PHASE OF THE CHARGE IN ELECTRODYNAMICS
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The equations of a free electromagnetic field are covariant with respect to field-intensity trans-
formations {1-3]:

E— Ecos®—Hsin® H- Esin®-+ Hcos 9. oY
For a volume containing charge, the Maxwell equations are covariant with respect to transformations (1)

only if we consider, along with electric charge e, magnetic charge e, and if we introduce the transforma-
tion law

e—»ecosB—e+sin6; e+-»esln'9+e+c059. (2)
Since e and e, transform according to (2), the question of the possible existence of magnetic monopoles
must be reformulated; strictly speaking, the problem is to determine whether charges having phases
different from the phases of ordinary charges exist [4]. Below we derive a conservation law corresponding

to transformations (2), and we analyze a relation between the phases of the charges of interacting particles
which follows from this law.

For this case it is useful to write the Maxwell equations in spinor form [5-7]. These equations can
be obtained from the Lagrangian
- G 3 3
A= FUP AR TR A, 3
where
J&f‘ =953, "+ l'./:_); A&S = S48, (A" 4+ t'A:’_);

J% and A" are the ordinary 4-current and 4-potential, and J% and A are the magnetic potentials (the Latin
indices are tensor indices, in contrast with the spinor Greek indices). For the electromagnetic field tensor
we have the corresponding spinors

1:‘1’3 . ()'f';‘A,;g; F-B_‘ = 0T;A‘€;‘, (4)

where
0, = 730"
The Lorentz conditions for the electric and magnetic potentials,
0,47 =0; 9,4% =0,
are equivalent to the conditions
Fiy=0 Fg=0.
The nonvanishing elements of o5pn and of the metric spinor Ypy are

S0 = 1i Ojp3 = 043y = 0519 = —Oiy; = —Ojgy = — g3 = &
%1 = %o = %j10 = %o = %oe = 439 = 933 = Op3 = S350 = L;

Joo =~ 11 = — Yaa = — g3 = L.
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Varying ABG ang A ap We find the field equations:

L
0 FTy =y OV Fy=J%. (5)

We introduce the complex charges
qg=e+ie,; q*:e—ie+,
According to (2), we have
q-— qe’:a; q* — q*g‘i@, (6)
Transformations (6) correspond to the current transformations
J@ — J&Bem; J'—j;‘—r J@&e_'.@;
The transformation law for the potentials must be the same:
A&3—> A&pei@; Aﬁa"’ Ag&e_‘ie, (7)
It follows from ) and (7) that
Fiy— Fie™; FBT - FP e 1®, ’
The charge phase, which changes under transformations (6), must generally vary. Using (3), we find,
by varying this phase,
TogdPE— I Ay — (8
Applying the Noether theorem to transformations (6), we find
Oy, (F1p AP 1 BT 84%) = 0.
Since we have
A% —— 1 AP00; 2 A% = 14756,
we have the conservation law
oy, (F1, AP — Fjia®) = o,
from which, taking field equations (5) into account, we can derive Eq. (8).

Let us consider the physical meaning of Eq. 8) for the simplest case — that of a constant electro-
magnetic field. We assume that particles having charges

G=lgle™; go=|q e
are interacting. The complex scalar potential ¢ at the position of the first particle is proportional to the
charge of the second. From Eq. (8), which takes the form

gro1— 97q; =0

in this case, we find
sin {a; —ag) = 0. (9)

According to Eq. (9), the charge phases must either be equal or differ by 7; in particular, if one of the
interacting charges is real, the second must also be real (either positive or negative).
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