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The assumption of a finite electron leads to the question: Is its structure entirely 
electromagnetic or not? The affirmative answer to this question gives rise to the so- 
called ~ electromagnetic-mass paradox ~. Almost all text  books in electrodynamics 
analyse this problem. JAMMER (1) has discussed the philosophical aspects of this question. 
Recently ZINK (2) has also analysed this classical controversy. This paradox has been 
object of many discussions in the past fifty years but, up to the present time, there 
is no satisfactory solution of this controversy. In the present note we want  to make 
a discussion in order to remove this paradox. 

Let  us suppose that  the electron is a charged sphere moving with constant velocity v 
in empty space. If  the velocity is very low we can use the quasi-static approximation. 
We shall consider that  the body has a spherically symmetric charge distribution. 
I t  is well known that  the total  linear momentum of the field is given by 

(1) p ~ (4SI3v2)v = m ' v ,  

where S is the electrostatic energy of the body and n~' is the ~( electromagnetic-mass ,. 
The total  momentum of the field (i) is a consequence of the motion of the electron 

and thus the interaction between field and particle opposes the motion of the body. 
The experimental mass of the electroff should be the superposition of the mass of the 
particle and the electromagnetic mass. Thus the effective mass of the body is given by 

(2)  m.~  t = m + m ' ,  

where m is the mass of the body. 
If the electron is assumed to be a particle of purely electromagnetic mass we must 

set m---- 0 in relation (2). If  m' is the entire mass of the electron we must have by the 
special theory of relat ivi ty 

(3)  m ' =  mo/ (1  - -  v~le2) ½ 

(,) 1~I. JAMMER: C~oncepts of Mass, Chap. 5 (Harvard, 1961). 
(') J. W. ZINK" .Am. Journ. Phys., 34, 211 (1966). 
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and  

( 4 )  E o = m o c a, 

where  E 0 is t he  res t  ene rgy  and  m 0 is t i le res t  mass  of the  par t ic le .  
By  re la t ion  (3), we h a v e  for  low veloci t ies  m ' =  ~0 and  so the  e l ec t romagne t i c  mass  

.nd should  obey re la t ion  (4), na ine ly  

(5) m ' -  m o -  Sic ~'. 

B y  c o m p a r i n g  re la t ions  (1) and  (5) we can see t h a t  the  a s s u m p t i o n  of an  en t i r e ly  
e l ec t romagne t i c  e lec t ron  leads to a pa radox .  This  c o n t r a d i c t i o n  m a y  be  cal led the  
(~ e l ec t romagne t i c -mass  p a r a d o x  ~. This  p a r a d o x  has  been  ob jec t  of m a n y  i n t e r e s t i n g  
cont rovers ies .  FEY.~.~LtX (3) has  r e s m n e d  some of these  discussions.  A more  comple te  
expos i t ion  of th is  p r ob l em  has  been  m a d e  by  ROHRI.ICi~ (~). However ,  all t h e  a t t e m p t s  
in order  to reconcile (1) and  (5) are in sa t i s f ac to ry .  

As we have  shown a pure ly  e l ec t romagne t i c  e lec t ron  is in ful l  c o n t r a d i c t i o n  w i th  
t he  special  t heo ry  of r e l a t iv i ty .  H ow eve r  r e l a t i v i t y  has  been  eon t i rmed  e x p e r i m e n t a l l y  
over  t he  pas t  fifty years ,  t )n the  o the r  h a n d  an  en t i r e  e l ec t romagne t i c  e lec t ron  should  
be  uns t ab l e  duc to t he  repuls ive  forces of i ts  c o n s t i t u e n t  pa r t s .  So t h a t  t he  hypo thes i s  
of a p u r e l y  e leet roma~'net ic  e lec t ron m u s t  be a b a n d o n e d  beeause  i t  leads to a b s u r d  
consequences .  Thus  the  e l ec t romagne i i c -mass  p a r a d o x  m a y  be solved by  ti le r enunc ia -  
t ion  of th i s  a s sumpt ion .  

I t  m u s t  be s t ressed t h a t  the  e l ec t romagne t i c  mass  is due to t he  i n t e r a c t i o n  be tween  
the  cha rge  and  the  field. This  s i t ua t i on  is ana logous  to t i le m o t i o n  of a sphere  in an  
ideal  fluid. As a eonsequenee  of t he  m o t i o n  of the  sphere  t i le fluid acqui res  k ine t i c  
ene rgy  and  t hus  t he re  is an  s induced  mass  * of the  field which  i n t e r a c t s  w i t h  t he  body .  
A recen t  discussion of th i s  p rob lem has  been  g iven  by  LuIz  (s). In  th i s  ease we can  
measu re  the  res t  mass  of the  body  and  we can ca lcula te  t he  (~induced mass  ~> of t he  
fluid. The  p r inc ipa l  difference be tween  tile two s i tua t ions  is t h a t  i t  is imposs ib le  to 
measu re  the  res t  mass  of t he  e lec t ron.  On the  o the r  h a n d  t he  e l ec t romagne t i c  mass  
of the  e lec t ron  c a n n o t  be ca lcu la ted  because  we do no t  know e i the r  the  geomet r i ca l  
shape  of the  e lec t ron  or i t s  exac t  charge  d i s t r i bu t ion .  

F ina l ly  we should  emphas ize  t h a t  t he  e l ec t romagne t i c  mass  is only a p a r t  of the  
e x p e r i m e n t a l  mass  of the  e lect ron,  bu t ,  ac tua l ly  we do no t  know if th i s  t e r m  is negl igible  
or  if i t  is t he  d o m i n a n t  one. I t  seems imposs ib le  to  s epa ra t e  t he  e l e c t romagne t i c  mass  
f rom the  o t h e r  c o m p o n e n t  of t he  effect ive mass  of t he  e lec t ron.  Up  to t he  p r e sen t  
t ime  the re  is no theo re t i ca l  nor  e x p e r i m e n t a l  d e t e r m i n a t i o n  of t he  e l ec t romagne t i c  
mass  of t he  e lec t ron.  
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