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The theorem for the quantization of magnetic charge is analyzed. The difficulties which arise in various proofs
of this theorem are pointed out, Arguments against a theorem for quantization of magnetic charge are pre-
sented, and the consequences of this position are analyzed relative to experimental attempts to find monopoles.

INTRODUCTION

More than forty years have passed since Dirac' first sug-
gested the existence of an isolated magnetic pole (mono-
pole), Sincethattime a great many studies, both theoret-
ical and experimental, have been devoted to the magnetic
charge problem, and the question is still far from being
resolved, There has been no experimental observation

of magnetic charge, nor any definitive theoretical proof
that it cannot exist.

During the past forty years there have been no sig-
nificant changes in the physical form of the magnetic
charge in any of the theoretical studies. Experiment, in
turn, has experienced little progress which could result
in other than pessimistic forecasts, The regular failure
to observe Dirac monopoles in newly completed acceler-
ators has produceda twofold result, First, it has shifted
the lower limit on the monopole mass, and second, the
upper limit on the cross section for producing monopoles
has been decreased. Experiments conducted on mono-
poles of cosmic origin have removed the lower limit on the
flux, reducing it to a very low value. It is now difficult
to decide whether the available experimental data prove
the absence of such monopoles in nature, or whether the
data should stimulate higher precision in new experimen-
tal studies.

The main prediction of the Dirac theory relative to
monopole properties is that it must have a very large
magnetic charge g(g= 68.5e), and therefore a high ion-
izing power. If such a particle were to appear in a free
state, it could not remain undetected by experiment. Nev-
ertheless, as we have already mentioned, experiment
quickly leads to pessimistic predictions,

An analysis of the present theoretical and experimen-
tal positions prompts at least three possible explanations
of the failure to observe magnetic monopoles.

1. The monopole does not exist in nature, This point
of view is impossible to accept for at least two reasons.
First, an experimental "proof" of the absence of mono-
polesis practically impossible since there is always the
possibility of more precise experiments in the future
and, second, present theory places no restrictions on the
existence of magnetic charge,

2. Because of a very large coupling constant the
monopole does not appear in an isolated state; rather, it
always occurs as a monopole —antimonopole pair, which
subsequently decays. The newest experimental studies
are pursuing monopole observation through the various
products resulting from this decay; this would be an in-
direct proof of the existence of magnetic charge.

3. The actual physical form of the monopole does
not correspond to that predicted by Dirac theory. The
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first difference which comes to mindis thatthe magnetic
charge may be different. If it is assumed that this charge
is much smaller than predicted by Dirac theory! (g =
68.5e), or by Schwinger? (g = 137e), it is clear that the
proof of this assumption would entail a real revolution in
the experimental methods used to detect the magnetic
charge. In essence this would mean that we are not look-
ing for the magnetic charge in the right places.

The third explanation for the "nonobservation" of the
monopole is very radical, and suggests a breakdown of
the Dirac or Schwinger theorems for the magnitude of the
magnetic charge,

According to Dirac we have

egihe—ki2  (k=0, £1, £2...); (1)
according to Schwinger,

eglhc=Fk (=0, £1, 2., (2)
The present paper is devoted to a detailed discussion
of this third possibility.

The proofs of Theorems (1) and (2) fall into three cat-
egories: 1) proofs based on the requirement that the wave
functions be single-valued; 2) proofs obtained through
group-theoretical considerations; 3) the Saha—Wilson
proof,® which is somewhat different from the other two.

We will consider all three types of proofs, and will
present arguments which we think enable us to give up
Theorems (1) and (2). In any case, we will point out some
serious difficulties which arise in proofs of these theo-
rems,*®

1. CLASSICAL THEORY OF THE MAGNETIC
CHARGE

There are two initial premises in the theory of mag-
netic charge.

1, A stationary magnetic charge is the source of a
Coulomb magnetic field:

H=gr/r*= — ggrad (1/r), (3)

where g is the magnetic charge, Attempts to completely
symmetrize the properties of electrical and magnetic
charges can naturally use Eq. (3).

2. A nonrelativistic electron moving in the field of a
stationary magnetic charge will experience a Lorentz
force:

dp/dt =(e/c) [v, H] = —eg][v, grad (1/r)]/c. (4)

This equation reflects the fact that the electron is "indif-
ferent" to the source of the magnetic field in which it
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moves, either one set up by the usual electron currents
and described by the usual vector potential Ay, or a field
due to magnetic monopoles, Eq, (3). In both instances the
Lorentz force, expressed in terms of H, will have the
form of Eq. (4).

We hasten to point out that Eqgs. (3) and (4) are pos-
tulates of the theory. They are reasonable to the degree
to which we wish to preserve the "equality" of electric
and magnetic charges.

In the following discussion we shall adhere closely
to the logic of Dirac's first paper,1 in which one of the
particles (either the electric or the magnetic particle) is
assumed at rest. Therelativistic generalization, which
Dirac carried out in a second paper,! does not change the
essential features of the argument, but it greatly compli-
cates the calculations, For our purposes, which deal
with the physical difficulties in the theory of the Dirac
monopole, it is sufficient to treat just the case in which
a monopole is at rest at the origin; therefore we shall
not require a relativistic generalization of Eqgs, (3) and
(4), although such generalizations are easily obtained.

Without the monopoles one can obtain the electrody-
namics by varying the Lagrangian:

L=%f + &1,

where £ o is the Lagrangian of the free motion and ¥j is
the interaction Lagrangian ("minimal" interaction):

A

1

&= quu- (5)

It is then easily seen that the equations of motions for the
particles, as obtained through the usual variational pro-
cedure, inevitably have the form

%:e{—-grad Ao—%._—!—%[v,curlA]}. (6)

As usual, by identifying

E= —grad Au—:—-%; (7a)
H= curl A, (7b)

we obtain the usual electrodynamics without monopoles,
because (7h) gives

divH =divecurl A=0, (8)
while according to Eq. (3) we find that with monopoles
div H = 4ngd (r). (9)

The question then arises, how can we satisfy Eq. (9)
and still keep the interaction minimal [i.e., preserve Eq.

(5)17

Dirac solved this problem by giving the vector po-
tential a special form (in the following, this gpecial vector
potential will be denoted by B):
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petg e (10)

r  r—nr

In this equation n is a unit vector (unobservable, according
to Dirac) with arbitrary direction, and it has no effect on
the physical consequences of the theory,

Upon computing curl B using the usual differentiation
rules, we find

curl B— — gv/r3 — g grad (1/r). (11)

It is quite evident that this equality is absurd, as is veri-
fied by direct application of the divergence operator to
both sides of the equation, The error evidently entered
because we did not take into account the singularity in

B along the direction specified by the vector n (along the
"string" as Dirac calls it). Thus, to correctly calculate
B at points on the string and infinitely close to it, we must
use Stokes theorem for an infinitely small contour which
encloses the singularity:

Neurl B= lim ® B.dr/AS, (12)

AS—+0 A

N is the unit vector normal to the infinitely small surface
AS, whichis bounded by the contour L, Carrying out these
operations in the case where n is directed along the posi-
tive z axis (n =k) we find, in contrast to Eq. (11) (see
ref. 6), that

H=curl B=ggrad (1/r) +k-4ng0 (z) 8 () 8 (y). (13)
In the general case® we have
H= curl B= ggrad (1/r) -+ n8g0 (nr) 8 [r*— (nr)?].  (14)

As is clear from Eq. (14) the magnetic fieldis divided
into two parts: the Coulomb field g - grad (1/r) and the
singular field on the string. The total flux of such a field
through a closed surface surrounding the origin is zero:

divH ==0, (15)

because the flux through the closed surface due to the
Coulomb magnetic field is completely compensated by the
flux of the singular field supplied through the string,

The equations of motion obtained with £ = jB by
using the variational principle, where B is defined by Eq.
(10), take the form

dp/dt=ejc[v, curl B]=eg/e[v, {grad (1/r)

+ 800 (nr) 8 (r* — (nr)2)}]. (16)

If the first term accurately corresponds to the Coulomb
character of the magnetic field sought, then the second
term will, first, destroy the original postulate (4) of the
theory and, second, lead tononphysical 6-function impulses
in the Lorentz force.

The subsequent stages in the development of a theory
for Dirac monopoles consist of attempts to obtain a pure-
ly Coulomb nature for H for the monopoles, while simul-
taneously removing the nonphysical terms in the Lorentz
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force. Dirac accomplished this within a quantum mechan-
ical framework.

2. QUANTUM THEORY OF DIRAC
MONOPOLES

Following Dirac, we introduce a special principle
(Dirac's veto), which forbids the electron from falling on
the string,i.e., the electron wave function is set equal to
zero on the string:

P=0 (onthe string). (17)
If electrons do not fall on the string, so that they do not
sense the magnetic flux conducted along it to the origin,
then we have
divH = g div grad (1/r) = — 4mngb (r) (18)
in contrast to Eq, (15), Thus, the magnetic flux through
a closed surface, composed of a sphere and an infinitely

thin cylinder cut out of the sphere and running along the
string, is now nonzero,

We now see that the condition in Eq, (17) "fixes" the
Lorentz force at which the 6—function pulses disappear
when Eq, (17) is fulfilled.

Let us now introduce Dirac's relation (1), We shall
use the requirement of gradient invariance., Assume that
the state of an electron scattered by a monopole at rest
at the origin is described by a Schrodinger equation in
which the interaction Hamiltonian contains the vector po-
tential of Eq. (10). We replace the vector potential of Eq.
(10), which depends on the unit vector n,:

B(nl)=§'%y

by a potential B (n,), which depends inthe same way on an-
other unit vector n, (n, = n,) and which does not alter the
physical consequences of a gradient-invariant theory if

B (n;) — B (n;) = g grad . (19)

Then the wave function of the scattered electron must be

altered by a phase factor:

(B (ny) =exp | — 1% 1) (B (ny)). (20)

Equation (19) is used to calculate the magnitude of gy:

r

glx @ —1 (ol = | &' [B(n)—B my)1.
L)

(21)

The right side contains a curvilinear integral over some
path L from the initial point r;, to the final point at r.
Equation (21) is valid, of course, only when Eq, (19) is
valid, We shall discuss this validity below.

We now ask, what will be the phase difference y when
the path L is closed, i.e., when the points r and r, are the
same? In other words we wish to evaluate the integral
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=gl —%@1=§d' Bo)—Bm),  (22)

where y;(r) and x,(r) are two values of the wave function
phase y at a single point in space after going around some
closed loop and returning to the starting point.

We use Stokes' Theorem and Eq. (14):

& dr’ (B(n) —B (n;)] = { dS curl (B (n) — B (ny)]
i 5

=8¢ 5 [n,8 (n4r) § (r* — (nyr)?) — 0,0 (nor) 8 (12 — (ngr)?)] dS. (23)

-]

Here L is the closed contour and S is the area enclosed by
this contour, It is clear from Eq. (23) that if S is not pen-
etrated by either of the two strings n; or n,, the phase
difference is Ay = 0, In the opposite case one can show
that

| A% | = 4. (24)
One could also consider this in a different light. If we
follow Dirac and exclude from consideration the region
occupied by the strings, then Eq. (19) would hold every-
where. But now y is a single-valued potential in a doubly
connected region, A calculation of the phase difference in
going around a closed path enclosing a string gives Eq.
(24), Mathematically, the two treatments are completely
equivalent,

Dirac made the natural assumption that the wave-
function phase difference arising when a closed contour
is traveled is always some multiple of 27. This means
that traveling a closed path to the original point of de-
parture changes the wave function by the insignificant
factor exp(—i27k) =1. Therefore, for |Ay| = 47 we have

exp ( —ieghn/hic) = exp (— i2xnk) (25)

or

eg/hc=Fk/2 (=0, £1, £2...).

The absolute value of k depends on the number of circuits
one makes around the loop, and its sign depends on the
direction of travel,

We now summarize the main postulates of Dirac's
theory.

1. The vector potential B(n) of Eq, (10), which is
singular on the string, is used to describe the motion of
an electron in the field of a monopole., The use of Eq. (10)
in the interaction Lagrangian & = jB(n), together with the
usual variational procedure, leads to the correct expres-
sion for the Lorentz force everywhere except on the
string,

2. In order to obtain a purely Coulomb magnetic
field B and get rid of some nonphysical terms in the
Lorentz force, the electron wave function i is set equal
to zero on the string,

3. The string, which is determined by the unit vector
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n in Eq. (10), is not observable because it does not ad-
mit of any physical interpretation.

We will examine these three postulates from the point
of view of their physical compatibility,

3. CRITIQUE OF THE DIRAC THEORY
On the basis of Eq. (14), we have

curl(B (n;) — B (n,)]

=8¢ [0 (ngr) 6 (r* — (nyr)*) —ngH (mor) 6 (> — (nar)’)],  (26)

which contradicts the original assumption (19) for deri-
vation of Eq, (1), because curl grad y = 0. InEq.(26) we see
that curl[B(n,) — B(n,)]isnot zero onthe strings. At first
glance it appears that this incompatibility with Eq. (19) is
of no importance because the difference occurs just in a
one-dimensional region., However, a more detailed anal-
ysis shows that this is not the case.

Let us first examine this question from a physical
point of view. We ask, what does the gradient transfor-
mation of Eq. (20) imply for the Schrédinger equation?

By changing the vector potential B(n;) in the Schrodinger
equation to B(n;), we see that in the first case the observed
magnetic field is determined by the equation H; = curl -
B(n;) while the field is H, = curl B(n,). If B(n;) —B(n,) in
Eq. (19) is really the gradient, then H, = H,, but at the
same time we see from Eq, (26) that

curl B (ng) —curl B (n,) = H, — H, 5= 0. (27)
In other words, the transition from the Schrodinger equa-
tion with the vector potential B(n,) to the equation with the
vector potential B(n,) implies that the real magnetic field
changes. In this case the field along the string n,, Hj =
nf(myr) 6(r* — (n,r)?), corresponding to the vector poten-
tial B(ny) in the first Schrédinger equation, disappears,
but at the same time a magnetic field arises along the
string n, in the amount Hj = n,0(n,r) 6 (r? — (n,r)?), which
corresponds to the vector potential B(n,) in the second
Schrodinger equation (of course, the Coulomb parts are
not altered during these changes). It is evident that no
gradient transformation can change the real magnetic
field. Therefore, if one finds such a transformation which
changes B(n,) to B(n,), then such a transformation cannot
be termed a gradient transformation. Conversely, if
Eq. (19) is valid, we must find that n; = n,.

Thus, is it possible to represent the difference B(n)) —
B(n,y) in the form of a gradient? The answer to this ques-
tion is very important. A positive answer would mean
that the Dirac theory is not contradictory and Eq. (1) is
a necessary consequence of that theory, A negative an-
swer would cast doubt on the consistency of not only the
original premises of the Dirac theory, but it would also
call into question Eq. (1) concerning magnetic charge
quantization, which is a consequence of the assumption
expressed in Eq, (19) that the theory is gradient-invariant,

We now present some mathematical considerations
which refute the possibility of representing the difference
B(ny) — B(ny) as the gradient of some scalar function gy(r).
One can show that the vector potential B(n) in Eq, (10) can
be uniquely represented in the form
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B (n)= —g curl {nln (r—nr)}, (28)

i.e., it does not contain a gradient part in the equivalent
expansion

div B'd%r
[r—r"]

1 1 B'd3r’
B(n):-ngadS + o curl 5 I L

r—r 1 7

because div B = 0 everywhere, as can be shown by using
the corresponding integral theorem, A somewhat modified
expression for B(n) was obtained by Schwinger? (the dif-
ference is that Schwinger treats two strings rather than
just one),

It follows immediately from Eq, (28) that Eq. (19)
must be impossible. We can also show this in another
way. By directing n, along the x axis and n, along the y
axis, one can perform the integrations along various
paths in Eq, (21). It is easily shown that the integral in
Eq. (21) depends on the path, so that quite different values
are obtained for y(r) when different paths are used. This,
of course, agrees with Eq. (28) and contradicts Eq. (19).
The fact that Eq. (21) cannot be usedto determine a scalar
function y(r) also renders Eq. (20) empty.

We should keep in mind that the validity of our pre-
vious discussion is certified only with the help of suffi-
ciently accurate transformations with generalized func-
tions, for which the criterion is the application of integral
theorems. Equation (14) is a case in point. It is clear
from this equation that curl B(n) and g grad(1/r) agree
everywhere in space except on the string, However, the
integral of curl B over a closed path which encompasses
the string is not zero, while the integral of g grad (1/r)
over any closed path whatsoever is zero. Therefore the
field curl B remains a solenoidal field, while the field .

g grad(1/r) is a gradient field. And for the same reason
the difference curl B(n;) — curl B(n,) cannot be written as
the gradient of some scalar function gy(r).

This conclusion casts doubt on the validity of the
magnetic charge quantization theorem of Eq, (1), which
means that its smallest value

|g|=137|e|/2 (29)
is questionable, We note that there are many different
variants of the predictions of Eq. (1), all based on the re-
quirement that the wave function phase be single-valued,
However, the variant presented above appears to us to be
the most rigorous., Nevertheless, there are serious dif-
ficulties inherent in it,

We wish to note that, by using a vector potential con-
taining m strings,*s®

(30)

which also satisfies the primary requirements of Dirac's
theory, because a correct Lorentz force is obtained ev-
erywhere outside the strings, we can find any "quantization"
of magnetic charge. Thus, with m = 1 we have Dirac's
theory,! while with m = 2 and n; = —n, =n we have
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pSehw_ g (1] [ 1] ] . 31)

2r Lr—nr r-f-nr

which is the Schwinger theory.?

Unlike Dirac's theory, the magnetic flux in Schwin-
ger's paper? is conducted to the origin along two strings,
so that the "quantization rule" is as shown in Eq, (2). As
a consequence, Schwinger finds the minimum magnetic
charge to be given by

|g|=137]e|. (32)

Although there are differences between the consequences
of the two approaches, as expressed in Egs. (29) and (32),
Schwinger's theory is not essentially different from Di-
rac's, Since it has all the inherent difficulties present in
the Dirac theory, we shall not devote special attention toit.

In the general case Eq. (30) results in a minimum
magnetic charge which is m times the Dirac value:

lgl=m’F

lel, (33)
which is easily demonstrated by repeating the derivation
of Eq. (1) with the vector potential given in Eq, (30) and
running the contour around one of the strings. If two or
more strings are included within the contour, the mini-

mum magnetic charge will be altered accordingly.

It seems to us that the possibility in principle of
working in the Dirac theory with the vector potential of
Eq. (30) emphasizes the weak aspects of theories which
use potentials of the type in Eq, (10) and (31). We shall
now analyze the compatibility of the second and third
original postulates in Dirac's theory, as formulated in
Sec. 3.

Dirac's veto (¢ = 0 on the string) ensures that the
observed magnitude of *y is zero on the string, It can
be shown that §*y goes to zero smoothly on the string.!
As a consequence, one should observe some effect from
this fact; electrons scattered by a monopole will "sense"
the string. A change in the direction of the vector n in
B(n) will lead to changes in the scattering pattern for
different positions of. the vector n, In other words, the
condition that ™y be zero on the string leads to the ob-
servability of the string itself. The question of the ob-
servability of the string thus has two aspects: On the
one hand, the condition that ) = 0 on the string removes
the 6-function "pulses" in the Lorentz force of Eq. (16),
thus rendering them unobservable, but on the other hand,
this same condition now makes the string itself observable
in the sense described above.

It would seem that a direct answer to the problem of
the string's observability could be obtained by solving the
problem of electron scattering by a stationary monopole.
This problem has in fact been solved by Banderet.! How-
ever, he started with the assumption that the string is
unobservable and that its direction in space makes no dif-
ference, Then, in order to simplify the mathematics, he
positions the vector n parallel to the incident beam of
electrons. As a result, even if the electrons did scatter
from the string in this case, it would be masked by the
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cylindrical symmetry of the problem.

The scattering of an electron beam by a stationary
monopole could give the solution to the string observa-
bility problem ifthe stringis situated at some angle rela-
tive to the beam. This problem is now being solved. The
appearance of scattering in this case would provide a di-
rect answer to the question of consistency in the original
assumptions of Dirac.!

What would be the consequences of an observation of
the string? It would mean that the Dirac theory describes
an infinitely long, infinitely thin solenoid, one end of which
is at rest at the origin and the other end of which goes
off to infinity, There would not be a theory of magnetic
charge as such.

To conclude our discussion of Dirac's theory, we
shall make a final comment about the string, We are not
obliged to view the string as running from the origin to
infinity in a straight line, It can have any shape of curve,
and all the above discussion remains valid.

Since Eq. (19) is not satisfied, it seems useless to try
other forms for the potential B (an example would be po-
tentials which are singular over a plane rather than along
some curve),

4, CRITIQUE OF OTHER METHODS OF
PROVING EQS. (1) AND (2)

The preceding method of proving Egs. (1) and (2), as
well as a large number of similar proofs, was based on
the requirement that the phase of the wave function be
single-valued. We will now examine a group-theoretical
approach to the derivation of these two equations; this is
a second type of proof.

There are a large number of papers devoted to sim-
ilar types of approaches., However, for illustrative pur-
poses, we shall treat just one of these works, that of
Peres,? in which Eq. (2) is derived.

It is shown in ref, 8 that if the angular momentum of
an electron moving in the field of a stationary monopole
is written in the form

(34)

where B has the form given in Eq. (10), then the following
commutation relation is valid:

[va Ji’l] = iﬁf‘nxnh-]k- (35)

Then, according to Peres, Eq. (35) results in, first, the

rotational symmetry of the electron —monopole system,

and second, the quantization of the angular momentum of

motion (eg/c) (r/r) (according to quantum-mechanical rules):
eglhe=k (F=0, =1, £2...)

However, an accurate transformation using the singular

function B in Eq, (10), taking Eq. (14) into account, leads
us to the following expression:

[Jms J1] = ihiemund .+ ihe/c {rPemmnn +rm [r, n]; —7; [r, nlyn}

X 8g0 (nr) 6 [r* — (nr)?]. (36)
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It is clear from Egq, (36) that the conclusion of total ro-
tational symmetry for the system is not correct because
the components of J in Eq. (34) do not form the group of
Eq. (35). It also follows that the proof of Eq. (2) as pre-
sented in ref, 8 is not rigorous, at the very least. We
must mention that there are a large number of proofs of
Eqgs. (1) and (2) which are based on group-theoretic consid-
erations, We will not dwell on these proofs any further
here since all of them encounter the same difficulties
which face Peres.?

Among the various proofs of Egs. (1) and (2), the pa-
pers by Saha and Wilson® stand apart, The derivations of
these two equations in ref, 3 can only be called proofs in
a limited sense, for they are of a more illustrative char-
acter rather than proofs. These authors consider a sys-
tem of stationary electrical and magnetic charges sepa-
rated by a distance I. By forming the classical Poynting
vector for the stationary electric and magnetic fields, they
then calculate the angular momentum M of this field rel-
ative to the line joining the two charges:

M=egl/c|1|, (37)
where [1| is the distance between charges. Then, equating
IM| to ki they find that

egle =kh

(=0, £1/2, £1, +3/2,+2...), (38)

which gives either Eq. (1) or (2).

It is clear that this treatment is semiclassical.
However, the main difficulty with this derivation is
that these authors do not know what quantity they
have quantized. The lack of a Lagrangian and canon-
ical formalism prevents them from relating the quan-
tized quantity with any physical quantity obtainedfrom
a quantum-mechanical canonical formalism, It is for
this reason that their treatment is a quasiclassical
illustration of Eqs, (1) and (2).

A similar criticism can be leveled against other work
in which Eqgs. (1) and (2) are derived without the benefit
of a canonical formalism, A canonical formalism is re-
quired because quantum mechanics is a Hamiltonian the-

ory.

We conclude by looking at a number of papers which
use the Mandelstam formalism to arrive at Eqgs, (1) and
(2) (see ref. 9, for example). These studies are by their
character related to those which use the first type of
proof for Eqs, (1) and (2). Without dwelling specifically
on the absence of a canonical formalism, we note that the
use of paths in line integrals encountered in these papers
introduces problems which are similar to those which
appear when the string is introduced. Althoughitis some-
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what of an oversimplification, one might say that the line
integral in ref. 9 is in some sense analogous to the string,
and bears all its attendant difficulties,

5. CONCLUSION

None of the proofs of Eqs, (1) and (2) is free of se-
rious objections, Moreover, it appears that these diffi-
culties are not accidental, Thus, the absence of gradient
invariance in the Dirac theory and the simultaneous ab-
sence of a group in Eq. (35) are not fortuitous; they seem
to be related by the fact that Eqs. (1) and (2) were derived
only to an accuracy of §-function singularity concentrated
around a line (the string). This is also characteristic of
the other approaches. In other words, one might think
that Eqgs. (1) and (2) simply do not exist.

The main problem with the theory of magnetic charge
is that it is at present impossible to write a Lagrangian
for the interaction of an electron's field with the monopole
current (the term current is used here in a conditional
sense), or for the interaction of a monopole's field with
the corresponding electron current. It is even impossible
to say whether this difficulty is fundamental or merely
technical, The criterion for the validity of any interaction
Lagrangian formulation is the a priori postulated form of
the Lorentz force,

The Lagrangian suggested by Dirac and Schwinger
does not completely satisfy the problem as posed here,
In addition, the appearance of the string attests to the
major difficulties with these theories.

The fate of Eqs. (1) and (2) of course affects the ex-
perimental methods used to detect magnetic charge, It
is clear from Eqgs. (29) and (30) that the magnetic charge
is huge. The appearance of a single T.agnetic charge of
such magnitude could not go undetected by experiment,

However, if one assumes that g can be different,
much smaller, for example, this would produce a real
revolution in the experimental methods used to find the
magnetic charge. Such an assumption would mean that
the magnetic charge is now being sought in places where
it cannot be found. The absence of a rigorous theory for
the magnetic charge speaks in favor of such an assumption,
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