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LETTER 

COMMENTS ON VARIABLES IN RESEARCH INVOLVING 

ELECTROMAGNETIC BIOEFFECTS 

Rather  b e l a t e d l y  t h e  l e t te r  t o  t h e  e d i t o r  by Robert 0. Becker has  come t o  

my a t t e n t i o n  (1) .  In i t  he i n v i t e s  f u r t h e r  d i s c u s s i o n  of the  concepts  t h a t  he 

e n u n c i a t e s ,  and t h i s  letter is i n  response t o  t h a t  i n v i t a t i o n .  

Having only r e c e n t l y  turned my a t t e n t i o n  t o  problems i n  b iophys ics  a f t e r  

having s p e n t  many y e a r s  I n  n u c l e a r  phys ics  r e s e a r c h ,  I have been f r e q u e n t l y  

s u r p r i s e d  by the  l a c k  of p r e c i s e  s p e c i f i c a t i o n s  of experimental  arrangements  

i n  biomedical  r e s e a r c h .  It is g e n e r a l l y  not p o s s i b l e  f o r  someone i n  a n o t h e r  

l a b o r a t o r y  t o  d u p l i c a t e  the  c o n d i t i o n s  of an experiment .  This is  u n f o r t u n a t e  

f o r  i t  is such  d u p l i c a t i o n  t h a t  provides  t h e  b a s i s  f o r  progress ;  i n  t h e  

p h y s i c a l  s c i e n c e s ,  f o r  example, i t  has prevented the  propagat ion a€ hoaxes. 

Recker s u g g e s t s  t h a t  two t h i n g s  are requi red  f o r  optimum advancement of 

r e s e a r c h  i n  the  area of b i o l o g i c a l  e f f e c t s  of nonioniz ing  e lec t romagnet ic  

f i e l d s :  a l o g i c a l  c o n s t r u c t  t o  e x p l a i n  t h e  e f f e c t s ,  and a recogni t ion  of t h e  

l a r g e  number of v a r i a b l e s  i n h e r e n t  in such research .  As t o  t h e  f i r s t ,  I 

sugges t  t h a t  such a c o n s t r u c t  can cone only f r a n  c a r e f u l l y  c o n t r o l l e d  w e l l -  

d e f i n e d  experiments  each of which is designed t o  test a hypothes is .  The 

p h y s i c a l  s c i e n c e s  have been b u i l t  on a n  o r d e r l y  success ion  of such  

experiments .  This  leads  in a n a t u r a l  way t o  h i s  second poin t .  True,  t h e r e  

are a l a r g e  number of v a r i a b l e s ,  and they  must be c o n t r o l l e d .  But e q u a l l y  

impor tan t  the  n a t u r e  of the  measurement must be understood.  An example will 

i l l u s t r a t e  my p o i n t .  Of t h e  many publ i shed  papers  d e s c r i b i n g  exper iments  

us ing  DC, AC and pulsed e lectr ic  and magnetic f i e l d s  i t  is clear t h a t  very  few 
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of t h e  a u t h o r s  u n d e r s t a n d  t h e  p h y s i c s  a s s o c i a t e d  w i t h  t h e  e lectr ic  and  

magne t i c  f i e l d  c o n f i g u r a t i o n s  cmmonly  used. The problem h a s  been addres sed  

i n  a r e c e n t  paper  ( 2 )  where i t  is p o i n t e d  mt that magne t i c  f i e l d s  pe r  se are 

u s u a l l y  of l i t t l e  impor t ance  a t  normal b i o l o g i c a l  t e m p e r a t u r e s .  F u r t h e r ,  a 

changing magnet ic  f i e l d  is of i n t e r e s t  on ly  i n  t h a t  i t  i n d u c e s  an e l e c t r i c  

f i e l d ,  and t h e  e l e c t r i c  f i e l d  does  no t  n e c e s s a r i l y  bea r  a s i m p l e  r e l a t i o n  t o  

t h e  changing magne t i c  f i e l d .  

Becker h imse l f  h a s  g i v e n  us  e good example OE t h e  k ind  of m i s i n f o r m a t i o n  

t h a t  t r a p s  non-physical  s c i e n t i s t s .  Magnet ic  f i e l d s  are produced by electric 

c u r r e n t s .  It h a s  been known f o r  w e l l  o v e r  50 y e a r s  t h a t  the magne t i c  f i e l d  of 

a permanent magnet is produced by t h e  e lectr ic  c u r r e n t s  a s s o c i a t e d  w i t h  t h e  

motion of e l e c t r o n s  i n  atoms. F u r t h e r ,  t h e r e  is no induced e lectr ic  f t e l d  

a s s o c i a t e d  w i t h  a s t e a d y  or DC c u r r e n t ,  only wi th  a chane ing  c u r r e n t .  

I t  is t h e  n a t u r e  of r e s e a r c h  i n  the p h y s i c a l  s c i e n c e s  to c h a l l e n g e  t h e  

a c c u r a c y  of p u b l i s h e d  r e s u l t s  which g o  a g a i n s t  we l l -de f ined  p h y s i c a l  

p r i n c i p l e s .  The c h a l l e n g e  i n v o l v e s  i n d e p e n d e n t l y  r e p e a t i n g  the expe r imen t  and 

s e a r c h i n g  f o r  r e a s o n s  h s e d  on a c c e p t e d  s c i e n t i f i c  p r i n c i p l e s  a s  t o  whether  

t h e  p u b l i s h e d  r e s u l t s  make s e n s e .  As a physici ,s t  it is p r e c i s e l y  t h i s  l d c k  of 

c h a l l e n g e  i n  the b i o a e d i c a l  li t e r a t u r e  t h a t  c a u s e s  me conce rn  for t h e  v a l i d i t y  

of g e n e r a l l y  a c c e p t e d  r e s u l t s .  

The re  is of c o u r s e  a d i f f e r e n c e  between an e p i d e m i o l o g i c a l  s t u d y  and 

r e s e a r c h  t h a t  l e a d s  t o  u n d e r s t a n d i n g  why t h e  e f f e c t  occu r s .  A c a s e  i n  p o i n t  

is t he  paper  by Wertheimer and Leepe r  ( 3 ) .  While their r e s u l t s  were confirmed 

(4), t h e  a u t h o r s  p o i n t e d  o u t  that  the e p i d e m i o l o g i c a l  method used does n o t  

p e r m i t  t h e  c o n c l u s i o n  t h a t  t h e r e  is a c a u s a l i t y  between t h e  h igh  t e n s i o n  wires 

and t h e  appea rance  of tumors  i n  c h i l d r e n .  It does  s u g g e s t ,  however, t h e  need 

f o r  f u r t h e r  r e s e a r c h  on t he  i n t e r a c t i o n  between 60 Hz f i e l d s  and mammalian 

sys t ems .  An e x c e l l e n t  r ev iew on t h i s  s u b j e c t  is t h a t  of Br idges  and  P reache  

( 5 )  i n  which t h e y  s u g g e s t  t h a t ,  i f  I may p a r a p h r a s e  t h e i r  c o n c l u d i n g  

o b s e r v a t i o n s .  i n  many e x p e r i m e n t s  t h e r e  is a m i s u n d e r s t a n d i n g  of how 
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e lec t romagnet ic  f i e l d s  i n t e r a c t  with b i o l o g i c a l  systems and f u r t h e r  t h e r e  is 

oEten a l a c k  of a p p r e c i a t i o n  of ways t o  conduct a d e f i n i t i v e  experiment. 
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