is self-dual, and so the electrodynamical equations for
index (3) reduce to:

V.B"* =0 (39)
(3 —
V xB 0 (40)
)
=0. 4]
ot 41

There is empirical evidence for B of several different kinds [21-24], no-
tably, it is directly proportional to the third Stokes parameter and is an ob-
scrvable [21-24] of the inverse Faraday effect. Its interaction with matter is
determined by the interaction of A"’ x A with matter [21-24] and B is also
an observable in the topological phase [17, 24].

The field E” also has a physical significance in O(3) electrodynamics but
appears not to be a straightforward first order observable as is its counterpart
B"'. For example, there is no electric cquivalent of the inverse Faraday effect.
An imaginary iE?’ however, may have physical significance because its
square modulus would contribute to the field energy as E®”. The minimum
action associated with both the Barrett and Evans et alia cquations give
physical instantons. In this view, the magnetic monopole.and the Lehnert
space charge are physical instantons, or pseudo-particles.
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This inference shows that the new electrodynamics has rich topological
structure which may have many physical consequences.

If B = B”" is a plane wave and if g = ©/A"”, we recover the B Cyclic
theorem [21-24}:

B(]) x B(Z) __I-BI(])B(:;).

. (42)
et cyclicum

through which the existence of B’ was inferred originally [21-24] from the
empirical data available tn the third Stokes parameter and inverse Faraday
effect.

The isomorphism between the Barrett field equations (9-12) and those of
Evans et al. (25-36) can be illustrated as follows {in work by L.B. Crowell)
through the introduction of the Higgs field. The non-Abelian ficid tensor is in
general [21-24]:

By =3,Af —0,A +e[ AlLA' | (43)
whose magnetic component is
B! = ¢/ F, (44)
where /, /. and k are spatial indices. We introduce the Higgs ficld:
H=(H'H H’) (45)
with covariant derivative
DH" =9 H" +ie"™ eAlH". (46)

The Lagrangian for the gauge field is:
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1 )
L. =——F'F" 47)
G 4 i (

The action is the function dual to the 4-form F @ F that determines the in-
stanton number or topological charge[26] 4

87k :JF" VE (48)

The Lagrangian tor the Higgs field is:

-

£, =%DI.H"D"H“ +-:12-£(]H]3 —m)_ (49)

and the sum 1s:
C=L,+ L, (50)

We investigate the breaking of the SU(2) ficld (Barrett equations) into the
O(3) field (equations of Evans et alia). The classical action is the minimum of
the Lagrangian, and fluctuations about this minimum represent quantum
fluctuations. The minimum can occur at

A" =0 (51)

where the quartic potential term vanishes. If the Higgs potential vanishes:
H =m: H =H'=0 - (52)

This defines the ground state of the system where the massive H® restricts
the vacuum from the symmetries of SU(2). The Higgs ficld is then a map
from SU(2)~S* — S’ Its action on the gauge fields is to return functions of

the gauge fields. We impose finite encrgy conditions on [H| as » — w. Fur-

ther, the cross terms in the Lagrangian are bounded above by the minimiza-
tion condition:

(B +D,H")(B{ +D,H")> 0. | (53)

i
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The corresponding Hamiltonian to the Lagrangian then satisfies the condi-
tion:

H 2> %L'OH]: —m)2 + B”"D,.H”. (54)

Invoking the Taubes condition:

%IB""D,H" — dn. (55)

The total energy in the integral over the space-like manifold of the mag-
netic field density is defined by:

En Z%ZGHF —m): +8n (50)

where equality occurs when:
B! =xD H". (57)
This the Bogomolny condition. Now define the quantity:
Q= IB,‘.’H"dzx' (58)

which is the Gauss law in integral form for the calculation of charge within a
region. Using the Divergence theorem:

Q=[B/Hd’Y
- Iv,,(B;'H")d-‘.\- (59)
—{B/D'H"d’x &

B! =" (8,A] +ie™AA'). (60)

!
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For ¢ = | and 2, the commutator implied by the Levi-Civita symbol in-
volves the A” ficld which is very massive [27, 28], and vanishes. This leaves
the standard curl terms in the integral, that sum to zero. Fora = 3:

Q= J[AA* T d's ©h

which implies that the commutator of the A' and A’ fields are associated with
a magnetic monopole tield. At first order, a similar commutator defines the
topological B field, (eqn. (21)). Further, the Bogomolny condition implies
that the magnetic ficlds are the result of two scalar fields as inferred by
Whittaker [29, 30}

The derivation of egn. (61) by Crowell 1s consistent with the definition
[24] of the magnctic monopole as an area integral over B":

Q :%J'B‘”dAr. (62)

To demonstrate the link between the two equations (61) and (62), we use
the free space definition (from eqn. (21)):

Bu)) :EA“]D (63)
h
and the additional relations:
B = A, fio = ecA = L gy (64)
¢ 200

where V is an integration volume [21-24]. It follows straightforwardly that:

] e’
Q=—|BYdAr=——| AMqv 65
V'[ uoch2 f (65)

so the magnetic charge or monopole is a volume integral over a quartic in
the potential, as in eqn. (61), as well as being the area integral over B® and
observable [24] in the topological phase [17].
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5 DISCUSSION

It has been shown that the forms of the Harmuth and Lehnert equations,
when combined, form the Barrett field equations, which are 1somorphic with
the equations of Evans et alia. In this view, the magnetic monopole and the
Lehnert space charge are regarded as low energy physical instantons [10].
Therefore, the fundamental equations of electrodynamics 1n a higher symime-
try, of the Yang-Mills form, have been derived independently by four authors:
Harmuth, Lehnert, Barrett and Evans. In the electro-static limit, the coupling
constant g vanishes and the equations reduce to the Ampére, Coulomb, and
Gauss laws, without instantons, or pseudo-particles, or solitons localized in
space and time. The O(3) equations (25) to {(36) can be reduced to U(1) form
for the indices (1) and (2) plus equations for the B®' ficld, cqns. (39) to (41).
In general, however, the equations (25) to (36) must be solved without ap-
proximation. This has been carried out for the inverse Faraday cffect, for
example, in ref. (24). Therefore the equations developed in this paper allow
for the existence of magnetic charge and current as topological instantons, not
as Dirac monopoles and currents [10, 16, 17]. Under certain circumstances,
the instantons disappear, for example 1f

A(z).BH) — B(Z].A(J) (66)
A(3).B[l) — B(J).A(l) (67)
A(J).B(2):B(|).A(3P (68)

in eqns. (25) to (27). Note that this condition still leaves a non-zcro:
B(3) _ _l-gA(l) XA(Z) (69)

so the B ficld is a fundamental field of the Barrett and Evans ct alia equa-
tions under all circumstances [21-24], being proportional to the conjugate
product A" x A" through the coupling constant g. Therefore, if we Asym-
metry break@ equations (25) to (27} from O(3) using cqns. {66) to (68), the
B! field is still non-zero, and the B cyclic theorem (42) still exists.
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In this view, the Faraday induction law can be regained using the condi-
tions:

CA:).HB(Z) ‘C’At)l)Bu) +Al3) XEKJ) _A(J) XEI3) =0 (70)
cAVBY —cAPBY + AV xE'" -~ AV xEP =0 (71)
cATBY —cAYBY + AV XEY - AP XEY =0 (72)

with an additional law tor B”, eqn. (41). The Lehnert space charge disap-
pcars under the condition:

A(Z).EH) — E(Z).AU) (’73)
A(;\.Em _ Eu\_A(H (74)
A(l).E(z):ElH.A(Z) (75)
and a similar condition:
A:)z)E(M""A:)J)Elz)‘{‘CA(:)XB(”—CA(B)XB(Z) :0 (76)
A:)’”E”’ _Aill)E(J) +CA(3) x B(I) __CA(I) XBU) =0 (77)
A:Jl)E(Z) _At)l)E(l) +CAm XB(Z) _CA(Z) XBH) = (78)

can be used to regain the Ampére-Maxwell Law, but with an additional equa-
tion for B® [21-24]. Therefore these cyclic equations can be regarded as a
kind of Asymmetry breaking@ of the more general O(3) equations to U(I)
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equations. Notc that eqn. (38) s in U(1) form, but there is reason to believe
[24] that B is dual to a pure imaginary -/E®, or is sclf-dual [24]. Self-
consistently, the B Cyclic thcorem (42) is valid when B'" and B*' are planc
waves in U(1) form, and the B Cyclic theorem is consistent with the special
case (37) to (38). However, the most gencral form of electrodynamics requi-
res a Lehnert space charge for reasons developed in refs [18-20}1; and requi-
res a Harmuth magnetic monopole and current [16, 17]. Electromagnetic
fields can be conditioned by polarization into SU(2) form as shown by Barrett
[16, 17], and the B*' field is the result of an O(3) symmetry electrodynamics
isomorphic with the Barrett equations.

We conclude that there is beginning to be an appreciation that there is a
more general form of classical electrodynamics than the Maxwell-Heaviside
equations, and a more general form of quantum clectrodynamics than the
U(1) form. Under certain circumstances, the consequences of these more
general equations can be observed empirically, showing clearly the Maxwell-
Heaviside equations are incomplete. This type of generalization of electrody-
namics was first suggested by Yang and Mills in 1954 {34].
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