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Abstract I t  i s  shown, by a  s e m i - c l a s s i c a l  argument, t h a t  t h e  D i r a c  
charge q u a n t i z a t i o n  i s  s t i l l  v a l i d  i n  t h e  ( c l a s s i c a l )  B o r n - l n f e l d  e l e c-  
t romagnet ic  t h e o r y .  Then i t  i s  p o s s i b l e  t o  c a l c u l a t e  D i r a c ' s  m o n o p o l e  
MSS i n  the framework o f  t h i s  theory ,  which i s  n o t  p o s s i b l e  i n i l a x w e l l ' s  
theory .  The e x i s t e n c e  o f  an upper I i r n i t  f o r  the  f i e l d  i n t e n s i t i e s  i n  th is  
theory p l a y s  an impor tan t  r o l e  i n  t h i s  p r o o f .  

The main m o t i v a t i o n  o f  the  B o r n - l n f e i d  (9.  I .) e lec t romagnet i c  

theory l  was t o  a v o i d  t h e  d i v e r g e n t  s e 1  f - e n e r g y  o f  p o i n t  c h a r g e s .  

Maxwel l 's  e lec t romagnet i c  theory  was g e n e r a l i z e d  i n  an e l e g a n t  way, by 

u s i n g  genera l  symmetry principies which, i n  the l a s t  i n s t a n c e , b r i n ç s  i n  

a  non s c a l e - i n v a r i a n t  f i e l d  t h e o r y l v d .  

I n  t h i s  paper, i t  w i l l  be shown t h a t  the e x i s t e n c e  o f  a  s c a l e  

parameter - an upper l i m i t  f o r  the f i e l d  i n t e s i t y  - i n  t h i s  genera l i zed  

e lec t romagnet i c  f i e l d  theory ,  a l l o w  us t o  obtain,  i n  a s t r a i g h t f o r d a r d  

way, a  r e l a t i o n  between t h e  magnetic and e l s c t r i c  masses (mM,me) and 

charges ( g , e )  which d i f f e r s  f rom t h e  u s ~ i a l  m e .  i 0 1  l ow ing  t h e  same seni  

- c l a s s i c a l  argument2 t h a t  we have r e c e n t l y  used t o  o b  t a i  n  t h e  qrtan- 

t i z a t i o n  condi t i o n  f o r  the  charges o f  the  dyons3 i n  Maxwel 1's tneory,  we 

can see t h a t  the D i rac  q u a n t i z a t i o n  equa t ion  For t h e  magnetic and e l e c -  

t r i c  charges i s  s t i t ;  v a Z i d  f o r  t h e  B. I .  theory .  Then, i t  f o l l o w s  t h a t  

w h i t t i i n  t h e  framework o f  t h i s  theory ,  we can compute t h e  a c t u a l  v i l u e o f  

t h e  monopole mass, which i s  n o t  p o s s i b l e  i n  D i r a c ' s  o r i g i n a l  f o r m u l a t i o n  

o f  the  magnetic monopoles4, based on M a r w e l l ' s  theory .  Indeed we l i k e  

t o  emphazise t h a t  i n  the  D i r a c  f o r m u l a t i o n  o f  magnetic monopoles t h e r e  

i s  no p r e d i c t i o n  f o r  t h e  m o n o p o l e  m a s s ;  t h e  e s t i m a t e  o f  the D i  r a c  
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monopole mass; i s  p o s s i b l e  o n l y  i f  one p o s t u l a t e s  t h a t  t h e " c l a s s i c a 1 "  

monopole r a d i u s  i s  equal t o  t h e  e l e c t r o n  " c l a ~ s i c a l ' ~  r a d i u s 5.  Thus one 

f inds mM = meg2/e2 = 2.4 GeV. 

The arguments t h a t  lead t o  the  r e l a t i o n  m = me(g2/eZ) "* f o r  
M 

t h e  B o r n - l n f e l d  theory,  w i t h o u t  any hypo thes is  on the  e l e c t r i c  and mag- 

n e t i c  r a d i  i, a r e  presented i n  s e c t  i o n  2 ( n o t i c e  t h e  change i n the  power). 

Conclusions a r e  presented i n  s e c t i o n  3. 

2. THE NEW RELATION BETWEEN m~ AND me 

I n  the  B o r n - I n f e l d  Theory, the  f i e l d  equa t ions  (which reduce 

t o  Maxwel l 's  equat ions i n  the  l i m i t  o f  weak f i e l d  i n t e n s i t i e s )  can be 

a l ç o  d e r i v e d  f rom t h e  p o s t u l a t e  t h a t  t h e r e  e x i s t s  an a b s o 2 u t e  f i e Z d  

b ( =  1016 e .s .u j  which i s  a n a t u r a l  l i m i t  f o r  the  f i e l d  i n t e s i t y ?  I n  

t h i s  theory  a11 the  e l e c t r o n  mass has an e lec t romagnet i c  o r i g i n ,  which 

was n o t  a new idea i n  those t imes.  The e l e c t r o s t a ~ i c  s o l u t i o n  w i  t h  
1.d 

s p h e r i c a l  symmetry i s  taken as a model f o r  the  c l a s s i c a l  e l e c t r o n  , 
where the  e l e c t r o n i c  charge e i s ,  a c t u a l l y ,  an i n t e g r a t i o n  c o n s t a n t  

(e i s  n o t  an a p r io r+  a t t r i b u t e  o f  t h e  p a r t i c l e s ) .  The energy o f  t h i s  

s o l u t i o n  i s  equated t o  the  r e s t  energy o i  t h e  e l e c t r o n  g i v i n g :  

thus def i n i n g  t h e  c l a s s i c a l  r a d i u s  by: 

I n  the  same way we can i d e n t i f y  the  s p h e r i c a l l y  symmetric magnetos ta t i c  

s o l u t i o n  (no t  i n v e s t i g a t e d  i n  t h e  B o r n - l n f e l d  paper o f  i9341 w i t h  t h e  

magnetic monopole whcse charge g i s  ano ther  i n t e g r a t i o n  cons tan t .  I n  

t h i s  case we have the  analogous equa t ions :  

* I t  i s  n o t  our  aim i n  t h i s  paper t o  d iscuss  t h e  genera l  consequencesof 
t h i s  i n t e r p r e t a t i o n ,  a l though  we b e l i e v e  t h a t  i t  deserves some a t t e n -  
t i o n .  
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Equating the value o f  b taken from ( I )  and (21, and as the b parameter 

i n  the theory i s  unique, i t  fo l lows tha t :  

which 

shal l 

numer 

d i f f e r s  from the usual r e l a t i o n  on l y  by the power o f  (g2/e2). We 

now f i n d  a D i r a c - l i k e  r e l a t i o n  between g and e, thus obta in ing  a 

i c a l  value f o r  m i n  terms o f  m . M e 
F i r s t ,  we remember t h a t  i t  was shown by 8.1. 1 .d t h a t  an e l -  

ementary charge, on which an ex terna l  f i e l d  i s  ac t ing ,  exac t l y  s a t i s -  

f i e s  the Lorentz 's  equation o f  motion, as i t  does i n  Maxwell theory, 

whenever the external  p o t e n t i a l  i s  essent ia l  l y  constant w i  t h i n  t h e  

radius r, o f  the elementary charge considered. On the o ther  hand, we 

know tha t  we ob ta in  the Dirac quant i7a t ion  cond i t i on  eg = n/2 (Z=c =1) 

by considering, i n  Maxwell theory, the semi-classical  sca t te r i ng  o f  an 

e l e c t r i c  charge by the magnet i c  f i e l d  a c t  ion  ( ~ o r e n t z  fo rce)  produced 

by a s ta t i ona ry  magnetic charge, and then, computing the angular manen- 

tum v a r i a t i o n  A L ( * ) ,  This q u a n t i t y  does no t  depend on the p a r t i c l e v e l -  

o c i t y  ne i t he r  on the impact parameter o f  the c o l l i s i o n ,  d ,  being AL= 

= 2eg. We s h a l l  now show how the same cond i t i on  eg = n/2 can  De ob- 

ta ined a l ço  i n  the framework o f  0 . 1 .  theory by using the sameaforemen- 

t ioned procedure, as the equat ionsof  mot i o n  a r e  t h e  same í n  both 

theor i es . 
We consider an ex terna l  "coulombian" f i e l d  p r o d u c e d  by a 

s ta t i ona ry  magnetic monopole charge ac t i ng  on the inc ident  e l e c t  r o n .  

"henever the i i p a c t  paraineter d i s  large enough, d >> r ( e ) ,  the c l a r -  

s i c a l  Lorentz 's f o rce  law i s  s t i l l  v a l i d  and, thus, the semi-classica! 

( * )  Indeed i t  i s  shown tha t  D i rac ' s  quant iza t ion  cond i t i on  i s  int imate- 
l y  re la ted  t o  the quant iza t ion  o f  angular momentum6 despi t e .  the naive 
semi- classical  approach used i n  t h i s  de r i va t i on

5
.  
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argument o f  r e f .  2 can be app l ied  t o  compute AL.  Indeed, due t o  t h i s  

condi t ion,  the s t rength  o f  the "coulombian" f i e l d  can be considered weak 

i n  the region w i t h i n  the e lec t ron  radius.  Here 

which should be an in teger  number by the c lass 

With t h i s  r e s u l t ,  we can w r i t e  eq. (3) as 

which gives mM = 290 

me = 0.511 MeV. And 

not equal; 

MeV ( f o r  n =  

aga 

ca l  

i n ,  we ob ta in  AL=2eg 

quant iza t ion  r u l e .  

(4) 

1) i f  we use t h e  e x p e r i m e n t a l  value 

i t  fo l lows a l so  tha t  tbe two ' lc lassical ' '  r isdi i  a re  

Therefore the general i za t ion  o f  Maxwel 1 ' s  theory t o  B . I . theory does not  

mantain the  r e l a t i o n  = r ( e ) ,  which i s  usua l l y  used t o  es t ima te5  

mM. Besides we now ob ta in  now the lower numerical value mM = 0.29 GeV 

instead o f  the value 2.4 GeV wi thout  the a d  hoc h p o s i t i o n  o f  any re-  
(e l a t i o n  between AM) and r, , 

3. CONCLUSIONS 

Fol lowing the idea tha t  one may have t o  modify Maxwell 's the- 

o r y  (accepted by Dirac h imse l f 7) ,  i f  we accept the Born- ln fe ld  theory 

as a  natura l  gene ra l i za t i on  o f  Maxwell's electromagnetic theory, weob- 

t a i n  some improvements concerning the study o f  D i rac ' s  monopoles, This 

theory contains two regular  sphe r i ca l l y  symmetric s t a t i c  so lu t i ons  ( f o r  

2 and 5) which could be taken as models f o r  the ' k l a s s i c a l "  e lec t ron  

and magnetic monopole, f o l l ow ing  the o r i g i n a l  ideas o f  8 . 1 . .  With t h i s  

assumption, we have shown that ,  i n  the framework o f  t h i s  theory, i t  i s  

possib le t o  calcuZate the monopole mass w i t h  no a  p r i o r i  r e s t r i c t i o n  

on the r e l a t i o n  r jM) / * je )  (no t i ce  tha t  the hypothesis = used 

i n  the standard de r i va t i on  af monopole mass has indeed no l o g i c a l  sup- 

p o r t  i n  the framework o f  Maxwell 's theory) .  This i s ,  i n  the l as tana l y -  

s i s ,  a consequence o f  two main proper t ies  o f  t ha t  electromagnetic the- 

o ry :  f i r s t ,  i t  i s  not  sca le- invar ian t  (as a  consequence o f  i ti; non- 
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l i n e a r i t y ) ,  and i t  has a unique s c a l e  parameter b ;  second t h e  D i r a c  

charge q u a n t i z a t i o n  between the  charges g and e i s  s t i l l  v a l i d .  

F i n a l l y ,  i ns tead  o f  t h e  usual  r e l a t i o n  m = m (g2/e2),wefound 
M e  

rn = me(g2/e2) 'I4. The numeri c a l  r e s u l  t mM = 0.29 GeV i s  one o r d e r  o f  M 
magnitude smal l e r  than the  usual  v a l u e  mM = 2.4 GeV. One can argue about 

~ - 

t he  d iscrepancy between these two va lues (and a l s o  about  t h e  i r accu- 

racy ) ,  b u t  i t  i s  impor tan t  t o  s t r e s s  t h a t  b o t h  es t imates  have a semi- 

- c l a s s i c a l  n a t u r e  and, t h e r e f o r e ,  some c a r e  must be exerc ized  b e f o r e  

t a k i n g  any one as an i n d i c a t i v e  v a l u e  f o r  t h e  " c l a s s i c a l "  ( ~ i r a c - l i k e )  

monopole mass . A1 though the  condi t i o n  r (M)  = r ( e )  i s ad hoc i n  Manuel1 ' s  
o o 

theory,  t h e  e q u i v a l e n t  c o n d i t i o n  i s  g i v e n  by B . l . ' s  theory .  I n  any way, 

the  monopole mass s c a l e  does n o t  seem t o  be the  reason f o r  monopoles 

n o t  hav ing  been e x p e r i m e n t a l l y  de tec ted .  I n  summary, t h e  r e a s o n  why 

monopoles (Di r a c ' s - l  i ke o r  n o t )  a r e  n o t  y e t  found i n  n a t u r e  is somewhat 

of a  m i s t e r y  and remains an open q u e s t i o n  i n  phys ics .  

The au thor  would l i k e  t o  thank P r o f .  E.  Predazzi o f  the  I s t i -  

v imento C i e n t  

REFERENCES 

I .  M.Born, a) 

M.Born and 

t u t o  d i  F i s i c a  T e o r i c a  d e l l a  U n i v e i s i t à  d i  T o r i n o ,  where t h i s  work was 

done, f o r  h i s  k i n d  h o s p i t a l i t y  and c r i t i c a 1  c o m e n t s .  

He a l s o  thanks Dr .  M.O. Calvão f o r  s t i m u l a t i n g  d i  s c u s s i o n s  

about t h e  B o r n - l n f e l d  theory  and P r o f .  J. Tiomno f o r  many u s e f u l  con- 

v e r s a t i o n s  and c r i t i c a 1  comments. 

T h i s  work was suppor ted by the  Conselho Nacional de Desenvol- 

í f i c o  e TecnolÕgi co, CNPq, o f  B r a s i l .  

(1933); b) Proc. Roy. Soc.143, 410(1934); Nature 132, 282 

L . l n f e l d ,  c)  Nature 132, 1004 (1933); d) Proc. Roy. Soc. 

144, 425 (1934); e) ibid 147, 522 (1934); f )  ibid 150, i 4 1  (1935). 

2. A.S. Goldhaber, Phys. Rev. 8140, 1407 (1965). 

3. F.  Caruso I1On t h e  o r i g i n  o f  the  charge q u a n t i z a t i o n  c o n d i t i o n o f  t h e  

dyonsl' ( i n  i t a l i a n ) ,  t o  appear i n  the  G i o r n a l e  d i  F i s i c a .  ( i n  press) 

4. P.A.M. D i rac ,  Proc. R .  Soc. London 133, 60 (1931). 

5. See, f o r  example, G.  G iacomel l i ,  "Magnetic Monopolesl', i n  l a  R i v i s t a  

de1 Nuovo Cimento v o l .  7, n. 12 (1984). 



Revista Brasileira de Flsica, Vol. 16, n? 2, 1986 

6. R.J. Crewther, "I n t r o d u c t  i o n  o f  t h e  t h e o r y  o f  magnet i c  monopoles",in 

Proceedings o f  the 1982 Zuoz Spr ing  School, S I N  Swi tze land ,  

7. "For example, one would l i k e  t o  take  i n t o  account the p o s s i b i l i t y  

t h a t  Maxwel l 's  equat ions a r e  n o t  a c c u r a t e l y  v a l i d .  When one goes t o  

distantes v e r y  c l o s e  t o  t h e  charges t h a t  a r e  p roduc i  ng t h e  f i e l d s ,  

one may have t o  mod i fy  Maxwe l l ' s  f i e l d  theory  so as t o  make i t  i n t o  

a nonl  i near e1 ectrcdynamicsl ' ,  f rom P.A.M. D i  rac,  Lectures or? &uantm 

Mechanic-S. ( ~ e l f e r  Graduate School o f  Science Yeshiva U n i v e r s i  t y ,  

New York, 19641, p .2.  

Resumo 

Se mostra, por  um argumento semi- c láss ico ,  que a quant ização 
de D i r a c  é a inda  vá1 i d a  na t e o r i a  e lec t romagnét i ca  ( c l á s s i c a )  de Born- 
- 1 n f e l d .  Pode-se então c a l c u l a r  a  massa do monopolo de D i r a c  dtentro do 
formal ismo desta t e o r i a ,  o  que não é poss íve l  na t e o r i a  de M a m e l l .  A 
e x i s t ê n c i a  de um 1 i m i t e . s u p e r i o r  nes ta  t e o r i a ,  para as in tens idades  de 
campo desempenha um papel impor tante nes ta  prova.  


