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The equations of a f r e e  e lec t romagne t ic  field a r e  covar iant  with r e s p e c t  to f ie ld- in tens i ty  t r a n s -  
fo rmat ions  [1-3]: 

E~Ecos0--/-/stnO; /-/~Esin0WHcos0. (1) 

Fo r  a volume containing charge,  the Maxwell equations a r e  covar tant  with r e s p e c t  to t r ans fo rma t ions  (1) 
only if we consider ,  along with e lec t r ic  charge  e, magnet ic  charge  e+ and if we introduce the t r a n s f o r m a -  
tion law 

e ~ e cos 0 - -  e +  sin 0;  e +  - e sln'0 + e +  cos O. (2) 

Since e and e+ t r a n s f o r m  accord ing  to (2), the quest ion of the possible  exis tence  of magnet ic  monopoles  
mus t  be re formula ted ;  s t r i c t ly  speaking, the prob lem is to de te rmine  whether  cha rges  having phases  
different  f r o m  the phases  of o rd inary  cha rges  exis t  [4]. Below we der ive  a conserva t ion  law corresponding 
to t r ans fo rma t ions  (2), and we analyze  a re la t ion  between the phases  of the cha rges  of in terac t ing  par t i c les  
which follows f r o m  this law. 

Fo r  this case  it is useful  to wr i te  the Maxwell equations in spinor f o r m  [5-7]. These  equations can 
be obtained f r o m  the Lagrangian  

A = - -  F~-F~ - -  J;,~A ~ a -  fl 'A;,~, (3) 

where  

J~ = %~n (jn + ijn+); A&3 = %,~n ( An + iA~_); 

j n  and A n a r e  the ord inary  4 - c u r r e n t  and 4-potent ia l ,  and jn+ and A n a r e  the magnet ic  potentials  (the Latin 
indices a r e  tensor  indices,  in con t ras t  with the sp ine t  Greek  indices). Fo r  the e lec t romagne t ic  field tensor  
we have the cor responding  sp inors  

�9 " ~ ( 4 )  F ~  : O~A;,~; F3 T : O(=A , 

where  

The Loren tz  conditions for  the e lec t r i c  and magnet ic  potentials ,  

OnA n : O; OnAn+ : O , 

a r e  equivalent to the conditions 

F~ = O; F~ = O. 

The nonvanishing e lements  of ~&fln and of the m e t r i c  spinor T i l t  a r e  

z d l z  : ~ i o i  = a f l o  = % e 2  : : r io2  = ~ 2 o  = % a a  = ~ o a  = % ~ o  = 1; 

"1oo : - -  " i l l  ~ - -  "~22 : - -  ~aa : 1 .  
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Vary ing  A ft& and A&fl we find the f ield equat ions:  

We in t roduce  the c om pl e x  c h a r g e s  

A c c o r d i n g  to (2), we have 

q=e-}-ie+; q* = e - - i e + .  

(5) 

q..+ qe~a; q. o q,e-lO. (6) 

T r a n s f o r m a t i o n s  (6) c o r r e s p o n d  to the c u r r e n t  t r a n s f o r m a t i o n s  

The t r a n s f o r m a t i o n  law fo r  the potent ia ls  m u s t  be the s a m e :  

A ~  Ai,~ei~ A~,-~ A3"=e -i~ (7) 

It fol lows f r o m  (4) and (7) that  

F~ --, F~ei~ ff.~ ~ p,~ e -io. 

The cha rge  phase,  which  changes  under  t r a n s f o r m a t i o n s  (6), m u s t  gene ra l l y  va ry .  Using (3), we find, 
by v a r y i n g  this phase,  

J~A ~a - A ~ A~ = 0. (8) 

Applying the Noe ther  t h e o r e m  to t r a n s f o r m a t i o n s  (6), we find 

0~'~ (F~BgA ~'= q- ~ 5A "~) = O. 

Since we have 

gA ~'~ =.__ iA~'%0; gA;~ = iA4~gO, 

we have the c o n s e r v a t i o n  law 

o]~ (P~A ~'~ -- Fa~A ~) = 0, 

f r o m  which,  taking field equat ions  (5) into account ,  we can de r ive  Eq. (8). 

Le t  us c o n s i d e r  the phys ica l  mean ing  of Eq. (8) fo r  the s i m p l e s t  ca se  - that  of a cons tan t  e l e c t r o -  
magne t i c  field. We a s s u m e  that  p a r t i c l e s  having c h a r g e s  

q, = I ql ] ei:~; q2 = ] q.~ l e g~' 

a r e  in te rac t ing .  The complex  s c a l a r  potent ia l  ~o at the posi t ion  of the f i r s t  pa r t i c l e  is p ropor t iona l  to the 
c h a r g e  of the second.  F r o m  Eq. (8), which  takes  the f o r m  

q ] ~ l  - , ~ q l  = 0 

in  this ease ,  we :find 

sin (al --  a2) - 0. (9) 

A c c o r d i n g  to Eq. (9), the cha rge  phases  m u s t  e i ther  be equal  or  differ  by 7r; in pa r t i cu l a r ,  if one of the 
in t e rac t ing  c h a r g e s  is r ea l ,  the second m u s t  a l so  be r e a l  (ei ther posi t ive  or  negative) .  
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