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Using an explicit notation for units, it is argued that electromagnetic fields measured
by means of a charge and the corresponding fields measured by a monopole, are different
physical entities. This result is related to the persistent failure of the experimental quest for
monopoles.
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New papers reporting the failure of monopole search have recently been published [1].
These papers join a long list of articles describing experiments with the same negative
result. References to earlier works can be found in the literature [2-7]. Today there are just
two reports of a single monopole event which have not been completely refuted [8, 9].
These articles have already been criticized by other researchers who claim that the result
is hard to be reconciled with their own conclusions [10-13] or that its foundation is not
well established [14]. It is interesting to note that the author of one of the positive reports
of a monopole detection [8] has already admitted that a spurious cause for the event cannot
be ruled out [15]. Considering these results, people working on the subject conclude that
“what the field of monopoles would really need would be some real monopoles™ [3], that
“the magnetic monopole continues to be strangely clusive” [4] and that “the field has
reverted to those willing to do long and difficult work, with improved null result as the
most likely outcome™ [5].

This unsatisfactory situation calls for a reexamination of the theory used as a founda-
tion of contemporary quest for monopoles. The present work is devoted to a new point
of this theory. It discusses some aspects of the underlying assumption saying that electro-
magnetic fields measured .by means of a charge are the same physical entities as fields
measured by means of a monopole. Hereafter, this assumption is called the identity assump-
tion. The following analysis adheres to the tensorial formulation of electromagnetic quanti-
ties. Introducing an explicit notation for units, it shows that the identity assumption does
not hold.

In the subsequent analysis, Greek indices range from 0 to 3 and Latin ones range from
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1 to 3. Unless stated explicitly otherwise, units where the speed of light ¢ = 1 are employed.
In these units, the metric tensor is

1 0 0 0
0 -1 0 0

Bx=lo o -1 of 0
0 o o -1

In the following discussion, the validity of the identity assumption. is postulated and
problems stemming from it are derived. Let us examine an experiment where classical
e'ectromagnetic fields are measured by means of a charge. The results can be written in the
following tensorial form

0 -E, —E, —E,
E. 0 -B, B,
E, B, 0 =B, )

E, —B, B, 0

F* =

This experiment is repeated and-the same fields are measured by means of a monopole.
The tensorial form of the new quantities is

0 -B, —-B, —B,\
B 0 E, —-E
*pv x z ¥ ‘
F B, —E, 0  E,| 3
B, E, —E, 0

Comparing the results of the two measurements, one finds that the identity assumption
states, for example, that F1¢ = F*23 etc. The plain meaning of this statement says that
noncovariant relations exist between the tensors F* and F**, since different components
of these two tensors are considered identicql. Quantum mechanical arguments dériving
related problems of monopole theory have been published in the literature a long time ago
[16-18]. Evidently, noncovariant expressions are unacceptable as elements of an electro-
magnetic theory.

An attempt to solve this dilemma uses the following tensorial relations

o = &g, g, ", @

where ¢* is the completely antisymmetric unit tensor of the fourth rank. The subsequent
discussion proves that the tensorial relations (4) do not settle the problem.

A basic requirement which should be satisfied by any physical equation says that it must
be correct for any set of units. Let us examine the previous results in a syst_em of units
where the speed of light ¢ # 1. In special relativistic notation, this transformation does
not affect the metric tensor because, in this theory, it is accustomed to take x° = ct. In
other words, in-the new system of units, x'* = x* and no coordinate transformation entails
the introduction of the new units. A different insight into the situation is achieved if the
tensorial formalism of general relativity is used.
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In this formalism, coordinate transformations are not restricted to the Lorentz ones.

Under this extended group of transformations, any tensor transforms according to the
. ox'* oxf . .
well known relations. For example, T'%, = T Frert In particular, the new units
x* dx

where ¢ # 1 relate the new coordinates to the old ones according to the following relations:
x'® = x%ec, x'* = x'. At this point one can directly utilize the well established tensorial
formalism used in general relativity. The new metric is

¢ 0 0 o

, o -1 0o o
=10 o0 -1 o )

0 0 ¢ -1

In the new system of units, the antisymmetric unit tensor of the fourth rank takes the follow-
ing form [19, 20]

78 = &P, ©)
Assume that a measurement of electromagnetic fields by means of a charge yields,

in the new system of units, the results written symbolically in (2). In this system the tensorial
relations (4) are

FrEw = 1 prreb g;ygé,,F'ya. @)

Substituting (2), (5) and (6) into (7) and relying on the postulated validity of the identity
assumption, one finds the quantities measured by means of a monopole

0 -—B, —-B, —B,
1{B 0 ¢?E, —c’E
£ 04 — x z ¥y 8
F c|B, —c’E, 0 c2E . |° ®

B, (’E, —c*E, O

As pointed out previously, in the new system of units, ¢ # 1. Hence, the quantities
(2), obtained from a charge-dependent experiment,. are different from the corresponding
monopole-dependent values of (8). A basic property of any classical physical entity is that,
under identical circumstances, it always yields the same results. The satisfaction of this
requirement must be independent of the method of measurement and of the system of units
as well. In particular, if the identity assumption holds then the two ways of measuring
classical electromagnetic ficlds, either by charges or by monopoles, must yield the same
numerical values. Evidently, a comparison of (2) with (8) proves that this requirement is
violated by the identity assumption.

The tensorial relations (4) are introduced for the purpose of rescuing the identity
assumption from a state of covariance violation. The foregoing discussion proves that,
although covariance is apparently restored, other basic physical requirements, like the
validity of physical relations in all systems of units, do not hold and (4) cannot be considered
a satisfactory solution of the dilemma. Therefore, it is concluded that the identity assump-
tion is unphysical.
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It is interesting to note that the results of the present article can also be deduced by
means of different arguments. Indeed, it has already been shown that examinations of the
metric of a curved space-time [7] and that of a noninertial frame of reference [21] yield
analogous conclusions. However, the present discussion looks more fundamental. Indeed,
the former derivations rely on general relativity, namely on a specific physical theory. On
the other hand, the present deduction uses a fundamental requirement which says that
a physical equation should be correct in every system of units.

The failure of the identity assumption raises another problem. If electromagnetic
fields measured by charges and those measured by monopoles are different physical entities
then the related assumption saying that these fields -have the same dynamical properties
is not self-evident. (Henceforth, this latter assumption is called the dynamical assumption.)
In particular, it is not clear why electromagnetic fields associated with monopoles must
be endowed with the property of accelerating charges according to the Lorentz law of
force.

The dynamical assumption is a cardinal element upon which current experiments
designed for monopole detection are based. The complete failure of these experiments
provides another indication questioning the validity of the dynamical assumption [22].

This point is pertinent to another problematic aspect of presently accepted monopole
theories, namely, the inability to construct a regular canonical formalism of a classical
charge-monopole system. Indeed, it is shown that if these two problematic issues, namely
the identity assumption and the dynamical one, are not imposed upon the system then
an alternative classical regular canonical theory can be constructed {23]. A basic point
of this approach is the evidence that monopoles have not yet been detected. Therefore,
there is no experimental determination of their equations of motion. In this case, it looks
promising to start not from specific equations of motion but from well established principles
of physics. As postulated, the new theory retains the regular canonical structure of ordinary
classical electrodynamics. Its equations of motion are characterized by the following prop-
erty: fields associated with charges do not accelerate monopoles and fields of monopoles
do not accelerate charges; charges and monopoles interact indirectly by means of fields
of real photons. A prediction of this theory says that current attempts of monopole detec-
tion, which are eventually based upon the acceleration of a charge in fields of a monopole,
are bound to fail [6, 7]. Actually, the persistent negative results of the quest for monopoles
are compatible with this prediction. '
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