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Abstract

The electromagnetic field due to the rotation of a circular

singular magnetic flux-line is calculated. Averaginyg the resulting

electric field over the period of rotation it is shown that by
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this procedure neither a static Coulomb charge nor an electric

dipole moment can be generated.
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In connection with work by H. Jehle ° who tries to explain electric
and other properties of particles by considering spinning, closed loups
of quantized magnetic flux, the electromagnetic field due to one rotating
loop is of interest. Especially the question of emerging static electric
pruperties is of importance. This problem will be considered here. Qur
method to calculate the electromégnetic field originating from a sinpular
2)

magnetic flux-line is due to Dirac”’ where the singular flux~-line becomes

the famous Dirac-stringa). This formalism will be used in this paper.

The electromagnetic field-strength tensor is given by
FPV(x) = a"aV(x) - 3"aP(x) + #¢*V(x) (1)

v v .
where #G" 1s the tensor dual to c* , that 1s
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and Gaﬂ(x) is a tensor concentrated on the singular line (Dirac-string)
ya(r,o) (1t and o parametrize this line in 4-dimensional space-time),

given by

G o(x) =g [drdo 6*(x-y(1,0)) Iy (1,0)y3(1,0) =y (1,0)y (1,0)]  (3)
with

= = g = magnetic charge. (4)

Assuming that there exists only the singular Dirac-striny the field

equation has to be
2 F*(x) = 0 (5)

or equivalently, substituting for Y from (1),
aa’(x) - 3% A 10+ 0 46"V(x) = 0, (6)

which becomes in the Lorentz-gauge, auAu =0,
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The standard solution of eqr# (7) with ne incoming iree field is detert

mined by use of the retarded Green's function to be

o 4, 0 Uy ’
I P it SR O
4rflx - x'| 'Y

Specializing to the case of] in:erest, that is when the Dirac=-string is
a cloused loop of unit radi rotating around the x3-axis with circular

frequency w (see Fig. 1), tke parametrization of the singular loop may !
: be chosen to be

yu(r,c) = {1,(1 + coso‘cOSuT,(l + cosO)sinuwi,sinu}
(9)

- @™ T < w 0 <9 < 2n .

Inserting (9) into the defin&ng equ. (3) for Gas(x) one obtains for the
dual tensor t
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+ (same expression with v1-z2 » - /i-z?)

It is convenient to perform a Wartxal integration in (8) in order to put
the partial aerivative in fronr of the integral. But since ¢"” is not
restricted to a finite reg1on 1n time (contrary to 3-space), one has to
be careful about boundary tgrms originating from time derivatives. This

difficulty can be circumvented by using instead of G a regularized version
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%G B(x) = e G (x) (11)

pv pv
; and taking the limit « - 0 after the calculation. The electromagnetic

potential 1s given now by

‘ ]
! ¢ (xf

A:e (x) = 2 [d¥x? reg —
B ax” 4uix - x"!

- |x-x"1],x")

(1)

and one therefore obtains for the electric field

- ; ; 2 3 : ooy s
gl (x) = Ao,x(x) _ Ax,o(x) < J [ d-x (- i sc't . (x-x") el
reg reg reg t 4n l;_;,| Ix-x" "
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Since it is the static, time independent, and not the radiatior field
i which 1s of interest one can average the electric field over on2 period
of rotation, t = 2n/w, thus getting rid of all time-derivative terms in
(13), since G"” is of course periodic in time with period 1 and the
limict a » 0 can be taken quite easily after averaging. Thus the result

for the static part of the electric field is given by

CEN ) = lim 2 2"?” dx°(A%(x) - a}2%x)) =
'-{ a0 2n o reg reg
y 2m : s 3"'vi""lj
- f dod 3x’ ] (611 _ 3(x=x") (x-x') ) — (i=12" )
L 4n|%-%1 | %% |2 1-2' 7|
o (8(x'=(1+/1-2"2)cos¢)s(y'~(1+/1-2' )sing) - (14)

e (x"1-2'2),y"1-2'2,2' (14/1-2'2))) 4+ (same term v1-2'% » -1z 7)1,
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which vanishes of course in the static case (w = Q). From the abuove form
one realizes immediately, that the large distance behaviour of the
electrostatic field is of 0(1/r3) at most, thus no clectric charge is
generated. Actually the field falls off even stronger at large distances,
since due to the averaging procedure (integration over ¢) and the symmetric
integration over z' in (14) the electric dipole term (. i/r3?) vanishes too.
Therefore, in conclusion, the final result is that a retating Dirac-~luop

does not generate any electric charge or electric dipuvle moment.
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Figure Caption

Fig. 13 Rotating loop.







