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FO R EW O R D

E le m e n ta r y  p a r t i c le  p h y s ic s  is  a  r a p id ly  e v o lv in g  b ra n c h  of m o d e rn  p h y s 
ic a l  s c ie n c e .  It l i e s  a t  th e  fo r e f r o n t  of r e s e a r c h  in to  the s t r u c tu r e  of 
m a t t e r .  T h e  a t ta in m e n t  of a  d e e p e r  e s s e n c e  of th in g s  -  o r  new le v e l  of 
s t r u c t u r e  o f m a t t e r  -  h a s  b e e n  a c c o m p a n ie d  by th e  ab a n d o n m e n t o f m any  
e a r l i e r  v ie w s  an d  th e  d e v e lo p m e n t o f new  o n e s . T h is  p r o c e s s  o f r e a s s e s s 
m e n t o f p h y s ic a l  c o n c e p ts  in o r d e r  to e s ta b l i s h  th e i r  c o n fo rm ity  w ith  the 
m a n ife s ta t io n  o f o b je c tiv e  r e a l i ty  a t  i t s  d e e p e s t  le v e l  p o s e s  im p o r ta n t  p h y s 
ic a l p ro b le m s . In  p a r t i c u la r ,  it  r a i s e s  p ro b le m s  p e r ta in in g  to the law s 
g o v e rn in g  th e  d e v e lo p m e n t o f p h y s ic a l  th e o r ie s ,  the re la t io n s h ip  b e tw e en  
th e  w h o le  an d  th e  p a r t  ( th e  " e le m e n ta r y "  and  th e  " n o n e le m e n ta ry " ) ,  and  
new  a s p e c t s  of th e  b ro a d  c o n c e p t of s t r u c tu r e .  T h ro u g h o u t i ts  g ro w th  th e re  
a r i s e s  th e  p ro b le m  o f th e  p e c u l ia r i ty  o f s p a c e  in th e  u n iv e r s e  of e le m e n ta ry  
p a r t i c le s .  H e re  th e  c h a r a c t e r i s t i c s  o f d i s c r e t e n e s s  o f s p a c e  p re v io u s ly  
le f t  in  th e  sh a d e  c o m e  to th e  fo r e f r o n t  an d  c a l l  fo r  p h i lo so p h ic a l  i n t e r p r e t a 
t io n . T h e  s t a t i s t i c a l  n a tu r e  o f m an y  o f th e  m a jo r  la w s  o f th e  p h y s ic s  of the 
m ic r o u n iv e r s e  an d  th e  e v e r - in c r e a s in g  ro le  o f th e  p ro b a b il i ty  c a te g o ry  in 
e le m e n ta r y  p a r t i c le  p h y s ic s  c a l l  a t te n tio n  to  new  a s p e c ts  of th e  p ro b le m s  of 
c h a n c e  an d  n e c e s s i ty ,  a s  w e ll  a s  c a u s a l  r e la t io n s h ip s  of p h en o m e n a .

T h e  s tu d y  o f m ic r o p r o c e s s e s  h a s  b ro u g h t to  l ig h t  p re v io u s ly  unknow n 
f e a tu r e s  o f p h y s ic a l  e x p e r im e n ta t io n  w h ich  a r e  o f c o n s id e r a b le  p h ilo so p h ic a l  
s ig n if ic a n c e .  T h e  re v is io n  o f id e a s  r e s u l t in g  fro m  th e  p e n e tra t io n  in to  the 
w o r ld  o f e le m e n ta r y  p a r t i c le s  h a s  a ls o  r a i s e d  th e  p ro b le m  o f th e  r o le  of 
v is u a l iz a t io n  an d  m o d e ls  in  th e  c o g n itio n  of d ee p  le v e ls  of r e a l i ty .  R e f in e 
m e n t o f th e  m e th o d s  o f th e o r e t ic a l  p h y s ic s  in th e  c o u r s e  o f r e s e a r c h  in to  
m ic r o p r o c e s s e s  h a s  led  to  th e  d is c o v e r y  o f an  u n e x p e c te d  c o r r e l a t i o n  b e 
tw ee n  th e  th e o ry  o f e le m e n ta r y  p a r t i c le s  an d  in fo rm a tio n  th e o ry . T h e  d i s 
c o v e ry  o f a  c o n n e c tin g  lin k  b e tw e e n  th e s e  two th e o r ie s  m a k e s  it  p o s s ib le  to 
d ra w  im p o r ta n t  g n o s e o lo g ic a l  c o n c lu s io n s  c o n c e rn in g  th e  r o le  of a b s t r a c t  
m a th e m a tic a l  c o n c e p ts  in  th e  co g n itio n  o f d ee p  le v e ls  o f s t r u c tu r e  of m a t te r .

S uch  a r e  th e  p r o b le m s  d i s c u s s e d  in  th e  p r e s e n t  book, w h ich  is  th e  f r u it  
o f jo in t  e f f o r t s  of p h i lo s o p h e rs  an d  p h y s ic i s t s .  U se  is  m ad e  o f the m a te r ia l  
o f th e  T h e o r e t ic a l  C o n fe r e n c e  on P h ilo s o p h ic a l  P ro b le m s  of E le m e n ta ry  
P a r t i c l e  P h y s ic s  h e ld  by th e  S c ie n tif ic  C o u n cil on P h ilo s o p h ic a l  P ro b le m s  of 
N a tu r a l  S c ie n c e  in  A p r il  1962.

T h e  a u th o r s  an d  e d i to r s  a r e  k e e n ly  a w a re  of th e  c o n t r o v e r s i a l  n a tu re  of 
s o m e  o f th e  v ie w s  e x p r e s s e d  in th is  book. T h is  is  in d ee d  u n d e rs ta n d a b le :  
th e  d e v e lo p m e n t o f th e  fu n d a m e n ta l  p r o b le m s  of e le m e n ta ry  p a r t i c le  p h y s 
ic s  is  v e r y  f a r  f ro m  c o m p le te ,  and  th e r e f o r e  m an y  o f th e  s ta te m e n ts  a r e  
in e v ita b ly  o f a  h ig h ly  te n ta t iv e  n a tu re .  B u t it  is  p r e c i s e ly  in o r d e r  to  h e lp  
th i s  b ra n c h  o f s c ie n c e  m a k e  f u r th e r  p r o g r e s s  th a t  a w ide ex c h an g e  o f v ie w s  
on th e  p h ilo so p h ic a l  p r o b le m s  o f e le m e n ta r y  p a r t i c le  p h y s ic s  is  n e c e s s a r y .
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T h e  p a p e rs  c o l le c te d  in  th is  book  d if fe r  to  so m e  e x te n t in ty p e  o f e x p o 
s i tio n ,  r e f le c tin g  th e  s ty l i s t i c  p e c u l ia r i t ie s  o f e a c h  a u th o r .  T h e  e d i to r s  
th ough t it u n n e c e s s a r y  to e r a d i c a te  th e s e  p e c u l ia r i t ie s .

T h e fa c t th a t th is  book is  th e  f i r s t  o f i ts  kind  in th e  l i t e r a t u r e  e x 
p la in s ,  to so m e  e x te n t, i t s  in h e re n t  d e f e c ts .

A lthough  th e  book t r e a t s  v e r y  d if f ic u lt  p ro b le m s , th e  a u th o r s  an d  e d i to r s  
h av e  tak e n  p a in s  to e n s u r e  th a t i t s  c o n te n t b e  a c c e s s ib l e  to  a  w id e  c i r c l e  
of r e a d e r s .  T h ey  hope th a t  th is  e f fo r t  h a s  no t b ee n  u n s u c c e s s fu l  an d  th a t  th e  
book w ill a t t r a c t  th e  a t te n tio n  o f a l l  th o se  w ho a r e  i n t e r e s te d  in  th e  p r o g r e s s  
of m o d e rn  s c ie n c e  an d  in the p h i lo so p h ic a l  p ro b le m s  w ith  w h ich  it is  fa c e d .

T h e  e d i to r s  e x p r e s s  th e i r  d ee p  g ra ti tu d e  to  I. V. D o s to v a  fo r  h e r  s c ie n t i f i c  
an d  a d m in is t r a t iv e  w o rk  on th e  book.

T r a n s l a t o r s '  N ote

M o st o f th e  R u s s ia n  a u th o r s  g iv e  in  t h e i r  a r t i c l e s  c i ta t io n s  
fro m  s ta te m e n ts  o f n o n -R u s s ia n  s c i e n t i s t s  ta k e n  fro m  R u s s ia n  
t r a n s la t io n s .

W h e re v e r  th e  o r ig in a l  c i ta t io n  c o u ld  b e  re l ia b ly  a s c e r t a in e d ,  
th e  o r ig in a l  te x t  and  r e f e r e n c e  w e re  c i te d  by  th e  t r a n s l a to r s .  
T h is  w a s , u n fo r tu n a te ly ,  im p r a c tic a b le  in  a n u m b e r  o f c a s e s  
w h e re  th e  c i te d  te x t  had  to  b e  r e t r a n s l a t e d  fro m  th e  R u s s ia n ;  
su c h  c a s e s  a r e  re c o g n iz a b le  by  th e  R u s s ia n  t i t l e  in  th e  n o n - 
R u s s ia n  s o u r c e  r e f e r e n c e  g iv e n  in th e  r e s p e c t iv e  fo o tn o te .
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PARI

GENERAL PROBLEMS

T H E  C O R R E L A T IO N  B E T W E E N  PH Y SIC A L T H E O R IE S  
AND T H E  D E V E L O P M E N T  O F  C O N T E M PO R A R Y  E L E M E N T A R Y  

P A R T IC L E  PHYSICS

I. V. K u z n e tso v

P h y s ic s  to d ay  is  p a s s in g  th ro u g h  a p e r io d  of u n u su a lly  ra p id  d e v e lo p m e n t 
in w h ich  m an y  of i t s  fu n d a m e n ta l  c o n c e p ts  an d  th e o r ie s  a r e  b e in g  ra d ic a l ly  
r e v is e d .  A t th e  fo r e f r o n t  an d  p o in tin g  to w a rd  th e  unknow n l ie s  th e  b ra n c h  
c a l le d  e le m e n ta r y  p a r t i c le  p h y s ic s .  It is  p r e c i s e ly  h e r e  th a t  th e  s c ie n t i s t  
is  m o s t o f te n  c a l le d  upon to r e a s s e s s  c o n c e p ts  w h ich  had  s e e m e d  to  him  
f i r m ly  e s ta b l i s h e d  b u t a  s h o r t  t im e  e a r l i e r .

T h e  p h y s ic s  o f e le m e n ta r y  p a r t i c le s  now p o s s e s s e s  a  v a s t  a m o u n t of 
e m p i r i c a l  d a ta . P r e s e n t- d a y  e le m e n ta r y  p a r t i c le  th e o ry  h a s  b e e n  a b le  to 
e x p la in  a  c o n s id e r a b le  ra n g e  o f p h en o m e n a . P r o g r e s s  h a s  b e e n  p a r t i c u l a r 
ly  s ig n if ic a n t  in th e  s tu d y  o f th e  in te ra c t io n  o f e le c t r o n s  an d  p h o to n s (q u a n 
tu m  e le c t r o d y n a m ic s ) .  On th e  w h o le , h o w e v e r, th e  th e o ry  la g s  s u b s t a n t i a l 
ly  b e h in d  e x p e r im e n t .  It d o e s  no t c o v e r  th e  p ro fu s io n  of fa c tu a l  d a ta  th a t 
h a v e  a c c u m u la te d ,  d o e s  no t a n s w e r  th e  im p o r ta n t  q u e s t io n s  fa c in g  it, and  
d o e s  no t r e p r e s e n t  an  i n te g r a l ,  c lo s e d  an d  in te rn a lly  c o n s i s te n t  d is c ip l in e .  
T h e  d i f f ic u lt ie s  fa c in g  th e  th e o ry  a r e  so  g r e a t  th a t  th e  n ee d  fo r  a  fu n d a m e n 
ta l  r e v is io n  o f th e  p h y s ic a l  c o n c e p ts  is  u n iv e r s a l ly  re c o g n iz e d . T h e  p r o b 
le m  is  o n e  o f s e a r c h in g  fo r  " c r a z y "  id e a s  w h ich  b re a k  d e c is iv e ly  w ith  e a r l i 
e r  v ie w s . T h e  new  v a r ia n t s  o f e le m e n ta r y  p a r t i c le  th e o ry  p ro p o s e d  in r e 
c e n t  y e a r s  by c e r t a in  s c i e n t i s t s  a r e  s u b je c t  to  c r i t i c i s m  p r e c i s e ly  b e c a u s e  
th e y  la c k  th e  b o ld n e s s  an d  d e c is iv e n e s s  r e q u ir e d  to a t ta in  th is  g o al.

P h i lo s o p h ic a l  a n a ly s i s  o f th e  g e n e r a l  p a th s  o f d e v e lo p m e n t of p h y s ic a l  
s c ie n c e  an d  s tu d y  o f th e  r e g u la r i t i e s  in  th e  p r o g r e s s  o f p h y s ic a l  th e o ry  
f r o m  on e q u a l i ta t iv e ly  d is t in c t  s ta g e  to  a n o th e r  a r e  of v e r y  g r e a t  im p o r ta n c e  
in  th is  c o n te x t. T h e  t r a n s i t i o n s  b e tw e e n  s ta g e s  o c c u r  w h e re  new  an d  s t r i k 
in g ly  d if fe re n t  p r in c ip le s  w h ich  e x p la in  a  w id e r  r a n g e  of p h e n o m e n a  a r e  
c o n t r a s t e d  w ith  e a r l i e r  t h e o r e t ic a l  p r in c ip le s .

T w e n tie th - c e n tu r y  p h y s ic s  h a s  a l r e a d y  p a s s e d  th ro u g h  m an y  su c h  s ta g e s .  
T h e y  a r e  d e m a r c a te d  h i s to r i c a l l y  by th e  fo r m u la tio n  o f P la n c k 's  q u an tu m  
th e o ry , E in s t e in 's  th e o ry  o f r e la t iv i ty  and  th e  q u an tu m  m e c h a n ic s  of de 
B ro g l ie ,  S c h ro e d in g e r ,  H e is e n b e rg  an d  D ira c . E v e ry o n e  know s th e  r e v o lu 
t io n  in p h y s ic a l  id e a s  th a t  r e s u l te d  fro m  th e  t r a in s i t i o n  fro m  e a c h  s ta g e  to  the 
n e x t. H o w e v e r , th e  d e ta ile d  m e c h a n is m  of t r a n s i t io n  fro m  on e th e o ry  to 
a n o th e r  ( f ro m  th e  s ta n d p o in t  of th e  c o r r e l a t i o n  b e tw e e n  e le m e n ts  of th e i r  
c o n c e p tu a l  s t r u c t u r e )  is  s t i l l  l i t t l e  s tu d ie d . Y e t in v e s t ig a t io n  o f th is  q u e s 
tio n  c o u ld  b e  v e r y  u s e f u l  in  h e lp in g  u s  to u n d e r s ta n d  how th e  t r a n s i t io n  to 
a  new  s ta g e  in  th e  th e o ry  o f e le m e n ta r y  p a r t i c le s  is  to  be  a c c o m p lish e d  in 
o u r  t im e s .  T h e  r e s u l t s  o f su c h  an  in v e s t ig a t io n  w ould  u n d o u b ted ly  b e  of 
c o n s id e r a b le  h e u r i s t i c  s ig n if ic a n c e .
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T h e  r e v is io n s  c a r r i e d  o u t a t  th e  b eg in n in g  o f e a c h  o f th e  a b o v e  s ta g e s  
w e re  d e e p ly  an d  t ru ly  re v o lu t io n a r y  in c h a r a c t e r .  T h e  new  th e o r ie s  d e 
c is iv e ly  an d  u n c o m p ro m is in g ly  re fu te d  th e  o ld  o n e s . A nd y e t  new  an d  o ld  
w e re  o rg a n ic a l ly  r e la t e d  to e a c h  o th e r .  W hile re fu t in g  th e  o ld , th e  new 
th e o r ie s  s t i l l  r e s te d  on th e m . W h a te v e r  w a s c o n f ir m e d  by  e x p e r im e n t  in 
th e  o ld  th e o r ie s  w as a s s im i la t e d  by th e  new . T h is  s i tu a t io n  o b ta in s  not 
on ly  in tw e n t ie th -c e n tu ry  p h y s ic s  b u t g e n e ra l ly  th ro u g h o u t th e  h i s to r y  o f 
p h y s ic a l  s c ie n c e .  T h is  is  u n d e rs ta n d a b le .  An e s s e n t i a l  e le m e n t  in  th e  r e 
la tio n  of s u c c e s s io n  b e tw e e n  o ld  an d  new  th e o r ie s  is  a  law  o f s c ie n t i f i c  
co g n itio n  w ith o u t w h ich  p r o g r e s s  of th e  s c ie n c e  b e c o m e s  im p o s s ib le .

In th e  fo llo w in g  an  a t te m p t  is  m ad e  to  c o n s id e r  th e  v a r io u s  f o r m s  of 
c o r r e la t io n  an d  s u c c e s s io n  am o n g  p h y s ic a l  th e o r ie s  b e lo n g in g  to  q u a l i t a 
t iv e ly  d if fe re n t  s ta g e s  of d e v e lo p m e n t. T h e  s t r e s s  w ill b e  on  a n a ly s i s  of 
th e s e  fo r m s  w ith  r e f e r e n c e  to  the  c o n te m p o r a ry  th e o ry  o f e le m e n ta r y  p a r t i 
c le s .

E v e ry  p h y s ic a l  th e o ry  is  an  o rg a n iz e d  s y s te m  o f c o n c e p ts  in c lu d in g  i m 
p o r ta n t  an d  le s s  im p o r ta n t  o n e s , fu n d a m e n ta l  an d  d e r iv a t iv e  o n e s ,  an d  so  
on. A s p h y s ic s  d e v e lo p s , th e  c o n c e p tu a l  a p p a ra tu s  of th e  th e o ry  c h a n g e s . 
T h u s  p h y s ic a l  th e o r ie s  d a tin g  to  b e f o re  th e  en d  o f th e  n in e te e n th  c e n tu ry  
c o n ta in  su c h  c o n c e p ts  a s  a b s o lu te  t im e , a b s o lu te  s im u l ta n e i ty ,  a b s o lu te  
sp a c e , an d  so  on. T h e s e  c o n c e p ts  a r e  a l r e a d y  a b s e n t  f ro m  m o d e rn  p h y s ic s .  
If we c o m p a re  th e  c l a s s i c a l  e le c t r o n  th e o ry  and  th e  p r e s e n t  e le m e n ta r y  p a r t i 
c le  th e o ry  we s e e  th a t  th e  l a t t e r  c o n ta in s  c o n c e p ts  su c h  a s  sp in , i s o to p ic  
sp in , lep to n  an d  b a ry o n  c h a r g e s ,  s t r a n g e n e s s ,  c h i r a l i t y ,  p a r i ty ,  co m b in e d  
p a r ity *  an d  so  fo r th  w h ich  a r e  a b s e n t  fro m  th e  c l a s s i c a l  th e o ry  a n d  w h ich  
a c c o u n t fo r  th e  d if fe re n c e s  of p r in c ip le  b e tw e e n  th e  o ld  an d  th e  new . In 
tu rn  c l a s s i c a l  e le c t r o n  th e o ry  d if fe re d  fro m  M ax w ellia n  e le c t r o d y n a m ic s  in 
su c h  fu n d a m e n ta l c o n c e p ts  a s  d i s c r e t e n e s s  o f th e  e l e c t r i c  c h a rg e ,  e l e c t r o 
m a g n e tic  m a s s ,  L o re n tz  fo r c e ,  an d  so  on.

T h e  c o n c e p tu a l s y s te m  of q u an tu m  p h y s ic s  d i f f e r s  r a d ic a l ly  f ro m  the 
c l a s s i c a l  one ow ing  to the  c o n c e p t of th e  q u an tu m  o f a c tio n , th e  i n t r o d u c 
tion  of w hich  m a rk e d  th e  b eg in n in g  of a  c o m p le te ly  new s ta g e  in  th e  d e v e lo p 
m e n t of p h y s ic a l  s c ie n c e .  It led  to th e  fo r m u la tio n  of o th e r  new  c o n c e p ts , 
in c lu d in g  q u a n tiz a tio n  of e n e rg y , s p a c e  q u a n tiz a tio n  an d  w a v e - p a r t ic le  
d u a lity .

It m ay b e , a s  m any  th e o r e t ic ia n s  m a in ta in , th a t  th e  new  s ta g e  in  th e  d e 
v e lo p m e n t of p h y s ic s  w ill be a s s o c ia te d  w ith  th e  in t ro d u c t io n  o f th e  fu n d a 
m e n ta lly  new c o n c e p t of an  " e le m e n ta r y  le n g th "  o r  " s p a c e - t im e  q u a n tu m " .
A t p r e s e n t  th is  r e m a in s  a  m a t t e r  fo r  th e  fu tu re .  H o w e v er, it  is  c l e a r  th a t  
a  fu n d a m e n ta l r e v is io n  o f th e  c o n c e p tu a l  s y s te m  of p h y s ic s  in v o lv in g  th e  
in tro d u c tio n  of c o n c e p ts  w ith o u t im m e d ia te  a n a lo g u e s  in th e  s y s te m  o f th e  
p r e s e n t  s ta g e  is  n e c e s s a r y .

W hen we c o n s id e r  the r e la t io n s h ip s  b e tw e en  th e o r ie s  w h ich  h a v e  a r i s e n  
a t  d i f fe re n t  s ta g e s  in the  d e v e lo p m e n t of p h y s ic s ,  w e c a n n o t h e lp  n o tic in g  
th e  fa c t  th a t  th e s e  th e o r ie s  in e v ita b ly  c o n ta in  s i m i l a r  c o n c e p ts  w h ich  r e 
f le c t  th e  e x is te n c e  of co m m o n  p h y s ic a l  p r o p e r t i e s  in q u a l i ta t iv e ly  d i s s im i l a r  
o b je c ts .  Such , fo r  e x a m p le , a r e  th e  c o n c e p ts  o f m a s s ,  m o m e n tu m , a n g u 
l a r  m o m en tu m , e n e rg y  an d  H a m ilto n ia n  o f a  d y n a m ic a l  s y s te m  w h ich  o c c u r  
in th e o r ie s  w hich  r e fu te  e a c h  o th e r  d ia le c t ic a l ly  in th e  c o u r s e  o f d e v e lo p 
m e n t of p h y s ic s . M o re o v e r , th e s e  c o n c e p ts  a r e  e q u a lly  im p o r ta n t  in th e

• |CI>; I lie lerm "combined parity" was introduced by L. D. Landau , Nucl. Phys. 3, 264, 1967.]

2



o ld  an d  th e  new  th e o r ie s .  T h is  d o e s  not m e a n  th a t  c o n c e p ts  co m m o n  to the  
r e fu te d  a s  w e ll  a s  th e  re fu t in g  th e o ry  a r e  p a s s iv e ly  o r  m e c h a n ic a lly  t r a n s 
f e r r e d  f ro m  o n e  th e o ry  to  th e  n e x t w ith o u t u n d e rg o in g  an y  ch a n g e  a t  a l l .
On th e  c o n t r a r y ,  m o s t  o fte n  th e y  a r e  m o d if ie d  in so m e  w ay in  c o n fo rm ity  
w ith  th e  n e w ly - d is c o v e re d  f e a tu r e s  of th e  g e n e ra l  p r o p e r ty  w h ich  th ey  r e 
f le c t .  In th e  l a s t  a n a ly s i s ,  h o w e v e r, th e i r  p h y s ic a l  e s s e n c e  re m a in s  the 
s a m e .

T h is  p o in t is  c l e a r ly  i l lu s t r a t e d  by the c o n c e p t o f m a s s .  In te g r a l  and  u n 
d iv id e d  in p r e r e l a t i v i s t i c  th e o ry ,  th is  co n c ep t l a t e r  re v e a le d  d iv e r s i ty  in u n i
ty . In s te a d  of a s im p le  u n ifo rm  m a s s ,  we now know o f a p r o p e r  m a s s  o r  r e s t  
m a s s ,  th e  s o - c a l l e d  " b a r e  m a s s " ,  an d  th e  m a s s  o f m o tio n . T hough d i s 
s i m i l a r  in  o r ig in ,  th ey  a r e  id e n t ic a l  w ith  r e g a r d  to g e n e ra l  ro le  in p h y s i
c a l  p r o c e s s e s ,  p o s itio n  in law s  of c o n s e rv a t io n  an d  m e a n in g  a s  m e a s u r e s  
o f in e r t i a .  A so m e w h a t a n a lo g o u s  s ta te m e n t  c o u ld  be m ad e  c o n c e rn in g  the 
c o n c e p t o f m o m e n tu m  in c l a s s i c a l  an d  q u an tu m  p h y s ic s .

T h e  p r o c e s s  of t r a n s f e r  of id e a s  fro m  on e th e o ry  to  a n o th e r  is  th u s  f a r  
f ro m  b e in g  a s  s im p le  a s  m ig h t s e e m  a t  f i r s t  g la n c e . W hen a  new th e o ry  is  
b e in g  d e v e lo p e d  it is  m o re  o fte n  th an  no t im p o s s ib le  to  t e l l  in ad v a n c e  w h e 
th e r  e a r l i e r  c o n c e p ts  w ill b e  a p p l ic a b le  in  the new re g io n . It is  c h ie f ly  the 
d i f f e r e n c e s  th a t  s ta n d  o u t h e r e .  Now th e s e  d if fe re n c e s  ten d  to  b e  so  c o n 
s id e r a b l e  th a t  o c c a s io n a l ly  on e  is  even  led  to fe e l  th a t  n e a r ly  e v e ry  e le m e n t 
o f th e  c o n c e p tu a l  s y s te m  of th e  o ld  th e o ry  is  c o m p le te ly  in a p p lic a b le  in  the 
new  re g io n . W hich of th e  o ld  c o n c e p ts  -  an d  in  w h a t fo rm  -  h av e  a  r ig h t  to 
s u r v iv e  in  th e  new  th e o ry  on ly  b e c o m e s  c l e a r  g ra d u a l ly .  T h is  w as th e  s i t u 
a tio n  p r e v a i l in g ,  fo r  in s ta n c e ,  in th e  f i r s t  s ta g e s  of d e v e lo p m e n t o f th e r m o 
d y n a m ic s ,  w h ich  o p e r a te d  w ith  c o n c e p ts  a b s e n t  in  m e c h a n ic s  ( te m p e r a tu r e ,  
q u a n ti ty  of h e a t , h e a t  c a p a c ity ,  e n tro p y  an d  so  on) and  w h ich , so  it  s e e m e d , 
d e c is iv e ly  s e v e r e d  a l l  c o n n e c tio n s  w ith  th e  c o n c e p tu a l  s y s te m  o f m e c h a n ic s . 
T h e  d e e p  in te r n a l  bond u n itin g  th e  c o n c e p tu a l  s y s te m s  of th e rm o d y n a m ic s  
an d  m e c h a n ic s  w a s  u n c o v e re d  o n ly  by s t a t i s t i c a l  p h y s ic s  w h ich  fo rm e d  o v e r  
a  c o n s id e r a b le  p e r io d  of t im e .

A so m e w h a t s i m i l a r  s i tu a t io n  o b ta in e d  in th e  h i s to r y  o f o p t ic s .  T h e  w ave 
th e o ry ,  w h ich  in  i t s  t im e  re p la c e d  g e o m e tr ic a l  o p t ic s ,  in tro d u c e d  i ts  own 
c o n c e p ts  (w ave s u r f a c e ,  p h a s e , a m p litu d e , i n t e r f e r e n c e  an d  so  on) and  
c r e a t e d  a  s p e c ia l  c o n c e p tu a l  s y s te m  a lie n  to  g e o m e tr ic a l  o p t ic s .  T h e  in 
t e r p e n e t r a t i o n  o f th e  c o n c e p tu a l  s y s te m s  of th e  two th e o r ie s ,  th e  p r e s e n c e  
in th e s e  th e o r ie s  o f m any  co m m o n  e le m e n ts ,  w a s d is c o v e r e d  in  th e  c o u r s e  
o f a  long  p r o c e s s  of d e v e lo p m e n t.

T h e  p r o c e s s  of c r e a t io n  of new th e o r ie s  a s s o c ia te d  w ith  th e  in c e s s a n t  
p ro b in g  of m a n 's  i n te l le c t  e v e r  d e e p e r  in to  th e  e s s e n c e  of th in g s  r e s u l t s  in 
th e  in te n s iv e  p ro d u c tio n  o f c o n c e p ts  a b s e n t  a t  e a r l i e r  s ta g e s .  And w h ile  
in  th is  p r o c e s s  a  s ig n if ic a n t  n u m b e r  of e a r ly  c o n c e p ts  is  e l im in a te d , g iv in g  
w ay to  th e  new , t h e r e  is  a  d e f in ite  ten d e n c y  fo r  th e  to ta l  n u m b e r  o f c o n c e p ts  
to  i n c r e a s e  s y s te m a t ic a l ly  in l a t e r  th e o r ie s .  N ot on ly  a r e  th e  c o n c e p ts  r e 
f in e d , m a d e  d e e p e r  an d  b r o a d e r ,  e tc . , bu t w ith  e v e ry  s u c c e e d in g  th e o ry  
th e i r  n u m b e r  b e c o m e s  l a r g e r  an d  l a r g e r .  In th is  r e s p e c t  it  is  v e r y  i n s t r u c 
tiv e  to c o m p a re ,  s a y , c l a s s i c a l  e le c t r o n  th e o ry  w ith  m o d e rn  e le m e n ta ry  
p a r t i c le  th e o ry .  T h e  c l a s s i c a l  th e o ry  u s e s  a  c o m p a ra t iv e ly  s m a l l  n u m b e r 
o f c o n c e p ts  -  m a s s ,  e l e c t r i c  c h a rg e ,  r a d iu s  -  to c h a r a c t e r i z e  an  e le m e n ta ry  
o b je c t.  In th e  m o d e rn  th e o ry , by c o n t r a s t ,  th e  s a m e  o b je c t  is  c h a r a c te r iz e d  
to d ay  by su c h  a d d it io n a l  c o n c e p ts  a s  sp in , m a g n e tic  m o m e n t, w a v e - p a r t ic le  
d u a l is m , p a i r  p ro d u c tio n , a n n ih ila t io n , an d  l ife t im e .
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In the c l a s s i c a l  th e o ry  an  e le m e n ta ry  o b je c t  is  d e l in e a te d  f a r  m o re  p o o r 
ly th an  in th e  m o d e rn  th e o ry . T h e  new th e o ry  r e p r e s e n ts  th e  s a m e  o b je c t  
a s  b e in g  f a r  m o re  r ic h ly  endow ed  in p r o p e r t i e s  an d  r e la t io n s  to  o th e r  o b 
je c ts .  T h e  e a r l i e r  th e o ry  th e r e f o r e  a p p e a r s  m o re  a b s t r a c t  th an  th e  m o d e rn  
one. T h e  g e n e ra l  d ia le c t ic  law  w hich  in d ic a te s  th a t  s c ie n t i f i c  kno w led g e 
m o v es  fro m  th e  a b s t r a c t  to th e  c o n c r e te  by p r o g r e s s iv e ly  s k e tc h in g  a  m o re  
a c c u r a te  s a m p le  of r e a l i ty  is  o p e r a t iv e  in th e  d e v e lo p m e n t o f p h y s ic s  a s  
w e ll.

H o w ev er fu n d a m e n ta lly  new th e o r ie s  m ay  d if fe r  fro m  o ld  o n e s  t h e i r  c o n 
c e p tu a l  s y s te m s  a lw a y s  c o n ta in  im p o r ta n t  co m m o n  e le m e n ts .  T h e s e  a r e  
t r a n s f e r r e d  f r o m  one th e o ry  to the nex t.

T h e  n e c e s s a r y  t r a n s f e r  of c o n c e p ts  w h ich  r e f le c t  th e  p r e s e n c e  of c o m 
m on p h y s ic a l  p r o p e r t ie s  in o b je c ts  s tu d ie d  by d if fe re n t  th e o r ie s  r e p r e s e n ts  
on e  fo rm  of l in k a g e  b e tw e en  o ld  and  new th e o r ie s .  A d is t in c tio n  ca n  be 
d ra w n  b e tw e en  s e v e r a l  ty p e s  of c o n c e p ts  co m m o n  to d i f fe re n t  th e o r ie s :  
a) " c o n tin u o u s"  c o n c e p ts  a p p e a r in g  in a l l  s y s te m s ,  p a s t , p r e s e n t  an d  fu tu re ;  
th e s e  in c lu d e , fo r  in s ta n c e , the c o n c e p ts  of e n e rg y , m a s s ,  c h a rg e  an d  so  
on; b) c o n c e p ts  p r e s e n t  in a m o re  o r  l e s s  b ro a d  bu t n e v e r th e le s s  r e s t r i c t 
ed  g ro u p  of t h e o r ie s  im m e d ia te ly  s u c c e e d in g  e a c h  o th e r  in th e  h i s to r i c a l  
d e v e lo p m e n t; c) c o n c e p ts  w hich  a r e  p r e s e n t  on ly  in two o r  s e v e r a l  a d j a 
c e n t th e o r ie s .

T h is  fo rm  of l in k a g e  b e tw e e n  p h y s ic a l  th e o r ie s  is  i l lu s t r a t e d  s c h e m a t ic 
a lly  in F ig u r e  1 fo r  the r e la t io n s  b e tw e e n  c l a s s i c a l  m e c h a n ic s ,  r e la t iv i s t i c  
m e c h a n ic s  an d  q u an tu m  m e c h a n ic s . A few c o n c e p ts  c o m m o n  to a l l  th re e ,  
co m m o n  on ly  to two a d ja c e n t  o n e s  an d  p r e s e n t  on ly  in one a r e  d i s tin g u is h e d . 
O f c o u r s e ,  the d ia g ra m  m a k e s  no c la im  to e x h a u s t  a l l  c o n c e p ts  o c c u r r in g  
in ea c h  th e o ry , n o r  even  to r e p r e s e n t ,a l l  the  c o m m o n  o n e s  w h ich  a c t  a s  
lin k s . It m e re ly  i l lu s t r a t e s  the p r in c ip a l  f e a tu r e s  of su c h  r e la t io n s h ip s  
b e tw e en  th e o r ie s .

T h e  c o r e  of e v e ry  p h y s ic a l  th e o ry  is  a  s e t  o f law s  of n a tu re  w h ich  it 
su m s  up. R a th e r  th an  b e in g  a r b i t r a r i l y  a s s e m b le d , th e s e  la w s  c o n s t i tu te  
a  w e ll-d e f in e d  c o m p le te  s t r u c t u r e  th e  e le m e n ts  o f w h ich  a r e  o rg a n ic a l ly  
r e la te d  and  e a c h  c a u s e s  th e  o th e r .  B e c a u s e  o f th e  c o m p le te n e s s  o f i t s  in 
h e r e n t  s y s te m  of law s , e v e ry  p h y s ic a l  th e o ry  a p p e a r s  lo g ic a lly  c lo s e d .
T h is  is  show n, in p a r t i c u la r ,  by th e  fo llo w in g  c i r c u m s ta n c e .  W hen a  p h y 
s ic a l  th e o ry  is  d e v e lo p e d  in s u ff ic ie n t  d e ta il  it g ra d u a l ly  c o v e r s  an  i n c r e a s 
ingly  la rg e  n u m b e r of n e w ly - d is c o v e re d  fa c ts ,  i n t e r p r e t s  th e m  an d  id e n t i 
f ie s  th e  la w s  w hich  g o v e rn  th em . T h e  th e o ry  g ro w s  in w id th . B ut it  so  
h ap p e n s  th a t  no t e v e ry  e m p i r ic a l  fa c t  c a n  b e  " a s s im il a te d "  by th e  e x is t in g  
th e o ry , i. e. , be a b s o r b e d  in to  i ts  f r a m e w o r k  an d  e x p la in e d  on i ts  b a s i s .  
C e r ta in  fa c ts  m ay  p ro v e  c o m p le te ly  fo re ig n  to the  th e o ry  an d  re m a in  o u t 
s id e  i ts  l im i t s ,  w ith o u t c o n s t i tu tin g  s u ff ic ie n t  g ro u n d  fo r  c r e a t in g  a  new 
th e o ry . T h e  th e o ry , so  to sp e a k , " r e p e l s "  th e  a l ie n  fa c t  an d  c o n tin u e s  to 
e x te n d  its  s p h e r e  of in f lu e n c e  aw ay  fro m  the l a t t e r .  F o r  e x a m p le , the 
e q u a lity  of the in e r t ia l  and  g r a v ita t io n a l  m a s s e s ,  a  fa c t w h ich  h a s  lo n g  b ee n  
know n, w as e s s e n tia l ly  a l ie n  to the  s y s te m  o f la w s  of c l a s s i c a l  p h y s ic s . It 
w as in g e n e ra l  a  fo re ig n  body fo r  p h y s ic a l  th e o ry , w h ich  c o n tin u e d  to b y 
p a s s  it u n til the a d v e n t of the g e n e ra l  th e o ry  of r e la t iv i ty .  It w a s  th en  
b ro u g h t in to  the s y s te m  of la w s  of th is  th e o ry , w h ich  d i f f e r s  in e s s e n t i a l  
r e s p e c t s  fro m  the c l a s s i c a l  s y s te m .

T h e  d i s c o v e r y  of fa c ts  no t a s s im i la b l e  by th e  e x is t in g  th e o ry ,  w h ile  it 
d o es  not fu r n is h  a  b a s i s  fo r  r e v is io n  of th e  o ld  th e o r e t ic a l  s y s te m  o r
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c o n s t r u c t io n  o f a  new  o n e , e x p l ic i t ly  d e m a r c a te s  th e  l im i t s  of the th e o ry  
an d  sh o w s  th a t  it  is  lo g ic a l ly  c lo s e d .

Quantum mechanics 
(Relativistic)

L o g ic a l  c lo s u r e  e x p r e s s e s  th e  h igh  d e g r e e  of d e v e lo p m e n t of a  th e o ry  
an d  sh o w s th a t  it c o v e r s  im p o r ta n t  a s p e c ts  o f a  c e r t a in  s p e c if ic  f r a g m e n t 
o f r e a l i ty  w ith  s u f f ic ie n t  th o ro u g h n e s s . B ut it is  th is  v e r y  c lo s u r e  of the 
s y s te m  o f la w s  w h ich  is  r e s p o n s ib le  fo r  a  v e r y  im p o r ta n t  c h a r a c t e r i s t i c  
of th e  d e v e lo p m e n t of p h y s ic a l  th e o ry :  th e  fa c t  th a t  it p r o g r e s s e s  by ju m p s .

P r o g r e s s  in t h e o r e t ic a l  p h y s ic s  ca n n o t ta k e  p la c e  by co n tin u o u s  in d e f in 
i te  a d d it io n  of new  k n o w led g e to a  p re v io u s ly  d i s c o v e r e d  s e t  o f law s o r  by 
p u re ly  s u p e r f ic ia l  a c c u m u la tio n  of new c o n c e p ts  an d  la w s  w ithou t m o d if ic a 
tio n  o f th e  e s s e n c e  an d  s t r u c t u r e  of the  o r ig in a l  s y s te m . A s s im ila tio n  of 
s te a d i ly  m o u n tin g  e m p i r ic a l  d a ta  ca n  ta k e  p la c e  w ith in  a  g iv en  f ra m e w o rk  
o n ly  up to  a  c e r t a in  p o in t in t im e . S o o n e r o r  l a te r ,  a s  the h is to r y  of p h y s 
ic s  sh o w s , th e  s c i e n t i s t  is  fa c e d  w ith  the n e c e s s i ty  of d e c is iv e ly  b re a k in g  
th e  f r a m e . F u r th e r  a d v a n c e s  in th e o r e t ic a l  p h y s ic s  w ill be p o s s ib le  only  
w ith  a  fu n d a m e n ta lly  new s y s te m  of law s  w h ich  m u s t in tu rn  be c lo se d .
T h is  t r a n s i t io n  fro m  one s y s te m  of law s  to a n o th e r ,  w ith  i ts  a t te n d a n t r e a r 
r a n g e m e n t  o f th e  s t r u c t u r e  an d  c o n te n t of kn o w led g e , tru ly  r e p r e s e n ts  a 
j u m p  in th e  d e v e lo p m e n t of th e  s c ie n c e .  F ro m  th is  s ta n d p o in t  the h is to r y  
o f p h y s ic s  a p p e a r s  a s  a  s u c c e s s io n  of d i f f e re n t  s y s te m s  of law s c o n s ti tu tin g  
d i s t in c t  c lo s e d  e n t i t i e s .

T h e o r ie s  a r e  q u a l i ta t iv e ly  d i s s im i l a r  a s  to e s s e n c e  and  c h a r a c t e r  of the 
c o r r e s p o n d in g  s y s te m s  of la w s . T h u s  th e  s p e c if ic  c h a r a c t e r  of c l a s s i c a l  
m e c h a n ic s  is  d e te rm in e d  by N e w to n 's  la w s  w h ile  th a t of e le c t ro d y n a m ic s  is 
d e te r m in e d  by M a x w e ll 's  e q u a tio n s :  the c h a r a c t e r  of. sa y . n o n re la l iv i s t i c  
q u a n tu m  m e c h a n ic s  is  c o n tro l le d  by the s y s te m  of la w s  e x p r e s s e d  in de 
B ro g l ie  an d  S c h r o e d in g e r 's  e q u a tio n s  a s  w e ll a s  by the c o m m u ta tio n
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r e la t io n s  fo r  q u a n tiz e d  q u a n t i t ie s .  T h e s e  th e o r ie s  d is p la y  w e ll -d e f in e d  
c lo s u r e  ow ing  to the  in te g r i ty  an d  c o m p le te n e s s  of th e  s y s t e m s  o f la w s  in 
h e r e n t  to th em . P r e s e n t- d a y  e le m e n ta r y  p a r t i c le  th e o ry ,  by c o n t r a s t ,  is  
not s im i l a r ly  c lo s e d  p r e c i s e ly  fo r  the r e a s o n  th a t  it  s t i l l  la c k s  an  in te g r a l  
s y s te m  of fu n d a m e n ta l  law s .

A m ong th e  law s w hich  e x p r e s s  the e s s e n c e  o f p h y s ic a l  t h e o r ie s  a  s p e c ia l  
p o s itio n  is  o c c u p ie d  by the law s of c o n s e rv a t io n . T h e  s p e c if ic  c h a r a c t e r  
o r  q u a l i ta t iv e  d is t in c tio n  b e tw e en  th e o r ie s  is  m a n ife s te d  no t o n ly  in th e  
p r in c ip a l  law s  of m o tio n  bu t a ls o  in the law s of c o n s e rv a t io n  in h e re n t  to 
e a ch . T h u s  m o d e rn  e le m e n ta ry  p a r t i c le  th e o ry  is  c h a r a c t e r i z e d  by su c h  
c o n s e rv a t io n  law s a s  th a t  o f sp in , is o to p ic  sp in , s t r a n g e n e s s ,  p a r i ty  ( e x 
c e p t in w eak  in te ra c t io n s )  and  lep to n  an d  b a ry o n  c h a r g e s .  S uch  la w s  w e re  
c o m p le te ly  unknow n in th e  c l a s s i c a l  th e o r ie s .

F o r  a l l  the d i s t in c tio n s  b e tw e en  s y s te m s  of la w s  of m o tio n  an d  c o n s e r 
v a tio n  in d if fe re n t  p h y s ic a l  th e o r ie s ,  the  l a t t e r  h av e  m u ch  in co m m o n . 
T h e o r ie s  b e lo n g in g  to d i f fe re n t  s ta g e s  of d e v e lo p m e n t o f p h y s ic s  n e c e s s a r i l y  
c o n ta in  s i m i l a r  law s. T h e r e  a r e  e v e n  a n u m b e r  o f a l l - p e r v a s iv e  la w s  w h ich  
a r e  co m m o n  not m e re ly  to " a d ja c e n t"  th e o r ie s  im m e d ia te ly  s u c c e e d in g  e a c h  
o th e r ,  bu t to a l l  p h y s ic a l  th e o r ie s  in g e n e ra l .  Such , fo r  in s ta n c e ,  a r e  th e  
law of c o n s e rv a t io n  an d  t r a n s f o r m a t io n  o f e n e rg y  an d  la w s  o f c o n s e rv a t io n  
of m o m en tu m  an d  a n g u la r  m o m e n tu m . It is  w e ll know n th a t  th e  law  o f m o 
tion  fo r  the e le c tro m a g n e tic  fie ld  w h ich  is  e x p r e s s e d  by M a x w e ll 's  e q u a 
tio n s  a ls o  o c c u r s  in the  L o re n tz  e le c t r o n  th e o ry , a s  w e ll a s  in m o d e rn  q u a n 
tum  e le c tro d y n a m ic s ,  w h ile  the law s  of m o tio n  s u m m a r iz e d  by the  s o - c a l l e d  
c a n o n ic a l  e q u a tio n s  a p p ly  to c l a s s i c a l  m e c h a n ic s ,  e le c t r o d y n a m ic s  an d  
q u an tu m  m e c h a n ic s .

O w ing to the  fa c t  th a t th e  d i f fe re n t  p h y s ic a l  th e o r ie s  w h ich  fo llow  e a c h  
o th e r  h i s to r ic a l ly  c o n ta in  id e n t ic a l  la w s  -  o f m o tio n  a s  w e ll a s  o f c o n s e r 
v a tio n  - a n  im p o r ta n t  fo rm  of s u c c e s s io n  is  e s ta b l i s h e d  b e tw e e n  th e s e  
th e o r ie s .  T h e c o m m u n ity  of la w s  in o ld  an d  new  th e o r ie s  is  y e t  a n o th e r  
fo rm  of in te rn a l  c o r r e l a t i o n  b e tw e e n  th e  l a t t e r .

T h e lin k in g  of p h y s ic a l  th e o r ie s  by la w s , e i t h e r  c o m m o n  to a l l  t h e o r ie s ,  
co m m o n  to a  g ro u p  of c lo s e  th e o r ie s  o r  in h e re n t  m e r e ly  to a d ja c e n t  th e o 
r i e s ,  m ay  be r e p r e s e n te d  by a  d ia g ra m  s i m i l a r  to th e  on e  g iv en  in  F ig u r e  1.

W ith th e  ad v e n t of the  th e o ry  of r e la t iv i ty ,  r e q u ir e m e n ts  th a t  la w s  b e  i n 
v a r ia n t  u n d e r  c e r t a in  t r a n s f o r m a t io n s  b eg a n  to p lay  an  in c r e a s in g  r o le  in 
th e o re t ic a l  p h y s ic s .

P h y s ic a l  th e o r ie s  c o r r e s p o n d in g  to q u a l i ta t iv e ly  d i s t in c t  s ta g e s  o f d e 
v e lo p m e n t d i f f e r  not on ly  in t h e i r  s y s te m  o f c o n c e p ts  an d  la w s , b u t a l s o  in 
the t r a n s f o r m a t io n s  u n d e r  w hich  th e s e  law s a r e  in v a r ia n t .  T h u s  the la w s  
of c l a s s i c a l  m e c h a n ic s  a r e  in v a r ia n t  u n d e r  G a li le a n  t r a n s f o r m a t io n s  an d  
the  law s of r e la t iv i s t i c  m e c h a n ic s  u n d e r  L o re n tz  t r a n s f o r m a t io n s .  S p e c if ic  
to M a x w e ll's  e le c t ro d y n a m ic s  is  the r e q u ir e m e n t  o f in v a r ia n c e  u n d e r  th e  
s o - c a l le d  g au g e t r a n s f o r m a t io n s  o f the  e l e c t r o m a g n e tic  p o te n t ia ls .  T h e  
law s of q u an tu m  e le c tro d y n a m ic s  s a t i s f y  new r e q u ir e m e n ts  o f in v a r ia n c e  — 
gau g e t r a n s f o r m a t io n  of the  se c o n d  k ind, c h a rg e  c o n ju g a tio n  t r a n s f o r m a t io n ,  
S a la m -T o u s c h e k  t r a n s f o r m a t io n  an d  P a u l i - G u r s e y  t r a n s f o r m a t io n .  T h e  
d if fe re n c e s  b e tw e en  the s y s te m s  of t r a n s f o r m a t io n s  s a t i s f i e d  by th e  la w s  
of the  v a r io u s  th e o r ie s  e x p r e s s  th e  s p e c if ic  c h a r a c t e r s  o f th e  th e o r ie s  p r o 
p e r  an d  the fa c t  th a t  th ey  c a n n o t be r e d u c e d  to e a c h  o th e r .
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In s p i te  o f th e s e  d i s t in c tio n s ,  an d  in a d d it io n  to m e e tin g  the in v a r ia n c e  
r e q u ir e m e n t s  s p e c if ic  to  e a c h  th e o ry , the la w s  in h e re n t  to d i f f e re n t  th e o 
r i e s  a lw a y s  s a t i s f y  in v a r ia n c e  r e q u ir e m e n ts  co m m o n  to bo th  o ld  an d  new 
th e o r ie s .

A lth o u g h  th e  d i f f e r e n c e s  of p r in c ip le  b e tw e en  th e  law s  of c l a s s i c a l  m e 
c h a n ic s  an d  th o s e  o f r e la t iv i s t i c  m e c h a n ic s  r e s id e  in th e  fu n d a m e n ta l c o n 
t r a s t  b e tw e e n  G a li le a n  an d  L o re n tz  t r a n s f o r m a t io n s ,  th e s e  law s h av e  th is  
in  c o m m o n  th a t  bo th  a r e  in v a r ia n t  u n d e r  t r a n s la t io n s  of th e  s p a c e  c o o r d in 
a t e s ,  t r a n s l a t i o n s  in t im e  a n d  ro ta t io n s  in s p a c e .  T h e  law s  of c l a s s i c a l  
e l e c t r o d y n a m ic s  an d  th o s e  of q u an tu m  th e o ry  of e le m e n ta ry  p a r t i c le s  a r e  
b o th  i n v a r ia n t  u n d e r  L o re n tz  t r a n s f o r m a t io n s ,  g au g e  t r a n s f o r m a t io n s  of 
th e  e l e c t r o m a g n e tic  p o te n t ia ls ,  and  so  on. S im i la r ly ,  a s  in th e  c a s e  of the 
la w s  o f c l a s s i c a l  an d  r e la t iv i s t i c  m e c h a n ic s ,  bo th  a r e  in v a r ia n t  u n d e r  t r a n s 
la t io n s  o f th e  s p a c e  c o o r d in a te s ,  t im e  t r a n s la t io n s  an d  r o ta t io n s  in sp a c e .

T h e  fa c t  th a t  th e  la w s  of th e  d i f fe re n t  p h y s ic a l  th e o r ie s  s a t i s f y  a  n u m b e r  
o f co m m o n  in v a r ia n c e  r e q u ir e m e n ts  d e s p i te  th e  p r e s e n c e  of fo r m s  o f i n 
v a r ia n c e  w h ich  a r e  s p e c if ic  on ly  to  e a c h  is  o f v e r y  g r e a t  s ig n if ic a n c e .  T h e  
in v a r ia n c e  o f th e  la w s  o f m o tio n  o f d i f f e re n t  o b je c ts  u n d e r  th e  s a m e  t r a n s 
f o r m a t io n s  r e p r e s e n ts  a  s p e c ia l  fo rm  of c o r r e l a t i o n  b e tw e e n  p h y s ic a l  th e o 
r i e s .

It s h o u ld  b e  m e n tio n e d  th a t  th e  r e q u ir e m e n ts  th a t  th e  law s  of p h y s ic a l  
th e o ry  b e  in v a r ia n t  u n d e r  v a r io u s  t r a n s f o r m a t io n s  a r e  r e la t e d  to  s p e c ia l  
r e q u ir e m e n t s  o f s y m m e try .  In th is  c o n n e c tio n  we m u s t s ta te  th a t the  s tu d y  
of s y m m e tr y  h a s  b e e n  a s s u m in g  an  in c r e a s in g ly  im p o r ta n t  r o le  in m o d e rn  
p h y s ic a l  s c ie n c e .

T h e  d e v e lo p m e n t o f p h y s ic a l  th e o ry  is  c h a r a c t e r i z e d  by a  h igh ly  s ig n if i 
c a n t  t r a i t  w h ich  c a n n o t be o v e r lo o k e d . T h e  n u m b e r  o f r e q u ir e m e n ts  of in 
v a r ia n c e ,  th e  n u m b e r  o f c o n d it io n s  of s y m m e tr y  im p o se d  on th e  law s and  
c o n c e p ts  o f p h y s ic a l  th e o ry ,  i n c r e a s e s  u n c e a s in g ly  w ith  p r o g r e s s  in p h y s 
ic a l  s c ie n c e .  A s th e o r e t ic a l  p h y s ic s  d e v e lo p s  th e  s c i e n t i s t  is  c a l le d  upon 
to  d e a l  w ith  an  e v e r  in c r e a s in g  n u m b e r  of in v a r ia n c e  re q u ir e m e n ts  and  
s y m m e tr y  p r in c ip le s .  In g e n e ra l  th is  p ro v e s  th a t  a s  th e  f r o n t i e r  of know 
le d g e  p e n e t r a t e s  m o re  d e e p ly  in to  m a t t e r  s c ie n c e  r e v e a ls  g r e a t e r  an d  g r e a t 
e r  a s y m m e tr y  in  th e  in te r n a l  s t r u c t u r e  of th e  m a te r ia l  o b je c ts  u n d e r  i n v e s 
t ig a tio n . T h is  w a s p o in te d  ou t by Yu. V. S ach k o v . T h a t th is  is  so  m ay  a l 
s o  be s e e n  f ro m  th e  fa c t  th a t  an  e le m e n ta r y  p a r t i c le  in  m o d e rn  p h y s ic s  in 
c lu d e s  s u c h  c h a r a c t e r i s t i c s  a s  sp in , c h i r a l i t y  an d  so  on. T h e s e  b e a r  w i t 
n e s s  to  a  d e f in ite  s e le c t iv i ty  o f c e r t a in  d i r e c t io n s  in  th e  p a r t i c le  and  t h e r e 
f o r e  to a  d e f in ite  d e g r e e  o f a s y m m e tr y .  T h is  d i s t in g u is h e s  the s a m p le  
p a r t i c le  f r o m  i t s  c o u n te r p a r t  in c l a s s i c a l  p h y s ic s ,  w h ich  is  c h a r a c t e r i z e d  
by th e  m o s t c o m p le te  s y m m e try .

T h e  n e x t s te p  in  th e  co g n itio n  o f th e  s t r u c t u r e  o f m a t t e r  w ill d o u b tle s s  be 
a s s o c ia t e d  w ith  th e  a p p e a ra n c e  o f new f e a tu r e s  of a s y m m e try .

R e q u ire m e n ts  th a t  la w s  b e  in v a r ia n t  u n d e r  c o r re s p o n d in g  g ro u p s  of t r a n s 
f o r m a t io n s  a r e  no t m e r e ly  a  w ay of v e r if y in g  th e  fo r m a l  c o r r e c t n e s s  of 
g iv en  e q u a tio n s  a s  e x p r e s s io n s  fo r  la w s . T h e s e  r e q u ir e m e n ts  p lay  a  v e r y  
im p o r ta n t  h e u r is t i c  r o le  in th e  s e a r c h  fo r  la w s  o f m o tio n  w hen th e  l a t t e r  
a r e  s t i l l  unknow n. F o r  i l lu s t r a t io n  we s h a l l  ta k e  th e  n o n l in e a r  th e o ry  of 
e le m e n ta r y  p a r t i c le s  d e v e lo p e d  by H e is e n b e rg  an d  h is  g ro u p . T h e  fo rm  
of th e  p r in c ip a l  e q u a tio n  (law ) o f th e  new  th e o ry  w as d e te rm in e d  fro m  the  
r e q u ir e m e n t  th a t  i t  be  in v a r ia n t  no t on ly  u n d e r  s p a t ia l  an d  L o re n tz  r o ta t io n s
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bu t a ls o  u n d e r  s p e c if ic  P a u l i - G i i r s e y  an d  S a la m -T o u s c h e k  t r a n s f o r m a t io n s  
c h a r a c t e r i s t i c  of th e  m o d e rn  th e o ry  of e le m e n ta r y  p a r t i c le s .

An e x p r e s s io n  of th e  in te r n a l  bond b e tw e e n  p h y s ic a l  t h e o r ie s  is  th e  fa c t  
th a t  th e  p r in c ip a l  la w s  of m o tio n  p r e s e n t  in a l l  c a n  b e  d e r iv e d  f ro m  a  g e n e r a l  
fo rm  of v a r ia t io n a l  p r in c ip le  id e n t ic a l  fo r  a l l  th e o r ie s  ( f o r  c l a s s i c a l  m e 
c h a n ic s  an d  e le c tro d y n a m ic s  a s  w e ll a s  fo r  q u a n tu m  m e c h a n ic s  a n d  m o d e rn  
e le m e n ta ry  p a r t i c le  th e o ry ) . T h is  c i r c u m s ta n c e  is  a  m a n ife s ta t io n  o f th e  
id e n ti ty  of th e  g e n e ra l  an d  th e  p a r t i c u la r  in  th e  h i s to r i c a l  d e v e lo p m e n t of 
p h y s ic a l  s c ie n c e .

T h e  g e n e ra l  is  e m b o d ie d  in th e  u n iv e r s a l i ty  of th e  v a r ia t io n a l  p r in c ip l e ,  
in  i t s  fo rm  and  e s s e n c e  a s  a  p r in c ip le  o f e x t r e m a l  a c t io n . T h e  p a r t i c u la r  
o r  s p e c ia l  is  em b o d ie d  in the  L a g r a n g ia n  fu n c tio n  c h a r a c t e r i s t i c  o f th e  g iv en  
s e t  o f p h en o m e n a , g iv en  in t e r m s  of p h y s ic a l  q u a n t i t i e s  s p e c if ic  to  th e  th e o ry  
s tu d y in g  th e s e  p h en o m e n a . In on e  c a s e  th is  is  th e  o r d in a r y  c l a s s i c a l  c o o r 
d in a te s  an d  m o m e n ta , in a n o th e r  th e  e le c t r o m a g n e tic  f ie ld  s t r e n g th  an d  in 
a th i rd  the o p e r a to r s  c h a r a c t e r i z in g  th e  s t a t e  o f th e  p a r t i c le  o f m a t t e r  o r  
q u a n tiz e d  f ie ld .

It is  im p o r ta n t  to n o te  th a t  th e  fo rm  of th e  L a g r a n g ia n  fu n c tio n  is  d e t e r 
m in ed  f ro m  th e  s e t  o f a l l  in v a r ia n c e  r e q u ir e m e n ts  c h a r a c t e r i s t i c  o f th e  
g iv en  th e o ry .

In c o n s id e r in g  th e  r e la t io n s h ip s  b e tw e e n  th e  c o n c e p tu a l  s y s te m s  o f p h y s ic a l  
th e o r ie s  w h ich  a p p e a r  c o n s e c u t iv e ly  in th e  h i s to r i c a l  d e v e lo p m e n t o f p h y s 
ic s  we m u s t m e n tio n  y e t  a n o th e r  e x t r e m e ly  im p o r ta n t  fo rm  o f lin k a g e . 
H o w e v er re v o lu t io n a r y  th e  b r e a k  in s c ie n t i f i c  v ie w s  le a d in g  to  th e  c r e a t io n  
of a  new  p h y s ic a l  th e o ry , th e  p r in c ip a l  la w s  o f th e  l a t t e r  a r e  a lw a y s  su c h  th a t  
th ey  ten d  a s y m p to t ic a l ly  to  th e  la w s  of th e  o ld e r  th e o ry  in th e  l im i t .  In 
o th e r  w o rd s , th e  la w s  o f th e  o ld  th e o ry  a r e  a  s p e c ia l  l im it in g  c a s e  of the  
law s  o f the new , to  w h ich  th e  e a r l i e r  la w s  te n d  fo r  th e  a p p r o p r ia te  v a lu e  
of so m e  c h a r a c t e r i s t i c  p a r a m e te r  p r e s e n t  in th e  new  th e o ry .  T h is  v iew , 
f i r s t  fo r m u la te d  by N ie ls  B o h r fo r  th e  r e la t io n s h ip  b e tw e e n  h is  q u an tu m  
th e o ry  an d  c l a s s i c a l  m e c h a n ic s ,  w a s  n a m e d  th e  c o r r e s p o n d e n c e  p r in c ip le .  
S u b se q u e n tly  th e  c o r re s p o n d e n c e  p r in c ip le  w a s  g e n e r a l iz e d  in to  th e  fo rm  in 
w h ich  i t  is  fo r m u la te d  ab o v e , an d  it a s s u m e d  th e  s ig n if ic a n c e  o f a  fu n d a m e n 
ta l  law  g o v e rn in g  th e  d e v e lo p m e n t o f p h y s ic a l  th e o r ie s *  . T h e  c o r r e s p o n d e n c e  
p r in c ip le  is  su p p o r te d  by d a ta  fro m  a l l  f ie ld s  of p h y s ic a l  s c ie n c e .  A s y m p 
to tic  p a s s a g e  a c t s  a s  a  lin k  b e tw e e n , fo r  in s ta n c e ,  th e  la w s  o f w av e an d  
g e o m e tr ic a l  o p t ic s  ( th is  is  f o r m a l ly  a c c o m p lish e d  fo r  th e  c o n d it io n  th a t  the 
w a v e len g th  ten d  to z e ro :  X,->0), th e  la w s  of q u a n tu m  a n d  c l a s s i c a l  s t a t i s t i c s  
( f o r  J —oo), th e  law s of r e la t iv i s t i c  an d  c l a s s i c a l  m e c h a n ic s  ( f o r  c-+oc) an d  
th e  law s  of q u an tu m  an d  c l a s s i c a l  m e c h a n ic s  ( fo r  A-»-0). T h e  c o r r e s p o n d e n c e  
p r in c ip le  is  l ik e w is e  fu lly  o p e r a t iv e  in th e  re g io n  of m o d e rn  e le m e n ta r y  
p a r t i c le  th e o ry .

T h e  lin k in g  of p h y s ic a l  th e o r ie s  by the  a s y m p to t ic  p a s s a g e  of on e  s e t  of 
law s in to  th e  n ex t is  i l lu s t r a t e d  in F ig u r e  2. T h e  law  g iv in g  th e  e n e rg y  d e 
p e n d e n ce  of th e  m ea n  n u m b e r  of p a r t i c le s  w ith  g iv e n  e n e rg y  in c l a s s i c a l  
s t a t i s t i c a l  p h y s ic s  (s o l id  c u r v e  1) an d  F e r m i - D i r a c  s t a t i s t i c s  (d a s h e d  c u r v e  
2) is  r e p r e s e n te d  g ra p h ic a l ly .  A lth o u g h  w e a r e  d e a lin g  h e r e  w ith  o n e  p a r 
t i c u l a r  c a s e ,  th e  g e n e ra l  c h a r a c t e r i s t i c s  of su c h  l in k s  a r e  c l e a r ly  a p p a r e n t .

• For further detail see K u zne tsov , I.V. Primsip sooivetsiviya v sovremennoi fizike i ego filosofskoe 
znachenie (The Correspondence Principle in Modern Physics and its Philosophical Significance). Moscow. 
1!MS.
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O n th e  w h o le , a s  we ca n  s e e ,  th e  la w s  b e lo n g in g  to th e  two th e o r ie s  a r e  
fu n d a m e n ta lly  d if fe re n t ,  an d  th e  two ty p e s  of c u r v e s  m a rk e d ly  d i s s im i l a r .
In th e  re g io n  o f p h e n o m e n a  s p e c if ic  to  th e  new th e o ry , th e  la w s  of the l a t 
t e r  a r e  p a r t i c u la r ly  d i s s im i l a r  fro m  th e  la w s  of th e  o ld . In F ig u r e  2 th is  

c o r r e s p o n d s  to th e  re g io n  c lo s e s t  to the 
y -a x is ;  h e r e  th e  two c u r v e s  d iv e rg e  c o m 
p le te ly .  A s th e  c o n d it io n s  p re v a i l in g  in 
th e  e a r l i e r  th e o ry  d ra w  n e a r ,  the la w s  of 
th e  new p r o g r e s s iv e ly  c o n v e rg e  to w a rd  
th e  la w s  of the  o ld  th e o ry . In F ig u r e  2 
th is  c o r r e s p o n d s  to th e  re g io n  fa r th e s t  
fro m  th e  y -a x is ,  i. e . , th e  r ig h t-h a n d  s id e  
o f th e  f ig u re ;  h e r e  the  two c u r v e s  len d  to 
m e rg e : th e  la w s  of the new th e o ry  len d  
a s y m p to t ic a l ly  to  th o se  of the  o ld  one.

T h e  fu ll fo r c e ,  th e  fu ll s ig n if ic a n c e  of 
th e  c o r re s p o n d e n c e  p r in c ip le  is  fe ll a t 
th e  p o in t w h e re  th e  new an d  o ld  th e o r ie s  
a r e  m o s t c o n c lu s iv e ly  d i s s im i l a r  and  
w h e re  fu n d a m e n ta l t ra n s f o rm a t io n  of the 
p h y s ic a l  th e o r ie s  is  tak in g  p la c e . It is  

h e r e  th a t  th e  in e v i ta b i l ity  of th e  p a s s a g e , in th e  l im it ,  b e tw e en  o ld  and  new 
la w s  b e c o m e s  n o n tr iv ia l  an d  a s s u m e s  d ee p  s ig n if ic a n c e  o f p r in c ip le .

T h e  c o r re s p o n d e n c e  p r in c ip le  o p e r a te s  w h e re v e r  fu n d a m e n ta l t r a n s f o r 
m a tio n  o f p h y s ic a l  th e o r ie s  is  ta k in g  p la c e . It e x p r e s s e s  the  fin a l r e s u l t  of 
th e  t r a n s f o r m a t io n  -  a r e g u la r  c o n s e c u t iv e  lin k in g  of o ld  and  new th e o r ie s .  
B ut th e  s ig n if ic a n c e  of th e  c o r re s p o n d e n c e  p r in c ip le  d o es  no t end  w ith  id e n t i 
f ic a t io n  o f th e  c h a r a c t e r  o f c h a n g e s  in th e o r e t ic a l  v ie w s , h o w e v e r im p o r ta n t  
th is  m ig h t b e  on th e  p h i lo so p h ic a l  p la n e . T h e  c o r re s p o n d e n c e  p r in c ip le  is  
a l s o  im p o r ta n t  b e c a u s e  o n c e  re c o g n iz e d  it ca n  s e r v e  s u c c e s s fu l ly  a s  a too l 
f o r  b u ild in g  new  th e o r i e s .  S in c e  th e  t im e  w hen it w as f i r s t  d is c o v e r e d , 
b ro a d ly  i n t e r p r e t e d  an d  g e n e ra l iz e d , i t s  m e th o d o lo g ic a l ro le  in the d e v e lo p 
m e n t of p h y s ic a l  th e o r ie s  h a s  in c r e a s e d  s te a d i ly .

T h e  c o r r e s p o n d e n c e  p r in c ip le  p ro v e d  a r e a l  "m a g ic  w and" not on ly  in the 
c o n s tru c t io n  o f th e  f i r s t  q u an tu m  th e o ry  of the  a to m  by B o h r but a ls o  in the 
d e v e lo p m e n t o f p r e s e n t - d a y  q u an tu m  m e c h a n ic s .  B ut ev e n  w hen it h a s  not 
b e e n  ta k e n  in to  a c c o u n t fro m  th e  f i r s t  a s  a  to o l fo r  b u ild in g  new th e o r ie s ,  
i t s  in f lu e n c e  h a s  m a n ife s te d  i t s e l f  in e v ita b ly  and  in d e p e n d e n tly  of the w ill 
o f th e  r e s e a r c h e r  in th e  f in a l r e s u l t  of th e  w o rk : new an d  o ld  law s  a r e  a l 
w a y s m u tu a lly  r e la t e d  in the  w ay it p r e s c r i b e s .

T h e  c o r r e s p o n d e n c e  p r in c ip le  h a s  p lay e d  a v e r y  im p o r ta n t  h e u r is t i c  ro le  
in  th e  th e o ry  o f e le m e n ta ry  p a r t i c le s  a s  w e ll. It w a s u se d , fo r  e x a m p le , to 
h e lp  e s ta b l i s h  th e  p h y s ic a l  m e a n in g  of a  n u m b e r  of new ly  in tro d u c e d  c o n 
c e p ts .  T a k e n  to g e th e r  w ith  th e  c o n d itio n  of c o v a r ia n c e ,  u n i ta r i ty  and  c a u s 
a l i ty ,  th e  c o r r e s p o n d e n c e  p r in c ip le  is  s u f f ic ie n t  fo r  s e t t in g  up the s o - c a l le d  
s c a t t e r in g  m a t r ix  w h ich  now o c c u p ie s  a  c e n t r a l  p o s itio n  in m o d e rn  q u an tu m  
e le c t r o d y n a m ic s .

A ll a t t e m p ts  a t  p r o g r e s s  in th e  th e o ry  of e le m e n ta ry  p a r t i c le s  a r e  in 
e v ita b ly  fou n d ed  on th e  a p p lic a tio n  of th e  c o r re s p o n d e n c e  p r in c ip le .  T h is  
a p p l ie s ,  in p a r t i c u la r ,  to a t te m p ts  to c r e a t e  a th e o ry  of e le m e n ta ry  p a r t i 
c le s  b a s e d  on id e a s  of q u a n tiz a tio n  of s p a c e  ( in tro d u c tio n  of an  " e le m e n ta ry  
le n g th " )  an d  n o n lo c a li ty  o f in te ra c t io n .
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It m ay  be a s s e r t e d  th a t  w hen th e  new  e le m e n ta r y  p a r t i c le  th e o ry  is  b o rn  -  
a p p a re n t ly  in a  fo rm  ra d ic a l ly  d i f fe re n t  fro m  th e  p r e s e n t  th e o ry  -  th e  c o r 
re s p o n d e n c e  p r in c ip le  w ill h av e  s c o r e d  y e t  a n o th e r  g r e a t  v ic to ry .

We h av e c o n s id e r e d  m any  fo r m s  of lin k in g  b e tw e e n  o ld  an d  new  th e o r ie s ,  
a l l  o f w hich  h av e  a c tu a l ly  b e e n  r e a l iz e d  in th e  p r o c e s s  o f d e v e lo p m e n t o f 
m o d e rn  p h y s ic s :  1) th e  t r a n s f e r  of c o n c e p ts  fro m  e a r l i e r  to new  th e o r ie s
( r e s u l t in g  in th e  p r e s e n c e  of id e n t ic a l  e le m e n ts  in  th e  c o n c e p tu a l  s y s te m s  
of d if f e re n t  th e o r ie s ) ;  2) th e  t r a n s f e r  of law s  fro m  so m e  th e o r i e s  to  o th e r s  
( r e s u l t in g  in co m m o n  e le m e n ts  in the s y s te m s  o f la w s  of d i f f e re n t  th e o r ie s ) ;
3) th e  in v a r ia n c e  o f la w s  b e lo n g in g  to d i f fe re n t  th e o r ie s  u n d e r  id e n t ic a l  
ty p e s  of t r a n s f o r m a t io n s  ( r e s u l t in g  in a  c e r t a in  s im i l a r i ty  o f s t r u c t u r e  b e 
tw een  th e  s y s te m s  of la w s  of d i f f e re n t  th e o r ie s ) ;  4) th e  fa c t  th a t  th e  fu n d a 
m e n ta l  law s  of a l l  th e o r ie s  a r e  d e r iv a b le  fro m  a  u n iv e r s a l  v a r ia t io n a l  p r i n 
c ip le  ( r e s u l t in g  in th e  a n a lo g y  of th e  m a th e m a tic a l  a p p a r a tu s  o f th e  th e o r ie s ) ;
5) p a s s a g e , in th e  l im it ,  o f new th e o r ie s  to  o ld  o n e s  u n d e r  p r o p e r  c o n d it io n s , 
o r  c o r re s p o n d e n c e  p r in c ip le  ( e a r l i e r  th e o r ie s  a p p e a r  a s  p a r t i c u la r  c a s e s  of 
new th e o r ie s ) .

T h e  e x is te n c e  of su c h  re la t io n s h ip s  b e tw e e n  p h y s ic a l  t h e o r ie s  is  e v id e n c e  
o f th e  r e g u la r  n a tu re  of th e  d e v e lo p m e n t of s c ie n t i f i c  k n o w led g e . T h e s e  r e 
la t io n s h ip s  d is c lo s e  th e  in n e r  m e c h a n is m  by w h ich  g r a in s  o f a b s o lu te  t r u th  
a r e  a c c u m u la te d  in one o f th e  m o s t im p o r ta n t  f ie ld s  of m o d e rn  n a tu r a l  s c i 
e n c e . T h e r e in  l i e s  th e i r  p h i lo so p h ic a l  s ig n if ic a n c e .

O w ing to th is  r e g u la r i ty  th e  d e v e lo p m e n t o f p h y s ic a l  t h e o r ie s  p o s s e s s e s  
an  in te r n a l  lo g ic  w h ich  e x e r t s  a  t ru ly  c o m p e ll in g  f o r c e  on th e  s c i e n t i s t  a t 
te m p tin g  th e  c r e a t io n  o f a  new  th e o ry . T h is  fo r c e  is  no l e s s  c o m p e ll in g  
th an  th e  e m p i r ic a l  f a c ts  u n d e r  th e  s t im u la t io n  o f w h ich  th e  s c i e n t i s t  f i r s t  
e m b a rk s  upon h is  a t te m p t .  In c o n s tru c t in g  h is  new  th e o ry ,  h o w e v e r  r e v o 
lu t io n a ry  it m ig h t b e , th e  p h y s ic i s t  c a n n o t b r e a k  c o m p le te ly  w ith  th e  e a r l i e r  
s y s te m  o f c o n c e p ts  -  n o r , fo r  th a t  m a t te r ,  ca n  he ig n o re  th e  e a r l i e r  s y s te m  
of la w s , th e  fu n d a m e n ta l  in v a r ia n c e  r e q u ir e m e n ts  know n f ro m  th e  e a r l i e r  
th e o ry  an d  th e  n e c e s s i ty  of r e c o v e r in g  th e  e a r l i e r  la w s  a s  a  l im it in g  c a s e  
in  th e  new s y s te m .

T h e  r e a s o n  fo r  th is  l i e s  n e i th e r  in th e  s lu g g is h n e s s  of th e  s c i e n t i s t 's  
m in d  n o r in a  s u b je c t iv e  d e s i r e  to  a d a p t th e  new to th e  o ld . R a th e r  it  is  an  
in d u b ita b le  fa c t  th a t  th e  c o n t e n t  of m a n 's  k n o w led g e , v e r i f ie d  by e x p e r i 
e n c e , is  i n d e p e n d e n t  of h is  w ill, in te l le c t  o r  c o g n it io n . It r e p r e s e n ts  
th e  o b je c tiv e  tru th ,  s u b je c t  n e i th e r  to m an  n o r  to h u m a n ity . S c ie n tif ic  
th e o ry  is  th e  r e f l e c t i o n  of o b je c tiv e  r e a l i ty  in a  d e f in ite  s y s te m  o f c o n 
c e p ts  an d  la w s . T h is  is  why th e  s c i e n t i s t  is  no t in a  p o s itio n  to  m o d ify  th e  
c o n te n t of the th e o ry  a r b i t r a r i l y .

W hen th e  s c i e n t i s t  e n c o u n te r s  a fa c t  w h ich  c a n n o t b e  f i t te d  in to  th e  f r a m e 
w o rk  of an  e x is t in g  th e o ry  it m e a n s  th a t  he is  fa c e d  w ith  a q u a l i ta t iv e ly  d i s 
t in c t  re g io n  of r e a l i ty  in w h ich  s p e c ia l  law s ho ld  sw a y . B ut o b je c tiv e  
r e a l i ty  is  one in m a te r ia l  e s s e n c e ;  a l l  i t s  p h e n o m e n a  m e rg e  in to  e a c h  o th e r  
an d  a r e  o rg a n ic a l ly  r e la te d .  No in s u rm o u n ta b le  b a r r i e r s  of p r in c ip le  l ie  
b e tw e e n  th e m . A s a  r e s u l t  th e  th e o r ie s  in w h ich  th ey  a r e  r e f le c te d  a r e ,  
u n a v o id a b ly , in t im a te ly  a s s o c ia te d  w ith  e a c h  o th e r .  In th is  w ay p h y s ic a l  
s c ie n c e  ta k e s  on u n ity  and  in te g r i ty .  And th is  u n ity  of p h y s ic a l  s c ie n c e  is  
c a u s e d  by th e  m a te r ia l  u n ity  of n a tu re .

It is  no a c c id e n t  th a t  the p ro b le m  of th e  c o r r e l a t i o n  b e tw e e n  p h y s ic a l  
th e o r ie s  f a ile d  to a r i s e  p r i o r  to th e  d i s c o v e r y  of th e  m a te r ia l  u n ity  o f q u a l i 
ta t iv e ly  d if fe re n t  p h en o m e n a  of the p h y s ic a l  w o r ld . T h e  b e l ie f  w a s  o n c e
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p r e v a le n t  in  p h y s ic s  th a t  n a tu r e  is  d iv id e d  in to  a b s o lu te ly  s e p a r a t e  r e g io n s  
e a c h  o f w h ich  is  r e p r e s e n te d  by i ts  own in v a r ia b le  " im p o n d e ra b le  s u b s t a 
t io n " .  C o r re s p o n d in g ly  th e  b r a n c h e s  o f p h y s ic a l  s c ie n c e  e x is te d  in i s o l a 
t io n  a n d  h ad  n o th in g  in co m m o n . T h e  d e v e lo p m e n t o f p h y s ic a l  s c ie n c e  in 
c o n s e c u t iv e  s te p s  led  to  th e  d i s c lo s u r e  of th e  in t im a te  i n t e r r e l a t i o n  b e tw e e n  
n a tu r a l  p h e n o m e n a  an d  to th e  c o l la p s e  of id e a s  e n v is io n in g  in v a r ia b le  " s u b 
s ta t i o n s " ,  w ith  r e s u l t in g  e l im in a t io n  of th e  p a r t i t io n s  b e tw e e n  d if fe re n t  
b r a n c h e s  a n d  th e o r ie s  o f p h y s ic s .

C o n te m p o r a r y  p h y s ic s  s k e tc h e s  a  s a m p le  o f n a tu re  in  w h ich  a l l  p h e n o 
m e n a  a p p e a r  o r g a n ic a l ly  r e la t e d ,  y e t  h ig h ly  c o n t r a s te d  a s  to  c o m p le x ity , 
p h y s ic a l  c h a r a c t e r i s t i c s  an d  in h e re n t  la w s . T h is  is  why th e  id e a  of a  c o r 
r e la t io n  b e tw e e n  th e o r ie s  h a s  beg u n  to  p lay  su c h  an  im p o r ta n t  r o le  in  p r e 
s e n t - d a y  p h y s ic s .

W hen c o n s c io u s ly  a p p lie d  to  th e  c o n s tru c t io n  of p h y s ic a l  th e o r ie s  the 
a b o v e  fo r m s  o f c o r r e l a t i o n  ta k e  on th e  s ig n if ic a n c e  of a s s u m p tio n s  w ith in  a 
m e t h o d  o f t h e o r e t ic a l  p h y s ic s  by m e a n s  of w h ich  new  t r u th s  a r e  d i s c o v e r 
ed  c o n c e rn in g  n a tu re .  F ro m  th is  v ie w p o in t too th e i r  p h ilo so p h ic a l  a n a ly s is  
is  a  v e r y  t im e ly  p ro b le m .

F a r  f ro m  b e in g  su d d e n , th e  d is c o v e r y  o f th e  in d ic a te d  f o r m s  o f c o r r e l a 
t io n  w a s  s p r e a d  ou t in s u c c e s s iv e  s te p s  o v e r  th e  h i s to r y  of p h y s ic s .  T h u s  
th e  c o r r e l a t i o n  a s s o c ia t e d  w ith  th e  r e q u ir e m e n t  th a t  v a r io u s  s y s te m s  of 
la w s  be  in v a r ia n t  u n d e r  s i m i l a r  t r a n s f o r m a t io n s  w a s re c o g n iz e d  an d  a s 
s ig n e d  m e th o d o lo g ic a l  s ig n if ic a n c e  on ly  a f te r  th e  d e v e lo p m e n t of th e  th e o ry  
o f r e la t iv i t y .  T h e  c o r r e s p o n d e n c e  p r in c ip le  w a s d i s c o v e r e d  in th e  p r o c e s s  
o f d e v e lo p m e n t of B o h r 's  a to m ic  th e o ry .  T h e  e x is te n c e  of a  u n iv e r s a l  v a r i 
a t io n a l  p r in c ip le  w a s r e v e a le d  on ly  w hen th e  e q u a tio n s  o f m e c h a n ic s , e l e c 
t ro d y n a m ic s  an d  r e la t iv i t y  th e o ry , a s  w e ll a s  th e  la w s  of q u an tu m  m e c h a n ic s  
an d  m o d e rn  e le m e n ta r y  p a r t i c le  th e o ry ,  had  b ee n  e x p r e s s e d  in th e  c o r r e s 
p o n d in g  fo r m .

F u r t h e r  p r o g r e s s  in p h y s ic a l  s c ie n c e  w ill  p ro b a b ly  le a d  to th e  d is c o v e r y  
o f new  a n d  p o s s ib ly  e v e n  m o re  im p o r ta n t  fo r m s  of c o r r e l a t i o n  b e tw e en  
th e o r ie s .
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C E R T A IN  A S PE C T S  O F  T H E  C O N T E M PO R A R Y  D E V E L O P M E N T  
O F  E L E M E N T A R Y  P A R T IC L E  T H E O R Y

V. B. B e r e s te t s k i i

T h e  th e o ry  of e le m e n ta ry  p a r t i c le s  is  d e v e lo p in g  in a  v e r y  p e c u l ia r  w ay. 
F o r  a  f a ir ly  long  p e r io d  th e  im p r e s s io n  on e  g a in s  is  th a t  th e r e  h a s  b e e n  no 
s e r io u s  p r o g r e s s  an d  no ch a n g e  w h a ts o e v e r  in th e  p r in c ip le s  of th e  th e o ry . 
L a te r  it  a p p e a r s ,  h o w e v e r, th a t  v e ry  im p o r ta n t  s h i f t s  h av e  a c tu a l ly  ta k e n  
p la c e  in th e  p r in c ip a l  c o n c e p ts  d u r in g  th is  p e r io d , w ith  c a r d in a l  c h a n g e s  
in th e  fo rm u la tio n  of th e  p r o b le m s , in th e  m e th o d s  an d  e v e n  in th e  a t t i tu d e  
to w a rd  th e  a im s  of th e  th e o ry .

We w ill c o n s id e r  a  c h a r a c t e r i s t i c  t r a i t  o f th is  d e v e lo p m e n t w h ich  s te m s  
fro m  th e  re la t io n s h ip  b e tw e en  p h e n o m e n o lo g ic a l d e s c r ip t io n  an d  th e o r e t ic a l  
ex p la n a tio n .

L e t u s  b eg in  w ith  an  e x a m p le  d a tin g  b a c k  to the b e g in n in g  of th e  h i s to r y  
o f m o d e rn  p h y s ic s , i. e. , to the fo u n d a tio n s  o f c e l e s t ia l  m e c h a n ic s . K e p le r 's  
law s  g ive  a  p h e n o m e n o lo g ic a l d e s c r ip t io n  of th e  m o tio n  o f b o d ie s  in  th e  s o 
l a r  s y s te m : th e s e  m ove in  co n ic  s e c tio n s .  N e w to n 's  la w s  e x p la in  th e s e  
m o tio n s : a c c e le r a t io n s  a r e  c a u s e d  by a t t r a c t io n  to  th e  c e n te r .  Such  is  th e  
u n iv e r s a l ly  a c c e p te d  p o in t of v iew . Is it  a b s o lu te ly  i r r e p r o a c h a b le ?  E x 
a g g e ra t in g  d e l ib e r a te ly  in o r d e r  to s t r e s s  l a t e r  th e  c h a r a c t e r i s t i c s  of m o 
d e rn  e le m e n ta ry  p a r t i c le  th e o ry , w e m ig h t a n s w e r  in th e  n e g a tiv e . It m ig h t 
be  a s s e r t e d  th a t N e w to n 's  law s g iv e  us  no m o re  in fo rm a tio n  c o n c e rn in g  the 
m o tio n  o f p la n e ts  th an  K e p le r 's  la w s . Tw o d e s c r ip t io n s  a r e  g iv en  o f th e  
s a m e  phen o m en o n , in d i f fe re n t ia l  fo rm  in on e  c a s e  an d  in in te g r a l  fo rm  in 
th e  o th e r .  T h e  two f o r m s  a r e  e q u iv a le n t.

O f c o u r s e ,  th e  N ew ton ian  s y s te m  o f m e c h a n ic s  is  b r o a d e r  th an  K e p le r 's  
law s . B ut i t  m u s t be c le a r ly  u n d e rs to o d  th a t  the m a in  p a r t  o f th is  s y s te m  
is  i t s  k in e m a t ic s .  By k in e m a t ic s  we w ill a g r e e  to m ea n  w ha t is  m e a n t by 
th is  t e r m  in the m o d e rn  th e o ry , i. e. , a l l  th e  in fo rm a tio n  c o n c e rn in g  th e  
b e h a v io r  of a  sy s te m  w hich  ca n  be o b ta in e d  w ith o u t c o n s id e r in g  a c o n c r e te  
fo rm  of in te ra c t io n , i. e. , law  o f fo r c e .  T h is  in c lu d e s ,  in p a r t i c u la r ,  a l l  
c o n s e rv a t io n  law s . L e t u s  n o te  th a t  a lth o u g h  in m e c h a n ic s  th e  la w s  of c o n 
s e r v a t io n  a r e  d e r iv e d  fro m  th e  N ew to n ia n  e q u a tio n s  o f m o tio n , w e know th a t 
th e i r  s ig n if ic a n c e  is  f a r  b r o a d e r  th an  th e s e  e q u a tio n s . T h e y  r e m a in  v a lid  
in th e  re g io n  of p h en o m e n a  w h e re  th e  N ew to n ian  e q u a tio n s  a r e  no lo n g e r  a p 
p lic a b le . T h ey  a r e  r e la te d  to  s y m m e try  p r o p e r t i e s  of s p a c e  an d  t im e  m o re  
p ro fo u n d  and  m o re  fu n d a m e n ta l th an  th e  c o n c r e te  e q u a tio n s  o f m o tio n . If 
in th e  tw o -b o d y  p ro b le m , fo r  e x a m p le , th e  e n t i r e  k in e m a t ic  p a r t  is  e l im in a te d  
on ly  the p ro b le m  of r a d ia l  m o tio n  re m a in s .  It m ay  b e  w r it te n  dow n in d i f 
f e r e n t ia l  fo rm  a f te r  ch o o s in g  th e  law  of fo r c e ,  an d  m ay  b e  w r it te n  d i r e c t ly  
in in te g r a l  fo rm . T h e r e  a r e  no g ro u n d s  fo r  p r e f e r r in g  e i t h e r ,  though  th e  
f o r m e r  s e e m s  to  b e  an  e x p la n a tio n  and  the l a t t e r  m e re ly  a  d e s c r ip t io n .
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O u r s e c o n d  e x a m p le  is  th e  q u a n tu m  m e c h a n ic s  of th e  f r e e  p a r t i c le .  H e re  
th e  a n a lo g u e  o f K e p le r 's  la w s  is  de B r o g l i e 's  w a v e s  an d  th e  a n a lo g u e  of 
N e w to n 's  e q u a tio n s  th e  S c h ro e d in g e r  e q u a tio n . T h e s e ,  h o w e v e r, a r e  e q u i 
v a le n t  a n d  r e p r e s e n t  th e  q u a n tu m -m e c h a n ic a l  d e s c r ip t io n  o f th e  m o tio n  of 
a  p a r t i c le  in  in te g r a l  o r  d i f f e r e n t ia l  fo r m . A g a in , w e n o te  th a t  de B r o g l ie 's  
w a v e s  r e p r e s e n t  th e  m o re  p ro fo u n d  c o n c e p t. T h e y  a r e  r e ta in e d  in  th e  r e 
l a t i v i s t i c  re g io n  w h e re  S c h r o e d in g e r 's  e q u a tio n  is  in a p p lic a b le . W hen the 
f o r m s  o f th e  r e la t iv i s t i c  e q u a tio n s  a r e  r e q u ir e d ,  th e s e  a r e  c h o se n  su c h  
th a t  de B r o g l i e 's  w a v e s  b e  a  s o lu tio n  of th e s e  e q u a tio n s .

T h e  p ro fo u n d  p h y s ic a l  s ig n if ic a n c e  o f q u a n tu m  m e c h a n ic s  r e s id e s  c h ie f ly  
in  th e  e s ta b l i s h m e n t  of a  new  k in e m a tic s  b a s e d  on th e  u n c e r ta in ty  r e la t io n  
( ju s t  a s  th e  b a s ic  c o n te n t o f r e la t iv i s t i c  m e c h a n ic s  in v o lv e s  a  new  k in e m a tic s  
b a s e d  on th e  r e la t iv i t y  p r in c ip le ) .

L e t u s  tu rn  to  th e  tw o -b o d y  p ro b le m  in q u an tu m  m e c h a n ic s ,  i. e . , to the  
p ro b le m  of s c a t t e r in g .  A f te r  e l im in a t io n  o f th e  k in e m a tic  p a r t  it r e d u c e s  
to fin d in g  th e  p h a s e s  o r  a m p li tu d e s  of p a r t i a l  w a v e s . F o r  th is  it is  n e c e s 
s a r y  to  know th e  law  o f fo r c e  (e . g. , C o u lo m b 's  law ) an d  so lv e  S c h ro e d in g 
e r ' s  e q u a tio n  f o r  r a d ia l  m o tio n , w h ich  g iv e s  R u th e r f o r d 's  fo r m u la .  T h is  is  
th e  e x p la n a tio n  o f th e  p h en o m e n o n  o f s c a t te r in g .  I ts  p h e n o m o n o lo g ic a l d e s 
c r ip t io n  c o n s i s t s  s im p ly  o f s p e c ify in g  th e  a m p li tu d e s .  H e re  too , h o w e v e r, 
o n e  m ig h t d e p a r t  f ro m  th e  o r d in a r y  p o in t of v iew  an d  sa y  th a t  s p e c if ic a t io n  
o f th e  a m p li tu d e s  is  s im p ly  a n o th e r  ( in te g r a l)  fo r m u la tio n  of th e  law  of in 
t e r a c t io n .  It is  im p o r ta n t  to  n o te  th a t  k n ow ledge of th e  a m p litu d e  a ls o  s o lv e s  
a  s e c o n d  fu n d a m e n ta l  p ro b le m  of q u an tu m  m e c h a n ic s ,  th a t  o f th e  q u an tu m  
le v e ls  o f th e  s y s te m . R u th e r f o r d 's  q u a n tu m -m e c h a n ic a l  fo r m u la  c o n ta in s  
B a l m e r 's  f o r m u la  fo r  th e  le v e ls  of th e  h y d ro g e n  a to m .

T h e  fo re g o in g  w ould  b e  o f l i t t l e  i n t e r e s t  if th e  s e c o n d  a p p r o a c h  -  in v e s t i 
g a tio n  o f th e  s c a t t e r in g  a m p li tu d e s  -  had  no t p ro v e d  m o re  f r u i t f u l  th an  th e  
f i r s t  in a p p l ic a t io n  to new  p ro b le m s . T h e  p ro b le m  of o b ta in in g  th e  fo r c e s  
(p o te n t ia ls )  a r o s e  a t  th e  daw n o f th e  d e v e lo p m e n t o f n u c le a r  p h y s ic s .  It 
p ro v e d  to  b e  c o m p le x  an d  u n re w a r d in g , h o w e v e r, an d  d e v e lo p m e n t p r o c e e d 
ed  a lo n g  th e  l in e s  of p h e n o m e n o lo g ic a l  s tu d y  of th e  s c a t t e r in g  a m p litu d e s . 
E le m e n ta r y  p a r t i c le  p h y s ic s  h a s  d e v e lo p e d  in  a  s i m i l a r  w ay, b u t h e r e ,  a s  
h a s  r e c e n t ly  b e c o m e  a p p a re n t ,  d e s c r ip t io n  w ith  th e  h e lp  o f a m p li tu d e s  ca n  
c la im  to b e  a  m e th o d  o f c o n s t r u c t in g  a  th e o ry  o f in te r a c t io n  o f e le m e n ta ry  
p a r t i c le s .

F o r  th i r t y  odd  y e a r s  r e la t iv i s t i c  q u an tu m  th e o ry  ( i. e. , th e  th e o ry  of e l e 
m e n ta r y  p a r t i c le s )  d e v e lo p e d  a s  a  fie ld  th e o ry .  F ie ld  th e o ry  is  b a s e d  on 
th e  fa c t  th a t  k in e m a t ic  q u a n t i t ie s  (o f th e  w ave fu n c tio n  type) in tro d u c e d  in 
q u a n tu m  m e c h a n ic s  a r e  g iv en  th e  s a m e  d y n a m ic a l  s ig n if ic a n c e  a s  fo r c e  
f ie ld s  (e . g. , e le c t r o m a g n e tic ) .  Q u a n tu m  e le c t ro d y n a m ic s  w a s  c o n s tru c te d  
on th e s e  p r in c ip le s .  It w a s  n a tu r a l  to b e l ie v e  th a t  a l l  o f e le m e n ta ry  p a r t i 
c le  th e o ry  c o u ld  b e  f o r m u la te d  in  th is  w ay. E x c e p t fo r  e le c t ro d y n a m ic s ,  
h o w e v e r , f ie ld  th e o ry  a c h ie v e d  no s e r io u s  s u c c e s s ,  a l th o u g h  it d id  e x e r c i s e  
an  im p o r ta n t  in f lu e n c e  on th e  s u b s e q u e n t d e v e lo p m e n t of th e  th e o ry . A l 
though  f ie ld  th e o ry  f o r m a l ly  p o s s e s s e s  a  s y s te m  o f e q u a tio n s  th e s e  a r e  i m 
p o s s ib le  to  so lv e  in p r a c t ic e ;  m o r e o v e r ,  it  h a s  n o t e v e n  b e e n  p o s s ib le  to 
e s t a b l i s h  in  p r in c ip le  w h e th e r  th is  s y s te m  c o r r e s p o n d s  to an y  r e a l  s o lu tio n s . 
T h e  p o s i tio n  of f ie ld  th e o ry  h a s  b e c o m e  e v e n  m o re  u n c e r ta in  upon th e  d i s 
c o v e ry  th a t  th e  n u m b e r  of e le m e n ta r y  p a r t i c le s  is  v e r y  la r g e .  Now it is  
im p o s s ib le  to  a s s u m e ,  a s  in  q u a n tu m  e le c t ro d y n a m ic s  w h e re  on ly  e le c t r o n s  
an d  p h o to n s  a r e  p r e s e n t ,  th a t  e v e ry  p a r t i c le  c o r r e s p o n d s  to  i t s  ow n f ie ld .
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W ith  a l a r g e  n u m b e r  of p a r t i c le s  an d  s t r o n g  in te r a c t io n  b e tw e e n  th e m  an y  
d i r e c t  c o n n e c tio n  b e tw e e n  p a r t i c le s  an d  f ie ld s  in  g e n e r a l  d i s a p p e a r s .  T h u s  
a t  p r e s e n t  ev e n  a  fo r m a l  s y s te m  o f fie ld  e q u a tio n s  c a n n o t b e  s a id  to  e x is t  
a s  it  is  no t known how m an y  an d  w hat k in d s  o f f ie ld s  n e e d  to  b e  in t ro d u c e d . 
A tte m p ts  h av e  b e e n  m ad e  to  c o n s t r u c t  s c h e m e s  w ith  a  m in im a l  n u m b e r  of 
f ie ld s  o r  ev e n  w ith  o n e  f ie ld  (H e is e n b e rg )  b u t th e s e  a t te m p ts  h av e  no t so  
f a r  p ro d u c e d  an y  r e a l  r e s u l t s .

It is  in te r e s t in g  to  n o te  th a t  t h e r e  e x is t s  a  re g io n  in  w h ich  f ie ld  th e o ry  
m ig h t b e  u se d  s u c c e s s fu l ly  — o r  so  it  s e e m s  — n a m e ly  th e  re g io n  o f w e ak  
in te r a c t io n s .  In d e ed , F e r m i 's  th e o ry  o f b e ta  d e c a y , p ro p o s e d  in 1934, 
h a s  w ith s to o d  th e  t e s t  o f t im e  an d  in m o d if ie d  fo rm  d e s c r ib e s  v a r io u s  
p a r t i c le  d e c a y s . H o w e v er, upon c lo s e r  s c r u tin y  it  is  found th a t  th e  r e a l  
c o n s e q u e n c e s  of th e  th e o ry  o f w eak  in te r a c t io n s  m e a n  n o th in g  m o re  th an  a  
n o ta tio n  of th e  s c a t t e r in g  a m p litu d e . U n lik e  q u an tu m  e le c t r o d y n a m ic s ,  in 
w h ich  it is  p o s s ib le  to  c a lc u la te  th e  a m p litu d e  w ith  a r b i t r a r y  a c c u r a c y ,  in 
th e  th e o ry  of w eak  in te r a c t io n s  it  is  in p r in c ip le  im p o s s ib le  to  go b ey o n d  
th e  f i r s t  a p p ro x im a tio n  in w h ich  th e  c o n c e p ts  o f L a g r a n g ia n  in te r a c t io n  an d  
a m p litu d e  a r e  id e n tif ie d . T h is  is  due to  th e  fa c t  th a t  the s m a l ln e s s  o f th e  
f o r c e s  of in te ra c t io n  is  no t s u f f ic ie n t  fo r  a  s o lu tio n  of th e  fie ld  e q u a tio n s ;  
a fu r th e r  r e q u ir e m e n t  is  th e  s o - c a l le d  p r o p e r ty  of r e n o r m a l iz a b i l i ty  w i th 
ou t w h ich  th e  fie ld  e q u a tio n s  in  r e a l i ty  b e c o m e  d ev o id  o f m e a n in g .

T he th e o ry  of w eak  in te r a c t io n s  is  th e r e f o r e  e s s e n t ia l ly  a  p h e n o m e n o lo 
g ic a l  th e o ry , a lth o u g h  fo r m a l ly  it  is  w r it te n  dow n in d i f f e r e n t ia l  fo rm .

We n o te  th a t  th is  p r o c e s s  of " s l id in g "  o f th e  th e o ry  in to  p h e n o m e n o lo g i
c a l  d e s c r ip t io n  o c c u r s  in  o th e r  f ie ld s  of p h y s ic s  a s  w e ll. In n u c le a r  p h y s 
ic s ,  fo r  in s ta n c e , f r e q u e n t  u s e  is  m a d e  o f S c h r o e d in g e r 's  e q u a tio n  w ith  
co m p le x  p o te n tia l  (c a lc u la t io n  of in e la s t ic  p r o c e s s e s ) ,  e n e rg y -d e p e n d e n t  
p o te n tia l  (o p tic a l  m odel) and  so  on. O f c o u r s e  th is  is  a  p h e n o m e n o lo g ic a l  
d e s c r ip t io n  — ev e n  though  th e  d i f fe re n t ia l  fo rm  is  c h o s e n  fo r  it.

T h e  s a m e  p h e n o m e n o lo g ic a l d e s c r ip t io n  o b ta in s  in  a  v a r ie ty  of a p p l i c a 
t io n s  of N ew to n ian  m e c h a n ic s .  F o r  e x a m p le , w hen th e  f o r c e s  o f f r ic t io n  
a r e  in tro d u c e d  th e s e  f o r c e s  do not e x p r e s s  th e  r e a l  law  o f i n te r a c t io n  of 
b o d ie s . A lso , o f c o u r s e ,  in t ro d u c tio n  of th e  f o r c e s  o f f r ic t io n  in to , s a y , 
th e  e q u a tio n  fo r  o s c i l l a t io n s  o f a  p en d u lu m  (d i f f e r e n t ia l  fo rm  o f p h e n o m e n o 
lo g ic a l  d e s c r ip t io n )  is  in  no w ay s u p e r io r  to  s im p ly  in t ro d u c in g  d a m p in g  
in to  th e  a m p litu d e  of th e  o s c i l l a t io n s  ( in te g r a l  fo rm ) .

L e t u s r e tu r n  to  th e  p h y s ic s  o f e le m e n ta r y  p a r t i c le s  an d  m o re  s p e c i f i c a l 
ly  to  th e  th e o ry  of s t ro n g  in te r a c t io n s .  T h e m o s t  im p o r ta n t  a d v a n c e s  w e re  
m ad e  h e r e  ow ing  to m o re  d e ta ile d  a n a ly s i s  o f th e  k in e m a t ic s  (a n d  h e r e  fie ld  
th e o ry  p la y e d  an  im p o r ta n t  h e u r is t i c  ro le ) .  It m ay  b e  a s s e r t e d  th a t  p r o 
found c h a n g e s  (su c h  a s  w e re  in tro d u c e d  by  th e  th e o ry  of r e la t iv i t y  an d  q u a n 
tum  m e c h a n ic s )  did no t ta k e  p la c e . H o w e v er, c o n s id e r a b le  d e v e lo p m e n t 
o c c u r r e d .  New ty p e s  of s y m m e try  w e re  e s ta b l i s h e d , new  la w s  o f c o n s e rv a t io n  
and  c o r re s p o n d in g  q u an tu m  n u m b e rs  w e re  r e v e a le d . S uch  c o n c e p ts  a s  in 
te r n a l  p a r i ty ,  c h a rg e  p a r i ty ,  i s o to p ic  an d  b a ry o n  q u an tu m  n u m b e r  m ad e  
th e i r  a p p e a ra n c e s .  T h e s e  q u an tu m  n u m b e rs  r e g u la te  th e  c h a r a c t e r  o f th e  
t r a n s f o r m a t io n s  of th e  e le m e n ta ry  p a r t i c le s .

Im p o r ta n t  g e n e ra l iz a t io n s  w e re  m ad e  f ro m  th e  p r in c ip le  o f id e n ti ty . S im 
p le  p r o p e r t i e s  of a m p litu d e s  n o tic e d  in f ie ld  th e o ry  le d  to  th e  e s ta b l i s h m e n t  
o f a  new  p r in c ip le  w hich  w as n a m e d  th e  p r in c ip le  o f c r o s s in g  s y m m e tr y  o r  
p r in c ip le  o f u n iv e r s a l i ty .  It e s ta b l i s h e s  th e  c o n n e c tio n  b e tw e e n  th e  a m p l i 
tu d e s  o f d i f f e re n t  p r o c e s s e s  in w h ich  p a r t i c le s  an d  a n t ip a r t i c le s  ta k e  p a r t .
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In e le c t r o d y n a m ic s  an  e x a m p le  o f su c h  a  c o n n e c tio n  is  the s im p le  r e la t io n  
b e tw e e n  th e  a m p litu d e  o f pho ton  s c a t t e r in g  by an  e le c t r o n  an d  th e  e le c t r o n -  
p o s i t r o n  p a i r  a n n ih i la t io n  a m p litu d e .

T h e  g e n e r a l  s t r u c t u r e  of th e  a m p li tu d e s  — m o re  s p e c if ic a l ly ,  th e  n u m b e r 
o f a m p li tu d e s  r e q u ir e d  to  d e s c r ib e  a  g iv en  s e t  o f p r o c e s s e s  — an d  th e  n a tu re  
o f th e  v a r ia b l e s  on w h ich  i t  d e p e n d s  w a s w o rk e d  ou t in d e ta il .  It w as found 
th a t  k n o w led g e  o f th e  a m p li tu d e s  g iv e s  a  c o m p le te  d e s c r ip t io n  of th e  p a r t i 
c le s  an d  in  p a r t i c u la r  th e  p re s e n c e  of bound s ta t e s  (i. e. , s ta b le  " c o m p o s ite "  
p a r t i c le s )  an d  r e s o n a n c e s  (i. e. , u n s ta b le  fo r m a t io n s ) .  In c a s e s  w h e re  it 
i s  p o s s ib le  to  in t ro d u c e  th e  c o n c e p t of th e  s p a t ia l  s t r u c tu r e  of a  p a r t ic le  
(e . g. , c h a r g e  d i s tr ib u tio n )  k n ow ledge of th e  a m p litu d e  m a k e s  it  p o s s ib le  to 
f in d  th is  s t r u c t u r e .

A t p r e s e n t  a t te m p ts  a r e  b e in g  m ad e  to  c o n s t r u c t  a  th e o ry  o f e le m e n ta ry  
p a r t i c le s  w h ich  w ould  c o n ta in  th e  a m p li tu d e s  w ith o u t su c h  c o n c e p ts  a s  fie ld  
o r  o th e r  a n a lo g o u s  " p r im a r y "  c o n c e p ts . T h e  id e a  of c o n s tru c t in g  su c h  a  
th e o ry  w a s  f i r s t  p ro p o s e d  by H e is e n b e rg  a s  e a r ly  a s  1943 an d  m o re  c o n 
c r e t e l y  d e v e lo p e d  by G e ll-M a n n  an d  L an d a u . A t f i r s t  g la n c e  th is  a p p r o a c h  
s e e m s  p u re ly  p h e n o m e n o lo g ic a l . T h e r e  a r e  m an y  p a r t i c le s ,  m any  p r o c e s 
s e s  o f t r a n s f o r m a t io n  o f th e s e ,  an d  to  p o s tu la te  a  d e f in ite  a m p litu d e  fo r  
e a c h  p r o c e s s  w ould  b e  a  th a n k le s s  ta s k  w ith  too  l a r g e  an  a r b i t r a r i n e s s .
In a c tu a l  fa c t , h o w e v e r, it  tu r n s  ou t th a t  th e  g e n e ra l  p r in c ip le s  of q u an tu m  
t h e o ry  a n d  o f th e  th e o ry  of r e la t iv i t y  im p o se  su c h  s e v e r e  r e s t r ic t io n s  on the  
f o r m  of th e  a m p li tu d e s  th a t  th e r e  m ay  be no m o re  (and  p e r h a p s  ev en  le s s )  
o f th is  a p p a r e n t  a r b i t r a r i n e s s  le f t  th an  w hen th e  fo rm  o f th e  d is ta n c e  d e 
p e n d e n c e  is  c h o s e n  in C o u lo m b 's  law .

F o r  e x a m p le , th e  s im p le  law  of d i f f r a c t io n  s c a t te r in g  w h ich  se e m e d  n a tu 
r a l  fo r  h igh  e n e rg y  p a r t i c le s  is  d if f ic u lt  to  re c o n c i le  w ith  th e s e  p r in c ip le s .  
T h e o r e t ic a l ly  a m o re  c o m p le x  ty p e  of s c a t te r in g ,  e q u iv a le n t to d if f r a c tio n  
on a  body  w h ich  b e c o m e s  v i r tu a l ly  b r o a d e r  an d  m o re  t r a n s p a r e n t  a s  th e  
e n e rg y  of th e  d i f f r a c t in g  p a r t i c le s  in c r e a s e s ,  w ould  a p p e a r  m o re  n a tu ra l .

It i s  th u s  p o s s ib le  th a t  s e e m in g ly  p h e n o m e n o lo g ic a l  q u a n t i t ie s  ( a m p l i 
tu d e s )  w ill  a c tu a l ly  b e c o m e  th e  fu n d a m e n ta l  c o n c e p ts  o f th e  th e o ry . T h e  
th e o ry  w ill  h a v e  no " d i f f e r e n t ia l "  fo rm  ( s im i la r  to N e w to n 's  o r  S c h ro e d in g -  
e r ' s  e q u a tio n s ) , y e t  w ith  a  s m a l l  n u m b e r  of in i t i a l  p r in c ip le s  it  w ill in a 
u n if ie d  w ay c o v e r  a  b ro a d  re g io n  of p h en o m e n a  of s t ro n g  in te ra c t io n  am o n g  
e le m e n ta r y  p a r t i c le s .

15



C E R T A IN  F E A T U R E S  S P E C IF IC  T O  T H E  QU A N TU M  T H E O R Y  
O F  E L E M E N T A R Y  P A R T IC L E S

V. Y a. F a in b e r g

T h e  in te ra c t io n  of r e la t iv i s t i c  ( a s  w e ll a s  n o n r e la t iv i s t i c )  e le m e n ta r y  
p a r t i c le s  ta k e s  p la c e  a t  su c h  s m a l l  d i s ta n c e s  a n d  in s u c h  s m a l l  in t e r v a ls  
o f t im e  th a t  it  e lu d e s  d i r e c t  e x p e r im e n ta l  v e r if ic a t io n .  W hat w e o b s e r v e  
w ith  o u r  m a c r o in s t r u m e n ts  is  m e r e ly  th e  fin a l  r e s u l t  o f th e  in te r a c t io n  
u n d e r  w e ll -d e f in e d  m a c ro c o n d i t io n s  (e . g. , on a  p h o to g ra p h ic  p la te ) . W e 
m u s t th en  e x tra p o la te  in to  th e  unknow n, c r e a t e  a b s t r a c t i o n s  a d e q u a te  to 
th e  a c tu a l  p r o c e s s e s  and  a t te m p t  to c o n s t r u c t  on th is  b a s i s  a  m a th e m a tic a l  
th e o ry  o f th e  p r o c e s s .  T he lan g u a g e  o f th e  th e o ry  an d  i t s  fu n d a m e n ta l  id e a s  
w ill  o b v io u s ly  hav e  to  be  h ig h ly  u n u su a l a s  w e ll a s  n e c e s s a r i l y  n o n c la s s ic a l ;  
th is  is  no t b e c a u s e  we a r e  u n a b le  to  p ee p  " in s id e "  th e  p h e n o m e n o n , o r  fo r  
la c k  o f th e  c o r re s p o n d in g  m ic r o in s t r u m e n ts  (" M a x w e ll 's  d e m o n s " )  b u t s i m 
ply  b e c a u s e  th e  p r o p e r t ie s  o f r e la t iv i s t i c  p a r t i c le s  an d  th e  s p e c if ic  f e a tu r e s  
of q u an tu m  c o n d it io n s  a r e  u n u su a l. T h e  la n g u a g e  o f th e  th e o ry  m u s t  r e f l e c t  
th e s e  s p e c if ic  f e a tu r e s  an d  th e  p e c u l ia r  r e la t io n s h ip  b e tw e e n  m ic r o p h e n o 
m en o n  an d  m a c r o in s tr u m e n t ,  a s  w e ll a s  th e  c o n s e q u e n t s p e c if ic  f e a tu r e s  
o f th e  a c t  of c o g n itio n  p r o p e r .  (T h e  e s s e n c e  of th e  m ic ro p h e n o m e n a , so  to 
sp e a k , s e e k s  to s h ie ld  i t s e l f  f ro m  c o g n itio n  by m e a n s  o f a  " p r o te c t iv e  w a l l " -  
th e  f in i te n e s s  of th e  q u an tu m  of a c t io n  -  bu t s in c e ,  in  th e  l a s t  a n a ly s i s ,  th e  
m a c r o in s t r u m e n ts  th e m s e lv e s  c o n s i s t  o f m i c r o p a r t i c l e s ,  su c h  p a r t i t io n s  
ca n  b e  b ro k e n  th ro u g h  by m a n 's  k n o w led g e , p e n e t r a t in g  e v e r  d e e p e r  in to  
th is  e s s e n c e . )

M ost of th e  p h i lo sp h ic a l  p ro b le m s  c o n n e c te d  w ith  th e  d e v e lo p m e n t o f th e  
q u an tu m  th e o ry  of e le m e n ta r y  p a r t i c le s  a r i s e  ow ing  to  s p e c if ic  f e a tu r e s  of 
th e  q u an tu m  c o n d it io n s , t h e i r  p ro fo u n d  d i s s im i l a r i t y  f r o m  th e  c l a s s i c a l  la w s  
of m o tio n  an d  th e  d iff ic u lty  o f c r e a t in g  s p a c e - t im e  m o d e ls  o f p h e n o m e n a .

T h e  q u a l i ta t iv e ly  new  c h a r a c t e r  of th e  q u a n tu m  c o n d it io n s , w h ich  le d  to  a  
b re a k d o w n  of th e  o ld  c l a s s i c a l  id e a s  an d  th e i r  r e p la c e m e n t  by new  o n e s , 
u l t im a te ly  s te m s  f ro m  th e  f in ite  q u an tu m  o f a c t io n  d i s c o v e r e d  by P la n c k  in 
1900. T h is  d i s c o v e r y  o f th e  d i s c r e t e  n a tu r e  o f a c t io n  h a s  h ad , an d  w ill  y e t  
h av e , f a r - r e a c h in g  c o n s e q u e n c e s  not on ly  fo r  p h y s ic s  an d  m an y  a l l i e d  s c i 
e n c e s  bu t fo r  th e  d e v e lo p m e n t of d ia le c t ic  m a te r ia l is m .

P h ilo s o p h ic a l  a n a ly s i s  of th e  l a t e s t  d i s c o v e r ie s  in  th e  f ie ld  o f q u a n tu m  
p h y s ic s  m u s t n e c e s s a r i l y  in c lu d e  a m o n g  i t s  a im s  th e  a p p l ic a t io n  o f th e  w e ll -  
known a s s u m p tio n s  of d ia le c t ic a l  m a te r ia l is m  to  th e s e  d i s c o v e r i e s  (i. e . , 
d ia le c t ic a l  m a te r ia l i s t i c  i n te r p r e ta t io n ) .  H o w e v er , th e  c h ie f  a im  in o u r  
o p in io n  sh o u ld  b e  to  e x t r a c t  fro m  th e s e  d i s c o v e r ie s  th o s e  new  e le m e n ts  
w h ich  e n r ic h  and  g iv e  c r e a t iv e  im p e tu s  to  o u r  id e a s  c o n c e rn in g  th e  n a tu r e  
o f th e  m o s t " e le m e n ta r y "  ( f o r  th e  g iv en  le v e l  of k n o w led g e ) la w s  o f n a tu r e  
an d  c o n c e rn in g  th e  n a tu re  of h u m an  c o g n itio n  i t s e l f  — an d  w h ich  a r e  th u s  
s ig n if ic a n t  fo r  a  b r o a d e r  fie ld  of kn o w led g e .
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W h e re in  l i e s  th e  p e c u l ia r i ty  o f th e  q u an tu m  c o n d it io n s  an d  of th e  p r in c ip a l  
id e a s  w h ich  fo llow  f r o m  th e m ?

Q u a n tu m  th e o ry  c o n s i s t s  o f tw o p a r ts :  fu lly  f in is h e d  n o n r e la t iv i s t i c  q u a n 
tu m  m e c h a n ic s ;  th e  c o n tin u o u s ly  e v o lv in g  r e la t iv i s t i c  th e o ry  of e le m e n ta ry  
p a r t i c le s ,  w h ich  c a n  by no m e a n s  b e  t e r m e d  " f in is h e d "  ( f r e e  f ro m  in te rn a l  
c o n t r a d ic t io n s ) .

S in c e  th e  r e la t iv i s t i c  th e o ry  o f e le m e n ta ry  p a r t i c le s  r e p r e s e n ts  a  n a tu ra l  
g e n e r a l iz a t io n  a n d  d e v e lo p m e n t o f n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  in to  
th e  r e g io n  o f h ig h  e n e r g ie s ,  th e  tw o th e o r ie s  m u s t b e  c o n s id e r e d  a s  an  u n 
b ro k e n  u n ity . F r o m  th is  it  fo llo w s  th a t  th e  p e c u l ia r i ty  o f th e  r e la t io n s  of 
th e  r e la t iv i s t i c  th e o ry  ca n n o t be  u n d e rs to o d  u n le s s  on e  b a s e s  o n e s e lf  on the  
fu n d a m e n ta l  c o n c lu s io n s  o f n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s .  It is  t h e r e 
fo r e  n a tu r a l  to  b eg in  w ith  an  a n a ly s i s  of th e  n o n r e la t iv i s t i c  th e o ry  and  to 
s e e k  l a t e r  to  d i s c o v e r  w h a t new  e le m e n ts  a r e  in t ro d u c e d  in to  th is  a n a ly s is  
by  th e  r e la t iv i s t i c  th e o ry .

T h e  p h i lo so p h ic a l  p ro b le m s  of n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  h av e  
b e e n  d i s c u s s e d  in  n u m e r io u s  w o rk s  by S o v ie t a s  w e ll a s  fo re ig n  p h y s ic is ts  
a n d  p h i lo s o p h e rs .  T h e  d e b a te  is  s t i l l  co n tin u in g  to d ay  ( p a r t ic u la r ly  c o n 
c e r n in g  a t te m p ts  to  g iv e  a  new  in te r p r e ta t io n  of th e  m a th e m a tic a l  a p p a ra tu s ,  
th e  v a l id i ty  o f w h ich  is  n o t c o n te s te d ) .

We w ill  no t s e e k  to e x te n d  th e s e  d is c u s s io n s  o r  to  a n a ly z e  a t te m p ts  a t 
v a r io u s  in t e r p r e t a t i o n s .  New c o n tr ib u t io n s  ca n  b e  m ad e  h e r e  on ly  by g e n e r 
a l iz in g  fu n d a m e n ta l  r e s u l t s  o b ta in e d  in th e  r e la t iv i s t i c  th e o ry .

A s to  th e  in t e r p r e t a t i o n  o f n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s ,  th e  m o s t 
lu c id  a c c o u n t o f th is  is  g iv en , in  o u r  o p in io n , by V .A . F o k * .

We s h a l l  b r ie f ly  c o n s id e r  th e  th r e e  fu n d a m e n ta l  c h a r a c t e r i s t i c s  o f th e  
r e la t io n s  r e v e a le d  by  n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s ,  s t r e s s i n g  th e i r  
p ro fo u n d  d i s s im i l a r i t y  f ro m  th e  c l a s s i c a l  la w s . A ll o f th e s e  c h a r a c t e r i s 
t i c s ,  a s  a l r e a d y  m e n tio n e d , a r e  due to  th e  f in i te n e s s  o f P la n c k 's  c o n s ta n t h.

L e t u s  r e c a l l ,  in p a r t i c u la r ,  th a t  s im p ly  fro m  th e  fa c t  th a t  A £>/t ( S -  
a c tio n )  o n e  a u to m a t ic a lly  o b ta in s  H e is e n b e r g 's  u n c e r ta in ty  r e la t io n * *  
& pbq^. k  ( s in c e  h S ~ b p b q ) .

F i r s t  c h a r a c t e r i s t i c .  A m ic r o p a r t i c l e  d o e s  not hav e  a  t r a j e c to r y .  
T h e  re la t iv i ty * * *  a n d  r e s t r i c t e d  re g io n  o f a p p lic a tio n  o f su c h  c l a s s i c a l  c o n 
c e p ts  a s  p an d  g (a n d  o th e r s )  a r e  r e v e a le d . T h is  le a d s  to  th e  r e la t iv i ty  of 
th e  d iv is io n  o f m a t t e r  in to  fie ld  an d  m a t t e r  an d  to  w a v e - p a r t ic le  d u a li ty  in 
th e  r e f le c t io n  of th e  p r o p e r t i e s  of m ic ro o b je c ts  in th e  lan g u a g e  of c l a s s i c a l  
c o n c e p ts .  T h e  e s s e n c e  o f th is  d u a li ty  r e s id e s  in  th e  fa c t  th a t  fo r  the f i r s t  
t im e  w e h a v e  c o m e  up a g a in s t  th e  im p o s s ib i l i ty  of d e s c r ib in g  (o r  even  im 
ag in in g ) th e  p r o c e s s  o f p ro p a g a tio n  of an  " e le m e n ta r y " ,  " in d iv is ib le "  q u a n 
tu m  o b je c t  in  s p a c e  an d  t im e , e i t h e r  a s  th e  m o tio n  of a  p a r t i c le  o r  a s  th e  
p ro p a g a t io n  o f a  w av e. A q u an tu m  o b je c t  is  n e i th e r  th e  one n o r th e  o th e r .

* See Fok. V.A. Ob im erpretatsii kvantovoi mekhaniki ( Flic Interpretation of Quantum Mechanics), in 
a collection of papers entitled "Filosofskie voprysy sovrentennoi fiziki" (Philosophical Problems of Mod
ern Physics). Moscow. 1959.
It is often stated incorrectly in the philosophical literature that the uncertainty relation is a consequence 
of Schroedinger's equation. In reality it arises independently of Schroedinger's equation as soon as we 
apply the postulate that every physical quantity can be represented by an operator. Schroedinger's equa
tion represents a different postulate which helps to clarify the real meaning of this relation.

>>•’ The reference is to physical relativity which reflects the objective relationship between phenomena and 
the concepts which describe them.
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In a d d it io n  a  q u an tu m  o b je c t  p o s s e s s e s  s u c h  p r o p e r t i e s  (n o n r e d u c ib le  
to c l a s s i c a l  o n e s) a s  n o n lo c a liz a b i li ty ,  th e  id e n ti ty  o f p a r t i c le s  o f a  g iv en  
k ind  an d  th e  p r e s e n c e  of sp in .

On th e  o th e r  hand , th e  r e s t r i c t e d  a p p l ic a b i l i ty  o f c l a s s i c a l  c o n c e p ts  ( p 
an d  q in p a r t ic u la r )  to m ic ro o b je c ts  r e v e a ls  th e  n ee d  fo r  a  l e s s  r e la t iv e  
(m o s t a b s o lu te  fo r  th e  g iv en  le v e l  of know ledge) c h a r a c t e r i z a t io n  o f th e  
s t a t e s  of in d iv id u a l m ic ro o b je c t s .  S uch  a  c h a r a c t e r i z a t io n  is  r e p r e s e n te d  
by th e  ^ - fu n c tio n , w h ich  d e te r m in e s  the p ro b a b il i ty  o f a  g iv en  b e h a v io u r  of 
a  m ic ro o b je c t  u n d e r  s p e c if ie d  m a c ro c o n d i t io n s .

T h e s e c o n d  c h a r a c t e r i s t i c  w h ich  fo llo w s  f r o m  th e  f in i te n e s s  of 
h is  a  new  e le m e n t  in  th e  in t e r r e l a t i o n  an d  in te r a c t io n  o f m ic r o o b je c t  an d  
c l a s s i c a l  m a c r o in s tr u m e n t  (a s  a  n e c e s s a r y  in s t r u m e n t  o f c o g n itio n ) . N o n - 
r e la t iv i s t i c  q u an tu m  m e c h a n ic s  h a s  show n th a t  i t  is  im p o s s ib le  to a b s t r a c t  
o n e s e lf  c o m p le te ly  f ro m  th e  m e a n s  o f o b s e r v a t io n  w hen c h a r a c t e r i z in g  th e  
s ta te  of m ic ro o b je c ts .  A m ic r o p a r t i c l e  w ill b e h a v e  d i f fe re n t ly  ( f ro m  th e  
s ta n d p o in t  of p  an d  q) u n d e r  d if f e re n t  m a c ro c o n d i t io n s  an d  d e p e n d in g  on th e  
n a tu re  o f th e  m e a s u r e m e n t .  T h e  e s s e n c e  of th e  p ro b le m  ca n  b e  g r a s p e d  
on ly  by c o r r e c t ly  i n te r p r e t in g  th e  m e a n in g  of th e  ^ “fu n c tio n . D o e s th is  
q u a n tity  r e f e r  on ly  to th e  r e s u l t s  o f m e a s u r e m e n t  o r  d o e s  it  c h a r a c t e r i z e  
th e  o b je c tiv e  s ta te  o f the m ic ro o b je c t  b e f o re  (o r  a f te r )  m e a s u r e m e n t?  T h e s e  
a r e  e s s e n tia l ly  q u e s tio n s  r e la t in g  to  th e  n a tu re  of c o g n itio n  o f th e  e s s e n c e  
o f m ic ro o b je c ts  fro m  th e i r  m a c ro s c o p ic  m a n ife s ta t io n s .

T h e  ^ - fu n c tio n  d o es  no t d ep e n d  on th e  f in a l  s ta g e  o f m e a s u r e m e n t  a n d  is  
t h e r e f o r e  an  o b je c tiv e  c h a r a c t e r i z a t io n  of th e  in d iv id u a l q u an tu m  o b je c t.
On th e  o th e r  hand , i t  a ls o  r e f l e c ts  th e  p e c u l ia r i ty  o f the in te r a c t io n  o f m ic r o -  
an d  m a c ro o b je c ts ,  d e f in in g  th e  p ro b a b il i ty  fo r  a  g iv en  r e s u l t  o f m e a s u r e 
m e n t, i. e . , th e  s t a t i s t i c s  of the d i s tr ib u tio n  of th e  r e s u l t s  o f m e a s u r e m e n t  
of a  g iv en  p h y s ic a l  q u a n tity . B e fo re  m e a s u r e m e n t  i t  w ou ld  be m e a n in g le s s  
to  s p e a k  of th e  d is tr ib u tio n  o f an  in d iv id u a l p a r t i c le  o v e r ,  s a y , th e  m o m e n ta  
an d  c o o r d in a te s ,  s in c e  the c o n c e p ts  p  an d  q a r e  no t s im u l ta n e o u s ly  s u i te d  
to th e  c h a r a c te r iz a t io n  of th e  s ta te  o f a  m ic ro o b je c t .  T h e  o th e r  p o in t of 
v iew  -  w h ich  la y s  u n r e s t r a in e d  s t r e s s  on th e  fa c t  th a t  th e  ^ - fu n c t io n  r e f e r s  
on ly  to th e  r e s u l t s  of m e a s u r e m e n t  and  th a t it  is  th e r e f o r e  m e a n in g le s s  to 
s p e a k  of th e  o b je c tiv e  s ta te  o f th e  m ic ro o b je c t  b e f o re  m e a s u r e m e n t  -  t a c it ly  
a d m its  th e  p o s s ib il i ty  of e x tra p o la t io n  of th e  c l a s s i c a l  c o n c e p ts  p  an d  q to 
th e  b e h a v io u r  of th e  m ic ro o b je c t  b e fo re  m e a s u r e m e n t ,  b ey o n d  th e  re g io n  of 
th e i r  a p p lic a b ili ty .

H e re , a s  s t r a n g e  a s  it  m ay  s e e m , two o p p o s in g  i n t e r p r e t a t i o n s  c o n v e rg e :  
th e  p o in t of v iew  o f th e  C o p en h ag e n  sc h o o l, th a t  th e  in f lu e n c e  of m a c r o c o n 
d it io n s  on m ic ro o b je c ts  is  u n c o n tro l la b le  an d  th a t  of th e  p a r t i s a n s  o f " c a u s a l  
in te r p r e ta t io n " ,  who m a in ta in  th a t  we a r e  a s  y e t  u n a b le  to t r a c e  th e  m o v e 
m e n t of m ic ro o b je c ts  b e c a u s e  w e h av e s t i l l  no t r e c o g n iz e d  (in  th e  n o n r e la t i -  
v i s t i c  re g io n !)  a l l  of t h e i r  c h a r a c t e r i s t i c s .  N e ith e r  in te r p r e t a t i o n  c a n  be 
c a l le d  c o n s is te n t .  T h is  is  a ls o  show n by th e  s u b s e q u e n t d e v e lo p m e n t of 
n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  in to  th e  r e la t iv i s t i c  q u an tu m  th e o ry  of 
e le m e n ta ry  p a r t ic le s .

T h e  t h i r d  c h a r a c t e r i s t i c  is  th e  fu n d a m e n ta l  r o le  o f p ro b a b il i ty  
la w s  in  the re g io n  o f m ic ro p h e n o m e n a . F ro m  th e  f in i te n e s s  o f h an d  th e  u n 
c e r ta in ty  r e la t io n  it  fo llo w s  th a t  a  s in g le  in d iv id u a l p a r t i c le  c a n , f r o m  th e  
s ta n d p o in t  o f th e  c l a s s i c a l  c h a r a c t e r i s t i c s  (p  an d  q), " p o s s e s s "  an  e n t i r e  
s p e c tr u m  of v a lu e s . F ro m  th is  it  fo llo w s  th a t  s t a t i s t i c a l  d e s c r ip t io n  of 
m ic ro p h e n o m e n a  in  th e  la n g u a g e  o f c l a s s i c a l  c o n c e p ts  is  in e v i ta b le  an d  th a t
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f o r m u la tio n  o f th e  c a u s a l i ty  law  in th e  lan g u a g e  of th e s e  c o n c e p ts  is  im p o s 
s ib le  in  p r in c ip le .  It is  fo r m u la te d  in  th e  lan g u a g e  o f a  q u a n ti ty  w h ich  is  
n o t d i r e c t ly  o b s e r v a b le  -  th e  ^ - f u n c t io n .

In n o n r e la t iv i s t i c  q u a n tu m  m e c h a n ic s  th e  c o n c e p t of p ro b a b il i ty  is  p r i 
m a r y  an d  fu n d a m e n ta l .

In n o n r e la t iv i s t i c  q u a n tu m  m e c h a n ic s  we e n c o u n te r  fo r  th e  f i r s t  t im e  a 
c o m p le te ly  new  in t e r r e l a t i o n  b e tw e e n  s t a t i s t i c a l  an d  d y n a m ic a l  r e la t io n s h ip s .  
In c l a s s i c a l  p h y s ic s  th e  s t a t i s t i c a l  r e la t io n s  am o n g  a  la r g e  s e t  of p a r t i c le s  
r e p o s e  on d y n a m ic a l  law s  o f m o tio n  fo r  an  in d iv id u a l p a r t ic le .  Q u a n tu m  
m e c h a n ic s  r e v e a le d  th a t  m o re  g e n e r a l  p ro b a b il i ty  r e la t io n s  l ie  a t  a  d e e p e r  
le v e l  a t  th e  b a s e  of th e  d y n a m ic a l  law s o f m o tio n *  . D oes th is  m ea n  th a t 
in  an  e v e n  d e e p e r  s e n s e  th e  q u an tu m  r e la t io n s  c a n n o t be g o v e rn e d  by d y 
n a m ic a l  ( th o u g h  n o n c la s s ic a l)  la w s ?  In p r in c ip le  one ca n n o t s a y  th is  and  su c h  a 
p o s s ib i l i ty  c a n n o t b e  d is p ro v e d  by an y  c o n s id e r a t io n s  ly in g  o u ts id e  p h y s ic s .

H o w e v e r , to  a l l  a p p e a r a n c e s  th e  s u b s e q u e n t  d e v e lo p m e n t of q u an tu m  p h y 
s i c s  r e f u te s  su c h  a  p o s s ib il i ty .  L a t e r  w e s h a l l  s e e k  to  d e m o n s t ra te  th is  on 
th e  b a s i s  o f th e  r e la t iv i s t i c  q u a n tu m  th e o ry  of e le m e n ta ry  p a r t i c le s .

In c o n c lu s io n  it m ay  b e  s ta te d  th a t  th e  f in i te n e s s  o f the q u an tu m  o f a c tio n  
h r e v e a l s  th e  r e s t r i c t e d  a p p l ic a b i l i ty  o f m a c ro c o n c e p ts  (p , q an d  o th e r s )  to 
m ic r o o b je c t s  in  th e  re g io n  o f n o n r e la t iv i s t i c  v e lo c it i e s  ( v ^ c )  an d  r e f l e c ts  
th e  new  q u a n tu m  n a tu r e  o f th e  l a t t e r ;  the n ee d  a r i s e s  fo r  new  c o n c e p ts  
c h a r a c t e r i z in g  th e  s t a t e  o f in d iv id u a l m ic ro o b je c t s  (^ - fu n c tio n ) . F ro m  th e  
s ta n d p o in t  o f th e s e  c o n c e p ts  a  m ic r o p a r t i c l e  " p o s s e s s e s "  an  e n t i r e  s p e c 
t r u m  o f p o s s ib le  v a lu e s  o f p an d  q. H e n ce  th e  in e v i ta b i l i ty  o f a  p ro b a b il i s t i c  
b e h a v io u r  of a  m ic r o p a r t i c l e  u n d e r  s p e c if ie d  m a c ro c o n d i t io n s .  T h e  p r o b a 
b i l i ty  la w s  b e c o m e  p r im a r y .  In th is  s e n s e  it  m ay  b e  s a id  th a t  a c c id e n ta l  
(p r o b a b i l is t i c )  r e la t io n s  l ie  a t  th e  b a s e  o f th e  d y n a m ic a l  ( " n e c e s s a r y " )  la w s .

T h u s  th e  q u a n tu m -m e c h a n ic a l  d e s c r ip t io n  is  an  e x a m p le  o f th e  b r i l l ia n t  
r e s o lu t io n  (in  th e  n o n r e la t iv i s t i c  re g io n  of e n e r g ie s )  of th e  c o n tra d ic t io n  b e 
tw e e n  th e  q u a n tu m  n a tu r e  o f m ic r o o b je c t s  an d  th e  id e a  o f the e x is te n c e  o f 
c l a s s i c a l  i n s t r u m e n ts  (o r ,  in  m o re  g e n e r a l  fo rm , b e tw e e n  th e  f o r m e r  and  
c l a s s i c a l  id e a s  c o n c e rn in g  s p a c e  an d  t im e ) . T h e  e s s e n c e  o f th is  c o n t r a d i c 
t io n  l i e s  in  th e  f a c t  th a t  w e ca n n o t in t ro d u c e  th e  c o n c e p ts  p an d  q if  we a r e  
to  lo o k  a t  a l l  b o d ie s  fro m  th e  q u a n tu m -m ic r o s c o p ic  s ta n d p o in t , i. e. , if we 
a r e  no t to  a s s u m e  th e  e x is te n c e  of c l a s s i c a l  o b je c ts  o f in f in ite  m a s s  an d  i n 
f in i te s im a l  s iz e .

W e w ill  now a t te m p t  to  s e t  dow n th e  new  e le m e n ts  in t ro d u c e d  in to  the 
fu n d a m e n ta l  c h a r a c t e r i s t i c s  o f n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  m e n tio n e d  
ab o v e  by  f u r th e r  d e v e lo p m e n t of th is  b ra n c h  an d  i ts  g e n e ra l iz a t io n  in to  th e  
re g io n  o f h igh  ( r e l a t i v i s t i c )  e n e r g ie s .  O u r c o n c e rn  w ill b e  w ith  the p r e s e n t  
r e la t iv i s t i c  th e o ry  o f e le m e n ta r y  p a r t i c le s .  In i t s  m o s t c o m p le te  d e v e lo p 
m e n t th is  th e o ry  s h o u ld  e x p la in  bo th  th e  e x is te n c e  of an d  th e  t r a n s f o r m a t io n s  
a m o n g  th e  v a r io u s  e le m e n ta r y  p a r t i c le s  ( th e  n u m b e r  of w h ich  a l r e a d y  e x 
c e e d s  t h i r ty  an d  c o n tin u e s  to  in c r e a s e ! ) .  T h e  m o s t s t r ik in g  e x p e r im e n ta l  
f a c t  d is t in g u is h in g  r e la t iv i s t i c  q u an tu m  c o n c e p ts  f ro m  n o n r e la t iv i s t i c  o n e s  
is  th e  m u ltip l ic a t io n  an d  t r a n s m u ta b i l i ty  o f in te r a c t in g  p a r t i c le s  a s  w e ll a s  
th e  e x is te n c e  o f an  in t im a te  c o n n e c tio n  am o n g  th e  q u a n t i t ie s  w h ich  c h a r a c 
t e r i z e  s u c h  in te r a c t io n s .  A r e la t iv i s t i c  q u an tu m  th e o ry  o f e le m e n ta ry  p a r t i c le s  
* In other words, in contrast with classical relations no refinement of earlier observations will lead to a 

single- valued prediction of the result of measurement (see F o k. V. A. Ob interpretatsii kvantovoi 
mekhaniki, Op. cit. , p. 165).
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sh o u ld  be  the m a th e m a tic a l ly  c lo s e d  th e o ry  o f su c h  p h e n o m e n a . I ts  
m a th e m a tic a l  a p p a r a tu s  sh o u ld  s y n th e s iz e  r e la t iv i s t i c  ( th e  new c o n s ta n t  c 
e n te r s  o rg a n ic a l ly )  an d  q u an tu m  (c o n s ta n t  h) id e a s .

T h e  t ro u b le  is  th a t  a t  p r e s e n t  no su c h  th e o ry  e x i s t s .  M o re  p r e c i s e ly ,  
h o w e v e r, on e  m ig h t s a y  th a t  it  w a s la u n c h e d  long  ag o  ( in  th e  t h i r t i e s ) ,  is  
c o n tin u o u s ly  d e v e lo p in g  an d , d e s p i te  a l l  (p o s s ib ly  se e m in g )  in te r n a l  c o n t r a 
d ic tio n s , m u s t  in e v ita b ly  le a d  to  th e  c r e a t io n  o f a  c o h e r e n t  r e la t iv i s t i c  q u a n 
tum  th e o ry  of e le m e n ta ry  p a r t i c le s .  Ju d g in g  by th e  l a t e s t  a d v a n c e s  w e do 
no t h av e  long  to  w a it . T h is  is  w i tn e s s e d  by m an y  f a c t s .  In th e  f i r s t  p la c e , 
th e r e  a r e  a l r e a d y  a t  p r e s e n t  two p r in c ip a l  a p p r o a c h e s  to  th e  s o lu tio n  of 
p ro b le m s  fa c in g  th e  r e la t iv i s t i c  th e o ry . W hile  it  is  t r u e  th a t  bo th  a r e  b a s e d  
so  f a r  on s p e c if ie d  c h a r g e s ,  m a s s e s  an d  s p in s  o f know n e le m e n ta r y  p a r t i 
c le s ,  th e r e  a r e  h o p e s  th a t  th is  r e s t r i c t i o n  w ill so o n  b e  o v e r c o m e . T h e  f i r s t  
a p p r o a c h  is  r e la t iv i s t i c  f ie ld  th e o ry , w h ich  s t a r t s  f ro m  th e  a s s u m p tio n  
th a t  th e r e  e x is t s  a  s e c o n d  q u a n tiz e d  p ro b a b il i ty  a m p litu d e , i. e . , r e s t s  on 
th e  m eth o d  of s e c o n d  q u a n tiz a tio n  and  th e  d y n a m ic a l  e q u a tio n s  fo r  G r e e n 's  
fu n c tio n s . Q uan tu m  fie ld  th e o ry  h a s  b ee n  m o s t s u c c e s s f u l  in th e  re g io n  of 
e le c t ro m a g n e tic  an d  w eak  in te r a c t io n s  (a t  no t e x c e s s iv e ly  h igh  e n e r g ie s ) .
T h e  q u e s tio n  of the  a p p l ic a b i l i ty  of q u an tu m  f ie ld  th e o ry  to th e  r e g io n  of 
s t ro n g  in te r a c t io n s  an d  h ig h  e n e r g ie s  s t i l l  r e m a in s  o p en . W h e th e r  th e  d i f 
f ic u l t i e s  in h e re n t  to it  a r e  of a  fu n d a m e n ta l  n a tu re  is  a t  p r e s e n t  u n c le a r .
It m ay be  th a t  it  is  b a s e d  on e x c e s s iv e ly  d e ta ile d  an d  in te r n a lly  c o n t r a d i c 
to ry  a s s u m p tio n s .

T h e  se c o n d  a p p ro a c h , w h ich  h a s  b e e n  in te n s iv e ly  d e v e lo p e d  in r e c e n t  
y e a r s  ( p a r t i c u l a r ly  in a p p l ic a t io n  to s t ro n g  in te r a c t io n s ) ,  is  th e  s o - c a l l e d  
a x io m a tic  a p p ro a c h  o r  ^’- m a t r ix  m eth o d . I ts  fu n d a m e n ta l  id e a  is  to  be  d e a l 
ing  in the th e o ry  w ith  p h y s ic a lly  m e a n in g fu l q u a n t i t ie s  o n ly , o r  w ith  th e  m a 

t r ix  e le m e n ts  of th e  A - m a tr ix  fo r  r e a l  p a r t i c le s  (/>; =  =  m]) on ly . T h is
a p p ro a c h  h a s  l ik e w ise  b e e n  a s s o c ia te d  w ith  a  w h o le  s e r i e s  o f a d v a n c e s  in 
th e  r e la t iv i s t i c  q u an tu m  th e o ry  of e le m e n ta ry  p a r t i c le s .  C o n s id e r a b le  h o p es 
h av e  b ee n  p la c e d  in it. How d ee p  is  th e  d if fe re n c e  b e tw e e n  th e  tw o a p 
p ro a c h e s  w ill b e c o m e  c l e a r  in th e  n e a r  fu tu re .  It is  no t e x c lu d e d  th a t  e a c h  
(o n e -s id e d ly )  p r o je c t s  so m e  c h a r a c t e r i s t i c  f e a tu r e s  o f th e  " t r u e "  th e o ry  of 
e le m e n ta ry  p a r t i c le s  an d  h a s  i ts  own re g io n  o f a p p l ic a b i l i ty .

We h av e  p re s e n te d  th e s e  len g th y  c o n s id e r a t io n s  in  o r d e r  to  s t r e s s  th e  
fa c t  th a t  a  th e o ry  of e le m e n ta ry  p a r t i c le s  e x is t s ,  though  in  u n f in is h e d  fo r m . 
M o re o v e r , so  f a r  th e  two a p p r o a c h e s  d is p la y  no q u a l i ta t iv e  d iv e rg e n c e  b e 
tw een  th e i r  p re d ic t io n s  an d  e x p e r im e n t .  M o st of th e  fu n d a m e n ta l  p r e d i c 
tio n s  o f the m o d e rn  th e o ry  o f e le m e n ta ry  p a r t i c le s  h a v e  b e e n  c o n f ir m e d  by 
e x p e r im e n t .

A ll th is  is  e v id e n c e  th a t  th e  id e a s  u n d e r ly in g  th e  m o d e rn  th e o ry  o f e l e 
m e n ta r y  p a r t i c le s  a r e  c o r r e c t .  A n a ly s is  o f new  f e a tu r e s  o f th is  th e o ry  
w h ich  d is tin g u is h  i t  f ro m  n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  s h o u ld  h e lp  
d e l in e a te  th e  t r e n d s  of d e v e lo p m e n t o f th e  th e o ry  a n d  of o u r  id e a s  c o n c e r n 
ing  m ic ro p h e n o m e n a .

A ll o f th e  fu n d a m e n ta l  t r a i t s  o f th e  r e la t iv i s t i c  th e o ry  l i s t e d  belo w  fo llow  
in so m e  fo rm  o r  o th e r  fro m  th e  n o n c o n s e rv a t io n  o f th e  n u m b e r  an d  n a tu r e  
o f r e la t iv i s t i c  p a r t i c le s  in th e  p r o c e s s  of in te ra c t io n *  .

F i r s t  f e a t u r e .  T h e  r e la t iv i s t i c  q u an tu m  th e o ry  of e le m e n ta r y  p a r t i 
c le s  d i s c lo s e s  th e  ev e n  d e e p e r  r e la t iv i ty  an d  r e s t r i c t e d  a p p l ic a b i l i ty  of 
® Thus (unless otherwise staled) these features are not related to any particular mathematical formulation 

of the theory (to, say. the first or second approach).
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c l a s s i c a l  c o n c e p ts  a s  w e ll  a s  o f a  n u m b e r  o f fu n d a m e n ta l  c o n c e p ts  of n o n - 
r e la t iv i s t i c  q u a n tu m  m e c h a n ic s ;  a t  th e  s a m e  t im e  i t  r e v e a l s  th e  n ee d  fo r  
a  m o r e  a b s o lu te  (in d e p e n d e n t of c o n d it io n s  o f m e a s u r e m e n t  and , t h e r e f o r e ,  
o b je c tiv e )  c h a r a c t e r i z a t io n  o f th e  s ta te  o f in te r a c t in g  r e la t iv i s t i c  p a r t i c le s .

In th e  f i r s t  p la c e ,  th e  s t a t e  o f su c h  p a r t i c le s  ca n n o t b e  r e p r e s e n te d  by 
th e  ^ - f u n c t io n  o f a  s p e c if ie d  n u m b e r  of p a r t i c le s  ev e n  w ith  a  r e la t iv i s t i c  
f o r m u la tio n  o f th e  e q u a tio n  fo r  r|>.

T h e  ^ - f u n c t io n  o f n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  th u s  b e c o m e s  m e a n 
in g le s s  in  th e  h ig h  e n e rg y  re g io n .

How is  th e  s t a t e  o f e le m e n ta r y  p a r t i c le s  c h a r a c t e r i z e d  in r e la t iv i s t i c  
q u a n tu m  th e o ry ?

It fo llo w s  f r o m  th e  m u ltip l ic a t io n  an d  in te r t r a n s m u ta t io n  of p a r t i c le s  
th a t  th e s e  r e p r e s e n t  a  s y s te m  w ith  an  in f in ite  n u m b e r  o f d e g r e e s  o f f r e e d o m .

E a c h  d e g r e e  o f f r e e d o m  c a n  b e  a s s o c ia te d  w ith  a q u a n ti ty  c h a r a c t e r i z in g  
th e  p ro b a b il i ty  o f t r a n s i t io n  w ith  a s p e c if ie d  n u m b e r  o'" p a r t i c le s  of a  d e 
f in i te  k in d  (in  th e  in i t i a l  an d  f in a l  s ta te s ) .  Such  q u a n t i t ie s  a r e  c a l le d  e l e 
m e n ts  o f th e  ^ - m a t r ix  o r  t r a n s i t io n  a m p li tu d e s .

In r e la t iv i s t i c  q u an tu m  th e o ry  o f e le m e n ta r y  p a r t i c le s  th e  s ta te  o f i n t e r 
a c t in g  p a r t i c le s  is  th e r e f o r e  c h a r a c t e r i z e d  by  an  in f in ite  s e t  o f i n t e r r e l a t e d  
t r a n s i t i o n  a m p li tu d e s .  T h e  a im  of th e  th e o ry  is  to  find  th e s e  a m p li tu d e s .

W hen o n e  g o e s  to  th e  n o n r e la t iv i s t i c  l im i t ,  i. e. , fo r  c —► oc, th en , ro u g h 
ly  sp e a k in g , o u t o f a l l  th is  s e t  t h e r e  r e m a in  th o s e  a m p li tu d e s  w hich  c o r r e s 
pond  to  p r o c e s s e s  w ith  c o n s e rv e d  n u m b e r  of p a r t i c le s ;  f u r th e r ,  th e s e  a m 
p l i tu d e s  th e m s e lv e s  lo s e  th e  s o - c a l l e d  p r o p e r ty  of " c r o s s in g  s y m m e try " ,  
o r  u n i v e r s a l i t y * .

Such  s p e c if ic a l ly  q u an tu m  p r o p e r t i e s  a s  n o n lo c a liz a b i li ty ,  id e n ti ty  and  
th e  c o n n e c tio n  b e tw e e n  sp in  an d  s t a t i s t i c s  r e c e iv e  a  n a tu r a l  e x p la n a tio n  in 
th e  r e la t iv i s t i c  th e o ry .  T h e  r e la t iv i s t i c  th e o ry  b r in g s  to  lig h t th e  f u r th e r  
r e la t iv i t y  o f th e  c o n c e p ts  of f ie ld  an d  p a r t ic le :  th e  l a s t  r e m n a n ts  of a  d i 
v e r g e n c e  b e tw e e n  th e  c l a s s i c a l  f ie ld  an d  th e  q u an tu m  p a r t i c le  ( p r e s e n t  m 
n o n r e la t iv i s t i c  q u a n tu m  m e c h a n ic s )  v a n ish . T h e i r  p ro fo u n d  in te r n a l  id e n 
t i ty  is  r e v e a le d .

F r o m  th e  s ta n d p o in t  of q u an tu m  f ie ld  th e o ry ,  a  p a r t i c le  is  a  q u an tu m  of 
e x c i ta t io n  o f a  c o r r e s p o n d in g  f ie ld . T h e  c o n c e p ts  of p a r t i c le  an d  fie ld  a r e  
fu s e d  in  th e  s in g le  c o n c e p t o f th e  q u a n tiz e d  f ie ld . In th e  in te ra c t io n  o f d i f 
f e r e n t  q u a n tiz e d  f ie ld s  th e  q u a n ta  m ay  b e  s c a t t e r e d ,  m u ltip lie d , c o n v e r te d  
in to  q u a n ta  o f o th e r  k in d s . H e re  th e  f ie ld  h a s  th e  m o re  fu n d a m e n ta l  r o l e * * .

T h e  d ia le c t ic s  o f th e  c o n c e p t " e le m e n ta r y  p a r t i c le "  is  p a r t i c u la r ly  w e ll 
i l lu s t r a t e d  by  a n a ly z in g  su c h  c o n c e p ts  a s  p o in t p a r t i c le s ,  th e  in te ra c t io n  
an d  th e  s t r u c t u r e  of e le m e n ta r y  p a r t i c le s .  In th is  th e o ry  ev en  a  s in g le  f r e e

p a r t i c le  c a n n o t b e  lo c a liz e d  in  a  r e g io n  o f s p a c e  , w h e re  m is  th e  m a s s

o f th e  p a r t i c le ;  c o n s e q u e n tly  e v e n  in  th e  a b s e n c e  o f in te ra c t io n  on e  ca n n o t 
s p e a k  o f " p o in t"  p a r t i c le s .  In t ro d u c tio n  o f in te r a c t io n  r e s u l t s  in th e  p a r t i 
c l e s  " s m e a r in g  o u t"  an d  a s s u m in g  a s p a c e - t im e  s t r u c tu r e .  D e sp ite  th e  fa c t  
th a t  in  th e  r e la t iv i s t i c  th e o ry ,  j u s t  a s  in  n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s ,
• On the subject of universality and crossing symmetry see, for example. Be res t e t sk i i, V. B. Dina- 

micheskie svoistva elementarnykh chastiis i reoriya mairiisy rasseyaniya (Dynamical Properties of Ele
mentary Particles and the Theory of the Scattering Matrix). Uspekhi Fizicheskikh Nauk (henceforth cited 
as "UFN"), Vol. LXXV11, No. 1. 1962.

•• Concerning quantum-field concepts see F ren k e  1', Ya.l. Zamechaniya k kvantovo-polevoi teorii
materii (Remarks on a Quantum-Field Theory of Matter); B lo k h in tse v . D.I. Elementarnye chasiilsy 
i pole (Elementary Particles and the Field), "UFN", Vol. XLI1, No. 1. 1950.
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n o n in te ra c t in g  p a r t i c le s  a r e  c h a r a c t e r i z e d  by su c h  p r o p e r t i e s  a s  m a s s ,  
c h a rg e ,  sp in  an d  so  on an d  do no t p o s s e s s  an  i n te r n a l  s t r u c t u r e  ( i n t e r n a l  
d e g r e e s  of f r e e d o m ), th e  p ro fo u n d  d i s s im i l a r i t y  b e tw e e n  p a r t i c le s  in  n o n -  
r e la t iv i s t i c  q u an tu m  m e c h a n ic s  an d  th o s e  in  th e  r e la t iv i s t i c  th e o ry  is  m a n i 
fe s te d  d u r in g  in te r a c t io n .  T h u s  in th e  l a t t e r  th e  c o n c e p t o f s t r u c t u r e  c a n n o t 
b e  s e p a r a te d  fro m  in te ra c t io n :  s t r u c t u r e  is  r e v e a le d  in  i n te r a c t io n .  It 
w ou ld  b e  m e a n in g le s s  to  s p e a k  of a  s t r u c t u r e  o f e le m e n ta r y  p a r t i c le s  "by  
th e m s e lv e s " 'w i th o u t  c o n s id e r in g  th e i r  in te r a c t io n s .  F r o m  th e  s ta n d p o in t  
of the id e a s  o f o r d in a r y  q u an tu m  m e c h a n ic s  th is  m e a n s ,  ro u g h ly  sp e a k in g , 
th a t  in o r d e r  to o b ta in  th e  c o r r e c t  e x p r e s s io n  fo r  th e  s c a t t e r in g  of, s a y , two 
e le m e n ta ry  p a r t i c le s ,  w e m u s t r e g a r d  th e s e  p a r t i c le s  a s  b e in g  " s m e a r e d  
in  s p a c e - t im e .  In th e  r e la t iv i s t i c  th e o ry  th is  r e s u l t  i s  th e  d i r e c t  c o n s e 
q u en c e  of th e  m a th e m a tic a l  a p p a ra tu s  of th e  th e o ry ,  d e s p i te  th e  p o in t c h a r 
a c t e r  of th e  in te ra c t io n  of q u a n tiz e d  f ie ld s .  T h u s  in  th e  fo re g o in g  s e n s e  th e  
p r e s e n c e  o f s p a c e - t im e  s t r u c t u r e  in p a r t i c le s  no t on ly  f a i l s  to  c o n t r a d ic t  
th e  s p e c ia l  th e o ry  of r e la t iv i ty ,  b u t fo llo w s  n e c e s s a r i l y  f ro m  i t s  fu s io n  w ith  
q u an tu m  id e a s .

It is  s o m e t im e s  s ta te d  th a t  th e  th e o ry  o f r e la t iv i ty  r e q u i r e s  th a t  e l e m e n 
t a r y  p a r t i c le s  be  r e g a r d e d  a s  p o in t p a r t i c le s .  A s s e r t io n s  to  th is  e f fe c t  h av e  
b e e n  m ad e , fo r  e x a m p le , by Y a. P . T e r l e t s k i i * .  H o w e v e r , a s  we saw  e a r 
l i e r ,  th ey  ru n  c o u n te r  to th e  r e a l  s i tu a t io n  in  th e  r e la t iv i s t i c  th e o r y  o f e l e 
m e n ta r y  p a r t i c le s .  T o  in f e r  th e  n ee d  fo r  a  r e v is io n  of id e a s  a b o u t s p a c e  
an d  t im e , w ith  th e  e x p e r im e n ta l  d is c o v e r y  o f s t r u c t u r e  in  p a r t i c le s  c i te d  
a s  e v id e n c e , is , to  s a y  th e  l e a s t ,  p r e m a tu r e .  S hou ld  s u c h  a  r e v is io n  p ro v e  
in e v ita b le , it w ill in  a l l  p ro b a b il i ty  h av e  a  d e e p e r  b a s i s .  In th is  c o n n e c tio n  
it s e e m s  to u s  th a t  p h ilo so p h ic a l  p re d ic t io n s  c o n c e rn in g  p o s s ib le  p a th s  of 
d e v e lo p m e n t of s c ie n c e  sh o u ld  b e  m a d e  w ith  g r e a t  c a u tio n .

S e c o n d  f e a t u r e .  A s c o m p a re d  w ith  n o n r e la t iv i s t i c  q u a n tu m  m e c h a n 
ic s ,  th e  r e la t iv i s t i c  th e o ry  r e v e a ls  a  d e e p e r  i n t e r r e l a t i o n  b e tw e e n  th e  s t a t e s  
o f th e  m ic ro o b je c t  an d  m a c r o in s t r u m e n t  an d  a  y e t  g r e a t e r  r e la t iv i t y  w ith  
r e s p e c t  to  th e  m e a n s  of o b s e r v a t io n . In n o n r e la t iv i s t i c  q u a n tu m  m e c h a n ic s  
(s e c o n d  c h a r a c t e r i s t i c )  r e la t iv i ty  w ith  r e s p e c t  to  th e  m e a n s  o f o b s e r v a t io n  
is  m a n ife s te d ,  in  p a r t i c u la r ,  in th e  fa c t  th a t  u n d e r  c e r t a in  c o n d it io n s  th e  
e le c t r o n  ca n  h av e  a  d e f in ite  m o m en tu m  an d  u n d e r  o th e r  c o n d it io n s  a  d e f in ite  
p o s itio n . T h u s  to  s p e a k  of th e  p o s itio n  (o r  m o m e n tu m ) o f an  e le c t r o n  w ith in  
th e  f r a m e w o r k  of n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  is  m e a n in g fu l o n ly  a f te r  
th e  a c tio n  o f a  d e f in ite  m a c r o in s t r u m e n t  on th e  e le c t r o n .  In r e la t iv i s t i c  
th e o ry  even  u n d e r  d e f in ite  m a c ro c o n d i t io n s  i t  is  m e a n in g le s s  to  s p e a k  o f th e  
p o s itio n  of a  g iv en  e le c tro n * *  if  it  is  i n te r a c t in g  w ith  a  r e la t iv i s t i c  p a r t i c le  
o r  if  w e w ish  to  m e a s u r e  i ts  p o s itio n  w ith  an  a c c u r a c y  o f <^hlmc. T h is  f o l 
low s fro m  th e  e x p e r im e n ta l  fa c t  of i n t e r t r a n  ;m u ta b ili ty  an d  m u ltip l ic a t io n  
in th e  in te ra c t io n  of r e la t iv i s t i c  p a r t i c le s .

H e re  th e  new  e le m e n t  a s  c o m p a re d  w ith  n o n r e la t iv i s t i c  q u a n tu m  m e c h a n 
ic s  is  th a t , h av in g  d is c o v e r e d  a  c e r t a in  n u m b e r  of p a r t i c le s  a s  a  r e s u l t  o f 
m e a s u r e m e n t  ( le t  us s a y  on a  p h o to g ra p h ic  p la te ) , w e c a n  s a y  n o th in g  a b o u t 
th e  n u m b e r  and  k ind  o f p a r t i c le s  p re s 'e n t  b e f o re  m e a s u r e m e n t :  th e s e  c o n 
c e p ts  a r e  no t a p p l ic a b le  to  th e  c h a r a c t e r i z a t io n  o f th e  s t a t e  o f i n te r a c t in g  
r e la t iv i s t i c  p a r t i c le s .  T h u s  if  in  n o n r e la t iv i s t i c  q u a n tu m  m e c h a n ic s  i t  is

See, for example, his article in the present book. 
eo There is a considerable disparity between the momentum and coordinate representations in the relativistic

quantum theory of elementary particles.
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m e a n in g le s s  to  s p e a k  o f th e  d is tr ib u tio n  o f p a r t i c le s  o v e r  th e  m o m e n ta  b e 
fo r e  m e a s u r e m e n t ,  in  th e  r e la t iv i s t i c  th e o ry  it  is  l ik e w is e  m e a n in g le s s  to 
s p e a k  o f th e  d i s tr ib u tio n  o v e r  ty p e s  a n d  s o r t s  of p a r t i c le s  b e f o re  m e a s u r e 
m e n t.

B e fo r e  m e a s u r e m e n t  a  s y s te m  o f in te r a c t in g  p a r t i c le s  is  c h a r a c t e r i z e d  
by  th e  e n t i r e  in f in ite  s e t  o f t r a n s i t io n  a m p li tu d e s  w h ich  d e te rm in e s  th e  p r o 
b a b i l i ty  o f a  c e r t a in  b e h a v io r  (in th e  s e n s e  of n u m b e r  a s  w e ll) o f th e  s y s 
te m  u n d e r  s p e c if ie d  m a c ro c o n d i t io n s .  T h is  is  an  o b je c tiv e  c h a r a c te r iz a t io n  
o f th e  s t a t e  b e c a u s e  i t  d o e s  n o t d ep e n d  on the f in a l  s ta te  o f m e a s u r e m e n t .

W e th u s  s e e  th a t  th e  p e n e tra t io n  of o u r  kno w led g e in to  th e  e s s e n c e  of 
m ic ro p h e n o m e n a  le a d s  to  an  u n u su a l s i tu a tio n : in s e p a r a t e  a c t s  of 
m e a s u r e m e n t  o f th e  c l a s s i c a l  m a n ife s ta t io n s  o f th is  e s s e n c e  (m o m e n ta , 
n u m b e r  o f p a r t i c le s  an d  so  on) w e o b ta in  r e la t iv e ly  s c a n t  in fo rm a tio n  c o n 
c e r n in g  th e  e s s e n c e  p r o p e r  an d  a t  th e  s a m e  t im e  u n c o v e r  an  e v e r  n a r r o w e r  
r e g io n  o f a p p l ic a b i l i ty  of th e  c l a s s i c a l  id e a s  fo r  th e  c h a r a c te r iz a t io n  o f th is  
e s s e n c e .  T h e  m ic r o e s s e n c e  o f p h e n o m e n a  is  so  p ro fo u n d  an d  so  d iv e r s e  
th a t  in d iv id u a l m a c ro m a n i f e s ta t io n s  ca n  r e v e a l  i t  on ly  p a r t i a l l y  o r  o n e - s id e d 
ly ; g e n e r a l ly  sp e a k in g , h o w e v e r, th e  i n f i n i t e  s e t  o f su c h  m a n ife s ta t io n s  
g iv e s  u s  th e  p o s s ib il i ty  o f i n f e r r in g  th e  o b je c tiv e  m ic r o e s s e n c e  of p h en o m e n a  
on th e  b a s i s  o f th e o r e t ic a l  c o n s id e r a t io n s  an d  e v o lv in g  r e p r e s e n ta t io n s  a d e 
q u a te  to  th is  e s s e n c e .  T h e s e  r e p r e s e n ta t io n s  b e c o m e  r i c h e r  an d  m o re  p r o 
fo und  b u t l e s s  o b v io u s .

T h e  t h i r d  f e a t u r e .  A s q u an tu m  c o n c e p ts  a r e  d e v e lo p e d  an d  e x te n d ed  
to  th e  re g io n  of r e la t iv i s t i c  e n e r g ie s  (an d , th e r e f o r e ,  to  s m a l l  s p a c e - t im e  
in te r v a ls )  th e  c o n c e p t c f  p ro b a b il i ty  a s s u m e s  an  in c r e a s in g ly  fu n d a m e n ta l  
im p o r ta n c e  in  th e  d e te rm in a t io n  of th e  s t a t e  of a  s y s te m . W ith in  th e  f r a m e 
w o rk  o f n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  i t  w a s in  p r in c ip le  p o s s ib le  to 
a s s u m e  th a t  th e  p ro b a b i l i s t i c  c h a r a c t e r  of th e  b e h a v io u r  of m ic ro o b je c ts  
u n d e r  s p e c if ie d  m a c ro c o n d i t io n s  w a s  g o v e rn e d  by "h id d e n "  p a r a m e te r s ,  s u b 
j e c t  to  d y n a m ic a l  e q u a tio n s  o f m o tio n  an d  h av in g  an  im m e d ia te  p h y s ic a l  
m e a n in g  b u t a s  y e t  unknow n f o r  so m e  re a s o n  o r  th e  o th e r .  T h e  d ev e lo p m e n t 
o f e x p e r im e n t  an d  th e o ry  a c tu a l ly  le d  to  th e  d is c o v e r y  of new  p a r a m e te r s  
d e te rm in in g  th e  s ta te  of in te r a c t in g  r e la t iv i s t i c  p a r t i c le s .  In th e  f i r s t  p la c e , 
h o w e v e r , i t  tu rn e d  o u t th a t  th e  n u m b e r  of su c h  in t e r r e l a t e d  p a r a m e te r s  w as 
in f in ite ;  in  th e  se c o n d  p la c e ,  an d  m o re  im p o r ta n t ly ,  th e s e  p a r a m e te r s  had  
a  p r o b a b i l i s t i c  m e a n in g  a n d  th e i r  p r e s e n c e  led  to a  s t i l l  m o re  p ro n o u n c e d  
s t a t i s t i c a l  b e h a v io u r  o f m ic r o o b je c t s  u n d e r  s p e c if ie d  m a c ro c o n d it io n s .

T h u s  w e s e e  th a t  th e  m o s t  c h a r a c t e r i s t i c  te n d e n c y  in  th e  d e v e lo p m e n t of 
th e  th e o ry ,  a s  i t  is  e x te n d e d  to  th e  r e g io n  of r e la t iv i s t i c  e n e r g ie s ,  i s  a s  
fo llo w s: i n c r e a s in g ly  d ee p  an d  c o n s i s te n t  r e je c t io n  of th e  a p p l ic a b i li ty  of 
c l a s s i c a l  c o n c e p ts  in  s m a l l  s p a c e - t im e  r e g io n s ,  in c r e a s in g ly  a b s t r a c t  c h a r 
a c t e r i z a t io n  of the s ta te ,  i n c r e a s in g ly  l im ite d  s p a c e - t im e  v is u a l iz a t io n .

T h is  is  m a n ife s te d  p a r t i c u la r ly  c l e a r ly  in th e  s o - c a l le d  d '-m a tr ix  m eth o d  
m e n tio n e d  e a r l i e r ,  w h ich  w a s s u c c e s s f u l ly  d ev e lo p e d  in r e c e n t  y e a r s .  In 
th is  m e th o d  an  a t te m p t  is  m a d e  to  re m o v e  th e  l a s t  r e m n a n ts  of s p a c e - t im e  
co n c e p ts  (x , t) f ro m  th e  m a th e m a tic a l  a p p a r a tu s .  T h e  th e o ry  ev en  r e je c t s  the 
a p p l ic a t io n  in  a  s m a l l  r e g io n  o f th e  v e r y  c o n c e p t of p ro b a b il i ty  to  th e  i n t e r 
a c t io n  o f r e la t iv i s t i c  p a r t i c le s .  T h is  a p p r o a c h  le a d s ,  in p a r t i c u la r ,  to  a 
u n if ie d  p o in t of v iew  on c o m p le x  an d  e le m e n ta ry  p a r t i c le s  (in c lu d in g  u n 
s ta b le  p a r t i c le s  an d  re s o n a n c e s )  an d  m ay  p o s s ib ly  p ro v e  c a p a b le  of s o lv in g
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th e  p ro b le m  o f th e  m a s s  s p e c tr u m  of e le m e n ta r y  p a r t i c le s  ( th e  m o s t  o p t i 
m is t ic  v iew ). If th is  h a p p e n s  th e n  a  th e o ry  lo g ic a l ly  c lo s e d  to  a  c e r t a in  
d e g re e *  w ill h av e  b ee n  c o n s t ru c te d ,  a p p a re n t ly  w ith o u t fu n d a m e n ta l  c h a n g e s  
in c l a s s i c a l  r e la t iv i s t i c  id e a s  c o n c e rn in g  s p a c e  an d  t im e  in  a  s m a l l  re g io n . 
H o w e v er , we fe e l  th a t  th e  c o n tra d ic t io n  b e tw e e n  th e  q u a n tu m  e s s e n c e  o f 
m ic ro p h e n o m e n a  an d  c l a s s i c a l  (th o u g h  r e la t iv i s t i c )  id e a s  c o n c e rn in g  s p a c e  
an d  t im e  ca n  b e  c o n s i s te n t ly  s o lv e d  on ly  by ch a n g in g  th e  l a t t e r .  A s to  w hen 
th is  w ill  h ap p e n , an d  in  w h a t d i r e c t io n , n o th in g  d e f in i te  ca n  b e  s a id  a s  y e t . . .

In c o n c lu s io n  th e  fo llo w in g  r e m a r k  is  in  o r d e r .  A t f i r s t  g la n c e  it  s e e m s  
a s  if  th e  d e v e lo p m e n t of new s p a c e - t im e  id e a s  in  a  s m a l l  re g io n  w ill  p e r m i t  
th e  c r e a t io n ,  in p a r t i c u la r ,  o f m o d e ls  o f q u an tu m  p h e n o m e n a . In r e a l i ty  
th e  d if f ic u lt ie s  in v o lv ed  in th e  s e t t in g  up o f su c h  a  m o d e l ( a l l  th e  m o re  so  
o f a  c l a s s i c a l  m o d e l) w ill  o n ly  in c r e a s e ,  a l th o u g h  o u r  k n o w led g e w ill  b e 
c o m e  e n r ic h e d  by d e e p e r  id e a s .  In th is  w e s e e  a  m a n ife s ta t io n  o f on e  of 
th e  c o n tra d ic t io n s  of h u m an  c o g n itio n . T h e r e  is  n o th in g  on e  c a n  do -  su c h  
is  th e  e s s e n c e  of o b je c tiv e  r e g u la r i t i e s  in n a tu r e  an d  th e  n a tu r e  o f th e i r  
e x p r e s s io n  in  th e  h u m an  m ind'.
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T H E  P R O B L E M S  O F  M ODERN A STRONOM Y AND PHYSICS 
O F  T H E  M ICRO W ORLD

V .A . A m b a r ts u m y a n

T h e  p h ilo so p h y  of s c ie n c e  is  o f c o n s id e r a b le  s ig n if ic a n c e  fo r  a s t ro n o m y . 
D e f in ite  p h ilo so p h ic a l  v ie w s  on n a tu re  f r e q u e n t ly  s e r v e  a s  a  fo u n d a tio n  fo r  
s e t t in g  up an d  so lv in g  m an y  f a r - r e a c h in g  p ro b le m s  of n a tu r a l  s c ie n c e ,  in 
c lu d in g  th e  s c ie n c e  o f th e  u n iv e r s e .  If c o r r e c t  p h ilo so p h ic a l  v ie w s  a r e  h eld  
a  c o r r e c t  a p p r o a c h  to  th e  s o lu tio n  o f c o n c re te  p ro b le m s  o f n a tu ra l  s c ie n c e  
c a n  a l s o  be  e v o lv e d . In p a r t i c u la r  it  is  e n t i r e ly  p o s s ib le  th a t  su c h  an  a p 
p ro a c h  w ou ld  le a d  to  m o re  ra p id  d i s c a r d in g  o f p re c o n c e iv e d  n o tio n s  r e s u l t 
in g  f ro m  in s u f f ic ie n t  k n o w led g e o f p h ilo so p h y  on th e  p a r t  o f th e  g iv en  in 
v e s t i g a to r  o r  fro m  h is  u t i l iz a t io n  o f a  p o o r p h ilo so p h y .

By p ro v id in g  a  f i r m  fo u n d a tio n  fo r  th e  th e s i s  th a t  m a t t e r  is  in w a rd ly  i n 
f in i te  an d  in e x h a u s t ib le  an d  th e  p r o p e r t i e s  o f th e  m a te r ia l  w o r ld  m an ifo ld , 
M a r x is t  p h ilo so p h y  c o m p e ls  th e  in v e s t ig a to r  c o n s ta n tly  to  s e e k  m a n ife s ta t io n s  
o f new , s t i l l  u n re v e a le d  r e g u la r i t i e s  o f n a tu re ,  an d  to find  d ee p  re la t io n s h ip s  
b e tw e e n  p h e n o m e n a  w h ich  a t  f i r s t  g la n c e  s e e m  s c a r c e ly  r e la te d .

T h e  d iv e r s i t y  an d  d ep th  o f th e  r e la t io n s h ip s  b e tw e e n  d if fe re n t  p h en o m e n a  
o f th e  m a te r ia l  w o r ld  m a y  b e  i l lu s t r a t e d  by  th e  on e  w h ich  r e la t e s  c e r ta in  
r e g u la r i t i e s  o f th e  a s t r o n o m ic a l  u n iv e r s e  an d  th e  p h y s ic s  o f the m ic ro w o r ld . 
H e re  w e w ill  c o n s id e r  o n ly  a  few a s p e c ts  o f th is  re la t io n s h ip .

T h e  v e r y  e x is te n c e  o f e le m e n ta r y  p a r t i c le s  is  o f fu n d a m e n ta l  im p o r ta n c e  
f o r  a l l  f ie ld s  o f n a tu r a l  s c ie n c e .  If th e  m a te r ia l  w o r ld  c o n s i s t s  of e le m e n 
t a r y  p a r t i c le s  th e n , o b v io u s ly , th e i r  e x is te n c e  sh o u ld  in s o m e  d e g r e e  be  fe lt  
i n  a l l  n a tu r a l  p h en o m e n a . T h e  p h en o m e n a  an d  r e g u la r i t i e s  s tu d ie d  by 
a s t ro n o m y  c a n n o t b e  an  e x c e p tio n  in th is  r e s p e c t .

L e t  u s  b eg in  w ith  th e  s im p le s t  e x a m p le . It is  w e ll know n th a t  m o d e rn  
a s t r o p h y s i c s  d e a ls  m a in ly  w ith  p r o b le m s  r e la t in g  to  th e  s t r u c tu r e  o f s t e l l a r  
a tm o s p h e r e s  an d  n e b u la e  a n d  to  i n t e r s t e l l a r  s p a c e .  F u r th e r ,  it b a s e s  i t 
s e l f  on th e  in fo rm a tio n  w e o b ta in  f ro m  th e s e  fo r m a t io n s :  fro m  s t a r s ,  f ro m  
s t e l l a r  a tm o s p h e r e s ,  f ro m  n e b u la e  an d  f ro m  c o s m ic  i n t e r s t e l l a r  m a s s e s .

T h is  in fo rm a tio n  re a c h e s  u s  m a in ly  by  m e a n s  o f e le c t ro m a g n e tic  w a v e s ,
i. e . , in  th e  fo rm  o f lig h t  and  ra d io  e m is s io n . C o rre s p o n d in g ly ,  two fu n d a 
m e n ta l  b r a n c h e s  o f m o d e rn  o b s e r v a t io n a l  a s t ro n o m y , o p t ic a l  a s t ro n o m y  and  
r a d io  a s t ro n o m y , h a v e  s p ru n g  up an d  a tta in e d  a  h ig h  d e g r e e  o f d e v e lo p m e n t. 
S in c e  e l e c t r o m a g n e tic  r a d ia t io n  c o n s i s t s  o f e le m e n ta r y  p a r t i c le s  -  p h o to n s  -  
w e m ay  c o n c lu d e  th a t  th e  in fo rm a tio n  re a c h e s  u s  in  th e  fo rm  o f s t r e a m s  of 
e le m e n ta r y  p a r t i c le s .

In a d d it io n  to  th e  e le c t r o m a g n e tic  ra d ia t io n  o f c e l e s t ia l  b o d ie s , o u r  o b 
s e r v a t io n a l  a p p a r a tu s  a l s o  r e c e iv e s  s t r e a m s  o f h ig h -e n e rg y  c h a rg e d  p a r t i c le s
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( th is  is  p a r t i c u la r ly  t r u e  o f th e  o b s e r v a t io n a l  m e d ia  in r o c k e ts  a n d  s a t e l 
l i te s ) .  T h e  in fo rm a tio n  c a r r i e d  by th e s e  p a r t i c le s  -  p ro to n s ,  io n s  an d  e l e c 
t ro n s  - i s  v e r y  d if f ic u lt  to d e c ip h e r  b e c a u s e  th e  m a g n e tic  f ie ld s  p r e s e n t  in 
c o s m ic  s p a c e  d e f le c t  th e s e  p a r t i c le s  fro m  th e i r  o r ig in a l  t r a j e c t o r i e s  in  a  
h ig h ly  ra n d o m  an d  i r r e g u l a r  m a n n e r .  T h e  s tu d y  o f th e s e  p a r t i c le s  h a s  n o n e 
th e le s s  a l r e a d y  y ie ld e d  in t e r e s t i n g  d a ta .

A p e r s o n  in the w a s h ro o m  of a  m o v in g  p a s s e n g e r  t r a in  w ou ld  n o t b e  a b le  
to d is tin g u is h  th e  o b je c ts  p a s s in g  by b e c a u s e  w a s h ro o m  w in d o w s a r e  u s u a l ly  
m ad e  of m a tt  g la s s .  H o w e v er , th e  s c a t t e r e d  lig h t w h ich  p e n e t r a t e s  th ro u g h  
th e  m a tt  g la s s  m ay  p ro v id e  s o m e , o c c a s io n a l ly  im p o r ta n t ,  in fo rm a tio n .
F o r  in s ta n c e , a  s h a r p  re d u c tio n  in th e  lig h t  p e n e t r a t in g  th ro u g h  th e  g la s s  
w ould  m ea n  th a t  th e  t r a in  h a s  e n te r e d  a  tu n n e l; i s o la te d  f la s h in g  g le a m s  
im m e d ia te ly  a f te r w a r d s  w ould  show  how w e ll  th e  tu n n e l is  i l lu m in a te d  by 
e le c t r i c  la m p s .

In th e  s a m e  w ay it w a s found th a t  in so m e  s o l a r  f l a r e s  c o n s id e r a b le  
s t r e a m s  o f c o s m ic  r a y s  a r e  fo rm e d . By c o m b in in g  d a ta  on c o s m ic  r a y s  
w ith  the in fo rm a tio n  g le a n e d  by r a d io a s t r o n o m ic a l  m e th o d s  it  w a s p o s s ib le  
to e s ta b l i s h  th a t  s o - c a l le d  d i s c r e t e  s o u r c e s  o f r a d io  e m is s io n ,  i. e . , ra d io  
n e b u la e  an d  ra d io  g a la x ie s ,  a r e  c e n t e r s  o f fo r m a t io n  o f h ig h -e n e rg y  p a r t i 
c le s .

If fo r m e r ly  th e  c o r p u s c u la r  n a tu re  o f e le c t r o m a g n e tic  r a d ia t io n  p la y e d  an  
in s ig n if ic a n t  ro le  in th e  a n a ly s i s  o f o p t ic a l  in fo rm a tio n  an d  ra d io  i n f o r m a 
tio n , now, a s  a  r e s u l t  o f th e  in c r e a s e d  s e n s i t iv i ty  of l ig h t  an d  ra d io  r e c e i v 
e r s ,  and  p a r t i c u la r ly  ow ing  to  th e  a p p l ic a t io n  of p ho ton  c o u n te r s ,  th is  fa c t  
h a s  b ee n  a s s u m in g  in c r e a s in g  im p o r ta n c e .  A s to c o s m ic  r a y s ,  th e  in f o r m a 
tio n  th ey  fu r n is h  is  o b ta in e d  e n t i r e ly  a s  a  r e s u l t  o f th e  c o u n tin g  an d  i n v e s t i 
g a tio n  o f in d iv id u a l p a r t i c le s .

R e c e n tly  a s t r o n o m e r s  h av e  s e r io u s ly  begun  to e n te r ta in  th e  h ope o f o b 
ta in in g  d i r e c t  in fo rm a tio n  c o n c e rn in g  th e  s t a t e  o f th e  i n t e r i o r  o f th e  Sun an d  
c e r ta in  o th e r  s t a r s  by th e  d e te c tio n  o f n e u tr in o s  e m it te d  d i r e c t ly  f r o m  th e  
c e n t r a l  r e g io n s  of th e s e  b o d ie s . So f a r  th e s e  n e u tr in o s  h a v e  no t b ee n  d e te c te d  
ow ing  to  t h e i r  s m a l l  n u m b e r , and  a ls o  b e c a u s e  th e  p r o b a b il i ty  o f d e te c t io n  
o f e a c h  n e u tr in o  by o u r  in s t r u m e n ts  is  n e g lig ib le . H o w e v er , th e  c o n s t r u c 
t io n  of s u f f ic ie n t ly  la r g e  in s t r u m e n ts  w ill  d o u b t le s s  m ak e  i t  p o s s ib le  to  fin d  
th e  n e u tr in o s  re a c h in g  u s  f r o m  o u te r  s p a c e .  F r o m  th e  p h i lo s o p h ic a l  p o in t  
of v iew  it is  v e r y  c u r io u s  to  b e  d e a lin g  w ith  the r e c o r d in g  o f e x c e e d in g ly  
r a r e  e v e n ts  of in te r a c t io n  b e tw e e n  n e u tr in o s  an d  n u c le i  o f t e r r e s t r i a l  m a t t e r ;  
e q u a lly  c u r io u s  is  th e  fa c t  th a t  in fo rm a tio n  c o n c e rn in g  p h e n o m e n a  w h ic h  u n 
ti l  r e c e n t ly  s e e m e d  in a c c e s s ib le  to  d i r e c t  o b s e r v a t io n  w ill  b e  o b ta in e d  f r o m  
p r e c i s e ly  su c h  r e c o r d in g  of in d iv id u a l e le m e n ta r y  p a r t i c le s .

A s a l l  o f th e s e  c i r c u m s ta n c e s  sh o w , no t o n ly  th e  a s t r o n o m ic a l  p h e n o m e n a  
th e m s e lv e s  bu t e v e n  th e  m e a n s  by w h ich  w e o b ta in  s c ie n t i f i c  in fo rm a tio n  on 
c e l e s t ia l  b o d ie s  a r e  c lo s e ly  r e la t e d  to  p h e n o m e n a  o f th e  m ic ro w o r ld .

T h e  m a t t e r  in th e  u n iv e r s e ,  w h ich  i s ,  in th e  l a s t  a n a ly s i s ,  an  a s s e m b ly  
of e le m e n ta ry  p a r t i c le s ,  is  c o l le c te d  in  v a r io u s  b o d ie s .  T h is  s e e m in g ly  
t r i v i a l  fa c t  g iv e s  r i s e  to a  g r e a t  m an y  q u e s t io n s .  M a t te r  is  c o l le c te d  in 
s t a r s ,  p la n e ts ,  n e b u la e  an d  i n t e r s t e l l a r  c lo u d s . L o o k in g  a t  th e  r e la t iv e  
a m o u n t o f m a t t e r  c o l le c te d  in b o d ie s  o f e a c h  ty p e , h o w e v e r , o n e  fin d s  th a t  
s ig n if ic a n t ly  m o re  th an  h a lf  o f a l l  th e  m a t t e r  in  th e  o b s e r v a b le  u n iv e r s e  is  
c o l le c te d  in s t a r s .  T h e  l a t t e r  a r e  s e l f - lu m in o u s  b o d ie s  w ith  a  m a s s  o f

2107 26



th e  o r d e r  o f th a t  o f th e  Sun. T h e  to ta l  m a s s  of s c a t t e r e d  m a t t e r  p r e s e n t  in 
th e  fo r m  o f n e b u la e  an d  i n t e r s t e l l a r  c lo u d s  is  s m a l l  c o m p a re d  w ith  th e  to ta l  
m a s s  o f a l l  s t a r s .

T h u s  m o s t  o f th e  m a t t e r  in th e  u n iv e r s e  is  c o n c e n tra te d  in s t a r s .  In 
tu r n ,  r a th e r  th an  b e in g  u n ifo rm ly  d i s t r ib u te d  in s p a c e  s t a r s  a r e  c o n c e n tra te d  
in  s y s te m s  c a l le d  g a l a x i e s  w h ich  a r e  r e la t iv e ly  s m a l l  by v o lu m e  bu t g i 
g a n tic  in  s t e l l a r  p o p u la tio n . It ca n  b e  s a id  w ith  c e r ta in ty  th a t th e  o v e r 
w h e l m i n g  m a j o r i t y  o f  s t a r s  a r e  c o n c e n t r a t e d  i n  g a l a x i e s  
c o n t a i n i n g  n o t  l e s s  t h a n  t e n  b i l l i o n  s t a r s  e a c h ,  i. e. , in 
g ia n t  an d  s u p e r g ia n t  s t e l l a r  s y s te m s .  In a d d it io n  to  g ia n t  an d  s u p e r g ia n t  
s y s t e m s  g a la x ie s  c o n ta in in g  r e la t iv e ly  few s t a r s  a r e  a ls o  known to e x is t .
T h e  f a in te s t  d w a rf  g a la x ie s  c o n ta in  o n ly  so m e  h u n d re d s  o f th o u sa n d s  -  o r  
ev e n  te n s  of th o u s a n d s  -  o f s t a r s .  T h e  n u m b e r  of s u c h  d w a rf  g a la x ie s  is  
v e r y  l a r g e .  Y e t n o n e th e le s s  th e i r  o v e r a l l  m a s s  is  n e g lig ib le  c o m p a re d  w ith  
th e  o v e r a l l  m a s s  o f g ia n t  g a la x ie s .  T h u s  it  is  v a lid  to a s s e r t  th a t  th e  o v e r 
w h e lm in g  m a jo r i ty  o f s t a r s  a r e  c o n c e n t ra te d  in g ia n t  an d  s u p e r g ia n t  g a la x ie s .

It is  know n th a t  g a la x ie s  g e n e r a l ly  d if fe r  am o n g  th e m s e lv e s  in th e  c o n s t i 
tu tio n  o f t h e i r  s t e l l a r  p o p u la tio n . D e sp ite  th is  in a l l  g a la x ie s  th e  s t a r s  hav e  
a  m a s s  of th e  o r d e r  of th a t  o f th e  Sun ( f o r  a c c u r a c y  we n o te  th a t  th e  a v e ra g e  
m a s s  o f th e  s t a r s  in e v e ry  su c h  g a la x y  is  s l ig h t ly  s m a l l e r  th an  the s o l a r  
m a s s ) .  T h e  d i f fe re n c e s  in  c o m p o s it io n  o f p o p u la tio n  b e tw e en  d w a rf  and  
g ia n t g a la x ie s ,  h o w e v e r, a r e  no t m u ch  g r e a t e r  th an  th e  d if fe re n c e s  in c o m 
p o s i tio n  of p o p u la tio n  b e tw e e n  tw o g ia n t g a la x ie s  tak e n  a t  ra n d o m  o r  b e tw e en  
a n y  tw o d w a rf  g a la x ie s .  T h is  fa c t  is  s u r p r is in g ,  a s  c e r t a in  g ia n t  g a la x ie s  
a r e  m ill io n s  of t im e s  r i c h e r  in  s t a r s  th an  m an y  d w a rf  g a la x ie s .  It in d ic a te s  
th a t  p o s s ib le  s t a r  m a s s e s  a r e  p r e d e te r m in e d  by m o re  fu n d a m e n ta l  p r o p e r t ie s  
o f m a t t e r  th an , s a y , th e  s iz e  an d  m a s s  of th e  s t e l l a r  s y s te m  in w h ich  the 
g iv en  s t a r s  o r ig in a te d .

In p a r t i c u la r  it  is  i n t e r e s t i n g  to  n o te  th a t  th e r e  e x is t s  an  u p p e r  l im it  fo r  
s t a r  m a s s e s  w h ich  is  v e r y  s e ld o m  e x c e e d e d . T h is  l im it  is  a p p r o x im a te ly  
1 O O ® 0 * .

A lso  n o ta b le  is  th e  f a c t  th a t  th e r e  is  an  u p p e r  l im i t  fo r  th e  o b s e r v a b le  
m a s s  o f g a la x ie s .  T h e  e x a c t  v a lu e  of th is  l im i t  h a s  no t y e t  b ee n  e s ta b l i s h e d  
b u t i t  is  ro u g h ly  o f th e  o r d e r  o f 1013 s o l a r  m a s s e s .

W e th u s  a r r i v e  a t  th e  fo llo w in g  q u e s t io n s :
1. W hy is  m a t t e r  in  th e  a s t r o n o m ic a l  u n iv e r s e  c o l le c te d  p re d o m in a n tly  

in  s t a r s ?
2. W hy do s t a r s  h a v e  an  u p p e r  l im i t  o f m a s s  o f th e  o r d e r  o f 100 SRq ?
3. W hy a r e  s t a r s  c o l le c te d  p re d o m in a n tly  in g ia n t  g a la x ie s ?
4. W hat d e te r m in e s  th e  u p p e r  l im i t  o f m a s s  of g a la x ie s ?
It i s  n a tu r a l  to  b e l ie v e  th a t  th e s e  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f th e  u n i 

v e r s e  a r e  d e te r m in e d  by th e  m o s t fu n d a m e n ta l  p r o p e r t i e s  o f m a t te r ,  i. e . , 
by  th o s e  p r o p e r t i e s  w h ich  a r e  d e te rm in e d  by  th e  c h a r a c t e r i s t i c s  of th e  e l e 
m e n ta r y  p a r t i c le s  w h ich  c o n s t i tu te  m a t t e r .  It fo llo w s  f u r th e r  th a t  th e  q u a n 
t i ta t iv e  c h a r a c t e r i s t i c s  o f s t a r s  an d  g a la x ie s  sh o u ld  b e  d e te rm in e d  by  th e  
p a r a m e t e r s  o f e le m e n ta r y  p a r t i c le s ,  i. e . , u l t im a te ly  by  u n iv e r s a l  c o n s ta n ts .

L e t  u s  c o n s id e r  th e  f i r s t  tw o q u e s t io n s  in  g r e a t e r  d e ta il .
S im p le  t h e o r e t ic a l  a n a ly s i s  sh o w s th a t  a  c e r t a in  a m o u n t o f m a t te r  le f t  

to  i t s e l f  in  s p a c e  s h o u ld  c o n tin u e  to  e m it  e n e rg y  u n ti l  i t  r e a c h e s  e q u i l ib r iu m . 
In th e  e q u i l ib r iu m  s t a t e  th e  p a r a m e t e r s  c h a r a c t e r i z in g  th e  g iv en  b o d y — and

• Mr* is the mass of the Sun.
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th is  in c lu d e s  i t s  in te r n a l  e n e rg y  -  sh o u ld  no t c h a n g e . T h is  m e a n s  th a t  the 
body sh o u ld  e m it  n o th in g , i. e . , i ts  t e m p e r a tu r e  sh o u ld  b e  z e ro .

T h u s  if w e w ish  to  s p e a k  o f r ig o r o u s  e q u i l ib r iu m  s t a t e s  o f s t a r  m a s s e s  
w e sh o u ld  c o n s id e r  th e  c o n f ig u ra tio n  fo r  T= 0. In r e a l i ty ,  o f c o u r s e ,  s t a r s  
h av e  n o n z e ro  an d  o c c a s io n a l ly  f a i r l y  h igh  t e m p e r a tu r e s .  S te l la r  m a s s e s  
a t  z e r o  te m p e r a tu r e  a r e ,  o f c o u r s e ,  im a g in a ry  o b je c ts .  H o w e v e r , th e  
d is c o v e r y  o f w h ite  d w a rfs  h a s  show n  th a t  th e r e  e x is t  s t a r  m a s s e s  th e  s t a t e s  
of w h ich  a r e  c lo s e  to th is  id e a l  s ta te ,  i. e. , su c h  th a t  th e i r  t e m p e r a tu r e s  
ca n  b e  tak e n  a s  a p p r o x im a te ly  z e ro  w hen c a lc u la t in g  th e i r  m e c h a n ic a l  
e q u i l ib r iu m .

W hat d o e s  the th e o ry  te l l  u s  a b o u t th e  e q u i l ib r iu m  s t a t e  o f s t a r  m a s s e s  
a t  z e r o  o r  n e a r - z e r o  te m p e r a tu r e s ?

T h e  p o s s ib le  e q u i l ib r iu m  c o n f ig u r a t io n s  o f s t a r  m a s s e s  h a s  b e e n  w o rk e d  
o u t in f a ir ly  g r e a t  d e ta il  in t h e o r e t ic a l  a s t r o p h y s ic s .  A v a s t  l i t e r a t u r e  is  
d ev o te d  to it. It is  a s s u m e d  th a t  m a t t e r  in s t e l l a r  i n t e r i o r s  is  h ig h ly  io n 
iz e d . T h is  sh o u ld  be th e  c a s e  ev en  fo r  r e la t iv e ly  low te m p e r a tu r e s  in  th e  
s t e l l a r  i n t e r io r .  G e n e ra lly  s p e a k in g , t h e r e f o r e ,  th e  m a t t e r  in s id e  a  s t a r  
c o n s i s t s  of a  p la s m a  c o n ta in in g  a  h igh  p e r c e n ta g e  of c h a rg e d  p a r t i c le s .

F o r  a g iv en  d e n s ity  an d  s u ff ic ie n t ly  low t e m p e r a tu r e  th e  a g g r e g a te  of 
e le c t r o n s  w h ich  c o m p o se  th is  p la s m a  c e a s e s  to  s a t i s f y  c l a s s i c a l  s t a t i s t i c s .  
O w ing to  th e  fa c t  th a t  e le c t r o n s  a r e  s u b je c t  to  P a u l i 's  p r in c ip le  t h e i r  b e 
h a v io r  is  d e te rm in e d  by F  e r  m  i s t a t i s t i c s .  T h e  p r e s s u r e  o f a  F e r m i  
g a s  a t  low t e m p e r a tu r e s  is  c o n s id e r a b ly  h ig h e r  th an  th a t  o f a  c l a s s i c a l  g a s .
It is  so  h ig h  th a t, e s s e n t ia l ly ,  th e  to ta l  p r e s s u r e  in  th e  p la s m a  is  a lm o s t  
e n t i r e ly  d e te rm in e d  by th e  p a r t i a l  p r e s s u r e  of th e  e l e c t r o n s .  T h e  l a t t e r  in 
tu rn  b e c o m e s  p r a c t ic a l ly  in d e p e n d e n t o f t e m p e r a tu r e ,  th e  o n ly  r e q u ir e m e n t  
b e in g  th a t  the te m p e r a tu r e  b e  belo w  a  c e r t a in  " t e m p e r a tu r e  o f d e g e n e ra c y " .

T h e fa c t  th a t  th e  p r e s s u r e  is  in d e p e n d e n t of t e m p e r a tu r e  an d  d e p e n d e n t 
on ly  on th e  d e n s ity  of th e  e le c t r o n  g a s  r a d ic a l ly  s im p l i f ie s  th e  c a lc u la t io n  
o f the e q u i l ib r iu m  c o n f ig u ra tio n . T h e th e o ry  of the  i n te r n a l  s t r u c t u r e  o f 
s u c h  s t a r s  is  v e r y  s im p le ;  it  w a s w o rk e d  o u t in th e  t h i r t i e s  by C h a n d r a s e 
k h a r  and  is  known a s  th e  th e o ry  of w h ite  d w a r f s * .

T h e  p o in t is  th a t  th e  a s s u m p tio n  of a  r e la t iv e ly  low in te r n a l  t e m p e r a tu r e  
in e v ita b ly  le a d s  on e  to su p p o se  th a t  t h e r e  a r e  no s o u r c e s  of e n e rg y  in th e  
s t a r  o r  th a t  th e s e  a r e  v e r y  w eak . T h e r e f o r e  th e  lu m in o s ity  of su c h  a  s t a r  
sh o u ld  be  v e r y  low and  i ts  d e n s ity  h igh  ( o th e r w is e  th e  g a s  w ould  n o t be  d e 
g e n e ra te ) .

Such p r o p e r t i e s  a r e  p r e s e n t  in w h i t e d w a r f s .  T h e  p ro to ty p e  of w h ite  
d w a rfs  is  th e  co m p a n io n  of S ir iu s .  I ts  d e n s ity  is  know n to be  ro u g h ly  
50 ,000  t im e s  th a t of w a te r .  It h a s  now b e e n  e s ta b l i s h e d  th a t  th e  n u m b e r  of 
w h ite  d w a rfs  in o u r  G a la x y  is  v e r y  la rg e .  It is  o f th e  o r d e r  o f m an y  h u n d re d s  
of m ill io n s .

C a lc u la t io n s  hav e  show n th a t on ly  su c h  m a s s e s  a s  a r e  s m a l l e r  th a n  a 
c e r t a in  l im it in g  m a s s ,  g iv en , in th e  c a s e  of a  h y d ro g e n  s t a r ,  by

®o =  4 ®©- U )

• Sec C h a n d ra se k h a r . S. Ail Introduction to the Study of ihe Stellar Structure. Dover Publications, 
Inc., New York. 1957.
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( h e r e  A' = 16 • 10 48 g 2 and  mp is  th e  m a s s  o f a  p ro to n ), ca n  o c c u r  in a  s ta te  
o f e q u i l ib r iu m * . In tro d u c in g  th e  n u m e r ic a l  v a lu e  of th e  p ro to n  m a s s  in to  
th e  a b o v e , w e o b ta in

3R0 =  5.75®©. (2)

T h u s  th e  s im p le s t  th e o ry  in d ic a te s  th a t  th e  m a s s  o f a  s t e l l a r  c o n f ig u r a 
tio n  a t  low  te m p e r a tu r e s  h a s  an  u p p e r  l im i t  (2). It is  i n te r e s t in g  to  n o te  
th a t  th is  u p p e r  l im i t  is  s ig n if ic a n t ly  h ig h e r  th an  th e  m a s s  of th e  Sun.

In r e a l i ty ,  a s  w a s in d ic a te d  e a r l i e r ,  th e  u p p e r  l im i t  o b ta in e d  by o b s e r 
v a tio n  is  f a r  g r e a t e r  th an  (2), i. e. , of th e  o r d e r  of 100 9JI®. H o w e v er, s t a r s  
w ith  a  m a s s  e x c e e d in g  a r e  no lo n g e r  w h ite  d w a rfs , i. e . , do not c o n s is t  
o f a  d e g e n e r a te  g a s . T h e i r  t e m p e r a tu r e  m u s t b e  v e r y  h igh  an d  th e rm o n u 
c l e a r  r e a c t io n s  m u s t th e r e f o r e  b e  ta k in g  p la c e  in s id e  th e m . T h e  th e o ry  of 
s u c h  s t a r s ,  though  a l s o  d e v e lo p e d  in  f a i r ly  g r e a t  d e ta il* * ,  d o es  no t h av e  
th e  s im p l ic i ty  o f th e  th e o ry  o f d e g e n e ra te  c o n f ig u r a t io n s  an d  c o n ta in s  m uch  
th a t  is  u n c le a r .  An im p o r ta n t  p o in t, h o w e v e r, is  th a t  a c c o rd in g  to th is  
th e o ry  f o r  m a s s e s  o f th e  o r d e r  o f 100®l© th e  g e n e ra t io n  o f e n e rg y  by th e r m o 
n u c le a r  r e a c t io n  an d  e m is s io n  o f th is  e n e rg y  by th e  s t a r  ta k e  p la c e  a t  a  v e r y  
r a p id  p a c e ,  le a d in g  to  ra p id  e x h a u s tio n  of th e  s o u r c e s  o f th e rm o n u c le a r  
en e rg y . S uch  a  s t a r  is  th e r e f o r e  h ig h ly  lu m in o u s  an d  s h o r t - l iv e d .  I ts  l i f e 
t im e  m u s t  b e  a t  m o s t  o f th e  o r d e r  o f a  m ill io n  y e a r s .  W hen th is  t im e  h as  
e la p s e d  th e  s t a r  w ill  h a v e  e x p e n d e d  i t s  s o u r c e s  of e n e rg y  an d  i ts  e q u i l ib r iu m  
w ill  b e  d e s t ro y e d .

It is  a s s u m e d  th a t  d is ru p t io n  o f e q u i l ib r iu m  is  a c c o m p a n ie d  by e je c tio n  
f r o m  th e  s t a r  o f p a r t  o f i t s  m a s s .  E je c tio n  o f m a s s  sh o u ld  c o n tin u e  u n ti l  a 
v a lu e  b e lo w  th e  l im it in g  m a s s  is  re a c h e d .

T h e  th e o r e t ic a l  v a lu e  g iv en  a b o v e  fo r  th e  u p p e r  l im it in g  m a s s  o f d e g e n 
e r a t e  s t e l l a r  c o n f ig u r a t io n s  is  th u s  of d e c is iv e  im p o r ta n c e  fo r  p r o c e s s e s  of 
ev o lu tio n  o f th e  e n t i r e  s t e l l a r  w o r ld .

T h is  v e r y  im p o r ta n t  p ro b le m  i l lu s t r a t e s  th e  d e c is iv e  im p o r ta n c e  of the 
la w s  o f th e  m ic ro w o r ld  f o r  p ro b le m s  o f co sm o g o n y  an d  s t e l l a r  p h y s ic s .  In 
p a r t i c u l a r  w e m ay  s t a t e  th e  fo llow ing :

1. If e l e c t r o n s ,  a s  e le m e n ta r y  p a r t i c le s ,  w e re  no t s u b je c t  to P a u l i 's  
p r in c ip le ,  th e  p r e s s u r e  in  th e  p la s m a  w ould  b e  f a r  lo w e r . In p a r t i c u la r  if 
th e y  o b e y e d  c l a s s i c a l  o r  B o se  s t a t i s t i c s  th e n , a s  c a lc u la t io n s  show  , a  lo w - 
t e m p e r a tu r e  s t e l l a r  m a s s  w ould  h av e  no e q u i l ib r iu m  s ta te .  If le f t  to i t s e l f  
s u c h  a  m a s s  c o u ld  c o n tin u e  to  c o n t r a c t  u n d e r  th e  in f lu e n c e  o f g ra v ity  to  v e r y  
hig h  d e n s i t i e s  f a r  e x c e e d in g  th e  d e n s ity  o f w h ite  d w a rfs , ev e n  if  9H <® 0.

2. W e s e e  f r o m  f o r m u la  (1) th a t  th e  n u m e r ic a l  v a lu e  of th e  l im it in g  m a s s  
is  d e te r m in e d  by  th e  p ro to n  m a s s .  If w e im a g in e  a  w o r ld  in  w h ich  p ro to n s  
an d , in  g e n e r a l ,  n u c le o n s  h a v e  a  m a s s  a  h u n d re d  t im e s  s m a l l e r  th an  in r e a l 
ity  th e n  th e  u p p e r  l im i t  fo r  th e  m a s s  o f d e g e n e ra te  s t a r s  in  th is  w o r ld  sh o u ld  
b e  o f th e  o r d e r  of 5 7 ,000  OT0 .

3. It i s  o b v io u s  th a t  th e  th e o ry  of th e  in te r n a l  s t r u c t u r e  o f th e  s t a r s  sh o u ld  
a llo w  o n e  to  d e te r m in e  no t on ly  th e  u p p e r  l im it  of m a s s  b u t a ls o  th e  r a d iu s  of 
d e g e n e r a te  s t e l l a r  c o n f ig u r a t io n s .  It so  h a p p e n s  th a t  if  a  s t a r  c o n s i s t s  of

° Formula (1) is essentially the same as formula (66) in Chapter XI of Chandrasekhar's work cited above,
but in a different notation. In this new form attention is drawn to the dependence of the limiting mass
on the numerical value of the proton mass.00 See S c It w a rzsc  h i Id, M. Structure and Evolution of the Stars. Princeton. 1957.
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p ro to n s  an d  e l e c t r o n s  th e n , fo r  m a s s e s  s m a l l e r  th a n  th e  c r i t i c a l  m a s s  b u t 
c o m p a ra b le  w ith  it ,  th e  o r d e r  o f m a g n itu d e  o f th e  r a d iu s  is  d e te r m in e d  by 
th e  fo r m u la

w h e re  th e  u s u a l  n o ta tio n  fo r  th e  u n iv e r s a l  c o n s ta n ts  is  u s e d .
T h u s  th e  r a d iu s  o f w h ite  d w a rfs  is  d e te rm in e d  p r im a r i l y  by s u c h  c r u c i a l  

n u m e r ic a l  c h a r a c t e r i s t i c s  o f th e  m ic ro w o r ld  a s  th e  p ro to n  an d  e le c t r o n  
m a s s e s .

F o r  c o m p le te n e s s ,  h o w e v e r, th e  fo llo w in g  r e m a r k s  m u s t  b e  m a d e .
A bove we d i s c u s s e d  th e  e q u i l ib r iu m  c o n f ig u r a t io n  w h ich  l a n  c h a r a c t e r i z e  

a  g iv e n  m a s s  of m a t t e r .  B u t a  g r a v ita t io n a l  d e fe c t  o f m a t t e r  e x i s t s .  In 
o th e r  w o r d s , m a s s  is  n o t a d d it iv e  in  th e  s e n s e  th a t  if  th e  m a t t e r  in  tw o 
s t a r s  o f m a s s  m, an d  w h ich  a r e  in e q u i l ib r iu m  is  c o l le c te d  in a  s in g le  s t a r  
a l s o  in  e q u i l ib r iu m , th en  th e  m a s s  m, in  th e  new  e q u i l ib r iu m  c o n f ig u r a t io n  
w ill  g e n e ra l ly  d i f fe r  f ro m  m, +  ms. T h e  law  o f c o n s e rv a t io n  o f m a s s  r e m a in s  
in  f o r c e ,  o f c o u r s e ,  b u t th e  d if fe re n c e  m, +  m, — m, is  lo s t  in  th e  fo r m  of 
ra d ia t io n  (ph o to n  o r  n e u tr in o ) .

T h e r e f o r e  w hen sp e a k in g  o f th e  e q u i l ib r iu m  c o n f ig u r a t io n s  o f s t e l l a r  
m a s s e s  i t  is  s o m e t im e s  c o n v e n ie n t to  t r e a t  th e  n u m b e r  o f  h e a v y  p a r 
t i c l e s  - b a r y o n s  -  a s  th e  s p e c if ie d  p a r a m e te r ,  a s  is  do n e, f o r  e x a m p le , 
in  th e  th e o ry  of a to m ic  n u c le i. T h e  im a g in a ry  fu s in g  o f tw o m a s s e s  in to  
o n e  c a n  ta k e  p la c e  w ith o u t ch a n g in g  th e  b a ry o n  n u m b e r ,  tho u g h  an  a d d i t io n a l  
m a s s  d e fe c t  m ay  a p p e a r  in  th e  p r o c e s s .

T h e  to ta l  n u m b e r  of b a r y o n s  is  c o n v e n ie n t a s  a  g iv e n  b a s ic  p a r a m e t e r  
ow ing  to  th e  v a l id i ty  o f th e  1 a w  o f  c o n s e r v a t i o n  o f  b a r y o n  n u m 
b e r .  T h e  n u m b e r  o f b a r y o n s  in  a  s t a r  r e m a in s  u n c h a n g e d  p ro v id e d  th e r e  
i s  no d i r e c t  o u tflu x  o f b a r y o n s  f ro m  th e  s t e l l a r  c o n f ig u r a t io n .

I t i s  t r u e  th a t  th e  law  of c o n s e rv a t io n  of th e  to ta l  n u m b e r  o f le p to n s  is  
a l s o  v a lid . H o w e v e r , w hen th e  e n e rg y  o f a  s t a r  c h a n g e s , th e  e n e rg y  l i b e r a t 
ed  m a y  b e  e m it te d  no t on ly  in  th e  fo r m  o f p h o to n s  b u t in th e  fo rm  o f n e u tr in o s  
o r  a n t in e u t r in o s  a s  w e ll; th is  g e n e r a l ly  le a d s  to  a  r e d u c t io n  in  th e  le p to n  
n u m b e r .

T u rn in g  now to th e  p o s s ib le  e q u i l ib r iu m  c o n f ig u r a t io n s  o f s t e l l a r  m a t t e r  
f o r  f ix e d  b a ry o n  n u m b e r , we f in d  th a t  th e  p o s s ib le  c a s e s  fo r  lo w - te m p e r a tu r e  
m a t t e r  a r e  (in  a d d it io n  to  c a s e s  w h e re  o n ly  e l e c t r o n s  a r e  d e g e n e ra te )  th o s e  
w h e re  th e  b a ry o n  g a s  is  d e g e n e ra te .  V e ry  h igh  s t e l l a r  d e n s i t i e s  o f th e  o r 
d e r  o f 1015 - 1 0 16 t im e s  th e  d e n s i ty  o f w a te r  m a y  b e  o b s e r v e d  in  s u c h  c a s e s .  
A t s u c h  h igh  d e n s i t i e s  th e  a m o u n t of p ro to n s  an d  e l e c t r o n s  in  l o w - t e m p e r a 
tu r e  m a t t e r  is  s m a l l  c o m p a re d  w ith  th e  n u m b e r  o f n e u tro n s  an d , in  o th e r  
c a s e s ,  h y p e r o n s .  L ik e  a to m ic  n u c le i  su c h  c o n f ig u r a t io n s  sh o u ld  c o n s i s t  
n e a r ly  e x c lu s iv e ly  of b a r y o n s .  T h is  is  how th e  id e a  a r o s e  o f n e u tro n  an d  
h y p e ro n  s t a r s .  T h e  th e o ry  sh o w s th a t  th e y  s h o u ld  h a v e  a  l im i t in g  m a s s  of 
th e  s a m e  o r d e r  a s  w h ite  d w a rfs . T h e  d i a m e te r s  o f s u c h  " s u p e r d e n s e "  c o n 
f ig u ra t io n s  sh o u ld  b e  o f th e  o r d e r  o f s e v e r a l  k i l o m e te r s * .

• See A m b artsu m y an , V. A. and G.S. S a a k y a n . O ravnovesnykh konfiguratsiyakli sverkhplotnykh 
vyrozhdennykh gazovykh mass (Equilibrium Configurations of Superdense Degenerate Gaseous Masses). 
Astronomicheskii zhurnal, Vol. XXXV1I1, No. 5, pp. 785-797. 1961; A m b a rtsu m y a n , V. A. and
G.S. S a a k y a n . Sovremennoe sostoyanie teorii sverkhplotnykh nebesnykh tel (Present Slate of the Theory 
of Superdense Celestial Bodies). Voprosy kosmogonii, Vol. IX (in press).
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So f a r  no o n e  h a s  o b s e r v e d  su c h  s u p e r d e n s e  n e u tro n  o r  h y p e ro n  s t a r s .  
H o w e v e r , if th e y  e x is t  th ey  c a n n o t be  d e te c te d  by o r d in a r y  m e th o d s  o f t e r 
r e s t r i a l  a s t ro n o m y . B ut th e  fa c t  th a t  th e o r e t ic a l  p h y s ic s  is  c a p a b le  of p r e 
d ic tin g  th e  p o s s ib i l i ty  o f s t i l l  u n o b s e r v e d  c o n f ig u r a t io n s  of s t e l l a r  m a s s  
f r o m  e x is t in g  id e a s  c o n c e rn in g  su c h  m ic r o p a r t i c l e s  a s  b a ry o n s  is  r e m a r k 
a b le  f r o m  th e  m e th o d o lo g ic a l  p o in t o f v iew .

T h e r e  e x i s t s  y e t  a n o th e r  f ie ld  of a s t ro n o m y , s c a r c e ly  d e v e lo p e d  so  f a r ,  
in  w h ich  p r o g r e s s  on th e  b a s i s  of p h e n o m e n o lo g ic a l  c o n c e p ts  a lo n e  w ithou t 
th e  in tro d u c t io n  o f m ic r o p h y s ic a l  id e a s  is  a p p a re n t ly  im p o ss ib le .  T h e  r e 
fe r e n c e  is  to  th e  p h en o m e n a  s tu d ie d  by e x t r a g a la c t ic  r a d io  a s t ro n o m y .

A f te r  ra d io  g a la x ie s  w e re  d i s c o v e r e d  it b e c a m e  e v id e n t th a t  t h e i r  ra d io  
e m is s io n  is  r e la t e d  to  th e  e x is te n c e  in  th e s e  g a la x ie s  of v a s t  c lo u d s  of r e l a 
t i v is t i c  e l e c t r o n s  m o v in g  in  m a g n e tic  f ie ld s .  T h e s e  e le c tro n  c lo u d s  f r e q u e n t 
ly  l ie  in  th e  im m e d ia te  v ic in i ty  of, r a th e r  th an  w ith in , th e  c o r re s p o n d in g  
g a la x ie s .

R e c e n t w o rk s  h a v e  r e fu te d  th e  o ld  c o n c e p tio n  of r a d io  g a la x ie s  a s  p a i r s  
o f g a la x ie s  in  a c c id e n ta l  c o l l is io n . Now th e r e  c a n  b e  no doub t th a t  r a d io  
g a la x ie s  r e p r e s e n t  a  r e g u la r  s ta g e  in  th e  in te r n a l  d e v e lo p m e n t of s e p a r a te  
h ig h - lu m in o s i ty ,  p re d o m in a n tly  s u p e r g ia n t  g a la x ie s *  . T h e  q u e s tio n  a r i s e s  
o f th e  m e c h a n is m  by  w h ich  e le c t r o n  c lo u d s  of su c h  h igh  e n e rg y  a p p e a r .

A n o p in io n  v e r y  f re q u e n t ly  an d  p e r s i s t e n t ly  s ta te d  in th e  l i t e r a t u r e  is  th a t 
h ig h - e n e r g y  e l e c t r o n s  in su c h  c a s e s  a r e  fo r m e d  by m e a n s  o f th e  s o - c a l le d  
F e r m i  m e c h a n is m . A c c o rd in g  to  F e r m i  a  g ra d u a l  i n c r e a s e  in th e  e n e rg y  
o f e l e c t r o n s  up to  v e r y  h ig h  v a lu e s  m ay  ta k e  p la c e  w hen th e s e  e le c t r o n s  
a r e  s c a t t e r e d  by  m a g n e tic  f ie ld s  w h ich  m o v e in th e  g iv en  g a la x y  an d  a r e  
r e la t e d  to  o r d in a r y  d iffu se  m a t t e r .  T h is  m e c h a n is m  w a s s u g g e s te d  by 
F e r m i  to  e x p la in  th e  o r ig in  o f c o s m ic  r a y s .  Now w e know th a t  a  c e r ta in  
p o r t io n  o f th e  c o s m ic  r a y s  w h ich  r e a c h  u s  o r ig in a te s  in th e  Sun d u r in g  g r e a t  
e x p lo s iv e  f l a r e s .  We a l s o  know th a t  th e  o r ig in  of g a la c t ic  ra d io  s o u r c e s  and  
o f th e  e n o r m o u s  a m o u n ts  o f r e la t iv i s t i c  e le c t r o n s  w h ich  th ey  c o n ta in  is  
c o n n e c te d  w ith  th e  e x p lo s io n  o f s u p e r n o v a e . T h e r e  is  no b a s i s  fo r  a s s u m 
ing  th e  e x is te n c e  o f s p e c ia l  c o n d it io n s  f a v o ra b le  to th e  o p e r a t io n  of th e  
F e r m i  m e c h a n is m  in ra d io  g a la x ie s .  A d if fe re n t  p o in t o f v iew , a c c o rd in g  
to  w h ich  c lo u d s  o f r e la t iv i s t i c  p a r t i c le s  in r a d io  g a la x ie s  r e s u l t  fro m  g ig a n 
tic  c o s m ic  e x p lo s io n s , h a s  c o n s e q u e n tly  b e e n  la u n c h e d  an d  d ev e lo p ed , r e 
c e n tly . T h e  o b s e r v a t io n a l  d a ta  fa v o r  th e  v iew  th a t  th e s e  e x p lo s io n s  tak e  
p la c e  in  n u c le i  o f g a la x ie s ,  w h ich  a r e  known to h av e  a  n e g lig ib le  v o lu m e  
c o m p a re d  w ith  th a t  o f th e  g a la x ie s  th e m s e lv e s * *  . In o u r  op in io n  it is  p o s 
s ib le  th a t  th e  e n e rg y  o f th e s e  e x p lo s io n s  d e r iv e s  fro m  so m e  ra p id  n u c le a r  
p r o c e s s  th e  n a tu r e  of w h ich  is  a s  y e t  unknow n.

In o th e r  w o r d s ,  th e  F e r m i  m e c h a n is m  e x p la in s  th e  a p p e a ra n c e  of r e l a 
t i v is t i c  e l e c t r o n s  by th e  in te r a c t io n  of m ic r o p a r t i c l e s  an d  m a c ro f ie ld s .  T h e  
new  v iew  s u p p o s e s  th a t  th e  p r in c ip a l  ro le  is  p la y e d  by c e r t a in  m ic r o in t e r a c 
t io n s  in  w h ich  n u c le a r  f o r c e s  a r e  p a r a m o u n t . T h u s  th e  g ig a n tic  p h en o m e n o n  
o f th e  ra d io  g a la x y  is  t r e a t e d  a s  a  d i r e c t  r e s u l t  o f m ic r o in te r a c t io n s  in the  
m a t t e r  o f th e  g a la c t ic  n u c le u s .

• See A m b artsu m y an , V. A. Nekotorye zamechaniya o kratnykh galaktikakli (Some Remarks Con
cerning Multiple Galaxies), 1955; O kratnykli galaktikakli (Multiple Galaxies), 1956. Nauclinye trudy, 
Vol. II, Erevan. 1960.

••  See A m b a rtsu m y a n , V. A. Problemy vnegalakticheskikh issledovanii (Problems of Extragalactic 
Research). Voprosy kosmogonii, Vol. VIII. 1962.

31



T h e  e je c tio n  o f g ia n t  c lo u d s  o f r e la t iv i s t i c  e l e c t r o n s  a n d  r e s u l t i n g  c o n 
v e r s io n  of the g iv en  g a la x y  in to  a  ra d io  g a la x y  fo r  a  c e r t a in  t im e  is  o n ly  
one of the fo r m s  of a c t iv i ty  of g a la c t ic  n u c le i. T h e  n u c le i  o f a  few g ia n t 
g a la x ie s  m a n ife s t  o th e r  f o r m s  o f a c t iv i ty  a s  w e ll. T h u s  in o u r  ow n G a la x y  
an  ou tflow  of g a s e s  fro m  th e  c e n t r a l  re g io n  o f th e  G a la x y , r e a c h in g  a  s p e e d  
of 50 k m /s e c ,  is  o b s e r v e d . A s i m i l a r  ou tflow  o f m a t t e r  is  o b s e r v e d  f r o m  
the n u c le u s  of th e  g ia n t  g a la x y  M 31 in A n d ro m e d a .

T h e  fa c t th a t  th e  s p i r a l  a r m s  of m an y  c lo s e  g a la x ie s  c a n  be  t r a c e d  r ig h t  
up to th e  n u c le u s  on l a r g e - s c a l e  p h o to g ra p h s  f u r n is h e s  g ro u n d  fo r  b e l ie v in g  
th a t  the ou tflow  of m a t t e r  f ro m  th e  n u c le u s  is  r e la t e d  to  th e  p r o c e s s  o f f o r 
m atio n  an d  d e v e lo p m e n t of s p i r a l  a r m s .  T h u s  it  is  e n t i r e ly  p o s s ib le  th a t  
the d e v e lo p m e n t of a r m s  is  to a  s ig n if ic a n t  d e g r e e  th e  r e s u l t  o f th e  a c t iv i ty  
of th e  n u c le u s .

On the  o th e r  hand , in so m e  c a s e s  a  r e c t i l i n e a r  s t r e a m  w ith  is o la te d  
c l u s t e r s  a lo n g  it is  o b s e r v e d  to e m e rg e  fro m  th e  n u c le u s  o f c e r t a in  s u p e r 
g ia n t e l l ip t ic a l  g a la x ie s .  S o m e tim e s  th e s e  a r e  c l u s t e r s  o f b lu e  l ig h t, w h ich  
d is t in g u is h e s  th em  fro m  th e  r e m a in d e r  of th e  g a la x y . A n a ly s is  o f th e s e  
p h e n o m e n a  r e v e a ls  th a t  th e  c l u s t e r s  o b s e r v e d  in th e  s t r e a m s  sh o u ld  b e  c o n 
s id e r e d  d i s c r e t e  e je c t io n s  fro m  th e  n u c le u s . T h e  lu m in o s i ty  o f s u c h  c l u s 
t e r s  e x c e e d s  th a t  o f m an y  d w a rf  g a la x ie s .  T h u s  w e a r e  p ro b a b ly  d e a lin g  
w ith  th e  fo r m a t io n  of new  g a la x ie s  o u t o f th e  n u c le i  o f s u p e r g ia n t  g a la x ie s .  
T h is  g iv e s  u s  r e a s o n  to  b e l ie v e  th a t  th e  fo r m a t io n  o f new  g a la x ie s  is  p o s s ib le  
ev en  in the p r e s e n t  ep o c h  o f d e v e lo p m e n t o f th e  a s t r o n o m ic a l  u n iv e r s e .

S in c e  g a la c t ic  n u c le i  ca n  g e n e r a te  c o s m ic  fo r m a t io n s  o f d i f f e re n t  k in d s , 
su c h  a s  1) g ia n t c lo u d s  o f r e la t iv i s t i c  e l e c t r o n s ,  2) s p i r a l  a r m s  an d  3) yo u n g  
m e d iu m - lu m in o s i ty  g a la x ie s ,  w e c a n  a l r e a d y  s p e a k  o f th e  d i f f e r e n t  
f o r m s  o f  c o s m o g o n i c  a  c t i v i t y  o f g a la c t ic  n u c le i.

T h e r e  is  r e a s o n  to  b e l ie v e  th a t  no t on ly  th e  m e c h a n is m  o f f o r m a t io n  o f 
l a r g e  c lo u d s  of r e la t iv i s t i c  e l e c t r o n s  ( r a d io  g a la x ie s )  b u t o th e r  f o r m s  of 
c o sm o g o n ic  a c t iv i ty  by  n u c le i  a s  w e ll a r e  c lo s e ly  r e la t e d  to  t r a n s m u ta t io n s  
of th e  e le m e n ta ry  p a r t i c le s  w h ich  c o n s t i tu te  th e s e  n u c le i.

We h av e c o n s id e r e d  o n ly  a  few o f th e  e x a m p le s  w h ich  p ro v e  th e  d i r e c t  
r e le v a n c e  of th e  law s  of th e  m ic ro w o r ld  fo r  th e  m i c r o p r o c e s s e s  ta k in g  
p la c e  in th e  a s t r o n o m ic a l  u n iv e r s e .  S uch  e x a m p le s  c o u ld  b e  m u ltip l ie d .
We h av e  co n f in e d  o u r s e lv e s  to  th o s e  w h ich  a r e  s ig n if ic a n t  fo r  c o sm o g o n y .

It w ould  be a  g r o s s  m is ta k e ,  h o w e v e r, to  in fe r  th a t  a s t r o p h y s i c a l  p h e n o m 
ena ca n  a lw a y s  be re d u c e d  to  a  s im p le  su m  o f m ic r o p h y s ic a l  p h e n o m e n a . 
Q u a li ta t iv e ly  new e f fe c ts  a r i s e  in d e a lin g  w ith  s u c h  la r g e  n u m b e rs  o f e l e 
m e n ta r y  p a r t i c le s  a s  a r e  p r e s e n t  in th e  s t a r s  an d  g a la x ie s :  1) s t a t i s t i c a l
r e g u la r i t i e s  w h ich  d e te rm in e  th e  p h y s ic a l  p r o p e r t i e s  o f m a t t e r  in s t a r s  an d  
n e b u la e  an d  the  th e rm o d y n a m ic  an d  g a s d y n a m ic  p h e n o m e n a  ta k in g  p la c e  i n 
s id e  th em : 2) e f fe c ts  r e la t e d  to  th e  e n o r m o u s  r o le  of th e  f o r c e  of a t t r a c t i o n .  
It is  th e s e  e f fe c ts  th a t  a r e  r e s p o n s ib le  fo r  th e  s p e c ia l  c h a r a c t e r  of a s t r o p h y s i 
c a l  p h e n o m e n a  an d  m a k e  a s t r o p h y s i c s  c o m p le te ly  d i s s im i l a r  f r o m  l a b o r a 
to ry  p h y s ic s .
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PART II

S T R U C T U R E

P R O B L E M S  O F  T H E  ST R U C T U R E  O F  
E L E M E N T A R Y  P A R T IC L E S

D. I. B lo k h in tse v

A t th e  p r e s e n t  t im e  s ix te e n  e le m e n ta r y  p a r t i c le s  an d  ro u g h ly  th e  s a m e  
n u m b e r  o f a n t ip a r t i c le s  a r e  know n.

W e re  th is  l i s t  ex p a n d ed  to in c lu d e  th e  v e r y  s h o r t - l i v e d  p a r t i c le s  -  " i s o 
b a r s "  o r  " r e s o n a n c e  s t a t e s "  -  th e  to ta l  n u m b e r  o f p a r t i c le s  now know n w ould 
r e a c h  fo r ty .

M o st o f th e s e  p a r t i c le s  a r e  u n s ta b le :  th ey  d e c a y , u lt im a te ly  t r a n s f o r m in g  
in to  a  s m a l l  n u m b e r  of s ta b le  p a r t i c le s ,  i. e . , e le c t r o n s  an d  p ro to n s ,  y -  
q u a n ta  a n d  n e u tr in o s  o r  in to  th e  c o r re s p o n d in g  a n t ip a r t i c le s ,  w h ich  a r e  a ls o  
s ta b le .  T h e  e le m e n ta r y  p a r t i c le  w o r ld  is  e x c e p tio n a lly  r ic h  bo th  w ith  r e 
g a r d  to  th e  d iv e r s i ty  o f p a r t i c le s  p r o p e r  an d  to  th e  fo r m s  o f in te ra c t io n  and  
t r a n s f o r m a t io n  b e tw e e n  th e m .

T h e r e  now e x i s t s  a  m o re  o r  l e s s  s a t i s f a c to r y  s y s te m a t ic s  of p a r t i c le s  
an d  lo g ic a l  c l a s s i f ic a t io n  of p a r t i c le  in te r a c t io n s .

A ll o f th e s e  c la s s i f i c a t i o n s ,  h o w e v e r, a r e  s t i l l  v e r y  f a r  fro m  p re s e n t in g  
a  u n if ie d  p ic tu re ;  th e  e s ta b l i s h e d  fo r m s  o f p a r t i c le s  an d  in te r a c t io n s  s t i l l  
r e m a in  u n re la te d .

On th e  o th e r  h and  th e  m a te r ia l i s t i c  p h y s ic i s t  ca n  s c a r c e ly  fa il to b e lie v e  
th a t  th e r e  e x is t  p ro fo u n d  in te r n a l  c a u s e s  w h ich  d e te rm in e  bo th  the p r o p e r 
t i e s  of e le m e n ta r y  p a r t i c le s  an d  th e i r  v e r y  e x is te n c e .

P a r t i c l e s  m u s t a l s o  p o s s e s s  an  in te r n a l  s t r u c t u r e  w h ich  d e te rm in e s  th e ir  
g lo b a l c h a r a c t e r i s t i c s  -  in c lu d in g  th o se  q u an tu m  n u m b e rs  w h ich  s e r v e  a s  
c h a r a c t e r i s t i c s  o f th e  in d iv id u a l b a r y o n s ,  m e s o n s  o r  le p to n s .

In th is  c o n n e c tio n  I sh o u ld  lik e  to  d e a l  a t  g r e a t e r  len g th  w ith  th e  p ro b le m  
o f th e  in te r n a l  s t r u c t u r e  o f p a r t i c le s .

T h e  p ro b le m  o f th e  s t r u c t u r e  of e le m e n ta r y  p a r t i c le s  h a s  had  a  c u r io u s  
h i s to r i c a l  d e v e lo p m e n t. In th e  e a r l i e s t  s ta g e s  o f d e v e lo p m e n t of e le c t ro n  
th e o ry  no o n e  r e a l l y  d o u b ted  th a t  th e  e le c t r o n  had  a  f in ite  s iz e  and , t h e r e 
fo r e ,  an  i n te r n a l  s t r u c t u r e .  M o re o v e r  th e  c o n v ic tio n  w as th a t  th is  s iz e  w as 
d e te rm in e d  by th e  " c l a s s i c a l "  e le c t r o n  r a d iu s

* = ( 1 )

w h e re  m„ is  th e  e le c t r o n  m a s s ,  c i t s  c h a r g e  an d  e th e  v e lo c ity  o f lig h t.
It s e e m e d  a s  if  th e  e n t i r e  p ro b le m  c o n s i s te d  o f e s ta b l is h in g  the fo rm  of 

th e  c h a r g e  d i s tr ib u tio n  o f th e  e le c t r o n  in a  s p h e r e  of r a d iu s  a. H o w e v er it 
w a s  so o n  show n  th a t  su c h  n a iv e  id e a s  c o n c e rn in g  p a r t i c le  s t r u c t u r e  led  to 
v e r y  s e r io u s  c o n t r a d ic t io n s  w ith  th e  fu n d a m e n ta l  p r in c ip le s  of p h y s ic s  and
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FIGURE 1. Elastic scattering * +  , - »  +  P. Photograph taken in propane bubble chamber 
at the High Energy Laboratory of the Joint Institute for Nuclear Research, Dubna:

a -  track of primary meson of momentum 6.8Bev/c: b -  track of same meson after 
scattering on hydrogen nucleus in propane; c -  track of recoil proton in this scattering
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in  p a r t i c u la r  w ith  th e  p r in c ip le s  o f th e  th e o ry  of r e la t iv i ty .  T h e s e  m o d e ls  
o f th e  e l e c t r o n  w e re  t h e r e f o r e  d i s c a r d e d .  S om e b e lie v e d  th is  to b e  a  t e m 
p o r a r y  d e p a r tu r e  w h ile  o th e r s ,  m o re  f o r m a l ly  m in d ed , s tro n g ly  re c o m m e n 
d ed  r e g a r d in g  th e  e le c t r o n  a s  a  p o in t p a r t i c le .

I t m u s t  b e  s ta te d  th a t  th e  e x is te n c e  o f s t r u c t u r e  in  e le m e n ta ry  p a r t i c le s  
i s  no lo n g e r  a n  o b je c t  o f d is c u s s io n :  c l e a r  e x p e r im e n ta l  p ro o fs  o f th e  e x i s 
te n c e  o f s u c h  s t r u c t u r e  now e x is t ,  a n d  t h e r e  a r e  v a r io u s  w a y s of s tu d y in g  
it.

A t D ubna on e  of th e  m e th o d s  o f s tu d y in g  p ro to n  s t r u c t u r e  h a s  b e e n  th e  
in v e s t ig a t io n  o f e la s t i c  s c a t t e r in g  o f e n e r g e t ic  n -m e s o n s  on p ro to n s :

F ig u r e  1 sh o w s su c h  a  p h o to g ra p h  o b ta in e d  in  a  p ro p a n e  c h a m b e r  w ith  a 
n - m e s o n  b e a m  o f e n e rg y  a b o u t 7 B ev. T h e  w a v e le n g th  o f su c h  a  m e so n  
b e a m  is  X = 10 -14c m .

A ty p ic a l  fa c t  i s  th a t  th e  p r im a r y  n -m e s o n  w a s  on ly  s l ig h t ly  d e f le c te d  
f r o m  i t s  o r ig in a l  d i r e c t io n  o f f l ig h t  a n d  th e  p ro to n  r e c o i l  w a s v e r y  s m a l l .

It fo llo w s  f r o m  th e  u n c e r ta in ty  r e la t io n  th a t  su c h  a  p r o c e s s  c a n n o t b e  
l o c a liz e d  in  a  v e r y  s m a l l  re g io n  o f s p a c e .  In d e ed , if  th e  m o m e n tu m  t r a n s 
f e r  f r o m  th e  p io n  to  th e  p ro to n  is  q th e n  th e  d im e n s io n s  o f th e  s p a t ia l  re g io n  
a in  w h ic h  th i s  p r o c e s s  o c c u r s  a r e  c h a r a c t e r i z e d  by  th e  in e q u a li ty

n +  p ->■ ji +  p. ( 2 )

(3)

K

3

0

2

1

o.s 1.0 r

FIGURE 2. Coefficient of absorption K of mesons on nucleon as 
a function of distance from center of nucleon (in units of 10 cm)
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An e s t im a te  sh o w s th a t  a ~ 1 0 “ 13 c m . T h is  q u a n ti ty  is  to be  r e g a r d e d  
a s  th e  c h a r a c t e r i s t i c  d im e n s io n  o f th e  p ion  + p ro to n  s y s te m .

T h e  p ic tu r e  of th e  e la s t i c  s c a t t e r in g  of a  p ion  on a  n u c le o n  c a n  b e  i m 
a g in e d  in g r e a t e r  d e ta il  a s  fo llo w s: p ro to n s  v e r y  s t ro n g ly  a b s o r b  n -m e s o n s ;  
th e  p ro to n  ca n  th e r e f o r e  be t r e a t e d  a s  a  h ig h ly  a b s o r b e n t ,  n e a r ly  " b la c k "  
s p h e r e  p la c e d  a c r o s s  th e  p a th  of th e  p ion  b e a m . In th is  c a s e  p ion  s c a t t e r 
ing  w ill be th e  r e s u l t  o f th e  d if f r a c t io n  o f th e  p io n s  by th is  n o n t r a n s p a r e n t  
s p h e r e .

FIGURE 3. Charge density of proton and neutron as function of distance from 
the center. Charges concentrated at the center proper are not shown

By m e a s u r in g  th is  s c a t t e r in g  it  is  p o s s ib le  to  d e te r m in e  th e  d im e n s io n s  
of th is  " s p h e r e "  an d  th e  e f fe c t iv e  m e so n  a b s o r p tio n  c o e f f ic ie n t  in s id e  it.

F ig u r e  2 sh o w s th is  c o e ff ic ie n t  a s  a  fu n c tio n  o f d is ta n c e  f r o m  th e  c e n t e r  
of th e  n u c le o n . O ne ca n  s e e  th a t  a b s o r p tio n  in c r e a s e s  s t ro n g ly  to w a rd  th e  
c e n te r  of n u c le o n  an d  d ro p s  s h a r p ly  a t  i t s  e d g e s , ro u g h ly  f o r  r = 0 .5 T 0 -13 cm .

O ne ca n  th u s  o b ta in  a  m o re  e x a c t  id e a  o f th e  p ion  s t r u c t u r e  o f th e  n u c le o n  
an d  of i t s  d im e n s io n s .

A se c o n d  m eth o d  of s tu d y in g  th e  s t r u c t u r e  o f n u c le o n s  is  to in v e s t ig a te  
th e  e la s t i c  s c a t t e r in g  of e le c t r o n s  on n u c le o n s . T h is  m eth o d  h a s  b e e n  s u c 
c e s s fu l ly  d e v e lo p e d  in the U. S. A. a t  S ta n fo rd  U n iv e r s i ty  a n d  m a k e s  it p o s s ib le  
to  d e te rm in e  th e  d i s tr ib u tio n  of e l e c t r i c  c h a r g e  an d  e l e c t r i c  c u r r e n t s  w ith in  
th e  n u c le o n . T o  do th is  on e  s t a r t s  f r o m  th e  fo r m u la  fo r  th e  s c a t t e r in g  of 
an  e le c t r o n  on a  p o in t n u c le o n  an d  th en  d e te r m in e s  th e  d is t r ib u t io n  o f c h a r 
g e s  an d  c u r r e n t s  in th e  n u c le o n  fro m  th e  d e v ia tio n s  fro m  th is  fo r m u la .

F ig u r e  3 sh o w s th e  c h a r g e  d i s tr ib u tio n  in  a  p ro to n  an d  n e u tro n  o b ta in e d  
a t  S ta n fo rd . O ne c a n  s e e  th a t  a  c o n s id e r a b le  d ro p  in  d e n s i ty  o c c u r s  p r e 
c i s e ly  in  th e  re g io n  ( n e a r  r = 0 .5 -1 0 -13 cm ) w h e re  th e  s h a r p  re d u c t io n  in  th e  
p io n  a b s o r p tio n  c o e ff ic ie n t  ta k e s  p la c e .
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I t fo llo w s  f ro m  th e s e  m e a s u r e m e n ts  th a t  th e  c h a rg e  in a  n u c le o n  is  c o n 
c e n t r a t e d  in  a  s m a l l  d o m a in  (of th e  o r d e r  of 10 ” 14 cm ); th is  p o in ts  to  the  
e x is te n c e  o f a  s p e c ia l  c e n t r a l  r e g io n  in  th e  n u c le o n  o r  n u c le o n  " c o r e " .  T h e 
p h y s ic a l  id e a  o f th e  e x is te n c e  o f s u c h  a c o r e  an d  p ion  a tm o s p h e r e  h a s  long 
b e e n  c o n s id e r e d  h e r e  a t  D ubna. T h e s e  tw o re g io n s  in  the n u c le o n  s t r u c tu r e  
a r e  r e la t e d  to  th e  e x is te n c e  o f two c h a r a c t e r i s t i c  le n g th s : th e  C o m p to n

w a v e le n g th  o f th e  m e so n  - j  =  1.4 • 10”13 cm  (|i is  th e  m e so n  m a s s )  and  th e

C o m p to n  w a v e le n g th  of th e  n u c le o n  ^ -  = 2 1 0 -14 cm  (m is  th e  n u c le o n  m a s s ) .

T h e o r e t i c a l  c a lc u la t io n  o f th e  c h a rg e  d e n s ity  in a  n u c le o n  le a d s  to th e  e x i s 
te n c e  o f th r e e  r e g io n s :  th e  n u c le o n  c o r e  ( r ~ 1 0 “4 c m ), th e  p ion  a tm o s p h e r e  
o f th e  n u c le o n  ( r — 10 -13cm ) an d  th e  p ion  " s t r a to s p h e r e "  o f th e  n u c le o n  
(r >  IQ "13 c m ).

FIGURE 4. Qualitative picture of nucleon (proton). Charge density in proton is calculated 
theoretically as a function of the distance from the center

T h e  d i s tr ib u tio n  o f c h a r g e  d e n s ity  in a  n u c le o n , c a lc u la te d  by u s  s e v e r a l  
y e a r s  p r e v io u s ly ,  is  show n  in F ig u r e  4. In i t s  g e n e ra l  f e a tu r e s  it  a g r e e s  
w ith  th e  l a t e s t  d a ta  fro m  S ta n fo rd .

T h u s  th e  e x is te n c e  o f s t r u c t u r e  in  p ro to n s  an d  n e u tro n s  is  now an  e x p e r i 
m e n ta l ly  e s ta b l i s h e d  fa c t .

I t i s  n a tu r a l  to  e x p e c t th a t  th e  s t r u c t u r e  o f th e  o th e r  b a r y o n s  -A*-, 2- and  
S h y p e r o n s  -  w ill  be  s i m i l a r  in  i t s  g e n e r a l  f e a tu r e s  to  th a t  o f a  p ro to n  o r  n e u 
t r o n .  We h av e  no c o n v in c in g  e x p e r im e n ta l  f a c ts  r e g a r d in g  th e  s t r u c tu r e  of
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n -m e s o n s ,  K -m e s o n s  an d  so  on, b u t th e r e  a r e  c e r t a in  in d i r e c t  p o in te r s  to 
th e  e x is te n c e  o f s t r u c t u r e  in th e s e  p a r t i c le s .

H o w e v er s t r a n g e  i t  m a y  s e e m , th e  p a r t i c le  w h o se  s t r u c t u r e  is  th e  l e a s t  
know n, th e  e le c t r o n ,  h a s  b e e n  know n f o r  a  lo n g  t im e  an d  in d e e d  m a r k s  th e  
b e g in n in g  o f th e  h i s to r y  o f th e  p ro b le m  o f s t r u c t u r e  o f e le m e n ta r y  p a r t i c le s .

S e v e r a l  le n g th s  ca n  c la im  to be  c h a r a c t e r i s t i c  o f th e  d im e n s io n s  o f th e  
e le c tro n . If one b a s e s  o n e s e lf  on m o d e rn  th e o r e t ic a l  e l e c t r o d y n a m ic s ,  
w hich  is  b e t t e r  d e v e lo p e d  th an  an y  o th e r  f ie ld  th e o ry ,  o n e  is  f o r c e d  to  th e  
c o n c lu s io n  th a t  th e  s i z e  o f th e  e le c t r o n  m u s t  b e  e n o r m o u s  -  n o t 10 -13 cm  
a s  e x p e c te d  in c l a s s i c a l  p h y s ic s ,  b u t r a th e r  1 0 "11 cm  (i. e . , a  h u n d re d  t im e s  
l a r g e r ! ) .  1 0 "11 cm  is  th e  s iz e  of th e  re g io n  in  w h ich  th e  v a c u u m  a r o u n d  
the e le c t r o n  is  p o la r iz e d . T h is  ca n  b e  p u t d i f f e re n t ly :  th e  e le c t r o n  is  s u r 
ro u n d e d  by an  a tm o s p h e r e  o f p o s i tr o n s  an d  e l e c t r o n s  e x te n d in g  to  d i s ta n c e s  
of 1 0 "11 cm . O w ing to  th e  s m a l ln e s s  o f e l e c t r o m a g n e tic  in t e r a c t io n s ,  h o w 
e v e r ,  th is  a tm o s p h e r e  is , so  to  sp e a k , v e r y  r a r i f i e d .  So f a r  th e r e  is  no 
d i r e c t  e x p e r im e n t  w h ich  p e r m i t s  d e te c tio n  o f th is  e le c t r o n  s t r u c t u r e .

H o w e v er, in d i r e c t  d a ta  r e f e r r i n g  to v e r y  f in e  le v e l  s h if t  in  th e  h y d ro g e n  
a to m  in d ic a te  th a t  th e  th e o ry  w h ich  p r e d ic t s  s u c h  an  a tm o s p h e r e  in  th e  e l e c 
t ro n  is  c o r r e c t .

A t p r e s e n t  p h y s ic i s t s  a r e  e a g e r ly  a w a it in g  new  in fo rm a tio n  c o n c e rn in g  
th is  a tm o s p h e r e  f ro m  e x p e r im e n ts  on e le c t r o n  c o l l i s io n s  in o p p o s in g  b e a m s . 
T h e  th e o ry  o f th e  e le c t r o n  h a s  b ee n  d e v e lo p e d  v e r y  c o m p le te ly ;  it  i s  t h e r e 
fo r e  of g r e a t  i n t e r e s t  to  d e te c t  d e v ia tio n s  f r o m  th is  th e o ry  in  e x p e r im e n ts  
an d  to d i s c o v e r  new an d  p o s s ib ly  u n e x p e c te d  f a c ts .

P r e s e n t- d a y  th e o r e t ic a l  v ie w s  c o n c e rn in g  th e  s t r u c t u r e  o f e le m e n ta r y  
p a r t i c le s  r e s t  on q u an tu m  fie ld  th e o ry ,  w h ich  w a s c r e a t e d  t h i r t y  y e a r s  ag o . 
A lthough  th is  th e o ry  h a s  a d v a n c e d  c o n s id e r a b ly  s in c e  th a t  t im e  an d  i t s  m a th 
e m a tic a l  m e th o d s  hav e  b e e n  re f in e d , i t s  p h y s ic a l  fo u n d a tio n s  h a v e  n o t b e e n  
s u b s ta n t ia l ly  m o d ified .

In c o n fo rm ity  w ith  w a v e - p a r t ic le  d u a l is m  e v e ry  p a r t i c le ;  w h e th e r  e l e c 
tro n , p ro to n , m e so n , n e u tr in o , e t c . , is  a s s ig n e d  a  w av e f ie ld  if h a v in g  a  
d e f in ite  s p a c e - t im e  s y m m e try .

F o r  th is  f ie ld  one ca n  find  a  l i n e a r  d i f f e r e n t ia l  e q u a tio n  w h ich  i t  o b e y s . 
Such an  e q u a tio n  w ill d e s c r ib e  th e  m o tio n  o f f r e e  p a r t i c le s .  So f a r  a s  one 
ca n  ju d g e , th e  p r e s e n t  th e o ry  c o r r e c t ly  d e s c r ib e s  f r e e  p a r t i c le s  a t  l e a s t  
a s  long  a s  th e  p o s s ib le  r a d io a c t iv e  p a r t i c le  d e c a y  p ro c e e d s  s u f f ic ie n t ly  s lo w 
ly . T h e  m a in  p ro b le m  c o n s i s t s  o f th e  in te r a c t io n  of p a r t i c le s ,  in th e  p o s -  
s ib il i t} ' o f th e i r  in te r c o n v e r s io n .  T o  ta k e  th e  i n t e r a c t io n s  in to  a c c o u n t  n o n 
l in e a r  t e r m s ,  c o n ta in in g  u s u a l ly  a  c e r t a in  i n te r a c t io n  c o n s t a n t - t h e  " c h a r g e "  
( e le c t r i c ,  n u c le a r ,  e tc . ) -  an d  th e  p ro d u c ts  o f th e  i n t e r a c t in g  f ie ld s ,  a r e  in 
t ro d u c e d  in to  th e  l in e a r  e q u a tio n  fo r  th e  f r e e  p a r t i c le .  T h e  n u m b e r  o f p o s i -  
s ib le  i n te r a c t io n s  an d , th e r e f o r e ,  o f " c h a r g e s "  is  v e r y  h ig h , ro u g h ly  e q u a l 
to th e  n u m b e r  of p a i r  c o m b in a tio n s  o f a l l  th e  know n f ie ld s  (by  u s in g  s y m 
m e t r i e s  th e  th e o ry  a llo w s  a s l ig h t  r e d u c t io n  o f th is  n u m b e r) . T h is  d iv e r s i t y  
of f ie ld s  and  th e i r  in te r a c t io n s  ca n  s c a r c e ly  be  c o n s id e r e d  a  s a t i s f a c to r y  
fe a tu re  o f th e  m o d e rn  th e o ry ; m o r e o v e r  it  is  e v id e n c e  o f th e  la c k  o f a  p h y s 
ic a l  id ea  w h ich  co u ld  s e r v e  a s  a  b a s i s  f o r  u n d e r s ta n d in g  th e  in te r n a l  u n ity  
of th e  e le m e n ta r y  p a r t i c le  w o r ld .

T h e  th e o ry  o f e le c t r o m a g n e tic  i n te r a c t io n s  -  i n t e r a c t io n s  o f e l e c t r o n s ,  
p o s i tr o n s  an d  y -q u a n ta  -  h a s  b e e n  d e v e lo p e d  m o s t s u c c e s s f u l ly .  I ts  s u c c e s s
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r e s t s  on th e  r e la t iv e  w e a k n e s s  o f e le c t ro m a g n e tic  i n te r a c t io n s  w h ich  is  
d e te r m in e d  by  th e  s m a l ln e s s  of th e  e l e c t r i c  c h a rg e  e o f th e  e le c tro n .

It i s  m o r e  c o n v e n ie n t to  sp e a k  o f th e  s m a l ln e s s  o f th e  d im e n s io n le s s  c o n 
s ta n t  ( s o - c a l l e d  fin e  s t r u c t u r e  c o n s ta n t) :

(4)

T h e  th e o ry  o f e le c t r o m a g n e tic  in te r a c t io n s  is  u se d  a s  a  m o d e l fo r  o th e r  
in te r a c t io n s  a s  w e ll. H o w e v e r , th e  in te r a c t io n  o f n u c le o n s  an d  m e so n s  
w h ich  is  v e r y  im p o r ta n t  in  th e  p h y s ic s  o f e le m e n ta r y  p a r t i c le s  is  s tro n g ; 
it  c a n n o t b e  e x a m in e d  by th e  s a m e  m e th o d s  a s  w e re  s u c c e s s f u l ly  u se d  fo r  
th e  e l e c t r o m a g n e tic  f ie ld . In th is  c a s e  th e  c h a r a c t e r i s t i c  c o n s ta n t  o f i n t e r 
a c t io n

( h e r e  g i s  th e  n u c le a r  c h a rg e )  an d  is  two th o u sa n d  t im e s  g r e a t e r  th an  2 . 
T h e r e f o r e  fo r  s t r o n g  in te r a c t io n s  th e  fo llo w in g  p ro c e d u re  is  now fo llow ed : 
it  is  a r b i t r a r i l y  p re s u m e d  to b e  w e ak , c e r t a in  q u a n t i t ie s  im p o r ta n t  fo r  the  
th e o ry  a r e  o b ta in e d  an d  th e i r  p r o p e r t i e s  e s ta b l is h e d .

S u b se q u e n tly  o n ly  su c h  p r o p e r t i e s  o f th e  p h y s ic a l  q u a n t i t ie s  a s  w ould  be 
in d e p e n d e n t o f th e  a s s u m e d  w e a k n e s s  o f th e  s t r o n g  in te r a c t io n s  a r e  u se d . 
T h is  is  th e  p r o c e d u r e  fo llo w ed  in  th e  m o d e rn  th e o ry  of s o - c a l le d  d i s p e r s io n  
r e la t io n s  in  w h ich  on ly  th e  " a n a ly t ic i ty "  p r o p e r t i e s  o f th e  s c a t t e r in g  a m p l i 
tu d e s  a r e  e m p lo y e d , b a s e d  on th e  law  o f c a u s a l i ty  in  th e  m ic ro w o r ld .  It 
i s  f u r th e r  a s s u m e d  th a t  th is  law  h a s  th e  s a m e  fo rm  in the m ic ro w o r ld  a s  in 
th e  m a c ro w o r ld .

In s te a d  o f w r it in g  down th e  fo r m u la e  d e s c r ib in g  th e  in te ra c t io n  o f p a r t i 
c le s  i t  i s  c o n v e n ie n t to r e p r e s e n t  th e s e  in te r a c t io n s  by  m e a n s  of d ia g ra m s . 
F ig u r e  5 I r e p r e s e n ts  th e  in te r a c t io n  o f a  y q u a n tu m  w ith  a  n u c le o n . T h e  
d o tte d  l in e  sh o w s th e  q u a n tu m  w h ich  c a n  be  e m it te d  o r  a b s o r b e d  by th e  n u 
c le o n . T h e  s o l id  l in e  w ith  th e  a r r o w s  sh o w s th e  m o v in g  n u c le o n  N. A b s o r p 
t io n  o f th e  q u a n tu m  m ay  ta k e  p la c e ,  s a y  a t  th e  p o in t A. H o w e v er, th e  m o re  
c o m p le x  p r o c e s s  r e p r e s e n te d  in  F ig u r e  5 II ca n  a ls o  ta k e  p la c e . T h e  n u 
c le o n  e m its  a  n -m e s o n  (w avy  l in e )  a t  th e  p o in t A. T h is  m e so n  a b s o r b s  o r  
e m i t s  a  r - q u a n tu m  (d o tte d  lin e ) a t  th e  p o in t B. A f te r  th is  th e  m e so n  is  a b 
s o r b e d  o n c e  m o re  by th e  n u c le o n  a t  th e  p o in t C.

It i s  e v id e n t th a t  by  th is  p r o c e s s  th e  n u c le o n  a c q u i r e s  a  s p a t ia l  s t r u c tu r e :  
a b s o r p tio n  o f th e  q u a n tu m  m ay  o c c u r  no t a t  th e  c e n te r  o f th e  n u c le o n  b u t in 
i t s  m e s o n  a tm o s p h e r e .  H o w e v e r , w e h av e  t r a v e l le d  a lo n g  a v e r y  f a r - r e a c h 
in g  p a th . T h e  th e o ry  a d m its  o f th e  t r a n s f o r m a t io n  o f a  m e so n  in to  a n u c le o n - 
a n tin u c le o n  p a i r :

an d  w e o b ta in  th e  r ig h t  to  s k e tc h  a  y e t  m o re  c o m p le x  d ia g ra m  fo r  n u c le o n  
s t r u c t u r e  ( s e e  F ig u r e  5 III). T h is  d ia g ra m  ca n  b e  d e s c r ib e d  a s  fo llo w s: a t  
th e  p o in t A th e  n u c le o n  e m i t s  a  n -m e s o n . A t B th is  m e so n  c h a n g e s  in to  a  
n u c le o n  (N) a n d  a n tin u c le o n  (TV) p a i r .  A t C th e  n u c le o n  in t e r a c t s  w ith  th e  
y -q u a n tu m . A t D th e  n u c le o n  an d  a n t in u c le o n  a n n ih i la te  e a c h  o th e r  an d  
t r a n s f o r m  o n c e  m o re  in to  a  m e so n . A t E th is  m e so n  is  a b s o r b e d  by th e  
n u c le o n . T h is  p r o c e s s  a g a in  c o n t r ib u te s  to  th e  a tm o s p h e r e  of th e  n u c le o n .
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FIGURE 5. Structure diagrams of particles:

, II and III — for nucleon; IV —for electron; V — for n-meson.

w hich , a s  we s e e ,  m ay  a l r e a d y  c o n ta in  p a i r s  of n u c le o n s  an d  a n t in u c le o n s .
F ig u r e  5 IV sh o w s a  s i m i l a r  s t r u c t u r e  d ia g ra m  fo r  th e  e le c t r o n  in  w h ich  

in s te a d  o f th e  n -m e s o n  an d  th e  n u c le o n  an d  a n t in u c le o n  w e h a v e , r e s p e c t i v e 
ly , Y~qu a n ta  an d  th e  e le c t r o n  e an d  a n t ie le c t r o n  -  p o s i tr o n  -  e. T h u s  th e  
p o s i t r o n - e l e c t r o n  a tm o s p h e r e  w h ich  w e sp o k e  o f e a r l i e r  is  fo r m e d  a ro u n d  
th e  e le c tro n .

F ig u r e  5 V sh o w s o n e  of th e  s t r u c t u r e  d ia g ra m s  fo r  th e  n -m e s o n . T h e  
n -m e s o n  t r a n s f o r m s  in to  th r e e  n -m e s o n s  a t  th e  p o in t A; o n e  o f th e s e  i n t e r 
a c t s  w ith  a  v q u a n tu m  a t  C. T h e  th r e e  p io n s  t r a n s f o r m  o n c e  m o re  in to  a 
s in g le  on e  a t  R.

We m ig h t a ls o  c o n s id e r  m o re  c o m p le x  p r o c e s s e s  w h ich  m a k e  s o m e  c o n 
t r ib u t io n  o r  o th e r  to  th e  s t r u c t u r e  o f p a r t i c le s .

T h e  e x t r a o r d in a r y  c h a r a c t e r  of th e  s i tu a t io n  is  a l l  too  o b v io u s . A c c o r d 
ing  to  th e  m o d e rn  th e o ry , th e  n u c le o n  " c o n s i s t s "  no t on ly  o f n - m e s o n s  bu t 
a ls o  o f p a i r s  of n u c le o n s  an d  a n tin u c le o n s  (TV an d  fV); th e  e le c t r o n  a l s o  h a s
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e l e c t r o n - p o s i t r o n  p a i r s  an d  e v e n  n u c le o n -a n t in u c le o n  p a i r s  in i ts  " c o m p o 
s i t io n " ;  th e  m e s o n  " c o n s i s t s "  o f th r e e  m e s o n s ,  an d  so  on. A s i tu a t io n  
a r i s e s  w h ich  w a s  c o m p le te ly  unknow n e a r l i e r  in a to m ic  th e o ry .

In d e e d , we a r e  a c c u s to m e d  to  th e  fa c t  th a t , s a y  a m o le c u le  of w a te r  c o n 
s i s t s  of a to m s  o f h y d ro g e n  an d  o x y g en , a to m s  c o n s i s t  o f e le c t r o n s  and  
n u c le i,  n u c le i  o f n u c le o n s . . . A t l e a s t  w e a r e  u s e d  to a s s u m in g  th a t  th e  p a r t  
i s  s m a l l e r  th a n  th e  w h o le ; b u t is  a  p o s i t r o n - e l e c t r o n  p a i r  w h ich  e n t e r s  in to  
th e  c o m p o s i t io n  o f an  e le c t r o n  r e a l l y  s m a l l e r  th an  th is  e le c t ro n ? !

If w e fo llow  th e  p r e s e n t  th e o ry  it  s e e m s  th a t  p a r t i c le s  c o n s i s t  o f ea c h  
o th e r  a n d  th a t  th e  l a r g e r  ca n  be  c o n ta in e d  in th e  s m a l l e r .

O ne s h o u ld  b e a r  in  m in d , h o w e v e r, th a t  w hen w e now u se  th e  w o rd  " c o n 
s i s t "  it  is  no t a t  a l l  in th e  s t a t i c  s e n s e  in w h ich  it w a s u s e d  in c l a s s i c a l  
a to m ic  p h y s ic s .  In u s in g  th is  w o rd  w e m e r e ly  w ish  to  s t r e s s  th e  fa c t  th a t 
in  th e  in te r a c t io n  o f on e  p a r t i c le  (a  n u c le o n , s ay ) w ith  a n o th e r  (e . g. , a  p h o 
ton) c e r t a in  o th e r  p a r t i c le s  ( m e s o n s ,  n u c le o n s , a n t in u c le o n s ,  e t c . )  a p p e a r 
in g  t e m p o r a r i l y  in  th e  p r o c e s s  in e v ita b ly  p a r t ic ip a te  a s  in te r m e d ia te  a g e n ts .

T h u s  th e  m o d e rn  v iew  on  th e  s t r u c t u r e  of e le m e n ta r y  p a r t i c le s  is  r e 
la te d  to  th e  s t r u c t u r e  o f p o s s ib le  p r o c e s s e s  an d  is  d y n a m ic a l .

It i s  th is  c i r c u m s ta n c e  w h ich  r id s  u s  of th e  d i f f ic u lt ie s  c h a r a c t e r i s t i c  of 
th e  o ld  v ie w s , in  w h ich  th e  p a r t i c le  w a s  se e n  a s  an  u n ch a n g in g  o b je c t  s o m e 
th in g  l ik e  a  s o l id  c h a rg e d  s p h e r e .

It w ou ld  b e  too  o p t im is t ic ,  h o w e v e r, to  s a y  th a t  th is  new  a p p r o a c h  to the 
s t r u c t u r e  o f e le m e n ta r y  p a r t i c le s  s o lv e s  th e  p ro b le m  of c o n s tru c t in g  a  c o 
h e r e n t  th e o ry  o f th e  m ic ro w o r ld .  A t p r e s e n t  it  is  a l r e a d y  o b v io u s  th a t, 
b a s in g  o u r s e lv e s  on th e  m o d e rn  p h y s ic a l  th e o ry ,  w e c a n  s tu d y  on ly  th e  o u t 
e r m o s t  re g io n s  o f p a r t i c le  s t r u c t u r e .  T h e  d iff ic u lty  is  th a t  th e  m o d e rn  p h y 
s i c i s t  h a s  no la n g u a g e  o th e r  th a n  th e  la n g u a g e  of p a r t i c le s ,  an d  it w ould  
s e e m  a s  if  th is  la n g u a g e  is  p o o r ly  s u i te d  to  th e  d e s c r ip t io n  of p r o c e s s e s  
ta k in g  p la c e  in s id e  e le m e n ta r y  p a r t i c le s ,  in t h e i r  d e e p e s t  in t e r io r .

H e re  w e m ig h t r e c a l l  th a t , in  a d d it io n  to  p a r t i c le s ,  th e  m o d e rn  q u an tu m  
th e o ry  a l s o  o p e r a t e s  w ith  th e  c o n c e p t of th e  f ie ld  tf; f ro m  th is  p o in t of 
v iew  p a r t i c le s  r e p r e s e n t  q u a n ta , c lo ts  of su c h  a  f ie ld . O ne m ig h t t h e r e 
f o r e  c la im  th a t  in  s tu d y in g  th e  in te r n a l  s t r u c t u r e  o f p a r t i c le s  it  is  p o s s ib le  
to  d ro p  th e  p a r t i c le  c o n c e p t (w ith in  a  p a r t ic le )  b u t p r e s e r v e  th e  c o n c e p t of 
th e  f ie ld  $ (x, t) a t  th e  p o in t x a t  th e  in s ta n t  t.

In s p i te  o f a l l  i t s  d e f e c ts ,  h o w e v e r , th e  m o d e rn  th e o ry  is  v e r y  w e ll 
c e m e n te d  to g e th e r ;  o n e  c a n n o t d i s c a r d  on e  o f i t s  p a r t s  w ith o u t d e s t ro y in g  
th e  r e m a in d e r .

By r e tu r n in g  to  th e  s o u r c e s  of q u an tu m  fie ld  th e o ry  i t  i s  e a s y  to  show  
th a t  th e  a r g u m e n ts  x a n d  t o f w h ich  th e  f ie ld  f  i s  a  fu n c tio n  a r e  none o th e r  
th a n  th e  c o o r d in a te s  x an d  t im e  t of th e  n a s c e n t  o r  d e c a y in g  p a r t ic le .

In th e  p r e s e n t  v iew  o f th e  q u a n tu m  f ie ld  i|) (x, t) a  c o r p u s c u la r  la n g u a g e  is  
b u i l t  in  f r o m  th e  v e r y  f i r s t .  M o re  p r e c i s e ly  th is  c a n  be  d e s c r ib e d  a s  fo llo w s . 
L e t  i|> (x, <) b e , s a y ,  a  m e so n  fie ld ;  l e t  u s  e x p r e s s  th is  f ie ld  a s  th e  su m

f  (x. n  = (•'■• 0 +  'T (*. *)• (7)

w h e re  in »|>* a r e  c o l le c te d  a l l  h a r m o n ic  o s c i l l a t io n s  c o n ta in e d  in th e  s p e c tr a l  
r e s o lu t io n  o f y  (x, t) an d  h av in g  p o s i t iv e  f r e q u e n c ie s  an d  in i f  a r e  c o l le c te d  
a l l  h a r m o n ic s  w ith  n e g a t iv e  f r e q u e n c ie s .  T h e n  th e  p o in t x, t in w ill d en o te  
th e  p o in t a t  w h ich  th e  m e s o n  is  c r e a te d ,  a n d  in i|r it  w ill d en o te  th e  p o in t a t  
w h ich  th e  m e s o n  is  a n n ih i la te d .  In o th e r  w o r d s , V  w il l  be th e  o p e r a to r  of
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m e s o n  c r e a t io n  a t  th e  p o in t x, t an d  t|>‘ th e  o p e r a to r  o f m e s o n  a n n ih i la t io n  
a t  th e  s a m e  p o in t.

T h u s  th e  q u an tu m  f ie ld  la n g u a g e  an d  th e  c o r p u s c u la r  la n g u a g e  a r e  e q u i
v a le n t. T h is  e q u iv a le n c e  is  p a r t i c u la r ly  e v id e n t in  o ld  w o rk s  on  q u a n tu m  
f ie ld  th e o ry .

T h e r e f o r e  on e  c a n n o t r e je c t  th e  c o n c e p t o f p a r t i c le s  w ith o u t d e s t ro y in g  
th e  e n t i r e  fo u n d a tio n  of th e  m a th e m a tic a l  a p p a r a tu s  o f th e  m o d e rn  th e o ry .
A t th e  s a m e  t im e  it c a n  b e  show n  c o n c lu s iv e ly  th a t  th e  p a r t i c le  c o n c e p t 
is  u n te n a b le  in  c a s e s  w h e re  th e  in te r a c t io n  b e tw e e n  th e  p a r t i c le s  b e c o m e s  
e x c e s s iv e ly  s t r o n g - .

A s a  m e a s u r e  o f th e  in te r a c t io n  on e  c a n  u s e  th e  m a s s  d e fe c t , i. e . , th e  
r e d u c t io n  in th e  p a r t i c le  m a s s  —Am d u r in g  th e  f o r m a t io n  o f a  s y s te m , o r  
th e  m a s s  in c r e m e n t  +  Am in th e  c a s e  o f an  u n s ta b le  s y s te m . We w ill  r e 
g a r d  an  in te ra c t io n  a s  w e ak  if

£ < * .  (8)

w h e re  m is  th e  s m a l l e s t  o f th e  f r e e  p a r t i c le  m a s s e s  (b e fo re  th e y  a r e  fo r m e d  
in to  a  co m p o u n d  s y s te m ) .

F ro m  th is  p o in t o f v iew  it  is  r e a s o n a b le  to  s a y , fo r  in s ta n c e ,  th a t  th e  
h y d ro g e n  a to m  c o n s i s t s  o f a  p ro to n  an d  an  e le c t r o n ,  s in c e  th e  m a s s  r e d u c 
tio n  in  th e  fo r m a t io n  of a  h y d ro g e n  a to m  c o n s t i tu te s  on ly  2 • 10 “5 th e  m a s s  of 
an  e le c t ro n . It is  a l s o  re a s o n a b le  to  s a y  th a t  th e  d e u te ro n  c o n s i s t s  o f a  
p ro to n  an d  n e u tro n , s in c e  th e  m a s s  d e fe c t  in th is  c a s e  is  2 • 10“3 o f th e  n u 
c le o n  m a s s .

L e t u s  c o n s id e r ,  h o w e v e r, an  im a g in a ry  a to m  w ith  th e  n u c le o n  c h a r g e  
'/ -  137. It tu rn s  o u t th a t  th e  p ro b le m  of th e  m o tio n  of an  e le c t r o n  in  th e  
f ie ld  of su c h  a  n u c le u s  h a s  in  g e n e r a l  no s o lu tio n . T h is  m a th e m a tic a l  fa c t , 
long  know n, is  to  be  a t t r ib u te d  to  th e  fa c t  th a t  in  th e  f ie ld  o f s u c h  a  s t r o n g ly  
c h a rg e d  n u c le u s  th e  m a s s  d e fe c t  Am>2mo (m, b e in g  th e  m a s s  o f an  e le c tro n ) .

In th is  c a s e  we ca n n o t s e p a r a t e  th e  o p e r a to r s  o f e le c t r o n  c r e a t io n  tp* f ro m  
th e  o p e r a to r s  o f e le c t r o n  a n n ih i la t io n  >(r. T h is  d iv is io n  o f th e  o p e r a to r s  in to  
tw o ty p e s  is  h o w e v e r, e s s e n t ia l .  F o r  Am>2mu th e s e  o p e r a to r s  b e c o m e  m ix ed ; 
th is  m e a n s  c o m p le te  c a ta s t r o p h e  an d  th e  m o d e rn  th e o ry  is  c o m p le te ly  in a p 
p lic a b le  to su c h  p ro b le m s .

In th e  l ig h t o f th e s e  c o n s id e r a t io n s  w e m u s t r e c o g n iz e  a s  c o m p le te ly  u n 
te n a b le  a l l  a t te m p ts  to c o n s t r u c t  c o m p le x  m o d e ls  of p a r t i c le s  w hen  so m e  
p a r t i c le s  a p p e a r  a s  c o m p le x  s y s te m s  c o n s is t in g  of o th e r  m o re  " e le m e n ta r y "  
p a r t i c le s  an d  a t  th e  s a m e  t im e  a llo w  e n o r m o u s  m a s s  d e f e c ts .

S uch , fo r  e x a m p le , is  th e  n -m e s o n  m o d e l s u g g e s te d  by F e r m i ,  a c c o r d 
ing  to  w h ich  th e  n -m e s o n  is  a  bound  s t a t e  c o n s i s t in g  o f a  n u c le o n  a n d  an  
a n tin u c le o n .

T h e  m a s s  d e fe c t  Am p e r m is s ib l e  h e r e  is  c lo s e  to  2m (w h e re  m i s  th e  n u 
c le o n  m a s s ) .

P e r h a p s  su c h  m o d e ls  h av e  a  c e r t a in  m e a n in g o n ly  f ro m  th e  s ta n d p o in t  of s tu d y 
ing  th e  p o s s ib le  s y m m e tr ie s  o f s y s te m s ;  a  m o re  l i t e r a l  u n d e r s ta n d in g  o f t h e s e  
m o d e ls , h o w e v e r, c e r ta in ly  e x c e e d s  th e  " c o m p e te n c e "  o f th e  m o d e rn  th e o ry .

T h e r e  is  th e r e f o r e  e v e ry  r e a s o n  to  b e l ie v e  th a t  th e  p a r a d o x ic a l  n a tu r e  
o f th e  s t r u c t u r e  s c h e m e s  of p a r t i c le s  g iv e n  in  F ig u r e  5 s t e m s  f r o m  th e  fa c t  
th a t  w e a r e  u s in g  th e  p a r t i c le  lan g u a g e  in  a  re g io n  w h e re  m a s s  d e f e c ts  a r e  
° This aspect of the problem was considered in detail by me in a paper published in Uspekhi fizicheskikh 

nauk" in 1957 (see "UFN", Vol. LXI, p. 137).
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e n o r m o u s  an d  th e  c o n c e p t of p a r t i c le s  is  in r e a l i ty  u n te n a b le  -  o r ,  a t  any  
r a t e ,  v e r y  a p p r o x im a tiv e .

T h e s e  s c h e m e s  m ay  p o s s ib ly  b e  a n a lo g o u s  to th e  B o h r o r b i t s  in  a to m s , 
w h ic h  o n ly  v e r y  ro u g h ly  r e p r e s e n te d  q u an tu m  p h e n o m e n a  in a to m s . T h e 
m e c h a n ic s  o f th e  a to m  w a s  c o m p le te ly  g r a s p e d  on ly  a f te r  th e  c o n c e p t of 
o r b i t s  w a s  re p la c e d  by th e  c o n c e p t o f w a v e s .

M o d e rn  q u a n tu m  th e o ry  is  a " lo c k s m ith 's  to o l" ;  fo r  la c k  o f an y  o th e r  
w e a r e  s e e k in g  to  u s e  it  in  th e  d e l ic a te  c lo c k w o rk  m e c h a n is m  of e le m e n ta ry  
p a r t i c le s .

O ne m u s t  a d m ir e  th e  in g e n io u s n e s s  an d  p e r s is t e n c e  o f th e  p h y s ic i s t s  who 
c o n tin u e  to  e x t r a c t  new  in fo rm a tio n  c o n c e rn in g  e le m e n ta ry  p a r t i c le s  and  
t h e i r  s t r u c t u r e  by m e a n s  o f th is  ro u g h  in s tr u m e n t .

It is  n o n e th e le s s  e v id e n t, h o w e v e r, th a t  w e n e e d  new  p h y s ic a l  c o n c e p ts  
an d , c o r r e s p o n d in g ly ,  a  new  la n g u a g e  m o re  a d e q u a te  to th e  in n e r  n a tu re  of 
p a r t i c le s  th a n  th a t  w h ich  w e now h av e . H o w e v er c o m p le x  an d  m an ifo ld  th e  
w o r ld  o f m ic r o p a r t i c l e s  m ay  s e e m , we a r e  p e r h a p s  la c k in g  on ly  two o r  
t h r e e  w o rd s  to  e x p r e s s  th e  p h y s ic a l  id e a  r e q u ir e d  fo r  a  c o m p le te  u n d e r 
s ta n d in g  of th e  p h e n o m e n a  o f th e  m ic ro w o r ld .

It is  c l e a r  to  u s  th a t  th e s e  w o rd s  w ill  h a v e  to  b e  no l e s s  re v o lu t io n a r y  
th a n  th o s e  w h ich  le d  to  th e  c r e a t io n  of q u an tu m  th e o ry  o r  th e  th e o ry  of 
r e la t iv i t y .
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T H E  P R O B L E M  O F  T H E  E L E M E N T A R IT Y  O F  P A R T IC L E S  
IN QUA NTUM  PH Y SICS

M. E . O m e l 'y a n o v sk i i

T h e  d u a l w a v e - p a r t ic le  n a tu re  o f e le c t r o n s  an d  o th e r  m ic r o o b je c t s  in 
q u an tu m  m e c h a n ic s  is  m a n ife s te d  in th e  i n t e r r e l a t i o n s  b e tw e e n  e le m e n ta r y  
p a r t i c le s .  H o w e v er, (n o n r e la t iv i s t i c )  q u an tu m  m e c h a n ic s  d id  no t p r o g r e s s  
v e r y  f a r  to w a rd s  a  s y n th e s i s  of th e  o p p o s in g  c o r p u s c u la r  an d  w av e p ic tu r e s  
of m a t t e r  in  m o tio n . It w a s u n ab le , fo r  in s ta n c e ,  to  p r e d ic t  t h e o r e t ic a l ly  
th e  c o n v e rs io n  of the  e le c t r o m a g n e tic  fie ld  in to  an  e l e c t r o n - p o s i t r o n  p a i r  
a s  w e ll a s  o th e r  f o r m s  of t r a n s f o r m a t io n  o f e le m e n ta r y  p a r t i c le s .  It w a s  
a ls o  u n ab le  to p r e d ic t  th e  r e m a r k a b le  r e s u l t  th a t  to  e v e ry  e le m e n ta r y  p a r t i 
c le  c o r r e s p o n d s  i ts  a n t ip a r t ic le .

T h e r e in  l i e s  no t so  m u ch  th e  in a d e q u a c y  a s  th e  n a tu r a l  l im ita t io n  o f q u a n 
tu m  m e c h a n ic s ,  w h ich  is  to  be a t t r ib u te d  to th e  c o n d it io n s  in  w h ich  it w a s 
c r e a t e d  an d  e s p e c ia l ly  to  i t s  s p e c if ic  t r a i t s .  Such  l im ita t io n  is  in e v i ta b le ,  
fo r  q u an tu m  m e c h a n ic s ,  lik e  e v e ry  s c ie n t i f i c  th e o ry ,  is  in c a p a b le  o f g iv in g  
an  e x h a u s tiv e  i n te r p r e ta t io n  o f the in f in i te  d iv e r s i t y  o f m a t t e r  an d  e v e ry  
on e  of i t s  p a r t i c le s .  T h is  l im ita t io n  w a s  to  so m e  e x te n t d e m o n s t r a te d  c o n 
c r e t e ly  by r e la t iv i s t i c  q u an tu m  m e c h a n ic s ,  o r  q u an tu m  e le c t r o d y n a m ic s ,  
an d  th e  q u an tu m  f ie ld  th e o ry  w h ich  d e v e lo p e d  f r o m  it. T h e  d e m o n s t ra tio n  of 
th is  l im ita t io n  s im u l ta n e o u s ly  m a rk e d  i t s  e l im in a t io n  by r e la t iv i s t i c  q u a n 
tu m  m e c h a n ic s  an d , t h e r e f o r e ,  a  new  s te p  to w a rd  th e  c o g n itio n  o f m a t t e r .

In q u an tu m  m e c h a n ic s  th e  s y n th e s i s  o f c o r p u s c u la r  an d  w av e p ic tu r e s  of 
m a t t e r  r e f e r r e d  to  s u b s ta n c e  an d  to  th e  b e h a v io r  of i t s  p a r t i c le s .  T h u s  
th e  q u a n t i t ie s  c h a r a c t e r i z in g  m o v in g  p a r t i c le s  of s u b s ta n c e  to o k  on th e  f e a 
tu r e s  of w ave m o tio n . T h is  g av e  r i s e  to  s u b s ta n c e  w ith  th e  f ie ld ; h o w e v e r, 
th e  in v e r s e  t r a n s i t io n  f ro m  f ie ld  to s u b s ta n c e  c o u ld  no t b e  a c c o m p lis h e d  in 
qu an tu m  m e c h a n ic s ;  f ro m  th e  s ta n d p o in t  o f q u a n tu m  m e c h a n ic s  f ie ld s  r e 
m a in e d  " c l a s s i c a l "  an d  th e  k ind  and  n u m b e r  o f p a r t i c le s  of s u b s ta n c e  r e 
m a in e d  in v a r ia b le .

T h u s  in  q u an tu m  m e c h a n ic s  th e  s y n th e s i s  of o p p o s in g  c o r p u s c u la r  an d  
w ave p ic tu r e s  w a s not c a r r i e d  ou t in fu ll; it d id  no t r e f e r  to  f ie ld s ,  an d  
ad d e d  n o th in g  to p h y s ic a l  k n o w led g e o f th e  p ro b le m  of e le m e n ta r i ty :  f ro m  
th e  s ta n d p o in t  of q u an tu m  m e c h a n ic s  e le m e n ta r y  p a r t i c le s  c o u ld  b e  r e g a r d e d  
u l t im a te ly  a s  im m u ta b le  -  s p e c if ie d  fo r  e v e r  -  a s ,  s a y , a to m s  f r o m  th e  
s ta n d p o in t  o f c l a s s i c a l  p h y s ic s .

W hile q u an tu m  m e c h a n ic s  w as ta k in g  on i ts  p r e s e n t  fo r m  of a  c lo s e d  s y s 
te m  o f c o n c e p ts , th e  p r e r e q u i s i t e s  w e re  a l r e a d y  b e in g  la id  fo r fu tu re  t h e o r ie s  
d e a lin g  w ith  th e  t r a n s i t io n  o f fie ld  in to  s u b s ta n c e .  T h e s e  p ro b le m s  w e re  
w o rk e d  on by th e  s a m e  s c i e n t i s t s  who had  ta k e n  p a r t  in  th e  c r e a t io n  o f q u a n 
tum  m e c h a n ic s  (D ir a c ,  H e is e n b e rg ,  P a u l i ,  F o k ). Q u a n tu m  f ie ld  th e o ry ,  
w h ich  is , p ro p e r ly  sp e a k in g , th e  th e o ry  o f e le m e n ta r y  p a r t i c le s ,  w a s
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c r e a t e d .  In th e  new  th e o ry ,  by c o n t r a s t  w ith  q u a n tu m  m e c h a n ic s  (w h e re  
w av e fu n c tio n s  a r e  r e g a r d e d  a s  fu n c tio n s  in m u ltid im e n s io n a l  c o n f ig u ra tio n  
s p a c e ) ,  w av e fu n c tio n s  a r e  t r e a t e d  a s  w ave f ie ld s  in t h r e e - d im e n s io n a l  
s p a c e ;  th e s e  f ie ld s ,  h o w e v e r, a r e  no t th e  f ie ld s  w ith  w h ich  c l a s s i c a l  p h y s 
ic s  d e a l s ,  bu t r a th e r  q u a  n t u m f ie ld s ,  w h ich  d if fe r  fro m  c l a s s i c a l  o n e s  
in  q u a l i ta t iv e ly  new  p r o p e r t i e s .

T h e  e s s e n c e  of q u a n tu m  fie ld  th e o ry ,  if we look  a t  i t s  m a th e m a tic a l  a s 
p e c t , is  th e  s o - c a l l e d  s e c o n d  q u a n tiz a tio n . T h e  id e a  of s e c o n d  q u a n tiz a tio n  
is  a s  fo llo w s: th e  w av e e q u a tio n s  a r e  s u b je c te d  to c h a n g e  an d  to g e n e r a l i 
z a tio n  s i m i l a r  to  th e  t r a n s f o r m a t io n  a c c o m p lish e d  w ith  th e  a id  of th e  m a th e 
m a t ic a l  m e th o d  ( f i r s t  q u a n tiz a tio n )  by w h ich  one p a s s e s  fro m  the e q u a tio n s  
o f c l a s s i c a l  m e c h a n ic s  to  th o s e  of q u an tu m  m e c h a n ic s .

T h u s  s e c o n d  q u a n tiz a tio n  m a d e  it p o s s ib le  to d e p ic t  m a th e m a tic a l ly  the 
p h y s ic a l  s i tu a t io n  in w h ich  th e  c o n tin u o u s  w ave fie ld  is  s im u l ta n e o u s ly  a 
s e t  o f d i s c r e t e  p a r t i c le s .  If s e c o n d  q u a n tiz a tio n  w a s o n c e  re g a r d e d  m e re ly  
a s  a  u s e f u l  m a th e m a tic a l  d e v ic e  u n re la te d  to th e  p h y s ic a l  c o n te n t of q u an tu m  
th e o ry , to d ay  th is  p o in t of v iew  h a s  b ee n  ab a n d o n ed . T h e  p h y s ic a l  m ea n in g  
o f w ave p ic tu r e s  in  q u an tu m  th e o ry  is  th a t  th e  p a r t i c le s  r e p r e s e n t  q u a n ta  of 
th e  c o r r e s p o n d in g  r e a l  f ie ld s .

Q u a n tu m  f ie ld  th e o ry  e f fe c te d  a  d e e p e r  s y n th e s is  o f c o r p u s c u la r  an d  w ave 
p i c tu r e s  o f m a t t e r  th an  q u a n tu m  m e c h a n ic s ,  c o l le c t in g  in a  s in g le  u n it the 
c o n c e p t o f f ie ld  an d  th a t  of s u b s ta n c e .  D i r a c 's  r e la t iv i s t i c  th e o ry  of the 
e l e c t r o n  in i t i a te d  th is  s y n th e s i s ;  it  le d  to im p o r ta n t  in fe r e n c e s ,  am o n g  th em  
th a t  th e r e  e x is te d  a  p o s i tr o n , th a t  th e  c o n v e rs io n  of p h o to n s in to  an  e l e c 
t r o n - p o s i t r o n  p a i r  a n d  v ic e  v e r s a  w a s  p o s s ib le ,  th a t  th e  e l e c t r o n - p o s i t r o n  
v a c u u m  e x is te d ,  an d  so  on. Now th e  fo llo w in g  c l a s s i f ic a t io n  of th e  p r i n c i 
p a l  p h y s ic a l  f ie ld s  h a s  b e e n  e s ta b l is h e d :  s tro n g ly  in te r a c t in g  f ie ld s  ( th e s e  
g iv e  r i s e  to  n u c le a r  fo r c e s ) ;  f ie ld s  w ith  in te r m e d ia te  ( e le c tro m a g n e t ic )  
i n te r a c t io n s ;  w e ak ly  in te r a c t in g  f ie ld s  ( r e s p o n s ib le  fo r  th e  sp o n ta n e o u s  
d e c a y  o f a l l  e le m e n ta r y  p a r t i c le s  w ith  the e x c e p tio n  of th e  s ta b le  p a r t i c le s ,  
th e  p h o to n s , e l e c t r o n s ,  n e u tr in o s  an d  p ro to n s ) ;  u l t ra w e a k ly  in te r a c t in g  
( g r a v i ta t io n a l)  f ie ld s  ( d i s r e g a r d e d  in  th e  m o d e rn  th e o ry  of e le m e n ta ry  p a r t i 
c le s  o w ing  to  t h e i r  s m a l ln e s s ) .

H o w e v e r s c h e m a t ic ,  o u r  s k e tc h  o f th e  id e a s  in v o lv ed  in  q u an tu m  fie ld  
th e o ry  m a k e s  i t  c l e a r  th a t  th is  th e o ry  is  an  e x c e l le n t  e x a m p le  o f th e  a p p l i 
c a t io n  o f th e  la w s  o f d ia le c t ic s .  T h e  th e o ry  o f e le m e n ta ry  p a r t i c le s  is  a 
g ra p h ic  d e m o n s tra tio n  th a t  th e  p r in c ip le s  o p e r a t iv e  a t  th e  fo u n d a tio n s  of 
k n o w led g e  o f m a t t e r  a r e  th e  p r in c ip le  o f d e v e lo p m e n t, p r in c ip le  o f u n ity  of 
m a t t e r ,  d ia le c t ic  p r in c ip le  o f c o n tra d ic t io n  an d  o th e r  im p o r ta n t  p r in c ip le s  of 
d ia le c t ic  m a te r ia l i s m .  T h e r e f o r e  w hen  in v e s t ig a t in g  th e  m a jo r  p h ilo so p h ic a l  
p r o b le m s  a s s o c ia t e d  w ith  th e  th e o ry  o f e le m e n ta r y  p a r t i c le s  on e  c a n n o t do 
w ith o u t d ia le c t ic  th in k in g .

S uch  p r o b le m s  in c lu d e , am o n g  o th e r s ,  th e  p ro b le m  o f th e  e s s e n c e  of p h e 
n o m e n a , th e  p ro b le m  o f the  c o n tin u ity  an d  d is c o n tin u ity  of m a t te r ,  th e  q u e s 
tio n  o f th e  m a te r ia l  o r  s p i r i t u a l  " p r i u s "  (o r ig in )  o f a l l  b e in g . T h e s e  m ig h t 
s e e m  to b e  o ld  p r o b le m s  r a i s e d  m an y  t im e s  by p h ilo so p h ic a l  th in k in g , p a r t i 
c u la r ly  in  c o n n e c tio n  w ith  id e a s  o f a to m is m . B ut now th a t  p h y s ic s  h a s  
r e a c h e d , a s  m an y  d a ta  sh o w , th e  v e r y  fo u n d a tio n s  of th e  u n iv e r s e ,  th e s e  
p r o b le m s  ta k e  on new  c o n te n t;  t h e i r  s o lu tio n , n a tu r a l ly ,  d o e s  not r e d u c e  
to m e r e  re p e t i t io n  o f o ld  p h ilo so p h ic a l  t r u th s .  In e le m e n ta ry  p a r t i c le  th e o ry  
th e  p h ilo so p h ic a l  p ro b le m s  w h ich  h a v e  a r i s e n  h a v e  found th e i r  c o n c e p tu a l

45



e x p r e s s io n  in th e  p ro b le m  of e le m e n ta r i ly ,  to  th e  a n a ly s i s  o f w h ich  w e 
w ill now tu rn .

T o th e  a n c ie n t  a to m is ts  a to m s  m o v in g  in an  in f in i te  v a c u u m  w e re  th e  
la s t  fo u n d a tio n , s u b s t r a tu m , d i s c r e t e  s u b s ta n c e  of o b s e r v a b le  p h e n o m e n a . 
F o r  D e m o c r i tu s ,  fo r  in s ta n c e ,  a to m s  c o n c e iv a b le  to  th e  in te l le c t  e x p la in e d  
th e  v a r ia t io n s  in  th e  w o r ld  p e r c e p t ib le  to th e  s e n s e s .

T h is  c o n c e p tio n  o f th e  a to m  w as a d o p te d  w ith o u t c h a n g e  in  th e  body  of 
n a tu r a l  kno w led g e a s  soon  a s  it b e c a m e  a  s c ie n c e .  F o r  e x a m p le , N e w to n 's  
d e f in it io n  o f m a s s  a s  a  m e a s u r e  o f th e  a m o u n t o f m a t t e r  p ro p o r tio n a l  to  i t s  
( m a t t e r 's )  d e n s ity  an d  v o lu m e  c a n n o t b e  u n d e r s to o d  if th e  c o n c e p t o f a to m  
i s  no t in t ro d u c e d . In c id e n ta l ly ,  N ew ton m e n tio n s  a to m s  d i r e c t ly  in  
h is  fa m o u s  " 3 1 s t  Q u e ry " , g iv in g  a d e f in it io n  w hich  i s  o f te n  q u o ted :
" . . .  G od in  th e  b e g in n in g  fo rm e d  m a t t e r  in  s o lid , m a s s y , h a r d ,  im p e n e 
t r a b le ,  m o v ab le  p a r t i c le s ;  o f su c h  s i z e s  and f ig u re s  and w ith  su c h  o th e r  
p r o p e r t i e s ,  and  in  su c h  p r o p o r tio n s  to  s p a c e ,  a s  m o s t co n d u c ed  to  th e  end  
fo r  w hich  he fo rm e d  th e m ; . . . "*

T h e  s u b s e q u e n t d e v e lo p m e n t of c l a s s i c a l  p h y s ic s  s t r e n g th e n e d  th e  N e w to n ia n  
c o n c e p tio n  of th e  a to m  in n a tu r a l  s c ie n c e .  H e r tz ,  fo r  in s ta n c e ,  r e g a r d e d  th e  
d if fe re n t  fo r m s  of e n e rg y  (p o te n tia l , e le c t ro m a g n e tic ,  c h e m ic a l ,  th e rm a l)  
a s  th e  k in e tic  e n e rg y  o f in v is ib le  h o m o g en e o u s  m a te r ia l  p o in ts . T h e  N e w 
to n ian  v iew  o f th e  a to m  w a s h e ld  by  M ax w ell, the fo u n d e r o f th e  th e o ry  of 
e le c t ro m a g n e ti s m . T h e  c o n c e p t of th e  c h e m ic a l  e le m e n t, by w h ich , in  the 
n in e te e n th  c e n tu ry ,  w a s  m e a n t a  s u b s ta n c e  no t d e c o m p o sa b le  by c h e m ic a l  
m e a n s , s e r v e d  th e  s a m e  p u rp o s e  a s  th e  a to m  in c l a s s i c a l  p h y s ic s .  W hen 
m o d e rn  s c i e n t i s t s  in  th e i r  in v e s t ig a t io n s  a p p ly  a to m is tic  th e o r ie s  to  the 
ta s k  o f e x p la in in g  th e  p r o p e r t i e s  an d  b e h a v io r  of m a c ro b o d ie s  by th e  p r o p 
e r t i e s  an d  b e h a v io r  of th e  c o n s t i tu e n t  m ic r o b o d ie s ,  th ey  a r e  u s in g  e s s e n 
t ia l ly  th e  D e m o c r ite a n  p r in c ip le  of th e  a to m .

T h u s  a c c o rd in g  to  th e  id e a  of th e  a to m  a s  s u b s t r a t e  an d  o r ig in  o f a l l  
c h a n g e s , a to m s  sh o u ld  b e  in d iv is ib le ,  q u a l i ty le s s ,  c o n s ta n t  an d  e te r n a l  
an d  so  fo r th .  T h is  u n d e r s ta n d in g  of th e  a to m  is  p r e s e n t  in  s o m e  fo r m  o r  
o th e r  in  the o ld  a to m is t ic s .

On the o th e r  hand , in th e  h i s to r y  of p h ilo so p h y  id e a s  o f a  c o n tin u o u s  
m a te r ia l  s u b s ta n c e  h av e  d e v e lo p e d  p a r a l l e l  to  id e a s  o f a to m is m , e i t h e r  in 
o p p o s itio n  to  th e  l a t t e r  o r  s u p p le m e n tin g  th e m . If by d e v e lo p m e n t o f m a t t e r  
th e  a to m is ts  L e u c ip p u s  an d  D e m o c r i tu s  m e a n t, in  th e  l a s t  a n a ly s i s ,  a  c o m 
b in in g  an d  s e p a r a t in g  o f a to m s , th e  g r e a t  e n c y c lo p a e d is t  o f a n c ie n t  t im e s ,  
A r is to t le ,  u n d e rs to o d  it c o m p le te ly  d if fe re n t ly .  T r e a t in g  m a t t e r  a s  s o m e 
th in g  w h ich  e n t e r s  in to  th e  c o m p o s it io n  of th in g s , so m e th in g  fro m  w h ich  
th in g s  a r i s e ,  A r is to t le  r e q u i r e s  " f o r m " ,  w h ich  t r a n s m u te s  m a t t e r  a s  a  
p o s s ib il i ty  in to  r e a l  th in g s ;  th a t  is , a c c o rd in g  to  h is  c o n c e p tio n  th e  a p p e a r 
a n c e  of p h en o m e n a  o c c u r s  a s  a  fo rm a tio n  of m a t te r .

In th e  new  p h ilo so p h y , D e s c a r te s ,  one of i t s  c r e a t o r s ,  d e n ie d  th a t  th e  
a to m s  an d  v ac u u m  o f th e  a n c ie n ts  w e re  th e  b a s i s  o f e v e ry th in g  th a t  e x i s t s .  In 
h is  view  c o n tin u o u s  m a te r ia l  s u b s ta n c e  w ith  i ts  a t t r i b u t e  of e x te n s io n  is  th is  
b a s i s  ( if  one is  d e a lin g  w ith  th e  p h y s ic a l  w o r ld ) ; m a te r ia l  s u b s ta n c e  is  in f in ite ly  
d iv is ib le  an d  i ts  m o v in g  p a r t i c le s  g iv e  r i s e  to  e v e ry th in g  th a t  e x i s t s .

T h e  C a r te s ia n  c o n c e p tio n  o f th e  d e v e lo p m e n t of m a t t e r  a s s u m e d  th e  p la c e  
o f h o n o r m u ch  l a t e r ,  w ith  th e  e m e rg e n c e  o f th e  F a ra d a y -M a x w e ll  th e o ry  o f 
e le c t ro m a g n e ti s m  an d  o f c l a s s i c a l  f ie ld  th e o ry  in g e n e r a l .  H o w e v e r , th e

• Is a a c  N ew ton . The Third Book of Opticks, in: Operum Newtoni (Vol. IV). London. 1782.
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p h y s ic a l  id e a s  o f N ew ton -  an  o p p o n en t o f the k in e tic  v iew s  of D e s c a r te s  -  
p o te n t ia l ly  c o n ta in e d  th e  c o n c e p t of fie ld  ( a d m itte d ly  a s  a  su p p le m e n t to h is  
fu n d a m e n ta l  id e a s , an d , m o r e o v e r ,  in the fo rm  of a  m a th e m a tic a l  p r e d ic 
tio n ). We a r e  r e f e r r i n g  to  the f o r c e s  of g ra v ity  -  an  im p o r ta n t  c o n c e p t in 
N e w to n 's  " P r in c ip le s "  -  th e  e x is te n c e  of w h ich  N ew ton fo r m u la te d  m a th e 
m a t ic a lly  in th e  law  of g ra v ita t io n , w h ile  c i r c u m v e n t in g  the q u e s tio n  o f th e i r  
p o s s ib le  c a u s e s .  In th e  l i t e r a t u r e  N e w to n 's  v ie w s  on g ra v ita t io n  a r e  f r e 
q u e n tly  in t e r p r e t e d  a s  im p ly in g  the n e c e s s i ty  of r e c o g n iz in g  " a c tio n  a t  a 
d i s ta n c e " .  N ew ton h im s e l f  had  h is  own o p in io n  on th is  p o in t, bu t w ha t we 
w ish  to  s t r e s s  is  s o m e th in g  e l s e .  F ro m  the  s ta n d p o in t  o f p u re  m e c h a n is -  
t i c s  a c t io n  a t  a  d i s ta n c e  w ith o u t th e  in te rv e n tio n  of any  a g e n t s e e m s  m e a n 
in g le s s .  B ut if on e  r e a s o n s  r ig o r o u s ly  th en  the id e a  o f c o n ta c t  a c tio n  ( p r e 
f e r r e d  by m e c h a n is t ic s  an d  th e  o ld  a to m is m )  is , in e s s e n c e ,  no d if fe re n t  
f ro m  th e  id e a  o f a c t io n  a t  a d is ta n c e .  A b so lu te  c o n ta c t  b e tw e e n  a to m s  d o es  
no t e x is t ;  o th e r w is e  a to m s  w ould  fu se  an d  m a t t e r  co u ld  not b e  d i s c r e te .
It is  th e r e f o r e  n e c e s s a r y  to endow  a to m s  w ith  f o r c e s  p re v e n tin g  th em  fro m  
fu s in g , i. e . , f o r c e s  w h ich  a c t  fro m  on e a to m  to a n o th e r .  T h e  d ev e lo p m e n t 
o f p h y s ic s  h a s  s o lv e d  th e  c o n t r a d ic t io n s  w h ich  a r i s e  by in t ro d u c in g  th e  c o n 
c e p t of th e  f ie ld .

T h e  d e v e lo p m e n t o f a to m is t i c s  — th e  id e a s  of w h ich  h av e  b ee n  d o m in a n t in 
n a tu r a l  s c ie n c e  th ro u g h o u t i t s  h i s to r y  — h a s  not c o n s is te d  e x c lu s iv e ly  o f th e  
s e a r c h  fo r  a  s u b s t r a t e  o r  s u b s ta n c e  r e p r e s e n t in g  th e  l a s t  fo u n d a tio n  o f o b 
s e r v a b le  p h e n o m e n a  (though  th is  f e a tu r e  r e m a in s  to  a  c e r t a in  d e g r e e  in 
m o d e rn  a to m is t i c s  a s  w e ll, s in c e  e le m e n ta r y  p a r t i c le s  a r e  r e g a r d e d  a s  the 
fu n d a m e n ta l  c o n s t i tu e n ts  o f m a t t e r  in th e  know n p a r t  of th e  u n iv e r s e  and  
s h o u ld  in th is  s e n s e  b e  c o n s id e r e d  fu n d a m e n ta l  p a r t ic le s ) .  T h e  d e v e lo p m e n t 
of a to m is t i c s  a l s o  in c lu d e s  th e  s e a r c h  fo r  s o lu tio n s  of th e  fo llo w in g  p ro b le m s : 
is  m a t t e r  fu n d a m e n ta lly  d i s c r e t e  o r  c o n tin u o u s , v a r ia b le  o r  c o n s ta n t?  Is 
i t  s i m i l a r  to  th e  o b s e r v a b le  w o r ld  o f p h en o m e n a  o r  d i f f e re n t  fro m  it?  (T h e  
p ro b le m  o f th e  s u b s t r a t e  o f p h e n o m e n a  n e c e s s a r i l y  b e c o m e s  c o n c re te  in  th e  
s o lu tio n  of th e s e  p ro b le m s . )

A s to  th e  p ro b le m  o f w h e th e r  m a t t e r  is  fu n d a m e n ta lly  s i m i l a r  to o r  d i s 
s i m i l a r  fro m  th e  p e r c e p t ib le  w o r ld  o f p h e n o m e n a , n a tu r a l  s c ie n c e  h a s  so lv e d  
i t  in  th e  s e n s e  th a t  it  h a s  c o n f ir m e d  th e  v a lid ity  o f m a te r ia l is m  an d  d i a l e c 
t i c s .  T h a t th e  m ic ro w o r ld  (in to  w h ich  th e  e le m e n ta ry  p a r t i c le s  e n te r )  and  
m a c r o w o r ld  (w h ic h  e m b r a c e s  th e  d i r e c t ly  o b s e r v a b le  p h en o m e n a) c o n s t i tu te  
a  s in g le  w o r ld  is  show n  by  th e  f a c t  th a t  th e  la w s  o f c l a s s i c a l  m e c h a n ic s  a r e  
a  l im it in g  c a s e  o f th e  la w s  o f q u an tu m  m e c h a n ic s ;  it  is  a ls o  show n by o th e r  
im p o r ta n t  p r in c ip le s  o f q u an tu m  m e c h a n ic s ,  su c h  a s  th e  s o - c a l le d  E h re n fe s t  
th e o re m , a c c o rd in g  to  w h ich  th e  m e a n  v a lu e s  o f q u a n t i t ie s  (c o o rd in a te s ,  
m o m e n tu m , e tc . ) fo r  m ic r o s c o p ic  s y s te m s  o b ey  th e  la w s  of c l a s s i c a l  m e 
c h a n ic s .  O th e r  e v id e n c e  o f th is  is  th o s e  p ro p o s i t io n s  o f th e  p r in c ip le  of 
c o m p le m e n ta r i ty  w h ich  c a n  be  c a l le d  c o r r e c t .  F in a l ly ,  an d  th is  is  th e  m o s t 
im p o r ta n t  p o in t, th e  id e n ti ty  o f th e  m ic ro w o r ld  an d  m a c ro w o r ld  ca n  be i n 
f e r r e d ,  d e s p i te  t h e i r  d i s s im i l a r i t y  (m o re  p r e c i s e ly ,  b e c a u s e  o f it), f ro m  the 
s u c c e s s  o f a to m ic  te c h n o lo g y  a n d  fro m  th e  fa c t  th a t  m an  h a s  m a s te r e d  a to m ic  
(n u c le a r )  e n e rg y .

O u r  k n o w led g e  o f th e  m ic ro w o r ld  an d  i ts  la w s  w ill e v o lv e , b e c o m e  m o re  
p r e c i s e ,  c o m in g  c l o s e r  an d  c l o s e r  to  i t s  g o al; so  w ill, a t  th e  s a m e  t im e , 
o u r  k n o w led g e  o f th e  r e la t io n s h ip s  b e tw e e n  th e  m ic r o -  an d  the m a c ro w o rld ;  
new  a s p e c t s  o f th e  id e n ti ty  o f th e  la w s  o f th e  m ic r o -  an d  m a c ro w o r ld  w ill 
u n fo ld  in  p h y s ic s ,  a s  show n  by q u an tu m  e le c tro d y n a m ic s  an d  o th e r  th e o r ie s
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of qu an tu m  p h y s ic s .  If one d e n ie s  th e  id e n ti ty  o f th e  m ic r o -  a n d  m a c ro w o r ld  ( c i t 
ing  th e i r  q u a l i ta t iv e  d i s s im i l a r i t y )  th en  in th e  p h i lo so p h ic a l  p la n e  th is  m e a n s ,  in 
th e  la s t  a n a ly s i s ,  th e  a d o p tio n  o f th e  p o s itio n  o f id e a lis m  an d  m e ta p h y s ic s .  It is  
w r o n g to  r e g a r d  on ly  th e  m a c ro s c o p ic  w o r ld o f  p h e n o m e n a a s  r e a l ;  a n d  to  i n t e r 
p r e t  th e  q u an tu m  law s of th e  m ic ro w o r ld  a s  a  sy m b o lic  r e p r e s e n ta t io n  w h ich  
m e re ly  o r d e r s  p h e n o m e n a , a s  in m o d e rn  p o s i t iv is m  an d  a g n o s t ic i s m .  A g a in , it 
is  w ro n g  to  c o n s id e r  o b je c tiv e  on ly  th o s e  law s o f th e  m ic ro w o r ld  w h ich  a p p e a r  in 
th e  m a th e m a tic a l  s c h e m e  of q u an tu m  th e o ry , an d  to  i n t e r p r e t  th e  r e a l  w o r ld  o f 
m a c ro s c o p ic  p h e n o m e n a a s  on e  in e v ita b ly  c o n ta in in g  a s u b je c t iv e  e le m e n t ,  in th e  
s p i r i t  o f P la to n ic  id e a lis m . B oth  th e  f o r m e r a n d t h e  l a t t e r  in te r p r e t a t i o n  id e a l 
i s t i c a l ly  d i s to r t  th e  im a g e  o f th e  w o r ld  g iv en  by m o d e rn  p h y s ic s  an d  le a d  to  c o n 
t ra d ic t io n  w ith  th e  f a c ts  w hen on e  s o lv e s  th e  p ro b le m  of c o r r e l a t i o n  b e tw e e n  th e  
r e g u la r i t i e s  of th e  m ic r o -  an d  m a c ro w o r ld .

T h u s  m a c ro p h e n o m e n a  w ith  th e i r  la w s  an d  m i c r o p r o c e s s e s  w ith  th e  la w s  
w h ich  th ey  o bey  a r e  e q u a lly  r e a l  o b je c tiv e ly  an d  c o n s t i tu te  a  s in g le  m a te r ia l  
w o r ld . In th e  o b je c tiv e  r e a l i ty  o f th e  m a c r o -  an d  m ic ro w o r ld  th e r e  is  a  
h ig h e r  id e n ti ty  b e tw e e n  th e  tw o, an  id e n ti ty  w h ich  p h y s ic s  e x p r e s s e s  w ith  
in c r e a s in g  a c c u r a c y  an d  c o m p le te n e s s  in i t s  d e v e lo p m e n t.

L e t u s  now tu rn  to  th e  p ro b le m  w h ich  is  o u r  m a in  ta s k ,  n a m e ly  w h e th e r  
m a t t e r  is  fu n d a m e n ta lly  d i s c r e t e  o r  c o n tin u o u s .

It is  w e ll  know n th a t  p re -q u a n tu m  a to m is t ic  th o u g h t s o lv e s  th is  p ro b le m  
by  a s s u m in g  th a t  a t  th e  fo u n d a tio n s  of m a t t e r  l ie  s t r u c t u r e l e s s  ( s im p le )  
p a r t i c le s  w h ich  c o n s t i tu te  th e  s t r u c t u r e  of o th e r  m o re  c o m p le x  f o r m a t io n s .  
T h is  a s s u m p tio n  w as s u b s ta n t ia te d  to  s o m e  e x te n t in  c h e m is t r y .  In th is  
b ra n c h  o f s c ie n c e  P r o u t 's  h y p o th e s is  h a s  b e e n  r e a l i z e d  in  so m e  fo rm  o r  
o th e r :  c h e m ic a l  e le m e n ts  c o n s i s t  o f th e  e le m e n t  h y d ro g e n  -  o n ly  th e  r o l e  of 
h y d ro g e n  is  p la y e d  by th e  c h a rg e  o f th e  a to m ic  n u c le u s ,  w h ich  d e te r m in e s  
th e  n u m b e r  o f e le c t r o n s  in  th e  a to m ic  s h e l l  an d  th e  p o s itio n  o f th e  e le m e n t  
in  M e n d e le e v 's  p e r io d ic  s y s te m . F ro m  the s ta n d p o in t  o f c h e m ic a l  s c ie n c e  
th e  c h e m ic a l  e le m e n t  is  s im p le ,  is  an  " e le m e n ta r y  s u b s ta n c e " ,  an d  so  on. 
F r o m  th e  s ta n d p o in t  o f th e  co g n itio n  o f m a t t e r  a t  i t s  m o s t p ro fo u n d  le v e l  
th e  " c h e m ic a l  e le m e n t"  is  c o m p le x  an d  c o n s i s t s  of p a r t s ,  o r  e le m e n ts ,  th e  
n u m b e r  o f w h ich  is  d e te rm in e d  by th e  n u m b e r  of p ro to n s  in  th e  n u c le u s .

A lth o u g h  th e  n u m b e r  o f fo r m s  o f e le m e n ta r y  p a r t i c le s  is  f a r  in f e r io r  to 
th e  n u m b e r  o f f o r m s  o f c h e m ic a l  e le m e n ts  ( th e  l a t t e r  now to ta l  102) i t  i s  s t i l l  
l a r g e  enough  ( th e  ta b le  of e le m e n ta ry  p a r t i c le s  to d ay  c o n ta in s  32 fo r m s  o r ,  
if  th e  s o - c a l le d  r e s o n a n c e s  d is c o v e r e d  in r e c e n t  y e a r s  a r e  c o u n te d , s i g n i f i 
c a n tly  m o re )  fo r  th e  p ro b le m  of e le m e n ta r i ly  to  a r i s e  a g a in . A nd it i s  a p 
p r o p r ia t e  to a s k  o n e s e lf  h e r e  w h e th e r  th is  p ro b le m  c a n  be  s o lv e d  in  th e  
s a m e  w ay a s  fo r  th e  c h e m ic a l  e le m e n ts .

In the l i t e r a t u r e  th e  a n s w e r  to th is  p ro b le m  is  o fte n  fo r m u la te d  a s  fo llo w s: 
th e r e  is  no c r i t e r io n  of e le m e n ta r i ly  s i m i l a r  to  th e  on e  u s e d  f o r  th e  c h e m i 
c a l  e le m e n ts  fo r  th e  p a r t i c le s  c o n s id e r e d  e le m e n ta r y  by m o d e rn  p h y s ic s ;  
th e  fu tu re  w ill show  w h e th e r  th e  h i s to r y  o f th e  c r i t e r i o n  fo r  c h e m ic a l  e l e 
m e n ts  w ill  b e  r e p e a te d  h e r e ,  o r  w h e th e r  a  c o m p le te ly  new  s i tu a t io n  w ill 
a r i s e .

T o  us th is  fo r m u la tio n  s e e m s  o v e r ly  c a u t io u s .  It is  a l r e a d y  p o s s ib le  to 
s a y  th a t  a  " c o m p le te ly  new  s i tu a t io n "  h a s  a r i s e n  w ith  r e g a r d  to  th e  p ro b le m  
o f e le m e n ta r i ly  in th e  m ic ro w o r ld ,  an d  th is  a p p l ie s  e q u a lly  to  know n e l e 
m e n ta r y  p a r t i c le s  an d  p a r t i c le s  p o s s ib ly  no t y e t  d is c o v e r e d .

F i r s t ,  a  few e s ta b l i s h e d  fa c t s .  O ne c a n n o t r e g a r d  s ta b le  e le m e n ta r y  
p a r t i c le s  (ph o to n , e le c t r o n ,  n e u tr in o , p ro to n ) a s  t r u ly  e le m e n ta r y  m e r e ly



b e c a u s e  th e y  do no t d e c a y  s p o n ta n e o u s ly ;  n o r  c a n  one r e g a r d  sp o n ta n e o u s ly  
d e c a y in g  p a r t i c le s  a s  co m p le x : th e  n e u tro n , fo r  in s ta n c e ,  d o es  no t c o n s i s t  
o f p ro to n , e le c t r o n  an d  a n t in e u tr in o , a l th o u g h  in th e  f r e e  s ta te  it  d e c a y s  
s p o n ta n e o u s ly  in to  th e s e  t h r e e  p a r t i c le s .  In p r e c i s e ly  th e  s a m e  w ay if one 
e le m e n ta r y  p a r t i c le  p ro d u c e s  o r  a b s o r b s  a n o th e r  e le m e n ta ry  p a r t ic le  
u n d e r  c e r t a in  c o n d it io n s  on e  ca n n o t c la im  on th is  b a s i s  th a t  th e  f o r m e r  is  
" r e a l ly "  c o m p le x  an d  th e  l a t t e r  " r e a l ly "  e le m e n ta ry :  upon a c c e le r a t io n  of 
e l e c t r o n s  o r  p ro to n s  th ey  e m it  o r  a b s o r b  p h o to n s , an d  y e t  th e  photon  is  not 
c o n ta in e d  e i t h e r  in  th e  e le c t r o n  o r  in  th e  p ro to n . I. E . T a m m  h a s  s t r e s s e d  
th a t  a lth o u g h  th e r e  e x is t s  a  v a r ie ty  o f d i f f e re n t  s c h e m e s  w h ich  a tte m p t  to 
s e g r e g a t e  a  s m a l l  n u m b e r  o f " t r u ly  e le m e n ta ry  p a r t i c le s  an d  c o n s t r u c t  ou t 
o f th e s e  a l l  th e  r e m a in in g  p a r t i c le s ,  t h e r e  s t i l l  r e m a in s  an  a m b ig u ity  in th is  
p r o b le m " * .

In c o n f o rm ity  w ith  th e s e  d a ta  i t  r e m a in s  to  d e f in e  th e  e le m e n ta ry  p a r t i 
c le  a s  a n  o b je c t  w h ich  d o e s  n o t c o n s i s t  o f o th e r  p a r t i c le s .  B ut e s s e n tia l ly  
t h is  d e f in it io n  is  a  tau to lo g y : " a n  e le m e n ta ry  p a r t i c le  is  an  e le m e n ta ry  
p a r t i c le " .  S uch  d e f in it io n s  a r e  c o r r e c t ly  r e g a r d e d  in th e  p h y s ic a l  l i t e r a 
t u r e  a s  u n s a t i s f a c to r y  o r  a d m is s ib le  on ly  a s  a  c o n v e n tio n .

Is  it  p o s s ib le  to  g iv e  a  n o n ta u to lo g ic a l  d e f in it io n  of th e  e le m e n ta ry  p a r 
t i c l e ?  It w ou ld  s e e m  th a t  th e  p ro b le m  of e le m e n ta r i ty  ca n  be re d u c e d  to 
th e  e x is te n c e  o f a  c e r t a in  s e r i e s  o f d iv is io n s  o f m a t t e r  in w h ich  e a c h  d iv i
s io n  ( o r  le v e l)  r e p r e s e n ts  th e  " e le m e n ta r y "  s ta g e  fo r  th e  n ex t d iv is io n  and  
a t  th e  s a m e  t im e  th e  " c o m p le x "  s ta g e  fo r  th e  p re c e d in g  d iv is io n . T h is  
id e a  o f a  h i e r a r c h y  o f e le m e n ta r i ty  w a s fu lf i l le d  in  s o m e  fo rm  o r  o th e r  in 
n a tu r a l  s c ie n c e :  th e  N e w to n ia n  c o n c e p tio n  o f a  h ie r a r c h y  of s y s te m s  of 
p a r t i c le s  o f s u c c e s s iv e ly  in c r e a s in g  co m p le x ity  w ith  th e  " s m a l le s t  p a r ts  of 
n a tu r a l  b o d ie s "  ly in g  a t  th e  b o tto m  of th e  h ie r a r c h y ,  o r  th e  m o d e rn  c o n c e p 
tio n  of th e  s t r u c t u r e  o f m a t t e r  (. . . le v e l  o f e le m e n ta r y  p a r t i c le s  -  le v e l  of 
a to m ic  n u c le i  an d  a to m s  -  m o le c u la r  le v e l.  . . th is  d iv is io n  c o u ld  b e  c o n t in 
u ed  in  th e  d ir e c t io n  o f th e  m a c ro w o r ld  and , p o s s ib ly ,  m ic ro w o r ld ) .

C o u ld  i t  b e  th a t  th e  know n f o r m s  o f e le m e n ta ry  p a r t i c le s  a r e  on ly  r e l a 
t iv e ly  e le m e n ta r y ?  T h e  fa c t  th a t  th e  a to m  o r  a to m ic  n u c le u s  is  r e l a t i v e l y  
e le m e n ta r y  w a s p ro v e d  by p h y s ic s ,  an d  th e  d i s c o v e r y  th a t  th e  a to m  is  d i 
v i s ib le  an d  th a t  th e  a to m ic  n u c le u s  is  c o m p o se d  of p ro to n s  an d  n e u tro n s  w as 
a  t r iu m p h  o f s c ie n t i f i c  c o g n itio n . Is  th e  s i tu a t io n  th e  s a m e  in  th e  c a s e  of 
e le m e n ta r y  p a r t i c le s ?

T h e  o p e r a t io n s  on e le m e n ta r y  p a r t i c le s  know n to m o d e rn  te c h n iq u e s  r e 
s u l t  n o t in  t h e i r  b r e a k in g  up b u t r a th e r  in  th e  fo r m a t io n  o f o th e r  e le m e n ta ry  
p a r t i c le s .  C le a r ly ,  new  an d  m o re  p o w e rfu l m e a n s  of o p e r a t io n  (su c h  d e 
v ic e s  a r e  b e in g  c o n s t r u c te d  now) m ay  r e s u l t  in o u r  m o v in g  b eyond  th e  i n i 
t i a l  s ta g e  of e le m e n ta r i ty  a s  i t  is  now known to s c ie n c e ;  h o w e v e r, is  th e re  
no o th e r  w ay o f so lv in g  th e  p ro b le m  o f e le m e n ta r i ty ?

F i r s t ,  ca n  the r e la t iv e ly  e le m e n ta ry  be a  key  to  th e  p ro b le m  of e l e 
m e n ta r i ty ?

L e t  u s  a s s u m e  th a t  th e  s e r i e s  of d iv is io n s  of m a t t e r  h a s  an  o r ig in  on the 
" e le m e n ta r y "  s id e ;  it  i s  th e n  n e c e s s a r y  to  in t ro d u c e  th e  c o n c e p t of an  o b 
j e c t  o f so m e  d e g r e e  o f c o m p le x ity . F o r  e x a m p le , in  N e w to n 's  h i e r a r c h ic a l  
c o n c e p tio n  -  e x p r e s s in g  it in m o d e rn  p h y s ic a l  t e r m s  -  a t  the fo u n d a tio n  of 
th e  s t r u c t u r e  o f m a t t e r  l ie  e le m e n ta r y  p a r t i c le s ;  by co m b in in g  to g e th e r  the 
e le m e n ta r y  p a r t i c le s  fo rm  p a r t i c le s  (s y s te m s )  o f th e  f i r s t  c o m p le x ity , i. e . , 
• T a m m . I. E. Sovremennoe sostoyanie problemy elementarnykli chaslits (Present State of the Problem of 
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a to m ic  n u c le i;  th e  l a t t e r  c o m b in e  to  fo r m  c h e m ic a l  a to m s , i. e . , p a r t i c le s  
of th e  se c o n d  c o m p le x ity ;  m o le c u le s  c o m p o s e d  o f a to m s  a r e  m o r e  c o m p le x , 
an d  so  on. In th is  c a s e  i t  w ould  be  i n a d m is s ib le  to  in t ro d u c e  th e  c o n c e p t o f 
an  o b je c t  o f so m e  d e g r e e  of e le m e n ta r i ty ,  a s  it w ould  m e r e ly  m e a n  d o u b - 
l in g o f th e  t e r m s  an d  w ould  not r e a c h  th e  e s s e n c e  of th e  p ro b le m . T h e  e s 
s e n c e  of th e  p ro b le m  in th is  c a s e  is  th a t  th e  e x is te n c e  o f e le m e n ta r y  o b 
j e c t s  is  a s s u m e d  an d  o b je c ts  of v a r y in g  d e g r e e s  o f c o m p le x ity  a r e  r e g a r d 
ed a s  c o m p o s e d  u l t im a te ly  o f e le m e n ta ry  o b je c ts .

T h u s  th e  h i e r a r c h ic a l  c o n c e p tio n  w ith  an  o r ig in  lo o k s  a t  m a t t e r  f r o m  th e  
s ta n d p o in t  o f th e  a s s u m p tio n  th a t  th e r e  e x is t  e le m e n ta r y  p a r t i c le s  a n d  a ls o  
p a r t i c le s  ( s y s te m s )  of v a r y in g  d e g r e e s  o f c o m p le x ity  c o n s i s t in g  u l t im a te ly  
of e le m e n ta ry  p a r t i c le s .  In o th e r  w o r d s , w e h av e  a r r i v e d  a t  a  m o r e  c o m 
p lic a te d  v a r ia n t  of th e  o ld  a to m is t i c s  ( th is  w a s c l e a r ,  in c id e n ta lly ,  f r o m  
th e  v e r y  s t a r t  o f o u r  d is c u s s io n ) .

L e t u s  now a s s u m e  th a t  th e  s e r i e s  o f d iv is io n s  o f m a t t e r  h a s  n e i th e r  a  
b e g in n in g  n o r  an  end , i. e . , is  in f in ite  on th e  " e le m e n ta r y "  a s  w e ll a s  on 
th e  " c o m p le x "  s id e ;  th is  a s s u m p tio n  d o e s  n o t ru n  c o u n te r  to  th e  d a ta  o f 
n a tu r a l  s c ie n c e  an d  c o r r e s p o n d s  to  s ta te m e n t  o f d ia le c t ic  m a te r ia l i s m  c o n 
c e rn in g  th e  in f in ity  o f m a t te r .  L e t  u s  f u r th e r  a s s u m e  th a t  th e  in f in ity  of 
th is  s e r i e s  is  m e re ly ,  to  r e c a l l  H e g e l, th e  w ro n g  in f in ity  of an  in f in i te  p r o g 
r e s s  i . e .  , a  c o n s ta n t ly  r e c u r r in g  t r a n s i t io n  f r o m  th e  e le m e n ta r y  to  th e  
c o m p le x  an d  fro m  th e  c o m p le x  to  th e  e le m e n ta ry ;  in  th is  c a s e  th e  fo llo w in g  
s i tu a t io n  a r i s e s .  In e a c h  d iv is io n  ( le v e l)  th e r e  a r e  c o m p le x  o b je c ts  c o n 
s i s t in g  of e le m e n ta ry  o b je c ts .  B ut th e  l a t t e r  a r e  c o m p le x  o b je c ts  a t  a  d e e p 
e r  le v e l,  i. e. , c o n s i s t ,  w ith in  th is  le v e l ,  o f e le m e n ta r y  o b je c ts .  B ut a t  
a  y e t  d e e p e r  le v e l  th e  l a t t e r  a r e  c o m p le x  o b je c ts  c o n s i s t in g  o f . . . an d  so  
fo r th  a d  i n f i n i t u m .  T h u s  in  th is  c a s e  th e  " e le m e n ta r i ty "  o f th e  o b je c ts  
is  m e re ly  r e la t iv e ,  i. e . , is  m e a n in g fu l on ly  w ith in  a  d e f in i te  d iv is io n  ( le v e l)  
of m a t te r .  T h is  m e a n s  th a t  if  th e  o b je c ts  w h ich  a r e  r e g a r d e d  a s  e l e m e n 
t a r y  w ith in  su c h  a  le v e l  a r e  ta k e n  by th e m s e lv e s  (i. e . , in d e p e n d e n tly  o f 
th is  d iv is io n )  o r  fro m  th e  s ta n d p o in t  of th e  e n t i r e  s e r i e s  o f d iv is io n s  a s  a  
w h o le , th ey  w ill  a p p e a r  a s  o b je c ts  h a v in g  a  h i e r a r c h ic a l  s t r u c t u r e ;  th e  
s y s te m s  w h ich  fo rm  th is  s t r u c t u r e  w ill  b e  s y s te m s  o f s u c c e s s iv e ly  d e c r e a s 
ing  c o m p le x ity  an d  th e  h i e r a r c h ic a l  s e r i e s  i t s e l f  w il l  h a v e  no end . S u m m in g  
up , w e a r r i v e  in  th is  c a s e  a t  th e  s ta te m e n t  th a t  t h e r e  is  no o b je c t  in g e n e r 
a l  w h ich  d o e s  not c o n s i s t  o f e le m e n ta r y  p a r t i c le s .

T h u s  if  on e  r e c o g n iz e s  a  h i e r a r c h ic a l  s t r u c t u r e  o f m a t t e r  w ith  an  o r ig in  
th e  p ro b le m  o f e le m e n ta r i ty  is  s o lv e d  in  th e  s p i r i t  o f th e  o ld  a to m is t i c s ;  
b u t if  on e  a s s u m e s  th a t  th e  h i e r a r c h ic a l  s t r u c t u r e  o f m a t t e r  h a s  no o r ig in ,  
i. e. , th a t  " e le m e n ta r i ty "  is  s o m e th in g  r e la t iv e  o n ly , th e n  th is  a p p r o a c h  
le a d s  to th e  e l im in a t io n  of " e le m e n ta r y "  o b je c ts  a s  su c h .

T h e r e  e x is t s ,  h o w e v e r, an  a p p r o a c h  to  th e  p ro b le m  o f e le m e n ta r i ty  w h ich  
d o e s  n o t a s s u m e  th e  c o n c e p t of a  p u re ly  r e la t iv e  e le m e n ta r i ty  an d  a l s o  d e 
p a r ts  fro m  th e  o ld  a to m is t ic s .  T h e  in f in ite  s e r i e s  o f d iv is io n s  o f m a t t e r  
is  no t s im p ly  th e  w ro n g  in fin ity  of an  in f in i te  p r o g r e s s ;  i t  h a s ,  a s  E n g e ls  
a l r e a d y  n o ted , v a r io u s  n o d a l p o in ts  w h ich  p ro d u c e  v a r io u s  q u a l i t a t iv e  fo r m s  
of e x is te n c e  o f u n iv e r s a l  m a t t e r .  F r o m  th is  p o in t o f v iew  m a t t e r  is  no t e l e 
m e n ta r y  p a r t i c le s  o r  th e i r  c o lle c t io n , n o r  is  i t  a  s u b s ta n c e  n o t c o n s i s t in g  
o f e le m e n ta ry  p a r t i c le s ;  m a t t e r  a s  a  w h o le  p o s s e s s e s  s im u l ta n e o u s ly  th e  
p r o p e r t i e s  of th e  e le m e n ta r y  an d  th o s e  of th e  c o m p le x . We fe e l  th a t  th is  
a p p r o a c h  w ill m a k e  it p o s s ib le  to find  a  w ay  o f s o lv in g  th e  p ro b le m  o f e le m e n 
ta r i t y  r a i s e d  by m o d e rn  p h y s ic s .  L e t  u s  ta k e  a  c l o s e r  lo o k  a t  th is  p ro b le m .
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" C o m p le x "  a n d  " c o m p o s i te "  a r e  in  a  c e r t a in  r e s p e c t  sy n o n y m o u s ; a t  
l e a s t  th e y  a r e  a c tu a l ly  t r e a t e d  a s  su c h  in  d i s c u s s io n s  on a to m is t ic s  an d  e l e 
m e n ta r y  p a r t i c le s .  "C o m p le x "  in  th e  s e n s e  o f " c o m p o s i te "  is  ta k e n  f ro m  
th e  id e a , th a t  is  f ro m  th e  o b s e r v a t io n  o f m a c ro s c o p ic  p h en o m e n a , a s  w hen 
a  f o r e s t ,  s a y , is  r e g a r d e d  a s  c o n s i s t in g  o f a  m u lti tu d e  o f t r e e s ,  w a te r  in  a 
c o n ta in e r  o f a  m u lti tu d e  o f d ro p s ,  sa n d  o v e r  a  c e r t a in  a r e a  of s a n d  g r a in s ,  
an d  so  on; in  c e r t a in  c o n d it io n s  th is  c o n c e p tio n  of th e  "c o m p le x "  is  d o u b t
l e s s  c o r r e c t .

T h is  n o tio n  w a s  a p p lie d  to  th e  p r o b le m s  a s s o c ia te d  w ith  m a t te r ;  h e n c e  
th e  c o n c e p t of " s t r u c t u r e "  a s  a  d i s tr ib u tio n  o f p a r t s  ( e le m e n ts )  of s o m e th in g . 
Is  th is  c o r r e c t  w hen a p p lie d  to  th e  p r o b le m s  a r i s in g  fro m  th e  th e o ry  of e l e 
m e n ta r y  p a r t i c le s ?

F o r  s e n s o r y  p e r c e p t io n  o r  r e p r e s e n ta t io n  th e  co n tin u o u s  is  c o m p o s ite  o r  
c o m p le x  ( th e  c o n c e p t o f " c o n t in u i ty "  i t s e l f  s u p p o s e s  a  h ig h  d e g r e e  o f a b 
s t r a c t io n  an d  is  fo r e ig n  to  r e p r e s e n ta t io n ;  on e  c a n n o t r e p r e s e n t  in f in ity , 
a n d  th e  c o n tin u o u s  d e n o te s  th e  in f in ite  d iv i s ib i l i ty  o f so m e th in g ). T h e r e 
f o r e  th e  p ro b le m  o f e le m e n ta r i ty  an d  c o m p le x ity  (c o m p o s it io n )  is  th e  p r o b 
le m  o f d i s c r e t e n e s s  an d  c o n tin u ity  e x p r e s s e d  in  th e  la n g u a g e  o f r e p r e s e n ta 
tio n . H e g e l a l r e a d y  c a l le d  a t te n t io n  to th is  c i r c u m s ta n c e .  " F o r  an y o n e 
fo r e ig n  to  th e  c o n c e p t of r e p r e s e n ta t io n " ,  he w r o te ,  " c o n tin u ity  is  e a s ily  
c h a n g e d  in to  s u m m a tio n  o r ,  m o re  s p e c if ic a l ly ,  in to  an  e x te r n a l  re la t io n s h ip
b e tw e e n  o n e s , ..........  in  w h ich  th e  one p r e s e r v e s  i ts  a b s o lu te  u n p lia b il ity  and
th e  e x c lu s io n  o f o th e r  o n e s . "

L a te r  H e g e l c o n tin u e s :  " A to m is t ic s  a ls o  c l in g s  to  th is  e x te r n a l i ty  of 
c o n tin u ity  fo r  o n e s ,  an d  it is  v e r y  d if f ic u lt  fo r  a  r e p r e s e n ta t io n  to d is c a r d  
i t .  M a th e m a tic s ,  on th e  c o n t r a r y ,  r e je c t s  th e  m e ta p h y s ic s  w h ich  a s s u m e d  
th a t  t im e  c o n s i s t s  o f te m p o r a l  p o in ts , s p a c e  of s p a t ia l  p o in ts ;  i t  d o es  
no t a d m it  o f s u c h  d i s c r e t e  o n e s " * .

H e g e l is  d o u b tle s s  r ig h t  w ith  r e f e r e n c e  to  th e  a to m is t ic s  w ith  w h ich  he 
w a s  f a m i l i a r  a n d  f r o m  w h ich  m o d e rn  p h y s ic s  h a s  in h e r i te d  th e  p ro b le m  of 
e l e m e n ta r i ty .  B u t m o d e rn  a to m is t i c s ,  to  u s e  H e g e l 's  e x p r e s s io n , " d o e s  
n o t c l in g  to  th e  e x te r n a l i ty  o f c o n tin u ity  fo r  o n e s " ,  i. e. , th e  s o lu tio n  of the 
p ro b le m  o f e l e m e n ta r i ty  in  m o d e rn  p h y s ic s  is  c o m p le te ly  d if fe re n t  f ro m  its  
s o lu tio n  in  o ld  c l a s s i c a l  p h y s ic s .

In  a s  m u c h  a s  th e  p ro b le m  o f e le m e n ta r i ty  an d  c o m p le x ity  is  a  s p e c ia l  
k in d  o f im p e r f e c t  e x p r e s s io n  of th e  p ro b le m  of c o n tin u ity  an d  d is c o n tin u ity  
o f m a t t e r ,  s o lu tio n  o f th e  l a t t e r  m e a n s  e s s e n t ia l ly  s o lu tio n  o f th e  f o r m e r .

It is  w e ll  know n th a t  th e  c o n c e p ts  o f th e  c o n tin u ity  an d  d is c o n tin u ity  of 
m a t t e r  a b s t r a c t l y  c o n s id e r e d  a r e  not e m p lo y e d  in  th e  p h y s ic s  of th e  m ic r o 
w o r ld . In i t s  p r o p o s i t io n s  q u a n tu m  p h y s ic s  h a s  s y n th e s iz e d  c o r p u s c u la r  
a n d  w a v e  r e p r e s e n ta t io n s  of m a t t e r  (w h ich  e x p r e s s  i t s  d i s c r e t e  an d  i t s  c o n 
tin u o u s  n a tu r e  r e s p e c t iv e ly ) .  C o r re s p o n d in g ly  in q u an tu m  th e o ry  the c o n 
t in u o u s  an d  d is c o n tin u o u s  a p p e a r  a s  a s p e c ts  o f th e  s in g le  e s s e n c e  d is c u s s e d  
ab o v e .

T h e  s a m e  th in g  m u s t b e  s ta te d ,  m u t a t i s  m u t a n d i s ,  c o n c e rn in g  th e  
c o n c e p ts  o f e le m e n ta r i ty  an d  c o m p le x ity . If in  th e  p h y s ic s  of th e  m a c r o 
w o r ld  th e  e le m e n ta r y  an d  th e  c o m p le x  c o u ld  b e  t r e a t e d  a s  u n r e la te d  and  
c o n t r a s t e d  w ith  e a c h  o th e r ,  i. e . , a s  a b s t r a c t  c o n c e p ts  (an d  th is  a p p r o a c h  did 
no t le a d  to  c o n fu s io n ) , in  q u a n tu m  p h y s ic s  th e  s i tu a t io n  is  r a d ic a l ly  d i f fe re n t .
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In th e i r  l i t e r a l  s e n s e  th e  c o n c e p ts  of th e  e le m e n ta r y  an d  th e  c o m p le x  
a r e  not a p p l ic a b le  to  th e  m ic ro w o r ld .  E le m e n ta r y  p a r t i c le s  a r e  n o t e l e 
m e n ta r y  in the c l a s s i c a l  s e n s e ;  th ey  r e s e m b le  c l a s s i c a l  c o m p le x  o b je c ts  
b u t a r e  not su c h  o b je c ts .  E le m e n ta r y  p a r t i c le s  c o m b in e  in  a  s u p e r io r  k ind  
of s y n th e s is  th e  p r o p e r t i e s  of th e  e le m e n ta r y  an d  th o s e  o f th e  c o m p le x . 
C o r re s p o n d in g ly  th e  c o n c e p t " to  c o n s i s t "  a l s o  lo s e s  i t s  l i t e r a l  " c l a s s i c a l "  
m e a n in g  w ith  r e f e r e n c e  to  th e  m ic ro w o r ld  (i. e. , i t  lo s e s  th e  m e a n in g "  to  
c o n s i s t  o f s o m e th in g  e l s e " ) .

E v en  in  n u c le a r  p h y s ic s  th e  c o n c e p t " to  c o n s i s t "  u n d e r g o e s  s o m e  m o d if i 
c a tio n . T h e  c o n te n t of th e  c o n c e p t " to  c o n s i s t "  in  th e  s ta te m e n t  th a t  th e  h y 
d ro g e n  a to m  c o n s i s t s  of a  p ro to n  an d  an  e le c t r o n  is  c o m p le te ly  d i f fe re n t  
f r o m  i ts  c o n te n t in th e  s ta te m e n t  th a t  " s a n d  in  a  b u c k e t c o n s i s t s  o f sa n d  
g r a in s " .  W h e re a s  an  i s o la te d  s a n d  g r a in  an d  a  s a n d  g r a in  in  a  b u c k e t a r e  
in  no w ay d if fe re n t  f r o m  e a c h  o th e r ,  a  f r e e  p ro to n  an d  f r e e  e le c t r o n  d if fe r  
f r o m  th e  p ro to n  an d  e le c t r o n  in  th e  h y d ro g e n  a to m : th e  m a s s  o f th e  h y d ro g e n  
a to m  is  s m a l l e r  th an  th e  su m  o f th e  m a s s e s  of th e  p ro to n  an d  e le c t ro n . 
A n o th e r  ex a m p le : n e u tro n s  an d  p ro to n s  in  an  a to m ic  n u c le u s  a r e  no t th e  
s a m e  a s  n e u tro n s  an d  p ro to n s  in  th e  f r e e  s ta te ;  f r e e  n e u tro n s  d e c a y  s p o n ta 
n e o u s ly  w h ile  n e u tro n s  in  an  a to m ic  n u c le u s  a r e  s ta b le  (i. e . , th e  a to m ic  n u 
c le u s  d o es  n o t " c o m p r is e "  n e u tro n s  an d  p ro to n s ) .

In th e  lig h t  of th e s e  c o n s id e r a t io n s  the m a s s  d e fe c t  ca n n o t s e r v e  a s  a  
c r i t e r io n  o f e le m e n ta r i ty .  If th e  m a s s  d e f e c t  in  th e  fo r m a t io n  of a  s y s te m  
is  s m a l l e r  th an  th e  m a s s  o f th e  p a r t i c le s  w ith  w h ich  th e  s y s te m  is  fo rm e d , 
th en  it ca n  b e  s ta te d  te n ta t iv e ly  th a t  th e  s y s te m  c o n s i s t s  of th e  p a r t i c le s .
A s h a s  b e e n  re m a r k e d  in  th e  l i t e r a t u r e ,  h o w e v e r, th is  d e f in it io n  of e le m e n 
t a r i t y  d o es  n o t f it  th e  id e a  th a t  th e  n -m e s o n  c o n s i s t s  of a  n u c le o n  an d  a n t in u 
c le o n  ( F e r m i 's  h y p o th e s is ) , s in c e  n e a r ly  a l l  th e  m a s s  of th e  tw o n u c le o n s  is  
re d u c e d  to  n o th in g  ow ing  to  th e  m a s s  d e fe c t  an d  on ly  a  s m a l l  p a r t  o f it  is  le f t  
in  th e  fo rm  of th e  m a s s  o f th e  n -m e s o n .

T h e r e  a r e  g ro u n d s  fo r  s ta t in g , o f c o u r s e ,  th a t  th e  n u c le o n  f ie ld  is  m o re  
e le m e n ta ry  th an  th e  m e s o n  f ie ld  b e c a u s e  th e  l a t t e r  f ie ld  is  fo r m e d  f r o m  th e  
f o r m e r ,  o r  th a t  b o so n s  ( p a r t i c l e s  of i n te g r a l  sp in ) a r e  c o m p le x  f o r m a t io n s  
o f f e rm io n s  ( p a r t i c l e s  of h a l f - i n te g r a l  sp in ); su c h  id e a s  a r e  b e in g  w o rk e d  
o u t in th e  l i t e r a tu r e .  W hat is  in v o lv ed  h e r e ,  h o w e v e r, is  e s s e n t ia l ly  th e  
t r a n s f o r m a t io n  of on e  th in g  in to  s o m e th in g  e l s e ,  r a th e r  th an  th e  c o m b in a tio n  
of s e v e r a l  th in g s: f e rm io n s  a r e  t r a n s f o r m e d  in to  b o s o n s , no t b o so n s  
c o n s i s t  o f f e rm io n s .

T h e  c o n c e p t " to  c o n s i s t "  u n d e rg o e s  a  p a r t i c u la r ly  s ig n if ic a n t  c h a n g e  w hen 
a p p lie d  to r e s o n a n c e s ,  w h ich  a r e  e le m e n ta ry  p a r t i c le s  w ith  u n u s u a lly  s h o r t  
l i f e t im e s  ( s h o r te r  th an  10~20 s e c ) . F o r  e x a m p le , on e  of th e s e  p a r t i c le s ,  
th e  n u c le o n  r e s o n a n c e  N*, ca n  b e  fo rm e d  fro m  a  n u c le o n  an d  a  p ho ton  an d  
ca n  d e c a y  in to  a  n u c le o n  and  a  n -m e s o n ;  h o w e v e r, th is  by no m e a n s  in d i 
c a te s  th a t  th is  p a r t i c le  " c o n s i s t s "  o f a  n u c le o n  an d  pho ton  o r  n u c le o n  an d  
n -m e s o n .

T h u s  w hen a p p lie d  to e le m e n ta ry  p a r t i c le s  th e  c o n c e p ts  o f e le m e n ta r i ty  
an d  c o m p le x ity  a s s u m e  a  m e a n in g  w h ich  is  c o m p le te ly  d i f fe re n t  f r o m  th a t  
a t t r ib u te d  to th e s e  c o n c e p ts  by th e  o ld  c l a s s i c a l  a to m is t i c s .  T h e  m o s t  i m 
p o r ta n t  c o n c e p t is  th e  " t r a n s f o r m a t io n  o f on e  th in g  in to  s o m e th in g  e l s e " ;  
in th e  lig h t  of th is  c o n c e p t th e  p ro b le m  o f e le m e n ta r i ty  is  s ta te d  an d  so lv e d  
in a  w ay w hich  d if fe r s  e n t i r e ly  fro m  th e  a p p r o a c h  o f c l a s s i c a l  a to m is t i c s  
(in  w h ich  t r a n s f o r m a t io n  m e a n t th e  c o m b in a tio n  an d  s e p a r a t io n  o f c e r t a in  
c o n s ta n t  e le m e n ts ) .
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It r e m a in s  to  s t a t e  th e  fo re g o in g  th o u g h ts  on e le m e n ta r i ly  in m o re  c o m 
p a c t  fo r m .

W hen a p p l ie d  to  e l e c t r o n s ,  p ro to n s ,  m e s o n s  an d  o th e r  e le m e n ta ry  p a r t i 
c le s  th e  p ro b le m  o f e le m e n ta r i l y  an d  c o m p le x ity  d o e s  no t hav e  th e  m ea n in g  
i t  h ad  in  o ld  a to m is t i c s .  In th e  m ic ro w o r ld  th e  c o n c e p ts  o f e le m e n ta r i ty  
a n d  c o m p le x i ty  lo o s e  t h e i r  in v a r ia b le  a b s t r a c t  c h a r a c t e r  an d  b e c o m e  in 
s te a d  " f lu id " ,  i n t e r r e l a t e d  an d , th e r e f o r e ,  p o s s e s s e d  of c o n c r e te  m ea n in g . 
T h e  p ro to n , fo r  in s ta n c e ,  lik e  a l l  th e  o th e r  e le m e n ta ry  p a r t i c le s ,  is  n e i th e r  
e l e m e n ta r y  n o r  c o m p le x ; it i s  s im u l ta n e o u s ly  th e  one an d  th e  o th e r ,  i. e. , 
th e  p ro to n  p o s s e s s e s  s im u l ta n e o u s ly  th e  p r o p e r t i e s  of th e  e le m e n ta ry  and  
th o s e  o f th e  c o m p le x .

T h is  c o n c e p tio n  of th e  e le m e n ta r i ty  an d  c o m p le x ity  of th e  p ro to n  -  and  
o th e r  e le m e n ta r y  p a r t i c le s  a s  w e ll  -  m e a n s  th a t  e le m e n ta r i ty  and  c o m p le x i
ty  a r e  t r u e  o f th e  p ro to n  not a s  a " t h in g - in - i ts e l f "  and  i r r e s p e c t iv e  of 
th e  c o n d it io n s  u n d e r  w h ich  i t s  t r a n s f o r m a t io n s  ta k e  p la c e ,  b u t r a th e r  in  u n 
in t e r r u p te d  r e la t io n  to th e s e  c o n d it io n s  ( th e y  a r e  d e te rm in e d  by e x p e r im e n 
ta l  d e v ic e s  in  th e  in v e s t ig a t io n  of th e  t r a n s f o r m a t io n s  o f e le m e n ta ry  p a r t i 
c le s ) .  In no e x p e r im e n t  h a v e  e le m e n ta r y  p a r t i c le s  b e h a v e d  e x a c tly  lik e  
e l e m e n ta r y  o b je c ts  o r  c o m p le x  s y s te m s ;  t h e y — th e  p a r t i c le s  — a r e  s i m i l a r  
to  e le m e n ta r y  o b je c ts  o n ly  in s p e c ia l  c a s e s ,  u n d e r  c e r t a in  c o n d it io n s  of 
t r a n s f o r m a t io n ;  th e y  a r e  s i m i l a r  to  c o m p le x  s y s te m s  u n d e r  o th e r  c o n d i
t io n s .  T h u s  in  p a r t i c le  c o l l i s io n s  w ith  e n e r g ie s  s m a l l e r  th an  lOOMeV th e  
p ro to n  b e h a v e s  l ik e  an  e le m e n ta r y  p a r t i c le ,  bu t in  c o l l i s io n s  w ith  s ig n if i 
c a n t ly  h ig h e r  e n e r g ie s  i t  d e c a y s  in to  h y p e ro n s  an d  K - m e s o n s ,  i. e . , b e 
h a v e s  l ik e  a  c o m p le x  p a r t i c le .  In th is  s e n s e  th e  c o n c e p ts  o f " e le m e n ta r i ty "  
a n d  " c o m p le x i ty "  lo s e  t h e i r  a b s o lu te  c h a r a c t e r  an d  b e c o m e  r e la t iv e .

S e e m in g ly  o n e  co u ld  sa y  th a t  th is  c o n c e p tio n  o f e le m e n ta r i ty  is  no d i f f e r 
e n t  f r o m  th e  c o n c e p tio n  of " e le m e n ta r i ty "  d i s c u s s e d  a b o v e , in  th e  s e n s e  of 
p u r e  r e la t iv i ty :  th e  a to m , f o r  e x a m p le , i s  in d iv is ib le  in  c h e m ic a l  t r a n s 
fo r m a t io n s ,  i. e . , a p p e a r s  e le m e n ta r y  w ith in  th e  l im i t s  of c h e m ic a l  p h e n o m 
e n a . H o w e v e r , a  s t a te m e n t  w h ich  p re s u p p o s e s  th e  p u re ly  r e la t iv e  e l e 
m e n ta r i ty  o f an  o b je c t  n e c e s s a r i l y  r e q u i r e s ,  a s  w e saw , i t s  c o m p le m e n t;  
n a m e ly  th e  s ta te m e n t  th a t  an  o b je c t  w h ich  b e h a v e s  a s  an  e le m e n t  u n d e r  
c e r t a i n  c o n d it io n s  is  i t s e l f  c o m p le x , i. e . , th e  a to m  -  to  r e tu r n  to o u r  e a r l i e r  
e x a m p le  -  is  a  c o m p le x  o b je c t  c o n s is t in g  of an  a to m ic  n u c le u s  an d  an  e l e c 
t r o n  s h e l l .

T h e  s i tu a t io n  is  e n t i r e ly  d i f fe re n t  in  th e  c a s e  of th e  p ro to n  an d  o th e r  e l e 
m e n ta r y  p a r t i c le s .  B y i t s e l f ,  no t on ly  is  th e  p ro to n  n o t e le m e n ta r y ,  b u t is  a ls o  
no t c o m p le x ; T h e s e  p r o p e r t i e s  o f th e  p ro to n  a r e  m e a n in g le s s  o u ts id e  of 
th e  c o n d it io n s  o f p ro to n  t r a n s f o r m a t io n .  In o th e r  w o r d s , th e  c o n c e p t of the 
" c o m p le x i ty "  o f th e  p ro to n  is  m e a n in g fu l o n ly  w hen th e  e n e rg y  (of c o r r e s 
p o n d in g  v a lu e )  in  i t s  c o l l i s io n s  is  m e n tio n e d  (by  c o n t r a s t  w ith , s a y , the 
a to m , to  w h ich  th e  c o n c e p t o f " c o m p le x ity "  ca n  be a p p lie d  w ith o u t r e f e r e n c e  
to  th e  e n e rg y  o f io n iz a tio n ) . T h is  c i r c u m s ta n c e  d i s t in g u is h e s  th e  " e le m e n 
t a r i t y "  an d  " c o m p le x i ty "  o f th e  p ro to n , th e  e le c t r o n  an d  so  on fro m  th e  " e l e 
m e n ta r i ty "  a n d  " c o m p le x i ty "  o f a to m ic  n u c le i, a to m s  an d  so  on. T h is  kind 
o f r e la t iv i t y  o f " e l e m e n ta r i t y "  a n d  " c o m p le x i ty "  in th o s e  m a te r ia l  o b je c ts  
w h ic h  a r e  c a l le d  e le m e n ta r y  p a r t i c le s  in  m o d e rn  p h y s ic s  is ,  u l t im a te ly ,  
a  m a n i fe s ta t io n  o f th e  d u a l n a tu r e  o f th e  e le m e n ta r i ty  -  c o m p le x ity  in h e re n t  
in  e l e m e n ta r y  p a r t i c le s .  T h e  p ro b le m  of th e  " e le m e n ta r i ty "  an d  " c o m p le x ity "  
o f o b je c ts  is  so m e w h a t s i m i l a r  to  th e  p ro b le m  o f th e  id e n ti ty  o f lo c a tio n  of 
tw o e v e n ts  o c c u r r in g  a t  d i f f e re n t  t im e s  an d  th e  p ro b le m  o f th e  s im u l ta n e i ty
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of e v e n ts  o c c u r in g  in d i f fe re n t  p la c e s .  A c c o rd in g  to  c l a s s i c a l  m e c h a n ic s  
id e n ti ty  of lo c a tio n  is  r e la t iv e  an d  s im u l ta n e i ty  is  a b s o lu te ,  i. e . , n o t r e l a 
tiv e  w ith  r e s p e c t  to  th e  f r a m e  o f r e f e r e n c e .  T h e  th e o ry  o f r e la t iv i t y  r e 
je c te d  th e  id ea  of th e  a b s o lu te  n a tu r e  o f s im u l ta n e i ty  s t a r t i n g  f r o m  i t s  f i r s t  
p r in c ip le s ;  in  th e  th e o ry  o f r e la t iv i t y  th e  r e la t iv i t y  of s im u l ta n e i ty  a s  w e ll 
a s  th e  r e la t iv i ty  of s p a t ia l  le n g th s  an d  t im e  in t e r v a ls  fo llo w s  f r o m  i t s  r e c 
o g n itio n  of the  in te r n a l  id e n ti ty  of s p a c e  an d  t im e .

If e le m e n ta r y  p a r t i c le s  c a n  be  " c o m p le x "  i t  i s  p e r m is s ib l e  to  a s s u m e  
th a t  e le m e n ta r y  p a r t i c le s  h av e  s t r u c tu r e .  H o f s t a d te r 's  e x p e r im e n ts  p ro v e  
th a t  th e  n u c le u s  is  no t a  p o in t p a r t i c le  an d  a c tu a l ly  h a s  s t r u c t u r e .  T h is  
s t r u c tu r e ,  h o w e v e r, d o e s  n o t c a r r y  th e  s a m e  m e a n in g  a s  " s t r u c t u r e "  in 
p re -q u a n tu m  p h y s ic s .  A c c o rd in g  to  m o d e rn  id e a s ,  th e  s t r u c t u r e  o f th e  
p ro to n  in c lu d e s  a  s e r i e s  o f s h e l l s  of o th e r  v i r t u a l  p a r t i c le s :  v i r tu a l  n u c le o n s  
an d  a n t in u c le o n s , v i r t u a l  h y p e ro n s  an d  A '-m e so n s , v i r t u a l  n - m e s o n s .  In 
g e n e ra l ,  e v e ry  e le m e n ta r y  p a r t i c le  is  s u r r o u n d e d  by a  s y s te m  o f s h e l l s  of 
o th e r  v i r t u a l  p a r t i c le s  w h ich  m a k e  up i ts  s t r u c t u r e .  T h a t o th e r  p a r t i c le s  
e n te r  in to  th e  " c o m p o s itio n "  o f a  g iv en  e le m e n ta r y  p a r t i c le  in  th e  v i r t u a l  
s t a t e  r a th e r  th an  in  r e a l  fo rm  m e a n s , s t r i c t l y  s p e a k in g , th a t  th e  c o n c e p ts  
o f " s t r u c t u r e " ,  " c o n s i s t "  an d  so  fo r th  h av e  a  c o m p le te ly  n o n c la s s ic a l  m e a n 
ing  in th e  th e o ry  o f e le m e n ta r y  p a r t i c le s .  T h e  m u tu a l  t r a n s m u ta b i l i ty  o f 
e le m e n ta r y  p a r t i c le s  is  a  fu n d a m e n ta l  f e a tu r e  of m o d e rn  a to m is t i c s  an d  
le a d s  to  a  new  u n d e r s ta n d in g  of e le m e n ta r i ty  an d  c o m p le x ity , s t r u c t u r e  
an d  so  on.

W e rn e r  H e is e n b e rg  m a in ta in s  th a t  t h e r e  is  "n o  fu n d a m e n ta l  d i f f e re n c e  
b e tw e e n  'e le m e n ta r y 1 an d  'n o n e le m e n ta ry ' m i c r o p a r t i c l e s " * .  W h e re  w e 
ca n  a g r e e  w ith  H e is e n b e rg  a n d  w h e re  h e  is  d e e p ly  w ro n g  is  e v id e n t f r o m  
o u r  d is c u s s io n  of th e  e le m e n ta r i ty  o f p a r t i c le s .

In c o n c lu s io n , l e t  u s  c o n s id e r  th e  fo llo w in g  s t a te m e n t  by  A. L . Z e l 'm a n o v  
c o n c e rn in g  th e  u n iv e r s e  (th o u g h  i t  m a y  no t s e e m  d i r e c t ly  p e r t in e n t  to  o u r  
th e m e ) . A c c o rd in g  to  Z e l 'm a n o v , th r e e  c o n c e p tio n s  of th e  u n iv e r s e  a r e  to  
b e  d i s tin g u is h e d  in  c o sm o lo g y . T h e  fo llo w in g  e x p r e s s io n s  m a y  b e  a d o p te d  
te n ta t iv e ly  fo r  th e s e :  " th e  u n iv e r s e  on th e  w h o le " , " th e  u n iv e r s e  a s  a  w h o le"  
an d  " th e  e n t i r e  u n iv e r s e " .  T h e  f i r s t ,  a c c o rd in g  to  Z e l 'm a n o v , d e n o te s  th e  
w h o le  w ith o u t r e f e r e n c e  to  i t s  p a r ts ;  th e  s e c o n d , th e  w h o le  in  i t s  r e la t io n  
to  th e  p a r t s  an d  a l l  th e  p a r t s  in t h e i r  r e la t io n  to  th e  w ho le ; an d  f in a l ly ,  th e  
t h i r d  c o n c e p tio n  d e n o te s  a l l  th e  p a r t s  w ith o u t r e f e r e n c e  to  th e  w h o le . To 
c o n fu se  th e s e  c o n c e p ts  co u ld  le a d  to  v e r y  s e r io u s  m is u n d e rs ta n d in g s * * .

In o u r  o p in io n  Z e l 'm a n o v 's  s ta te m e n t  c o n c e rn in g  th e  r e la t io n s h ip  b e tw e e n  
th e  w h o le  an d  i t s  p a r t s  (w ith  r e f e r e n c e  to  th e  u n iv e r s e )  a p p l ie s  to  an y  o b je c t  
r e g a r d e d  a s  a  w ho le . T h u s  f ro m  th e  s ta n d p o in t  o f th e  r e la t io n  b e tw e e n  th e  
w ho le  an d  i t s  p a r t s  th e  e le m e n ta r y  p a r t i c le ,  fo r  e x a m p le , is  s i m i l a r  to  th e  
se c o n d  c o n c e p tio n  of th e  u n iv e r s e .

T h e  r e la t io n s h ip  b e tw e e n  th e  w h o le  an d  i ts  p a r t s  is  s i m i l a r  to  th e  r e la t io n s h ip  
b e tw e e n  th e  c o m p le x  an d  th e  e le m e n ta r y  o r  th e  c o n tin u o u s  a n d  th e  d is c o n tin u o u s . 
T h e  w ho le  is  no t s im p ly  m a k e  up o f p a r ts ;  it is  a  d ia le c t ic  u n it w ith  i ts  p a r t s .

“ S e e R e ic h e n b e rg .i l .  AusderPhysikderElementarteilchen. Physikalische Blatter, H 3, S. 110. 1963. (In 
this article a brief exposition is given of a lecture by Heisenberg entitled "Introduction to the Theory of 
Elementary Particles", delivered at the University of Munich in 1961.)

" * Sec Z e l 'm a n o v ,  A. L. K postanovkc kosmologicheskoi problemy (On the Formulation of the Cosmo
logical Problem). Dopolnenie (Supplement), pp. 82—83. Trudy vtorogo s'ezda Vsesoyuznogo astronomo- 
geodezichcskogo obshchestva Moscow. 1960.
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C O N SER V A TIO N  P R IN C IP L E S  AND T H E  P R O B L E M  O F  TH E 
ST R U C T U R E  O F  M A T T E R

N. F . O v c h in n ik o v

E v e r y  p h y s ic a l  th e o ry  h a s  c o n s e rv a t io n  p r in c ip le s  am o n g  i ts  fu n d a m e n ta l  
la w s . T h e s e  p r in c ip le s  a r e  th e  fo u n d a tio n  of f in is h e d  th e o r ie s  a s  w e ll a s  
th e  s t a r t i n g  p o in t o f e m e rg in g  th e o r ie s .  C o n s e rv a tio n  p r in c ip le s  ca n  be 
d e f in e d  a s  r e q u ir e m e n ts  th a t  c e r t a in  q u a n t i t ie s  w h ich  e n te r  in to  th e  s y s te m  
o f c o n c e p ts  of a  g iv en  th e o ry  be  c o n s ta n t .  F u r th e r ,  th e  c o n s e rv e d  q u a n t i 
t i e s  c a n  b e  e x p r e s s e d  in  a  v a r ie ty  o f m a th e m a tic a l  f o r m s  an d  ca n  h av e  d i f 
f e r e n t  p h y s ic a l  c o n te n ts .

In th e  p r e s e n t  a r t i c l e  w hen we u s e  th e  te r m  c o n s e rv a t io n  p r in c ip le s  we 
m e a n  e q u a lly  c o n s e rv a t io n  o f th in g s , c o n s e rv a t io n  o f p r o p e r t i e s  an d  c o n 
s e r v a t io n  o f r e la t io n s .  T h e r e f o r e  th e  c o n s e rv a t io n  la w s  known in th e  p h y s 
ic s  o f e le m e n ta r y  p a r t i c le s ,  w h ich  e x p r e s s  th e  c o n s e rv a t io n  o f p r o p e r t i e s  
( e le c t r ic  c h a rg e ,  sp in , i s o to p ic  sp in , b a ry o n  c h a rg e ,  le p to n  c h a rg e ,  s t r a n g e 
n e s s  an d  so  on) c o n s t i tu te  m e r e ly  a p a r t i a l  c l a s s  of c o n s e rv a t io n  p r i n c i 
p l e s .  H e n c e fo r th  w e w ill c a l l  a l l  c o n s e rv a t io n  la w s  o p e r a t iv e  in e le m e n 
t a r y  p a r t i c le  p h y s ic s  c o n s e rv a t io n  p r in c ip le s .  O u r a im  h e r e  w ill be to 
g iv e  a  b r i e f  c h a r a c t e r i z a t io n  o f th e s e  p r in c ip le s  w h ile  t r a c in g  th e  lo g ic a l  
n e c e s s i t y  fo r  in t ro d u c in g  g iv en  c o n s e rv e d  p a r a m e te r s  in to  th e  th e o ry  a s  
k n o w led g e  c o n c e rn in g  th e  la w s  o f m o tio n  o f e le m e n ta r y  p a r t i c le s  and  th e  
s t r u c t u r e  o f m a t t e r  d e v e lo p s  f u r th e r  an d  f u r th e r .

T h e  c l a s s i c a l  c o n s e rv a t io n  p r in c ip le s  -  c o n s e rv a t io n  of m a s s ,  e n e rg y , 
m o m e n tu m  an d  a n g u la r  m o m e n tu m  -  a r e  fu lf i l le d  in  th e  p h y s ic s  o f e le m e n 
t a r y  p a r t i c le s .  T h e s e  p r in c ip le s  a r e  o f a  g e n e r a l  c h a r a c t e r  an d  th e i r  v a l id 
ity  in  th e  e le m e n ta r y  p a r t i c le  r e g io n  is  e v id e n c e  o f th e  p ro fo u n d  u n ity  of 
n a tu r e .  H e re  w e w ill  b e  c o n c e rn e d  w ith  th e  s p e c if ic  c o n s e rv a t io n  p r i n c i 
p le s  c h a r a c t e r i s t i c  e x c lu s iv e ly  o f m ic r o p a r t i c l e  p h y s ic s .  T h e s e  c o n s e r v a 
tio n  p r in c ip le s  a r e  in d e e d  th e  b a s i s  of th e  s p e c if ic  la w s  o f m o tio n  of th e  
fu n d a m e n ta l  p a r t i c le s  o f m a t te r .

T h e  m o s t  im p o r ta n t  p r o p e r ty  o f e le m e n ta r y  p a r t i c le s  is  e l e c t r i c  c h a rg e .  
E l e c t r i c  c h a r g e  is  s u b je c t  to  a  s p e c ia l  k ind  of c o n s e rv a t io n  p r in c ip le .  We 
w ill  s e e k  to  t r a c e  th e  p r o c e s s  by w h ich  th e  p r in c ip le  of e l e c t r i c  c h a rg e  c o n 
s e r v a t io n  w a s  e s ta b l i s h e d .

T h e r e  e x i s t s  a  g ro u p  o f e l e c t r i c a l l y  c h a rg e d  p a r t i c le s :

Electron — Positron 
Mu-minus-meson — Mu-plus-meson 
Pi-minus-meson — Pi-plus- meson 
K-niinus-meson — K-plus-meson
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Proton — Antiproton 
Sigma-minus-hyperon -  Antisigma-minus-hyperon 

Sigma-plus-liyperon -  Antisigma-plus-hyperon 
Xi-minus-hyperon -  Antixi-minus-hyperon

E v e ry  p a r t i c le  in th is  g ro u p  c o n s e r v e s  th e  c h a r g e  c o r r e s p o n d in g  to  it.
A s long  a s  a  p a r t i c le  d o e s  no t d e c a y  in to  o th e r  p a r t i c le s  th e  e l e c t r i c  c h a rg e  
c o r r e s p o n d in g  to it is  a t t r ib u t iv e ly  a s s o c ia te d  w ith  th e  p a r t i c le .  F u r th e r ,  
th e  a b s o lu te  v a lu e  of th e  c h a rg e  is  id e n t ic a l  fo r  a l l  p a r t i c le s .  If th e  n u m e r i 
c a l  v a lu e  of th e  p r o p e r  m a s s e s  of th e  d i f fe re n t  p a r t i c le s  f o r m s  a  s p e c tr u m , 
th en  th e  e l e c t r i c a l  c h a rg e  of a l l  th e  p a r t i c le s  l i s te d  a b o v e  a s s u m e s  o n ly  two 
v a lu e s :  +1 an d  -1 . T h e  o p e r a t io n  of th e  p r in c ip le  o f e l e c t r i c  c h a r g e  c o n s e r 
v a tio n  d is p la y s  c e r ta in  p e c u l ia r i t ie s .  We w ill now c o n s id e r  th e s e  p e c u l i a r i 
t i e s  h i s to r ic a l ly .

T h e  id e a  of e l e c t r i c  c h a rg e  c o n s e rv a t io n  w a s p ro p o s e d  a s  e a r ly  a s  th e  
m id -e ig h te e n th  c e n tu ry  by B e n ja m in  F ra n k l in .  " E l e c t r ic a l  m a t t e r " ,  w r o te  
F ra n k l in  in 1749, " m u s t  c o n s i s t  o f e x t r e m e ly  s m a l l  p a r t i c le s ,  fo r  th e y  a r e  
c a p a b le  of p e n e tra t in g  o r d in a r y  s u b s ta n c e s  of th e  d e n s i ty  of a  m e ta l  w ith  
su c h  e a s e  an d  fre e d o m  a s  to e n c o u n te r  no p e r c e p t ib le  r e s i s t a n c e " * .  F r a n k 
lin , who b e lie v e d  in th e  c o n s e rv a t io n  o f m a t t e r  (c o n s e rv a tio n  o f a to m s  in 
c l a s s i c a l  a to m is m ) , n a tu r a l ly  t r a n s f e r r e d  th is  id e a  to  " e l e c t r i c a l  m a t t e r " .  
T h is  e l e c t r i c a l  m a t te r ,  in F r a n k l in 's  v iew , is  o f a  s in g le  k ind . B u t th e  
e m p i r ic a l  fa c ts  a r e  su c h  th a t  an  o b je c t  w h ich  h a s  r e c e iv e d  e l e c t r i c a l  m a t t e r  
is  in  a  c e r t a in  r e s p e c t  o p p o s ite  to an  o b je c t  w h ich  h a s  n o t. F r a n k l in  p r o 
p o s e s  c a l l in g  th e  f o r m e r  p o s i t iv e ly  c h a rg e d  an d  th e  l a t t e r  n e g a tiv e ly  c h a rg e d . 
W hile he d o e s  no t e x p l ic i t ly  fo r m u la te  th e  p r in c ip le  o f c o n s e rv a t io n  h e  a c 
tu a lly  a p p l ie s  i t  in a  fo r m  w h ich  one m ig h t t e r m  " L o m o n o s o v ia n " :  h o w e v e r  
m u ch  e l e c t r i c a l  m a t t e r  b e  lo s t  f r o m  on e b ody , a s  m u ch  a p p e a r s  in  a n o th e r .  
T h is  p r in c ip le  e n a b le d  F ra n k l in  to e x p la in  m an y  of th e  e l e c t r i c a l  p h e n o m e n a  
known in h is  t im e . F o r  e x a m p le , c o n s e rv a t io n  o f e l e c t r i c a l  m a t t e r  u n d e r 
l i e s  th e  e x p la n a tio n  o f th e  fa c t  th a t  o p p o s ite ly  c h a rg e d  b o d ie s  n e u t r a l iz e  
e a c h  o th e r  upon c o n ta c t;  in  th is  p r o c e s s ,  a c c o rd in g  to  F r a n k l in ,  u n ifo rm  
d is tr ib u tio n  o f e l e c t r i c a l  m a t t e r  is  r e e s t a b l i s h e d  in th e  b o d ie s .

T h e  d i s c o v e r y  of the law  of in te r a c t io n  of e l e c t r i c  c h a r g e s  by  C o u lo m b  
in 1785 led  to  th e  n e c e s s i ty  o f a d m it t in g  tw o k in d s  of e l e c t r i c i t y  -  p o s i t iv e  
an d  n e g a tiv e . T h e  " d u a l i s t i c "  th e o ry  w a s in o p p o s itio n  to  F r a n k l in 's  u n i ta r y  
th e o ry .  A c o n s e rv a t io n  p r in c ip le  w as a l s o  p r e s e n t  in  it: e a c h  o f th e  tw o 
fo r m s  o f e l e c t r i c a l  m a t t e r  is  n e v e r  c r e a t e d  an d  n e v e r  v a n is h e s ,  an d  th e  
tw o ca n  on ly  n e u t r a l iz e  e a c h  o th e r* *  . T h is  th e o ry ,  w h ich  a s s u m e s  tw o k in d s  
of e le c t r i c i t y ,  e x c ite d  d o u b ts  fo r  a  lo n g  t im e . P a r t i s a n s  of F r a n k l in 's  
th e o ry  (O lin tu s  G re g o ry , T h o m a s  Y oung e t  a l .)  c a l le d  a t te n t io n  to  th e  f a c t  
t h a t  e x p e r im e n ts  f u r n is h e d  no b a s i s  fo r  d e f in i te ly  p r e f e r r i n g  e i t h e r  th e o ry ,  
an d  th a t  m a th e m a tic a l ly  th e  tw o w e re  e q u iv a le n t. T h e  c o n s e r v a t io n  p r i n c i 
p le  u n d e r s to o d  a s  th e  im p o s s ib i l i ty  o f d e s t r u c t io n  a n d  c r e a t io n  o f s u b s ta n c e  
i s  d if f ic u lt  to  r e c o n c i le  w ith  a  th e o ry  p o s tu la t in g  tw o k in d s  o f e l e c t r i c i t y ,  
b e c a u s e  in th e  l a t t e r  th e o ry  th e  n e u t r a l iz a t io n  o f tw o o p p o s i te ly  c h a rg e d  
b o d ie s  is  d if f ic u lt  to in t e r p r e t :  how c a n  o n e  r a t io n a l ly  g r a s p  th e  m u tu a l  
d e s t ru c t io n  of two s u b s ta n c e s ?  T h e  " d u a l i s t i c "  th e o ry  o f e l e c t r i c i t y ,  it

° Quota lion from K a p its a ,  P. L. Nauchnaya deyatel'nost' Veniamina Franklina (The Scientific Activity 
of Benjamin Franklin). UFN, Vol.LVIH, No. 2. p. 172. 1966.

°° See C ohen  , J. B. Conservation and the Concept of Electric Charge, in "Critical Problems of the History 
of Science", p.:>68. Madison. 1959.
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s e e m e d , w a s  in  c o n tra d ic t io n  w ith  th e  p r in c ip le  o f c o n s e rv a t io n  o f m a te r ia l  
s u b s ta n c e s .  Y e t o n e  c o u ld  no t a b a n d o n  the p r in c ip le  o f c o n s e rv a t io n  in the 
th e o ry  o f e l e c t r i c i t y .  T h is  p r in c ip le  w a s o b v io u s ly  th e  b a s i s  on w h ich  the 
th e o ry  w a s  d e v e lo p e d . I ts  r e je c t io n  w ould  h av e  led  to th e  c o l la p s e  of bo th  
t h e o r i e s .

N o n e th e le s s ,  th e  d e v e lo p m e n t o f p h y s ic s  u n a v o id a b ly  r e s u l te d  in th e  r e c 
o g n it io n  o f tw o k in d s  o f e l e c t r i c i t y .  It is  im p o r ta n t  to n o te  th a t  p u re ly  
m a th e m a tic a l  a r g u m e n ts  p la y e d  a d e f in ite  r o le  h e r e .  A lre a d y  in th e  e a r ly  
n in e te e n th  c e n tu ry  it  w a s  e v id e n t th a t  th e  " d u a l i s t i c "  th e o ry  of e l e c t r i c a l  
p h e n o m e n a  w a s  m a th e m a tic a l ly  m o re  s y m m e tr ic  th an  th e  u n i ta ry  th e o ry .
In 1830 T h o m a s  T h o m p so n  w r o te  th a t  w h ile  th e  c o n c e p t o f two e l e c t r i c  f lu id s  
i s  m e r e ly  a  m a th e m a tic a l  h y p o th e s is ,  th is  h y p o th e s is  m a k e s  it  p o s s ib le  to 
" r e d u c e  a l l  know n f a c ts  to  a  s im p le  an d  c l e a r  s y s te m  w hich  e n a b le s  one to  
p r e d ic t  th e  r e s u l t  o f an y  c o m b in a tio n  o f e x p e r im e n ts  w ith  e l e c t r i c i t y " * .
T h e  u n i ta r y  th e o ry  r e q u ir e d  th e  in t ro d u c t io n  of s u p p le m e n ta r y  h y p o th e s e s .

T h e  c o n tra d ic t io n  b e tw e e n  th e  n e c e s s i ty  o f a c c e p tin g  th e  " d u a l i s t i c "  th e o ry  
an d  th e  p r in c ip le  of c o n s e rv a t io n  of m a te r ia l  s u b s ta n c e s  a la r m e d  th e  n in e 
te e n th  c e n tu ry  s c i e n t i s t s .  In c r e a t in g  a  c o n s i s te n t  th e o ry  o f e le c t r o m a g n e t 
ic p h e n o m e n a  th e y  so u g h t to r e s o lv e  th is  c o n tra d ic t io n . T o  ta k e  an  e x 
a m p le ,  M ic h a e l F a ra d a y , who u n d e rs to o d  th e  n ee d  fo r  r e s o lv in g  th e  d i f f i 
c u lty , w ou ld  r a th e r  h a v e  r e je c t e d  th e  " d u a l i s t i c "  th e o ry  o f e l e c t r i c a l  p h e 
n o m e n a  th a n  d o u b ted  the v a lid ity  o f th e  p r in c ip le  o f c o n s e rv a t io n  o f " e l e c 
t r i c a l  s u b s ta n c e " .  He s te a d i ly  so u g h t fo r  b u t, by h is  own a d m is s io n , n e 
v e r  found  an  e x p e r im e n ta l  fa c t  w h ich  m ig h t d e f in ite ly  s u p p o r t  th e  th e o ry  
of tw o k in d s  of e l e c t r i c i t y  an d  r e fu te  th e  u n i ta ry  th e o ry * * . J a m e s  C le rk  
M ax w ell s t r e s s e d  th a t, lik e  o r d in a r y  m a t te r ,  e l e c t r i c i t y  sh o u ld  b e  c o n 
s e r v e d .  B ut w e c a n n o t " im a g in e " ,  w r o te  M ax w ell, " tw o  s u b s ta n c e s  a n n i 
h i la t in g  e a c h  o th e r" * * *  . Y e t bo th  F a r a d a y  an d  M ax w ell o p e r a te d  w ith  the 
c o n c e p ts  o f p o s i t iv e  an d  n e g a tiv e  c h a r g e s .  T h e s e  c o n c e p ts  a r e  o rg a n ic a l ly  
c o n ta in e d  in th e  th e o ry  d e v is e d  by th e  c r e a t o r s  o f c l a s s i c a l  e le c t ro d y n a m ic s .

How c a n  on e  r e s o lv e  th e  c o n t ra d ic t io n  b e tw e en  th e  c o n s e rv a t io n  p r in c ip le  
u n d e r s to o d  a s  c o n s e rv a t io n  (in  th e  g iv en  c a s e )  o f e l e c t r i c a l  s u b s ta n c e  and  
c o n c e p ts  o f o p p o s i te  c h a r g e s  (w h ich  s e e m  to le a d  in e v ita b ly  to  th e  id e a  of 
th e  c o l la p s e  o f th is  p r in c ip le ) ?  E . M ach p ro p o s e d  a  s o lu tio n  o f h is  ow n.
H e had  th o ro u g h ly  g r a s p e d  th e  fa c t  th a t  th e  id e a  of c o n s e rv a t io n  ru n s  th ro u g h  
a l l  la w s  o f p h y s ic s .  On i t s  s t r e n g th  he e v e n  a s s e r t e d  th a t  no s p e c ia l  d i s 
c o v e ry  o f th e  law  of c o n s e rv a t io n  o f e n e rg y  had  o c c u r r e d  in th e  n in e te e n th  
c e n tu ry ,  s in c e  c o n s e rv a t io n  p r in c ip le s  had  long  b e e n  know n. On the  o th e r  
h an d , h e  saw  th a t  th e  s u b s ta n t ia l  c o n c e p tio n  of c o n s e rv a t io n  d o e s  not a g r e e  
w ith  th e  th e o ry  o f e l e c t r i c a l  p h e n o m e n a  a s  i t  w a s b e in g  d e v e lo p e d . M ach 
p e r c e iv e d  a s o lu tio n  c o n f o rm a b le  to  h is  ow n e p is te m o lo g ic a l  in c lin a tio n s  
in th e  fo llo w in g  d e v ic e : r e g a r d  c o n s e rv a t io n  p r in c ip le s  a s  m e r e  m a n i f e s ta 
t io n s  o f th e  p r in c ip le  o f " e c o n o m y  of th o u g h t" .

T h e  th e o ry  o f e l e c t r i c i t y ,  h o w e v e r, d e v e lo p e d  a lo n g  d if fe re n t  l in e s .  T h e 
c o n t ra d ic t io n  w a s  r e s o lv e d  by  th e  d is c o v e r y  o f new  f o r m s  o f c o n s e rv a t io n  in 
th e  a c tu a l  n a tu r e  o f th in g s . T h e  m a th e m a tic a l  d e v e lo p m e n t o f e l e c t r o m a g 
n e t ic  th e o ry  r e s te d  on th e  p r in c ip le  of e n e rg y  c o n s e rv a t io n . "H av in g  tak e n  
upon o u r s e lv e s  th e  ta s k  o f d i s c o v e r in g  th e  la w s  o f e l e c t r i c i t y ,  w e s e e  th a t 
w e h a v e  no r e a d i ly  a v a i la b le  m e a n s  o f in v e s t ig a t io n  o th e r  th an  th e  one and  

0 Ibid. , p. 370.
0<> See M ic h a e l  F a ra d a y .  Experimental Researches in Electricity.

M a x w e ll .  J.C. A Treatise on Electricity and Magnetism, Art. 36, p. 39. Oxford. 1873.
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on ly  p r in c ip le  of c o n s e rv a t io n  of e n e rg y " *  . B ut th e  p r in c ip le  o f c o n s e r v a 
tio n  of e n e rg y  is  a  u n iv e r s a l  c o n s e rv a t io n  p r in c ip le  o p e r a t iv e  in  a l l  re g io n s  
of p h y s ic s . T h e  s p e c if ic  c h a r a c t e r  o f e le c t r o m a g n e tic  p r o c e s s e s  is  in d e e d  
d e te rm in e d  by th e  law  o f c o n s e rv a t io n  of e l e c t r i c  c h a rg e .

In the  m a th e m a tic a l  a p p a r a tu s  o f th e  th e o ry  th e  law  o f c h a r g e  c o n s e r v a 
tio n  n e c e s s a r i l y  c a m e  o u t in an  a lg e b r a ic a l ly  s y m m e tr ic  fo r m  a t  v a r ia n c e  
w ith  th e  u s u a l  s u b s ta n t ia l  c o n c e p tio n  o f th e  id e a  o f c o n s e rv a t io n . B u t h e r e  
m a th e m a tic s  led  p h y s ic i s t s  a lo n g  th e  r ig h t  p a th . T h is  p a th  u l t im a te ly  le d  to 
th e  d i s c o v e r y  of a  fu n d a m e n ta lly  new  an d  p re v io u s ly  unknow n fo rm  o f th e  
law  o f c o n s e rv a t io n .

E le c tr i c  c h a rg e  is  an  a t t r i b u t e - p r o p e r ty  o f e le m e n ta r y  p a r t i c le s .  In 
th is  r e s p e c t  th e  p r in c ip le  of e l e c t r i c  c h a rg e  c o n s e rv a t io n , if  o n e  ta k e s  in to  
a c c o u n t i t s  a b s o lu te  v a lu e , ca n  h av e  th e  a t t r ib u t iv e  fo rm  o f i t s  a c tio n , a s  
is  th e  c a s e  fo r  th e  p r o p e r  m a s s  o f p a r t i c le s .  H o w e v e r , in c o n t r a s t  w ith  th e  
p r o p e r  m a s s ,  th is  a t t r i b u t e - p r o p e r ty  h a s  m a th e m a tic a l  s y m m e tr y  -  th e r e  
e x is t  c h a r g e s  o f o p p o s ite  s ig n . T h e  q u a n ti ty  m a s s  an d , c o r r e s p o n d in g ly ,  
th e  law  o f m a s s  c o n s e rv a t io n  a r e  a d d it iv e . M a ss  ca n  be  ad d e d  an d  s u b t r a c t 
ed bu t c a n n o t ta k e  a  n e g a tiv e  v a lu e * * . W ith th e  in t ro d u c t io n  o f  th e  c o n c e p t 
of e l e c t r i c  c h a rg e  in to  p h y s ic s ,  fu n d a m e n ta lly  new  q u a n t i t ie s  o f o p p o s i te  
s ig n  w e re  b ro u g h t in to  th e  s c ie n c e .  T h e  p r o p e r t i e s  c o r re s p o n d in g  to  th e s e  
q u a n t i t ie s  ca n  b e  c a l le d  th e  c h a rg e  p r o p e r t i e s  an d  th e  c o r r e s p o n d in g  c o n 
s e r v a t io n  p r in c ip le s  c h a rg e  c o n s e rv a t io n  p r in c ip le s .

T h e  c o n tra d ic t io n s  w h ich  a la r m e d  F a r a d a y  an d  M ax w ell w e re  o v e r c o m e  
by th e  d is c o v e r y  o f th is  new fo rm  o f c o n s e rv a t io n  p r in c ip le .  T h e  fo r e m o s t  
n in e te e n th  c e n tu ry  p h y s ic i s t s  co u ld  not m a k e  up  th e i r  m in d s  to  ta k e  su c h  a  
s te p  in th e  t r e a tm e n t  o f t h e i r  d i s c o v e r ie s ;  y e t  th e  d e v e lo p m e n t o f e l e c t r o 
m a g n e tic  th e o ry  w as a c tu a l ly  c o n tro l le d  by th is  fo rm  o f th e  c o n s e rv a t io n  
p r in c ip le ,  a  fo rm  c o n ta in e d  in th e  m a th e m a tic a l  a p p a r a tu s  o f th e  th e o ry .

A s a r e s u l t  o f th e  in te r a c t io n  o f o p p o s ite ly  c h a rg e d  e le m e n ta r y  p a r t i c le s  
a  new s t r u c t u r e  (a to m , m e s o a to m , p o s i tr o n iu m  an d  so  on) m a y  b e  fo rm e d  
a t  the  g iv en  le v e l. B e in g  th e  p a r t  o f a  w h o le  th e  e le m e n ta r y  p a r t i c le  l o s e s  
i t s  in d iv id u a lity  h e r e .  I ts  c h a rg e ,  a s  an  a t t r i b u t e - p r o p e r ty ,  c e a s e s  to  b e 
long  e x c lu s iv e ly  to th e  p a r t i c le  an d , d is s o lv in g  in to  th e  in te r a c t io n  w ith  
o th e r  p a r t i c le s ,  a c t s  a s  a  b a s i s  fo r  new  p r o p e r t i e s  c h a r a c t e r i z in g  a  new  
o b je c t  a s  an  e n tity . W hen sp e a k in g  o f e l e c t r i c  c h a r g e s  o n e  sh o u ld  p o in t  o u t 
th a t  th e  la w s  of e le c t ro d y n a m ic s  fo r  su c h  s t r u c t u r e s  a r e  fu lf i l le d  w ith  a 
r e s t r ic t io n .  F o r  e x a m p le , in  an  a to m  fo rm e d  a s  a  r e s u l t  o f a  d e f in ite  i n 
t e r a c t io n  am o n g  e l e c t r i c a l l y  c h a rg e d  p a r t i c le s ,  th e  la w s  o f q u a n tu m  p r o 
c e s s e s  c o m e  in to  o p e r a t io n . B ut th e  la w s  o f q u a n tu m  p h y s ic s  s t i l  r e q u i r e  
th e  e le m e n ta ry  p a r t i c le s  a s  r e la t iv e ly  d i s t in c t  s t r u c t u r a l  p a r t s  o f a  w h o le .
In c o m p le te  p r o c e s s e s  of p a r t i c le  t r a n s f o r m a t io n ,  h o w e v e r, a  fu n d a m e n ta l  
a l t e r a t io n  o f th e  p a r t i c le  ta k e s  p la c e . S uch  t r a n s f o r m a t io n s  in v o lv e  d ee p  
le v e ls  o f m a t t e r  th e  la w s  o f m o tio n  o f w h ich  h av e  no t y e t  b e e n  d i s c o v e r e d  by 
m o d e rn  s c ie n c e .  T h e  m e c h a n is m  o f n e u t r a l iz a t io n ,  fo r  e x a m p le , is  no t 
u n d e rs to o d . A ll w e know is  th a t  c h a r g e s  do not v a n is h  f ro m  n a tu re ;  th e y  a r e ,  
so  to  sp e a k , v i r tu a l ly  c o n s e rv e d . T h e  p o s s ib il i ty  o f a  b ro a d  c l a s s  o f su c h  
p r o c e s s e s  of p a r t i c le  t r a n s f o r m a t io n  w ith  c o n s e rv a t io n  o f th e  e l e c t r i c  c h a r g e  
is  g u a r a n te e d  by th e  p r e s e n c e  o f a  l a r g e  n u m b e r  of n e u t r a l  p a r t i c le s :

0 Max P la n c k .  Das Prinzip der Erlialtung tier Kraft, 2nd ed. Leipzig. 1908.
At least this is true in the modem theory. Negative mass is discussed only as a possible concept. See, 
for instance. B o n d i. H. Negative Mass in the General Theory of Relativity. ln: Noveishie problemy 
gravitatsii (Latest Problems of Gravitation), p. 309. Moscow. 1961.
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Photon
Pi-zero-meson 

Neutrino — Antineutrino 
K-zero-meson— Anti-K-zero- meson 

Neutron — Antineutron 
Lambda-zero-hyperon — Antilambda-zero-hyperon 

Sigma-zero-hyperon — Antisigma-zero-hyperon 
Xi-zero-hyperon — Antixi-zero-hyperon

E le c t r i c a l l y  n e u t r a l  p a r t i c le s  c a n  b e  fo rm e d  in  t r a n s f o r m a t io n s  w h e re  
th e  in i t i a l  p a r t i c le s  in c lu d e  p a r t i c le s  w ith  e l e c t r i c  c h a r g e s  o f o p p o s ite  s ig n . 
I n v e r s e  p r o c e s s e s  a g a in  g iv e  r i s e  to  in i t i a l  e l e c t r i c  c h a r g e s .  An e x a m p le  
is  th e  F e r m i  p r o c e s s :  n-*-p +  e" +  v , w h e re  a  n e u tro n  d e c a y s  in to  a  p ro to n ,
e le c t r o n  an d  a n t in e u tr in o . T h e  in v e r s e  r e a c t io n  is  p +  «" +  £-*«, w h e re  a 
p ro to n , e le c t r o n  an d  a n t in e u tr in o  c o n v e r t  in to  a  n e u tro n . In th e  l a t t e r  r e a c 
tio n  th e  p o s i t iv e  c h a r g e  o f th e  p ro to n  an d  n e g a tiv e  c h a rg e  of the e le c tro n , 
a s  in  th e  c a s e  o f p r o p e r  m a s s ,  do no t v a n is h  fro m  n a tu re  f o r e v e r .  T h ey  
a r e  c o n s e r v e d  in an  im p lic i t ,  h id d en  ( f ro m  us) fo r m  in th e  n e u tr in o , h av in g  
e n te r e d  in to  a  d e e p e r  le v e l  of m a t t e r .  F ro m  th e  d i r e c t  r e a c t io n  of n e u tro n  
d e c a y  it fo llo w s  th a t  c h a r g e s  a r e  g e n e ra te d  anew  in th is  r e a c t io n , p a s s in g  
f ro m  im p lic i t  to  an  e x p l ic i t  o p en  fo rm . A ll th is  p o in ts  to  p r o c e s s e s  o c c u r 
r in g  a t  g r e a t  d e p th s  in  n a tu r e  an d  b e to k e n s  th e  d is c o v e r y  an d  in v e s tig a tio n  
o f a s  y e t  unknow n s u b m ic ro s c o p ic  le v e ls  of m a t te r .  M o d ern  e le m e n ta ry  
p a r t i c le  p h y s ic s  is  a p p r o a c h in g  su c h  a  d is c o v e r y .

T h e  l a t e s t  s ta g e  in  th e  d e v e lo p m e n t o f e le m e n ta r y  p a r t i c le  p h y s ic s  is  
c h a r a c t e r i z e d  by th e  d is c o v e r y  of new a t t r i b u t e - p r o p e r t i e s  w h ich  ob ey  c o n 
s e r v a t io n  p r in c ip le s  o f th e  c h a r g e  ty p e . A f te r  th e  p r in c ip le  of e le c t r i c  
c h a r g e  c o n s e r v a t io n  th e  n e x t to  be  d is c o v e r e d  w as th e  p r in c ip le  of c o n s e r 
v a tio n  o f th e  s p in  o f e le m e n ta r y  p a r t i c le s .

T h e  c o n c e p t of o r d in a r y  sp in  w a s f i r s t  in tro d u c e d  a s  e a r ly  a s  1925 by 
G o u d s m it  an d  U h le n b e c k  in  o r d e r  to  e x p la in  th e  fin e  s t r u c t u r e  of s p e c t r a l  
l in e s  an d  t h e i r  s p l i t t in g  u n d e r  th e  in f lu e n c e  o f a  m a g n e tic  fie ld . P a u l i  w ro te  
a b o u t th is  u n u s u a l p r o p e r ty  o f p a r t i c le s  e v e n  b e f o re  th e  in v e s t ig a t io n s  of 
G o u d sm it  a n d  U h le n b e c k . In  la te  1924 he pu t fo r w a r d  th e  h y p o th e s is  of the 
c h a r a c t e r i s t i c  d o u b le -v a lu e d n e s s  of th e  p r o p e r t i e s  of th e  e le c t ro n , a  d o u b le 
v a lu e d n e s s  w h ich  c a n n o t b e  d e s c r ib e d  c l a s s i c a l l y .  S u b se q u e n tly  it  w a s s u g 
g e s te d  th a t  th e  e l e c t r o n  h a s  a  p r o p e r  a n g u la r  m o m e n tu m . T h e  c o n c e p t of 
s p in  w a s  p ro v id e d  w ith  a  th e o r e t ic a l  fo u n d a tio n  by D ira c  in  1928 an d  d ev e lo p ed  
bv P a u l i .  P la n c k 's  c o n s ta n t  h w a s c h o se n  to  be th e  u n it o f m e a s u r e m e n t  
o f s p in  ( i t  is  know n th a t  P la n c k 's  c o n s ta n t  h a s  th e  d im e n s io n a l i ty  o f a n g u la r  
m o m e n tu m ). In h u n its  th e  s p in  of e le m e n ta r y  p a r t i c le s  ca n  b e  e i t h e r  ± 1 /2 , 
u n ity  o r ,  f in a lly , z e r o .

T h e  s p in  o f a p a r t i c le  is  an  a t t r i b u t e - p r o p e r ty  an d  h a s  a  c o m p le te ly  d e 
f in i te  f ix e d  v a lu e . It i s  u s u a l ly  s ta te d  th a t  sp in  is  a  q u an tu m  p r o p e r ty  o r ,  
a l t e r n a t iv e ly ,  a  q u an tu m  n u m b e r . C h a n g e s  in th is  p r o p e r ty  ca n  on ly  ta k e  
p la c e  in  ju m p s  a c c o m p a n ie d  by a  q u a l i ta t iv e  t r a n s f o r m a t io n  of the p a r t ic le  
i t s e l f .  T h e  s p in  o f a  g iv en  p a r t i c le  ca n  b e  n e i th e r  d e c r e a s e d  n o r  in c r e a s e d .  
A p a r t i c le  in  an  e x te r n a l  f ie ld  h a s  a  c o m p le te ly  d e te rm in e d  sp in  o r ie n ta tio n . 
I t p r e s e r v e s  th is  o r ie n ta tio n  an d  c a n  c h a n g e  it on ly  in ju m p s . T h e  p r e s e n c e  
o f s p in  in  th e  e le c t r o n  a c c o u n ts  fo r  th e  s p l i t t in g  of s p e c t r a l  l in e s  in a m a g 
n e t ic  f ie ld  ( s o - c a l l e d  m u ltip le ts ) .  T h is  m u l tip l ic i ty  o f s p e c t r a l  l in e s  is
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p ro d u c e d  by s p l i t t in g  of th e  p r in c ip a l  e n e rg y  le v e ls  of th e  a to m ic  e l e c t r o n s  
u n d e r  th e  in f lu e n c e  o f th e  m a g n e tic  f ie ld . H e r e  th e  n u m b e r  o f n ew ly  o b ta in e d  
s u b - l e v e l s ,  o r ,  c o r re s p o n d in g ly ,  th e  n u m b e r  o f l in e s  in th e  m u ltip le t  
p ro d u c e d  u n d e r  th e  in f lu e n c e  o f th e  m a g n e tic  fie ld , is  d e te r m in e d  by  th e  
n u m b e r  o f p o s s ib le  sp in  o r ie n ta t io n s  o f th e  p a r t i c le  w ith  r e s p e c t  to th e  d i 
r e c t io n  o f th e  m a g n e tic  f ie ld .

A c c o rd in g  to  q u an tu m  m e c h a n ic s  th e  n u m b e r  of p o s s ib le  o r ie n ta t io n s  of 
th e  a n g u la r  m o m e n tu m  (w e r e c a l l  th a t  s p in  is  th e  p r o p e r  a n g u la r  m o m e n 
tum ) is  d e te rm in e d  by th e  r e q u ir e m e n t  th a t  th e  p r o je c t io n s  o f th e  a n g u la r  
m o m e n tu m  v e c to r  on a  c h o se n  d i r e c t io n  (d i re c t io n  o f th e  m a g n e tic  f ie ld )  be 
q u a n tiz e d  so  a s  to b e  in te g e r s .  If th e  a n g u la r  m o m e n tu m  is  I in  th e  g e n e r a l  
c a s e ,  th en  th e  p o s s ib le  a n g u la r  m o m e n tu m  p r o je c t io n s  a s s u m e  a  s e r i e s  of 
in te g r a l  v a lu e s  fro m  — / to  + / .  F o r  e x a m p le , if  / =  2 th en  th e  p r o je c t io n s  
of su c h  an  a n g u la r  m o m e n tu m  v e c to r  a s s u m e  th e  v a lu e s  - 2 ,  - 1 ,  0, +1, +2.
In th e  g e n e r a l  fo rm  th is  is  w r it te n  b r ie f ly  a s  fo llo w s: th e  n u m b e r  o f p r o 
je c tio n s  of th e  a n g u la r  m o m e n tu m  is  21 + \ (law  o f s p a c e  q u a n tiz a tio n ) .

T h e r e  is  a  d e f in ite  r e la t io n  b e tw e e n  th e  a n g u la r  m o m e n tu m  v e c to r  an d  
th e  e n e rg y  le v e l  in  th e  a to m . O w ing to  th is  r e la t io n  to  e a c h  c h a n g e  in  th e  
a n g u la r  m o m e n tu m  p ro d u c e d  by th e  e x te r n a l  m a g n e tic  f ie ld  c o r r e s p o n d s  a  
d e f in ite  c h a n g e  of th e  e n e rg y  le v e l. T h e  s e t  of su c h  c h a n g e s  c o n s t i tu te s  
s p l i t t in g  of th is  le v e l  r e s u l t in g  in s p l i t t in g  o f th e  s p e c t r a l  l in e s .

If on e  ta k e s  in to  a c c o u n t th e  p r o p e r  a n g u la r  m o m e n tu m  of th e  p a r t i c le  
( i t s  sp in ) , th en  a  p a r t i c le  of sp in  s ca n  h av e , a c c o rd in g  to  th e  law  o f s p a c e  
q u a n tiz a tio n , 2s + 1 d i f fe re n t  s t a t e s  c o r r e s p o n d in g  to  th e  d i f fe re n t  o r i e n t a 
t io n s  of i t s  sp in  in s p a c e .  A g a in , a c c o rd in g  to  th is  law , a  p a r t i c le  o f sp in  
1 /2  ca n  h av e  o n ly  two su c h  s t a t e s  w ith  tw o o r ie n ta t io n s ,  e i t h e r  in th e  d i r e c 
t io n  o f th e  f ie ld  o r  in th e  o p p o s i te  d i re c t io n *  . T h e  sp in  o f so  o r ie n te d  p a r t i 
c le s  is  + 1 /2  an d  - 1 / 2 .  If th e r e  is  no e x te r n a l  m a g n e tic  f ie ld  th e s e  tw o 
s t a t e s  h av e  th e  s a m e  e n e rg y  an d  b e c o m e  in d is t in g u is h a b le .  T h e  in c lu s io n  
o f a  m a g n e tic  fie ld  f o r m s ,  a s  th e y  s a y , a  d o u b le t -  th e  e l e c t r o n  c a n  b e  in  
on e  of two p o s s ib le  s t a t e s .

T h e  id e a  of is o to p ic  sp in  a r o s e  in  th e  c o u r s e  o f r e s e a r c h  in to  th e  i n t e r 
a c tio n  of n u c le a r  p a r t i c le s .  An an a lo g y  w a s  d ra w n  w ith  th e  b e h a v io r  of a 
p a r t i c le  of sp in  1 /2  w ith  r e s p e c t  to  a  m a g n e tic  f ie ld . In v e s tig a tio n  o f th e  
s t r u c t u r e  of th e  n u c le u s  le d  to  th e  d is c o v e r y  of th e  s o - c a l l e d  c h a r g e  in d e 
p e n d e n c e . In o th e r  w o r d s , it  w a s  found th a t  th e  m a g n itu d e  o f th e  i n t e r a c 
tio n  b e tw e e n  th e  p ro to n s  an d  n e u tro n s  c o n s t i tu tin g  a  n u c le u s  d o e s  n o t d e 
p end  on e l e c t r i c  c h a rg e .  T h e  f o r c e s  of i n te r a c t io n  b e tw e e n  p ro to n  a n d  n e u 
t ro n , p ro to n  an d  p ro to n , n e u tro n  an d  n e u tro n  a r e  e q u a l. T h e  c h a r g e  in d e 
p e n d e n c e  o f n u c le a r  f o r c e s  p ro v id e d  H e is e n b e rg  th i r ty  y e a r s  b a c k  w ith  th e  
b a s i s  fo r  d ra w in g  th is  a n a lo g y . H e is e n b e rg  s u g g e s te d  c o n s id e r in g  th e  n e u 
t ro n  an d  p ro to n  a s  tw o d if fe re n t  s t a t e s  of th e  s a m e  p a r t i c le ,  th e  n u c le o n .
J u s t  a s  e l e c t r o n s  fo rm  a  sp in  d o u b le t u n d e r  th e  in f lu e n c e  of th e  m a g n e tic  
f ie ld , so  a  n e u tro n  an d  p ro to n  fo rm  a  c h a r g e  d o u b le t an d  d i f f e r  f r o m  e a c h  
o th e r  on ly  in th e  p r e s e n c e  o r  a b s e n c e  o f e l e c t r i c  c h a rg e .

W e re  w e to  a b a n d o n  e l e c t r i c  c h a rg e ,  a  p ro to n  an d  a  n e u tro n  w ou ld  b e  
in d is t in g u is h a b le  n u c le o n s , j u s t  a s  e le c t r o n s  a r e  in d is t in g u is h a b le  w ith o u t 
an  e x te r n a l  m a g n e tic  f ie ld . H e is e n b e rg  s u c c e e d e d  in  d e v e lo p in g  th is  a n a lo g y  
” The number of different state? in the given case is 2»+l-2 for s- 1/2.
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w ith  o r d in a r y  s p in  an d  g iv in g  it m a th e m a tic a l  fo r m . He in tro d u c e d  th e  c o n 
c e p t  o f is o to p ic  sp in . T h e  t e r m  " i s o to p ic "  s t r e s s e s  th e  a n a lo g y  in a n o th e r  
r e s p e c t - l i k e  is o to p ic  c h e m ic a l  e le m e n ts ,  a  p ro to n  an d  n e u tro n  h av e  s o m e 
w h a t d i f f e r e n t  m a s s e s .

H e re ,  h o w e v e r , th e  an a lo g y  w ith  i s o to p e s  c e a s e s .  I s o to p e s  of c h e m ic a l  
e le m e n ts  d if f e r  in m a s s  an d  h av e  th e  s a m e  e l e c t r i c  c h a rg e  on th e  n u c le u s , 
w h ile  th e  p ro to n  a n d  n e u tro n , though d o u b tle s s  d i f fe r in g  in  m a s s ,  a ls o  d if fe r  
in  e l e c t r i c  c h a rg e .  T h e  p ro to n  h a s  a  p o s i t iv e  c h a rg e ,  th e  n e u tro n  no c h a rg e  
a t  a l l .  T o  e x te n d  th e  a n a lo g y  o f p ro to n s  an d  n e u tro n s  w ith  is o to p e s  we hav e 
to  f in d  s o m e  o th e r  c o m m o n  p ro p e r ty ;  on ly  th e  p r e s e n c e  o f so m e  co m m o n  
p r o p e r ty  a n a lo g o u s  to  c h a rg e  c o u ld  a llo w  u s  to  c l a s s  th e m  a s  a  s in g le  fo rm  
o f p a r t i c le s  (d e s p ite  th e  s l ig h t  d i f f e re n c e  in m a s s ) ,  a s  in th e  c a s e  of the 
is o to p e s  of c h e m ic a l  e le m e n ts .  A c o m p le te ly  new  p r o p e r ty  -  i s o to p ic  sp in  -  
i s  s u c h  a  p r o p e r ty .  Now th e  is o to p ic  sp in  of a  n u c le o n , lik e  th e  sp in  of the 
e le c t r o n ,  is  o n e - h a lf .  T h e  a n a lo g y  w ith  sp in  is  a ls o  m a n ife s te d  in  th e  s i m i 
l a r i t y  o f th e  m a th e m a tic a l  a p p a r a tu s .  T h is  s i m i l a r i ty  w ill  b e  c l a r i f i e d  by 
th e  fo llo w in g . A s fo r  a  d o u b le t o f p a r t i c le s  w ith  o r d in a r y  sp in , th e  n u m b e r  
o f t e r m s  in a  fa m ily  w ith  i s o to p ic  sp in  o f 1 /2  is  a ls o  tw o. In d e ed , d en o tin g  
th e  i s o to p ic  sp in  by 7, w e h a v e  in  th e  g iv en  c a s e  th e  n u m b e r  of t e r m s  in the 
fa m ily  27+ 1= 2 . Iso to p ic  sp in  c h a r a c t e r i z e s  th e  e n t i r e  g ro u p  o f p a r t i c le s ,  
o r ,  in  o th e r  w o r d s , th e  e n t i r e  c h a r g e  fa m ily . In the  c a s e  of n u c le o n s  th e  
fa m ily  c o n s i s t s  o f tw o p a r t i c le s ,  a  p ro to n  an d  a  n u c le o n .

A lth o u g h  i s o to p ic  sp in  d i f f e r s  f r o m  e l e c t r i c  c h a rg e  a s  th e  s p e c if ic  p r o p 
e r ty  o f p a r t i c le s ,  i t  i s  r e la t e d  to  it .  T h is  r e la t io n  m a k e s  i t  p o s s ib le  to 
g iv e  a  s p e c ia l  c h a r a c t e r i z a t io n  o f e v e ry  p a r t i c le  s e p a r a te ly .  F o r  th e  c h a rg e  
fa m ily  su c h  a  c h a r a c t e r i z a t io n  is  p ro v id e d  by th e  s o - c a l l e d  " p r o je c tio n "  of 
th e  i s o to p ic  sp in  /,. Now th e  7, o f a  g iv en  p a r t i c le  is  eq u a l to  th e  d i f fe re n c e  
b e tw e e n  th e  c h a r g e  o f th e  g iv en  p a r t i c le  an d  th e  a v e ra g e  c h a rg e  of th e  e n t i r e  
fa m ily ;  7, =  e—eav (w h e re  e is  th e  c h a rg e  o f th e  g iv en  p a r t i c le  an d  eav the 
m e a n  c h a r g e  o f the fa m ily ) . It is  e a s y  to  show  th a t  th e  is o to p ic  sp in  of a 
n e u tro n  is  - 1 / 2  an d  th a t  o f a  p ro to n  + 1 /2 .

A f te r  Y ukaw a a d v a n c e d  th e  id e a  o f th e  m e so n  c h a r a c t e r  o f n u c le a r  fo r c e s ,  
th e  B r i t is h  p h y s ic i s t  K e m m e r  d re w  a t te n t io n  to  th e  fa c t  th a t  th e  c o n c e p t of 
c h a r g e  in d e p e n d e n c e  c a n  b e  e x te n d e d  to  n - m e s o n s .  T h is  m e a n s  th a t  a - m e -  
s o n s ,  l ik e  n u c le o n s , s h o u ld  h a v e  a  d e f in ite  v a lu e  o f th e  is o to p ic  sp in .

It is  w e ll  know n th a t  n -m e s o n s  fo rm  a  c h a rg e  fa m ily  c o n s is t in g  of th r e e  
p a r t i c le s  o r ,  in  o th e r  w o r d s ,  a  t r ip le t :  n+, n° an d  n~. T h is  m e a n s  th a t  th e  
i s o to p ic  sp in  7 c h a r a c t e r i z in g  th e  e n t i r e  c h a rg e  fa m ily  is  u n ity . We r e c a l l  
th a t  th e  n u m b e r  o f t e r m s  in  a  fa m ily  is  27 +1. F o r  7= 1  th e  n u m b e r  o f t e r m s  
in  th e  fa m ily  is  p r e c i s e ly  th r e e .  T h e  a v e r a g e  e l e c t r i c  c h a rg e  of th e  n - m e -  
so n  fa m ily  is  z e ro .  If w e know th e  a v e r a g e  c h a rg e  of th e  n -m e s o n  fa m ily  
w e c a n  o b ta in  th e  v a lu e  o f th e  is o to p ic  s p in  7, fo r  an  in d iv id u a l p a r t i c le .
A s  in  th e  c a s e  o f n u c le o n s , th e  is o to p ic  sp in  o f an  in d iv id u a l n -m e so n  is  eq u a l 
to  th e  d if fe re n c e  b e tw e e n  th e  c h a rg e  o f th e  p a r t i c le  an d  th e  a v e ra g e  c h a rg e  of th e  
fa m ily .  B ut th e  a v e r a g e  c h a r g e  o f th e  g iv en  fa m ily  is  z e r o  an d  th e r e f o r e  the 
is o to p ic  sp in  I, i s  e q u a l to  th e  c h a r g e  o f th e  p a r t ic le .  T h e  is o to p ic  sp in  
( m o re  p r e c i s e ly ,  7,) o f a  n * -m eso n  is  o n e , th e  is o to p ic  sp in  of a  n °-m eso n  
z e ro  an d  th e  is o to p ic  sp in  o f a  n- -m e s o n  m in u s  o n e . In o th e r  w o rd s  th e  
v a lu e  o f th e  is o to p ic  sp in  o f n - m e s o n s  is  id e n t ic a l  w ith  th e  v a lu e  o f th e i r  
e l e c t r i c  c h a r g e .  It sh o u ld  b e  p o in te d  o u t th a t  th e  a v e ra g e  v a lu e  of 1, is  
z e r o  fo r  an y  c h a r g e  fa m ily . A s a  r e s u l t  th e  is o to p ic  sp in  ( m o re  p r e c i s e ly
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th e  c o m p o n e n t / ,)  c h a r a c t e r i z in g  a  p a r t i c le  a p p e a r s  a s  a  s p e c ia l  k ind  
of c h a rg e .

Iso to p ic  sp in  h a s  th e  c h a r a c t e r i s t i c  t r a i t s  o f an  a t t r i b u t e - p r o p e r t y  o f a 
p a r t i c le .  L ik e  e l e c t r i c  c h a rg e  an d  sp in , is o to p ic  s p in  is  a  r i g o r o u s ly  d e 
f in ed  an d  c o n s e rv e d  q u a n ti ty  in h e re n t  in  n u c le o n s  an d  n - m e s o n s .  T h e  m a g 
n itu d e  o f th e  is o to p ic  s p in  o f a  g iv en  p a r t i c le  is  c o n s e r v e d  a t t r i b u t iv e ly  fo r  
e v e ry  g iv en  p a r t i c le  a s  long  a s  it  d o e s  not u n d e rg o  q u a l i t a t iv e  t r a n s f o r m a 
t io n s . If su c h  t r a n s f o r m a t io n s  ta k e  p la c e  th en , w hen th e s e  t r a n s f o r m a t io n s  
a r e  due to c h a rg e - in d e p e n d e n t  in te r a c t io n s ,  th e  to ta l  is o to p ic  s p in  o f th e s e  
p a r t i c le s  is  a ls o  c o n s e rv e d . C o n s e q u e n tly  th e  p r in c ip le  o f c o n s e r v a t io n  of 
is o to p ic  sp in  is  v a lid . T h is  p r in c ip le ,  h o w e v e r, is  o p e r a t iv e  in  a  l im i te d  
s p h e r e ;  m o re  s p e c if ic a l ly ,  it  is  fu lf i l le d  in  th e  re g io n  o f in te r a c t io n s  w h e re  
c h a rg e  in d e p e n d e n c e  is  v a lid . Such  in te r a c t io n s  in c lu d e , a s  w e saw , th e  
n -m e s o n  in te ra c t io n . On th e  o th e r  han d , in  th e  c a s e  of, s a y ,  e l e c t r o m a g 
n e tic  in te r a c t io n s ,  w h e re  th e  e l e c t r i c  c h a rg e  is  s ig n if ic a n t ,  th e  c o n c e p t 
of is o to p ic  sp in  is  in a p p l ic a b le .  T h e r e f o r e  th e  p r in c ip le  o f is o to p ic  s p in  
c o n s e rv a t io n  is  no t of a  g e n e r a l  c h a r a c t e r .

S ta r t in g  fro m  1947, w hen t r a c k s  o f s o - c a l l e d  V - p a r t ic le s  w e re  d is c o v e r e d , 
th e  l i s t  of e le m e n ta r y  p a r t i c le s  w a s u n e x p e c te d ly  in c r e a s e d  by new  p a r t i 
c l e s .  S u b se q u e n t in v e s t ig a t io n  of th e  p r o p e r t i e s  o f V - p a r t ic le s  r e v e a le d  th a t  
on e  w a s d e a lin g  w ith  a  d iv e r s e  g ro u p  o f p r e v io u s ly  unknow n p a r t i c le s  w ith  
u n u su a l o r  s t r a n g e  p r o p e r t i e s .  Such  " s t r a n g e "  p a r t i c le s  now in c lu d e  A '-m e - 
s o n s , w ith  a  m a s s  of 966; an d  th e  h y p e ro n  g ro u p  ( p a r t i c l e s  w ith  a  m a s s  
g r e a t e r  th an  th a t  of n u c le o n s) .

T h e  e x t r a o r d in a r y  c h a r a c t e r  of th e s e  p a r t i c le s  r e s id e s  f i r s t  in  th e  fa c t  
th a t  th e i r  t im e  of p ro d u c tio n  c o r r e s p o n d s  to  th e  t im e  o f s t r o n g  in te r a c t io n s  
( ~ 1 0 -23s e c . )  bu t t h e i r  t im e  of d e c a y  is ,  s t r a n g e ly  en o u g h , c o m p le te ly  d i f 
f e r e n t  -  i. e. , i t  c o r r e s p o n d s  to th e  t im e  of w e ak  in te r a c t io n s  ( — 10~8 s e c .  ). 
S eco n d ly , th e s e  p a r t i c le s  a r e  c r e a t e d  on ly  in p a i r s .  S in g le  c r e a t io n  o f su c h  
p a r t i c le s  is  n e v e r  o b s e r v e d  a lth o u g h  a l l  c o n s e rv a t io n  la w s  know n p r e v io u s ly  
a d m it  of su c h  s in g le  c r e a t io n .  F u r th e r m o r e ,  s in g le  c r e a t io n  of th e s e  p a r t i 
c le s  sh o u ld  b e  m o re  p ro b a b le  th an  m u ltip le  p ro d u c tio n . Y e t n o t on e  c a s e  o f 
s in g le  c r e a t io n  o f th e s e  p a r t i c le s  h a s  b ee n  d e te c te d .  P a i s  a n d  c e r t a in  o th e r  
p h y s ic i s t s  h av e  s u g g e s te d  th a t  th is  fa c t  i s  th e  r e s u l t  o f th e  o p e r a t io n  of a 
s p e c ia l  new  e x c lu s io n  p r in c ip le  -  n a tu r e  fo r b id s  s in g le  c r e a t io n  of s t r a n g e  
p a r t i c le s .

P h y s ic s  is  f a m i l i a r  w ith  m a n y  o th e r  e x c lu s io n  p r in c ip le s .  T h e  p e r p e -  
t u u m  m o b i l e  is  in  p r in c ip le  im p o s s ib le .  It i s  w e ll know n th a t  th e  e x c lu 
s io n  of th e  p e r p e t u u m  m o b i l e  fo llo w s  d i r e c t ly  f ro m  th e  fa c t  th a t  th e  
law  of c o n s e rv a t io n  o f e n e rg y  is  o p e r a t iv e  in  n a tu r e .  In q u a n tu m  m e c h a n ic s  
th e  P a u l i  e x c lu s io n  p r in c ip le  -  no m o re  th an  on e  e le c t r o n  c a n  e x i s t  in  th e  
s a m e  q u an tu m  s t a t e  in  th e  a to m  -  is  o p e r a t iv e .  It i s  w e ll  know n th a t  th e  
P a u l i  e x c lu s io n  p r in c ip le  is  a  c o n s e q u e n c e  of th e  law  of sp in  c o n s e r v a t io n  
an d , m o re  g e n e ra l ly ,  a  c o n se q u e n c e  o f th e  g e n e r a l  s y m m e tr y  p r o p e r t i e s  of 
th e  w ave fu n c tio n  i|>. In s p e c tr o s c o p y  th e r e  is  an  e x c lu s io n  p r in c ip le  a c 
c o r d in g  to w h ich  o p t ic a l  t r a n s i t i o n s  a r e  im p o s s ib le  b e tw e e n  s t a t e s  w ith  th e  
s a m e  p a r i ty  ( L a p o r t e 's  ru le ) .  T h is  e x c lu s io n  p r in c ip le  fo llo w s  f r o m  th e  
law  of p a r i ty  c o n s e rv a t io n . O ne m ig h t s a y  th a t  e v e ry  e x c lu s io n  p r in c ip le
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is  r e la t e d  to th e  o p e r a t io n  o f a  c o r re s p o n d in g  c o n s e rv a t io n  law . A nd, c o n 
v e r s e ly ,  e v e ry  c o n s e rv a t io n  law  im p o se s  a  r e s t r i c t i o n  on th e  in f in ite  p o s s i 
b i l i ty  o f n a tu r e  an d  le a d s  to  th e  e x c lu s io n  in p r in c ip le  of c e r t a in  s e e m in g ly  
c o n c e iv a b le  p h e n o m e n a . C o n s e rv a tio n  p r in c ip le s  im p o se  a  s ta m p  of n e c e s 
s i ty  on th e  s t a t i s t i c a l  flow  o f n a tu r a l  p r o c e s s e s .

In th e  c a s e  of s t r a n g e  p a r t i c le s  th e  P a is  e x c lu s io n  p r in c ip le  p o in ts  to the 
p r e s e n c e  o f a  s p e c if ic  c o n s e rv a t io n  law  th e  c o n s e q u e n c e  o f w h ich  is  th is  
e x c lu s io n  o f s in g le  p a r t i c le  c r e a t io n .  T h e  law  of c o n s e rv a t io n  of s t r a n g e 
n e s s  is  th is  new , p r e v io u s ly  unknow n c o n s e rv a t io n  law .

T h e  c o n c e p t of s t r a n g e n e s s  w a s in tro d u c e d  d u r in g  the c la s s i f ic a t io n  of 
new  p a r t i c le s .  W hen an  a t te m p t  w a s m a d e  to  fin d  c o m m o n  t r a i t s  b e tw e en  
t h e s e  p a r t i c le s  an d  th o s e  a l r e a d y  know n it  w a s n a tu r a l  to s e e k  to a p p ly  to 
th e m  th e  id e a  o f c h a rg e  in d e p e n d e n c e . A s it  tu rn e d  o u t c h a rg e  in d e p e n d 
e n c e  m a k e s  i t  p o s s ib le  to  c o l le c t  th e  s t r a n g e  p a r t i c le s  in c h a rg e  f a m il ie s  
( m u l t ip le ts )  s i m i l a r  to th o s e  of th e  n u c le o n s  an d  n -m e s o n s .  T h is  m e a n s  th a t 
th e  new  p a r t i c le s  h a v e  an  is o to p ic  sp in  (/). We r e c a l l  th a t  th e  n u m b e r  of 
p a r t i c le s  in  a  c h a rg e  fa m ily  is  21+  1. If th e  c h a rg e  fa m ily  is  c o m p o se d  of 
a  s in g le  p a r t i c le  th e  is o to p ic  sp in  o f th is  p a r t i c le  is  z e ro .  If th e r e  a r e  
tw o p a r t i c le s  in  th e  c h a r g e  fa m ily  th e  is o to p ic  sp in  of th e  fa m ily  is  one 
h a lf . If th e  c h a rg e  fa m ily  c o n s i s t s  of th r e e  p a r t i c le s  th e  is o to p ic  sp in  of 
th e  fa m ily  is  u n ity .

Is o to p ic  s p in  an d  th e  law  o f is o to p ic  sp in  c o n s e rv a t io n  g av e  r i s e  to the 
p o s s ib i l i ty  of d e te c t in g  th e  u n ity  of new  an d  p r e v io u s ly  unknow n p a r t i c le s .  
H o w e v e r , th e  a t te m p t  to  c o l le c t  th e  new  p a r t i c le s  in  c h a rg e  fa m i l ie s  a n a lo 
g o u s  to  th e  f a m i l ie s  of n u c le o n s  a n d  n -m e s o n s  m e t w ith  d if f ic u lt ie s .

It w a s  n a tu r a l  to s u p p o s e  th a t  h y p e ro n s , w h ich  a r e  h ea v y  p a r t i c le s ,  
fo rm  d o u b le ts  a s  do th e  n u c le o n s  an d , t h e r e f o r e ,  h av e  an  is o to p ic  sp in  of 
o n e - h a lf .  J f -m e s o n s , lik e  th e  n - m e s o n s ,  sh o u ld  fo rm  a  t r i p l e t  o f iso to p ic  
s p in  o n e  -  o r  so  it  s e e m e d . S tr a n g e ly  enough , th e  n ew ly  d i s c o v e r e d  p a r t i 
c le s  r e f u s e d  to  f i t  in to  th is  a n a lo g y . T h e  A °-h y p ero n  o f m a s s  2181 h a s  no 
p a r t i c le s  o f s i m i l a r  m a s s  w h ich  m ig h t b e  c la s s e d  in a  fa m ily  o f la m b d a  h y 
p e r o n s .  T h is  fa m ily  e v id e n tly  c o n s i s t s  o f a  s in g le  te r m .  T h is  m e a n s  th a t 
th e  is o to p ic  s p in  o f th is  fa m ily  is  z e r o  an d  no t o n e - h a lf  a s  in the n u c le o n  
fa m ily . W hen c l a s s i f ic a t io n  by is o to p ic  sp in  w a s b e in g  c a r r i e d  ou t th e  p a r 
t i c l e s  know n e x p e r im e n ta l ly  w e re  th e  E *-hyperon  of m a s s  2325 an d  the  2 " -h y - 
p e r o n  o f m a s s  2341. If th e s e  p a r t i c le s  w ith  e l e c t r i c  c h a r g e s  o f o p p o s ite  
s ig n  h a v e  an  is o to p ic  sp in  th e r e  m u s t e x is t  a  th i rd  p a r t i c le  in  th is  fa m ily , 
i. e . , a  n e u t r a l  Z °-h y p e ro n . If th is  is  so  th e n  a g a in , s t r a n g e ly ,  the iso to p ic  
s p in  o f th e  2 -h y p e ro n  fa m ily  is  u n ity  an d  n o t o n e - h a lf  a s  in th e  n u c le o n  
fa m ily .  F in a l ly ,  it  w a s  d e f in ite ly  e s ta b l i s h e d  th a t  th e r e  e x is t s  a  S‘ -h y p e ro n . 
H e re  tw o p o s s ib i l i t i e s  a r o s e .  O ne c o u ld  s u p p o se  th e  e x is te n c e  of two m o re  
h y p e r o n s  -  o n e  w ith  a  p o s i tiv e  e l e c t r i c  c h a rg e  an d  a  n e u t r a l  o n e - a n d  th u s  th e  
E - h y p e ro n  fa m ily  w ou ld  fo r m  a  t r i p l e t .  O r  th e r e  e x is te d  on ly  on e  m o re  
p a r t i c le ,  a  n e u t r a l  o n e , a n d  th e  fa m ily  of E h y p e ro n s , lik e  th e  n u c le o n  fa m ily  
f o r m s  a  d o u b le t. T h e  e x p e r im e n ta l  fa c t s  th en  a v a i la b le  te n d e d  to f a v o r  the 
l a t t e r  v iew . T h e  a s s u m p tio n  w a s m a d e  th a t  th e  E - p a r t i c l e  fa m ily  c o n s i s t s  
o f tw o t e r m s  an d  h a s ,  th e r e f o r e ,  an  i s o to p ic  s p in  o f o n e - h a lf .

A '-m e so n s  a r e  p a r t i c le s  a n a lo g o u s  to  n - m e s o n s  in  th a t  t h e i r  m a s s  a ls o  
l i e s  b e tw e e n  th e  e le c t r o n  an d  th e  n u c le o n  m a s s e s .  It w a s  th e r e f o r e  n a tu r a l  
to  s u p p o s e  th a t  JT -m eso n s fo r m  a  fa m ily  o f th r e e  p a r t i c le s  a s  do th e  n - m e -  
s o n s .  H o w e v e r , th e  JT -m eso n s d id  n o t f i t  in to  th is  an a lo g y . In th is  r e s p e c t  
JT -m esons p ro v e d  to  b e  m o r e  c lo s e ly  a n a lo g o u s  to n u c le o n s , fo r  th e y  fo rm
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a  d o u b le t, i. e. , fa m ily  of two p a r t i c le s :  r - m e s o n  an d  AT«-meson. T h e  i s o 
to p ic  sp in  of th e  JT -m eson fa m ily  is  t h e r e f o r e  o n e - h a lf .  T ru e ,  K -m e s o n s  
d is p la y  y e t  g r e a t e r  s t r a n g e n e s s  th an  th e  h y p e ro n s , s in c e  th e  JST»-meson, a s  
it  tu rn s  ou t, is  i t s e l f  a  m ix tu r e  of tw o d i f fe re n t  n e u t r a l  p a r t i c le s :  K\ an d  

H o w ev er, we w ill d i s r e g a r d  th is  c o m p lic a tio n  an d  co n f in e  o u r s e lv e s  to  
the fa m ily  of K*- and  /f* -m e so n s .

It sh o u ld  b e  s t r e s s e d  a g a in  th a t  f a r  f ro m  a l l  th e  p a r t i c le s  b e lo n g in g  to  th e  
ab o v e f a m il ie s  had  b ee n  d is c o v e r e d  a t  th e  t im e  w hen a t te m p ts  w e re  b e in g  
m ad e to c la s s i f y  th e  new  p a r t i c le s .  T h e  s u c c e s s  an d  s c ie n t i f i c  v a lu e  o f an y  
c la s s i f ic a t io n  is  d e te rm in e d  by i ts  a b i l i ty  to  p re d ic t  o b je c ts  a s  y e t  unknow n. 
We saw  th a t  th e  c la s s i f ic a t io n  o f new  e le m e n ta ry  p a r t i c le s  by  i s o to p ic  sp in  
r e q u ir e d  the e x is te n c e  in n a tu re  of a  n e u tra l  E °-hyperon , a  p a r t i c le  n o t on 
the l i s t  o f p a r t ic le s  th en  know n. T h e  p a r t i c le  w a s d i s c o v e r e d  e x p e r im e n 
ta lly  soon  a f te rw a rd . A t th e  t im e  of c la s s i f ic a t io n  th e  H °-hyperon  w a s  a l s o  
unknow n. T h e  c la s s i f ic a t io n  of p a r t i c le s  by s t r a n g e n e s s  le d  to  th e  p r e d i c 
tion  of a n o th e r  p a r t ic le ,  th e  a n t i - I '- h y p e r o n .  In 1961 th is  p a r t i c le  w a s  d i s 
c o v e re d  e x p e r im e n ta l ly  a t  D ubna. In a l l  th e s e  c a s e s  th e  p r in c ip le  of i s o 
to p ic  sp in  c o n s e rv a tio n  p lay e d  a  h e u r is t i c  r o le .  T h is  law  w a s th e  p r in c ip a l  
m e th o d o lo g ic a l gu ide  em p lo y ed  in th e  c la s s i f ic a t io n  of new  p a r t i c le s  a n d  in 
the p re d ic tio n  of fhe e x is te n c e  of new  p a r t i c le s  on th e  b a s i s  o f th is  c l a s s i 
f ic a tio n .

T h e p r in c ip le  of iso to p ic  sp in  c o n s e rv a t io n  fu r n is h e d  a  b a s i s  fo r  c o l l e c t 
ing new  p a r t ic le s  in c h a rg e  f a m il ie s .  T ru e ,  th e s e  f a m i l ie s  d i f f e re d  in  a 
s t r a n g e  m a n n e r  fro m  th e  n u c le o n  an d  n -m e s o n  fa m i l ie s .  N o n e th e le s s ,  a s  
we saw , the c o r re s p o n d in g  v a lu e  of the is o to p ic  sp in  w a s found fo r  e a c h  
fa m ily .

T h is  v a lu e  of th e  iso to p ic  sp in  had  to  b e  r e la t e d  to  th e  v a lu e  of th e  a v e r 
ag e  e le c t r ic  c h a rg e  of th e  e n t i r e  fa m ily . It w a s th is  r e la t io n  w h ich  had  led  
to the d e te rm in a t io n  o f th e  v a lu e  o f th e  is o to p ic  sp in  p r o je c t io n  fo r  n u c le o n s  
and  n -m e s o n s  a s  a  c h a r a c te r iz a t io n  of in d iv id u a l p a r t i c le s .  We r e c a l l  th a t  
th e  a v e ra g e  c h a rg e  of the n -m e s o n  fa m ily  c o n s is t in g  of th r e e  p a r t i c le s  is  
z e ro .  H e re  the p ro je c t io n  of th e  is o to p ic  sp in  / ,  is  s im p ly  th e  c h a r g e  of 
the p a r t ic le  (/, = <•). T h e  a v e ra g e  c h a rg e  of th e  n u c le o n  fa m ily  is  + 1 /2 . T h e  
iso to p ic  sp in  of the n e u tro n  is  - 1 / 2  an d  th a t  o f th e  p ro to n  + 1 /2 .

It tu rn e d  ou t th a t  the a v e ra g e  e l e c t r i c  c h a rg e  of h y p e ro n  fa m i l ie s  is  no t 
id e n tic a l  w ith  th e  a v e ra g e  c h a rg e  of th e  n u c le o n  fa m ily . F o r  th e  A "-hyperon , 
w hich  fo r m s  a  s in g le t  fa m ily , th e  a v e ra g e  c h a rg e  is  id e n t ic a l  w ith  th e  c h a r g e  
of th e  A ° -p a rt ic le  i t s e l f ,  i. e . , z e ro .  T h e  a v e r a g e  c h a rg e  o f th e  s in g le t  A- 
fa m ily  is  d is p la c e d  by —1 /2  ( s e e  ta b le )  w ith  r e f e r e n c e  to  th e  a v e r a g e  c h a rg e  
of th e  n u c le o n s . F o r  p u rp o s e s  of m a th e m a tic a l  c o n v e n ie n c e  th is  d i s p la c e 
m e n t is  g e n e ra l ly  doub led . T h e  d o u b led  v a lu e  of th is  d is p la c e m e n t  fo r  th e  
A °-fam ily  is  m in u s  one.

T h e  fa m ily  of E -h y p e ro n s  c o n s i s t s  o f t h r e e  p a r t i c le s  (2*. 2" an d  2+). A s 
fo r  th e  A ° -p a r t ic le s , the a v e ra g e  c h a rg e  fo r  th is  fa m ily  is  z e r o .  T h e  d o u b led  
v a lu e  of th e  a v e ra g e  c h a rg e  d is p la c e m e n t  is  m in u s  o n e , i. e . , id e n t ic a l  w ith  
th e  c o r re s p o n d in g  v a lu e  of th e  d is p la c e m e n t  fo r  th e  A "-fam ily  (s in g le t ) .
T h e  S -h y p e ro n  fa m ily  c o n s i s t s  o f two p a r t i c le s  (E° an d  5 ). T h e  a v e r a g e  
c h a rg e  of th is  fa m ily  is  - 1 / 2 .  T h e  d is p la c e m e n t  o f th is  a v e r a g e  c h a r g e  
r e la t iv e  to th e  a v e ra g e  c h a rg e  of n u c le o n  fa m ily  is  m in u s  o n e . T h e  d o u b led  
v a lu e  o f th is  d is p la c e m e n t  is  - 2 .

T h e  d is p la c e m e n t  of th e  a v e ra g e  c h a rg e  o f th e  A > m eson  fa m ily  is  d e t e r 
m in ed  w ith  r e f e r e n c e  to th e  a v e ra g e  c h a rg e  of n - m e s o n s .  T h e  n -m e s o n
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Table of strange particles (after G ell-M ann)

Particle
Isotopic

spin s,: : r
Charge

-/ -'/I 0 *>/Z V

Nucleon '/z 0 ! ( n °)— j— (p * )

Anitnuclcon >/l 0
1

Lam 1x1 a 0 -/ ! ( b  ! |
! — A i

Anti lambda 0
j \ i—

L.Sr i

Stgma / -/ ( r ) — H / ) — H ©

Antisigma 1 <■/

Xi ’/z -2

Antixi </z -1

Pion ' 0

K '/z <■/
M i  ! i 

M f ~ t _________

Anii-K !/Z -/
1  M

fa m ily  (ji-, ji°. n') h a s  an  a v e r a g e  c h a rg e  z e ro .  T h e  / ( -m e s o n  fa m ily  (AT0, A'*) 
h a s  an  a v e r a g e  c h a r g e  + 1 /2 . T h e  d is p la c e m e n t  of th e  a v e ra g e  A '-m eson  
c h a r g e  w ith  r e f e r e n c e  to  th e  a v e ra g e  a - m e s o n  c h a rg e  is  + 1 /2 . T h e  doubled  
v a lu e  o f th e  d is p la c e m e n t  o f th e  A '-m eson  c h a rg e  is  t h e r e f o r e  +1.

T h e s e  o p e r a t io n s  w ith  th e  d e te rm in a t io n  of th e  a v e ra g e  c h a rg e  d i s p la c e 
m e n t m a y  s e e m  p u re ly  fo r m a l  a t  f i r s t  g la n c e . H o w e v er, o n ce  it  w a s d i s 
c o v e r e d  th a t  th e  d is p la c e m e n t  o f th e  a v e ra g e  c h a rg e  is  c o n s e rv e d  in p r o 
c e s s e s  o f p a r t i c le  t r a n s f o r m a t io n ,  i t  b e c a m e  a  s ig n if ic a n t ly  new c h a r a c t e r 
iz a tio n  o f p a r t i c le s .  In o th e r  w o rd s , th e  d is c o v e r y  of a  d is p la c e m e n t  of the 
a v e r a g e  e l e c t r i c  c h a rg e  of h y p e ro n s  an d  K - m e s o n s  w ith  r e f e r e n c e  to the  
a v e r a g e  c h a r g e  o f n u c le o n s  an d  n -m e s o n s  w as fo llo w ed  by th e  d is c o v e r y  th a t 
th is  d is p la c e m e n t  w a s  o f a  r e g u la r  n a tu re .  T h e  m ag n itu d e  of th e  a v e ra g e  
c h a r g e  d is p la c e m e n t  in  th is  c a s e  o b e y s  a  s p e c ia l  c o n s e rv a t io n  law . G e ll -  
M ann an d , in d e p e n d e n tly , N is h i j im a , who w e re  th e  f i r s t  to  a n a ly z e  th e s e  
d i s p la c e m e n ts ,  a r r i v e d  a t  th e  c o n c lu s io n  th a t  th is  q u a n ti ty , s u b je c t  to  a  new
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c o n s e rv a t io n  law , m a k e s  it  p o s s ib le  to  e x p la in  th e  s t r a n g e  b e h a v io r  o f th e  
new p a r t i c le s .  T h e  d o u b led  v a lu e  of th e  d i s p la c e m e n t  of th e  a v e r a g e  e l e c 
t r i c  c h a rg e  of a  fa m ily  w a s c a l le d  s t r a n g e n e s s  an d  th e  c o r r e s p o n d in g  c o n 
s e r v a t io n  law  the law  o f c o n s e rv a t io n  o f s t r a n g e n e s s .

E v e ry th in g  th a t h a s  b ee n  s a id  c o n c e rn in g  th e  s t r a n g e n e s s  o f p a r t i c le s  
ca n  b e  a p p lie d  a n a lo g o u s ly  to a n t ih y p e r o n s  an d  a n t i - / ( - p a r t i c l e s .  N a tu r a l l y ,  
in th e  c la s s i f ic a t io n  of a n t ih y p e r o n s  th e  s t a r t i n g  fa m ily  is  th e  fa m ily  o f a n t i -  
n u c le o n s  (a n tip ro to n  an d  a n tin e u tro n )  w ith  an  a v e r a g e  e l e c t r i c  c h a r g e  of 
m in u s  o n e -h a lf . O w ing to th is  th e  a n t ih y p e r o n s  h av e  a  s t r a n g e n e s s  o f o p 
p o s ite  s ig n  to th a t  o f h y p e ro n s . If, fo r  in s ta n c e ,  th e  s t r a n g e n e s s  of th e  A°- 
h y p ero n  is  m in u s  o n e , th e  s t r a n g e n e s s  of i t s  a n t ip a r t i c le  A0 is  p lu s  o ne .
F o r  a n t i - A - m e s o n s  th e  d is p la c e m e n t  of th e  a v e r a g e  c h a rg e ,  r e c k o n e d , a s  
fo r  A -m e s o n s , fro m  th e  a v e ra g e  c h a rg e  of n -m e s o n s ,  is  z e ro .

T h e  p r in c ip le  of s t r a n g e n e s s  c o n s e rv a t io n  m a k e s  it  p o s s ib le  to  e x p la in , 
in p a r t i c u la r ,  th e  e x c lu s io n  of s in g le  c r e a t io n  o f s t r a n g e  p a r t i c le s .  O r d in a ry  
p a r t i c le s  do no t h av e  s t r a n g e n e s s .  If s t r a n g e  p a r t i c le s  a r e  p ro d u c e d  a s  
th e  r e s u l t  o f r e a c t io n s  w ith  o r d in a r y  p a r t i c le s  s in g le  p a r t i c le s  c a n n o t a p 
p e a r  in su c h  re a c t io n s  a s  th is  w ould  v io la te  th e  law  of c o n s e r v a t io n  of 
s t r a n g e n e s s  -  the s t r a n g e n e s s  q u a n ti ty  w ould h av e  a p p e a re d  o u t o f n o th in g . 
H o w e v er, s in c e  s t r a n g e n e s s  ca n  b e  n e g a tiv e  an d  p o s i tiv e  in  s ig n , tw o 
s t r a n g e  p a r t i c le s  w ith  o p p o s ite  s ig n s  o f th e  s t r a n g e n e s s  ca n  a p p e a r  in r e a c 
tio n  w ith  o rd in a r y  p a r t i c le s .  F o r  e x a m p le , a  A °-hyperon  o f m in u s  on e  
s t r a n g e n e s s  an d  a  A °-m e so n  o f p lu s  on e  s t r a n g e n e s s  ca n  be  fo r m e d  in  th e  
in te ra c t io n  of a  i r - m e s o n  an d  a  p ro to n : n- +  p-«-A0 +  A°. T h e  to ta l  s t r a n g e 
n e s s  of a  A#-h y p e ro n  and  a  A »-m eson  is  z e ro .  T h e  law  of c o n s e r v a t io n  of 
s t r a n g e n e s s  p e r m i t s  th is  k ind  o f r e a c t io n .

T h e  law  of s t r a n g e n e s s  c o n s e rv a t io n  e x p la in s  y e t  a n o th e r  u n u s u a l  o r  
s t r a n g e  p ro p e r ty  of th e  new p a r t i c le s .  R e s e a r c h  sh o w s th a t  s t r a n g e  p a r t i 
c le s  a r e  fo rm e d  in s t ro n g  in te r a c t io n s  w ith in  th e  t im e  in te r v a l  c h a r a c t e r i s 
t ic  of th e s e  in te ra c t io n s ,  i. e . , o f th e  o r d e r  of 10~23s e c .  T h e r e  is ,  h o w e v e r , 
a  p r in c ip le  of r e v e r s ib i l i t y  of r e a c t io n s  a c c o rd in g  to  w h ich  a  p a r t i c le  c r e a t 
ed  in s t ro n g  in te ra c t io n  m u s t a ls o  d e c a y  in  a  p r o c e s s  o f s t r o n g  in te r a c t io n .  
F o r  e x a m p le , th e  A °-hyperon  co u ld  h av e  d e c a y e d  in to  a  p ro to n  an d  a  n '- m e -  
so n . A c c o rd in g  to  w e ll-k n o w n  la w s  o f c o n s e rv a t io n  (o f m a s s ,  e n e rg y , sp in , 
e le c t r i c  c h a rg e  an d  so  on) s u c h  a  r e a c t io n  is  p o s s ib le .  A nd th i s  d e c a y  r e a c 
tion  sh o u ld  h av e  tak e n  p la c e  w ith in  a  n u c le a r  t im e  in te r v a l ,  n a m e ly  w ith in  
10“23s e c .  In r e a l i ty ,  h o w e v e r, p a r t i c le  d e c a y  ta k e s  p la c e  d if fe re n t ly ;  m o s t 
s u r p r is in g  of a l l ,  it ta k e s  p la c e  m o re  s lo w ly  th an  e x p e c te d , i. e . , w ith in  
10 - 8 s e c .  T h a t th e  s e e m in g ly  p o s s ib le  d e c a y  r e a c t io n  o f th e  A ° - p a r t ic le  is  
fo rb id d e n  ca n  now b e  a t t r ib u te d  to  th e  fa c t  th a t  s u c h  a  r e a c t io n  v io la te s  th e  
law  of c o n s e rv a t io n  of s t r a n g e n e s s .  T h e  e x c lu s io n  o f th is  k ind  of d e c a y , a s  
w e saw , fo llo w s d i r e c t ly  f ro m  th e  law  o f c o n s e rv a t io n  o f s t r a n g e n e s s  w h ich  
is  o p e r a t iv e  in  the re g io n  of s t r o n g  in te r a c t io n s .  T h e  s ta b i l i ty  o r  p e r m a 
n en c e  o f p a r t ic le s  is  d e te rm in e d  d i r e c t ly  by th e  a c tio n  o f th e  c o n s e r v a t io n  
law . B ut how ca n  one e x p la in  th e  fa c t  th a t  th e  d e c a y  o f s t r a n g e  p a r t i c le s  
s t i l l  ta k e s  p la c e , though m o re  s lo w ly  th an  is  c h a r a c t e r i s t i c  of s t r o n g  i n t e r 
a c t io n s ?  T h e  d ec ay  of s t r a n g e  p a r t i c le s  is  e v id e n c e  th a t  t h e r e  e x is t s  a  r e 
g io n  in  w h ich  th e  law  o f c o n s e rv a t io n  of s t r a n g e n e s s  c e a s e s  to  b e  v a lid ;  th e  
p o s s ib il i ty  of t r a n s f o r m a t io n  o f a  g iv en  i s o la te d  s t r a n g e  p a r t i c le  in to  o r d i 
n a r y  p a r t i c le s  a r i s e s  on ly  w hen th is  law  is  v io la te d . W hat is  th i s  re g io n  o f 
v io la tio n  of th e  s t r a n g e n e s s  c o n s e rv a t io n  law  l ik e ?  C o u ld  i t  b e  th a t  th e  law  
o f c o n s e rv a t io n  of s t r a n g e n e s s ,  w h ich  is  o p e r a t iv e  in  th e  s t r o n g  in te r a c t io n
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r e g io n , i s  v io la te d  in  th e  r e g io n  of e le c t ro m a g n e tic  in te r a c t io n s ?  No 
T h e r e  c a n  b e  no su c h  v io la tio n  in th e  o p e r a t io n  of th e  law o f c o n s e rv a t io n  
o f s t r a n g e n e s s  in  th e  r e g io n  o f e le c t ro m a g n e tic  in te ra c t io n s .  T h e  c o n c e p t 
o f s t r a n g e n e s s  is  r e la t e d  to  th e  c o n c e p t of iso to p ic  sp in , an d  th e  c o n c e p t 
o f i s o to p ic  sp in  is  r e la t e d  in tu rn  to  th e  a v e ra g e  v a lu e  of the e l e c t r i c  c h a rg e  
o f th e  p a r t i c le  fa m ily . We saw  th a t  th e  m a g n itu d e  o f the s t r a n g e n e s s  c h a r 
a c t e r i z e s  th e  d i s p la c e m e n t  o f th e  a v e ra g e  e l e c t r i c  c h a rg e  of th e  fa m ily  of 
h y p e r o n s  a n d  J f -m e so n s  w ith  r e f e r e n c e  to th e  a v e ra g e  e le c t r i c  c h a rg e  of 
n u c le o n s  an d , r e s p e c t iv e ly ,  n - m e s o n s .  B ut in e le c t ro m a g n e tic  p r o c e s s e s  
th e  law  of c o n s e rv a t io n  o f e l e c t r i c  c h a rg e  is ,  n a tu ra l ly ,  o p e r a t iv e .  A ll 
th is  le a d s  u s  to  in fe r  th a t  th e  law  of c o n s e rv a t io n  o f s t r a n g e n e s s  is  ob ey e d  
in  th e  re g io n  o f e le c t ro m a g n e tic  in te r a c t io n s .

O ne p o s s ib il i ty  r e m a in s  -  th a t  th e  law  of s t r a n g e n e s s  c o n s e rv a t io n  is  
v io la te d  in  th e  r e g io n  o f w e ak  in te r a c t io n s .  A d d itio n a l e v id e n c e  in fa v o r 
o f th is  is  th e  d e c a y  t im e  o f s t r a n g e  p a r t i c le s .  T h u s  the law of s t r a n g e n e s s  
c o n s e rv a t io n  e x p la in s  bo th  th e  e x c lu s io n  of s in g le  c r e a t io n  of s t r a n g e  p a r t i 
c le s  an d  th e i r  u n u su a lly  slow  d e c a y  t im e . A s it h a p p e n s , the re g io n  of 
w e ak  in te r a c t io n s  is  on e  w h e re  not on ly  the law o f c o n s e rv a t io n  o f s t r a n g e 
n e s s  b u t a l s o  th e  law  o f p a r i ty  c o n s e rv a t io n  is  v io la te d .

T h e  c o n c e p t o f p a r i ty  c a n  b e  in tro d u c e d  in to  the  s y s te m  of c o n c e p ts  of 
c l a s s i c a l  p h y s ic s *  . B ut p a r i ty  c o n s e rv a t io n  a s s u m e s  the im p o r ta n c e  of a 
p r in c ip le  o n ly  in q u an tu m  p h y s ic s .  T h e  c o n c e p t of p a r i ty  ca n  be i l lu s t r a te d  
by  th e  s im p le s t  o f m a th e m a tic a l  fu n c tio n s . T h e  fu n c tio n  y — x2 is  an  even  
fu n c tio n  b e c a u s e  w hen w e re p la c e  x by - x  th e  fu n c tio n  r e ta in s  i ts  s ig n . T h e 
fu n c tio n  y =  a? is  an  odd  fu n c tio n  b e c a u s e  w hen w e r e p la c e  x b y -x  th e  fu n c 
tio n  c h a n g e s  s ig n . T o  ta k e  a n o th e r  e x a m p le , th e  fu n c tio n  y =  cosx is  an  
e v e n  fu n c tio n  b e c a u s e  y =  cos x =  cos (—x); the fu n c tio n  y =  sin x is  an  odd 
fu n c tio n  b e c a u s e  y =  siu x =  —sin (—x). It is  e a s ily  s e e n  th a t th e  c o n c e p t of 
p a r i t y  is  r e la t e d  to th e  m i r r o r  r e f le c tio n  of th e  fu n c tio n  o r  w ith  s y m m e try  
r e la t iv e  to  r ig h t  an d  le f t - h a n d  s y s te m s  of c o o r d in a te s .  In th e  ab o v e e x a m 
p le s  w e a r e  s p e a k in g  o f fu n c tio n s  s y m m e tr ic  w ith  r e s p e c t  to th e  y -a x is .

In q u a n tu m  m e c h a n ic s  th e  m o tio n  o f an  e le m e n ta ry  p a r t i c le  is  e x p r e s s e d  
by  th e  S c h ro e d in g e r  eq u a tio n  w h ich  d e te rm in e s  the w ave fu n c tio n  t|>(x, y, z).
O ne m ig h t a s k  w h e th e r  th e  ip -fu n c tio n  is  ev en  o r  odd  w ith  r e s p e c t  to  m i r r o r  
r e f le c t io n .  It tu r n s  o u t th a t  w ave fu n c tio n s  w h ich  d e s c r ib e  th e  m o tio n  of 
p a r t i c le s  c a n  be  bo th  ev en  an d  odd. O ne ca n  in tro d u c e  a  s p e c ia l  c h a r a c t e r 
iz a tio n  o f th e  o d d -  o r  e v e n n e s s  of a w ave fu n c tio n  and , th e r e f o r e ,  o f th e  o d d - 
o r  e v e n n e s s  o f th e  c o r re s p o n d in g  p a r t ic le .

L e t t|> (x, y, 2) b e  th e  w ave fu n c tio n  o f a p a r t i c le .  L e t u s  tak e  th e  m i r r o r  
r e f le c t io n ,  i. e . , c h a n g e  th e  s ig n s  o f th e  c o o r d in a te s .  We o b ta in  th e  new 
fu n c tio n  t|> ( - x , - y , - 2). If m i r r o r  s y m m e try  is  p r e s e n t  (i. e . , s y m m e try  
w ith  r e s p e c t  to r i g h t -  an d  le f t - h a n d  s y s te m s  of c o o r d in a te s ) ,  th en  the 
p a r t i c le  d e s c r ib e d  by th e  w ave fu n c tio n  rp(x,y, 2) sh o u ld  not d if f e r  fro m  the  
p a r t i c le  d e s c r ib e d  by th e  w ave fu n c tio n  v|>(— x, — y, — 2). A c c o rd in g  to the 
p r in c ip le s  o f q u an tu m  m e c h a n ic s ,  th e  w ave fu n c tio n s  of p a r t i c le s  ca n  d if fe r  
o n ly  by so m e  c o n s ta n t  f a c to r  a: rp (x, y, 2)= a ip (—x ,— y, —2). If w e c a r r y  out

• The ideas of this section have been taken from the article "Nesokhranenie chetnosti pri slabykh vzaimodei- 
stviyakh elementarnykh chaslits" (Nonconservation of Parity in Weak Interactions of Elementary Particles), 
written in collaboration with N. F. Nelipa ("Voprosy filosofii” . No.l. 1959).
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a n o th e r  r e f le c tio n  then  x, — y,—z)=a-a i|> (x, y, z). In o th e r  w o rd s  ip (x, y, z) =
— a2ip(x, y, z). S in ce  we h av e  r e tu r n e d  a f te r  th e  s e c o n d  re f le c t io n  to  th e  
o r ig in a l  p a r t i c le  a* m u s t be e q u a l to  u n ity , i . e . ,  «= ± 1. T h e  q u a n ti ty
a is  c a lle d  th e  p a r i ty  of th e  p a r t ic le .

T h e p a r i ty  of a p a r t i c le  d o e s  not v a r y  w ith  t im e  in  a l l  i t s  t r a n s f o r m a 
tio n s . If th e  p a r i ty  is  +1, i. e . , if th e  ip -fu n c tio n  d o e s  not c h a n g e  s ig n  upon 
m i r r o r  re f le c tio n , th en  th is  p r o p e r ty  o f no t c h a n g in g  s ig n  is  c o n s e r v e d . If 
the p a r i ty  is  - 1 ,  i. e . , if th e  ip -func tion  c h a n g e s  s ig n  upon m i r r o r  r e f l e c 
tion , th en  th is  p ro p e r ty  o f ch a n g in g  the s ig n  is  a l s o  c o n s e rv e d . In o th e r  
w o rd s  th e  p a r i ty  of a  s y s te m  of p a r t i c le s  is  th e  s a m e  b e f o re  an d  a f te r  r e a c 
tion . H e re  it sh o u ld  be  b o rn e  in m ind  th a t  th e  p a r i t y  o f a  g ro u p  o f p a r t i c le s ,  
un lik e  o th e r  q u a n t i t ie s  s u b je c t  to c o n s e rv a t io n  la w s , is  e q u a l to  th e  p ro d u c t, 
r a th e r  than  to  th e  su m , of th e  p a r i t i e s  of th e  in d iv id u a l p a r t i c le s .

L e t u s  c o n s id e r ,  in th is  c o n n e c tio n , th e  s o - c a l l e d  r —ft p u z z le  w h ich  led  
to th e  d is c o v e r y  o f th e  v io la tio n  of th e  law of p a r i ty  c o n s e rv a t io n  in  w e ak  
p ro c e s s e s .

A m ong th e  A -m e so n s  t h e r e  a r e  s o m e  p a r t i c le s  w h ich  a r e  c lo s e  in m a s s  
and  l ife t im e . T h e s e  p a r t i c le s  w e re  c a l le d  r - a n d  m e s o n s :  

r h as  a m a s s  of ~ 9 6 6  and  l i f e t im e  o f 10”8 s e c ;  
d h a s  a  m a s s  of —964 and  l i f e t im e  of 10~8 s e c ;
H ow ever, they  d ec ay  d if fe re n tly :

r* — --r +  .-d +  .-r (— l ) 3 =  — 1;

+ (-1 )*  =  +  l.

T h e  d if fe re n c e  in th e  d e c a y  m o d e s  p o s e s  a  d ile m m a : e i t h e r  r  an d  # a r e  
d i f fe re n t  p a r t ic le s  -  b u t th en  it is  in c o m p re h e n s ib le  w hy th e i r  m a s s e s  a r e  
n e a r ly  id e n tic a l  an d  th e i r  l i f e t im e s  id e n t ic a l;  o r  r  an d  d r e p r e s e n t  th e  s a m e  
p a r t ic le  — bu t the  law  of p a r i ty  c o n s e rv a t io n  b r e a k s  dow n.

T h is  r a i s e s  the p ro b le m  of v e r if ic a t io n  of th e  law  o f p a r i ty  c o n s e rv a t io n . 
T h e  id ea  of v e r ify in g  th e  law  re d u c e s  to th e  fo llo w in g . W ith  r e f e r e n c e  to 
m i r r o r  re f le c tio n  th e re  e x is t  two ty p e s  of q u a n t i t ie s .  S o m e q u a n t i t i e s  do 
not ch a n g e  s ig n , o th e r s  do. E n e rg y  an d  m o m e n tu m  do no t c h a n g e  s ig n ; th e  
s c a la r  p ro d u c t of th e  sp in  an d  m o m en tu m  (s .p) = sp- cos# c h a n g e s  s ig n  (p se u d o - 
s c a la r ) .  In th is  r e s p e c t  th e s e  q u a n t i t ie s  a r e  s i m i l a r  to  ^ - fu n c t io n s  so m e  of 
w hich  ch a n g e  s ig n  u n d e r  m i r r o r  r e f le c tio n  w h ile  th e  r e s t  do not.

In o r d e r  to o b s e r v e  e x p e r im e n ta l ly  th e  e f fe c t  p ro d u c e d  by  th e  p s e u d o s c a 
l a r  (.?•/>) ■= tp ■ cos.0 it  is  n e c e s s a r y  to fix  th e  p o s itio n  o f o n e  of th e  q u a n t i t ie s  
w h ich  c o n s t i tu te  the p s e u d o s c a la r .  In e x p e r im e n ts  w ith  Cow a  ra d io a c t iv e  
s u b s ta n c e  w as p la c e d  in a s t ro n g  m a g n e tic  f ie ld . T h is  g u a r a n te e d  a  d e f in ite  
o r ie n ta tio n  of the s p in s  of th e  c o b a lt  n u c le i. T o  re d u c e  d e v ia tio n s  f ro m  th is  
o r ie n ta tio n  ow ing  to  th e rm a l  d is p la c e m e n t  o f th e  a to m s  th e  r a d io a c t iv e  c o 
b a l t  w as c o o le d  to  a  t e m p e r a tu r e  c lo s e  to a b s o lu te  z e ro .  A s a  r e s u l t  o f th e  
r e a c t io n  -|- e- +  v it w as o b s e r v e d  th a t  e l e c t r o n s  fly  o u t p r e d o m in a n tly
in one d ire c t io n  w ith  r e f e r e n c e  to th e  sp in  o r ie n ta t io n s  id e n t ic a l  w ith  th e  
d ire c t io n  of th e  m a g n e tic  f ie ld . F e w e r  e le c t r o n s  fly  o u t in th e  d i r e c t io n  of 
th e  m a g n e tic  fie ld  th an  in the o p p o s ite  d i re c t io n .

T h e s e  r e s u l t s  ca n  be e x p la in e d  g ra p h ic a l ly .  L e t u s c o n s id e r  th e  two 
l im itin g  c a s e s  of e le c t ro n  e m is s io n  by o r ie n te d  n u c le i  ( F ig u r e  1). T h e  
u p p e r  le f t-h a n d  s id e  of the f ig u re  r e p r e s e n ts  th e  c a s e  w h e re  th e  n u m b e r  o f 
e le c t r o n s  e m itte d  in the d ire c t io n  of the f ie ld  is  e x a c tly  e q u a l to  th e  n u m 
b e r  o f e le c t r o n s  e m it te d  in th e  o p p o s ite  d i re c t io n . In th e  u p p e r  r ig h t - h a n d
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s id e  o f th e  f ig u r e  th e  e l e c t r o n s  fly  o ff on ly  in th e  d i r e c t io n  II o f th e  m a g n e t 
ic  f ie ld .  L e t  u s  ta k e  th e  m i r r o r  r e f le c tio n  of bo th  p h en o m e n a . S in c e  in a 
m i r r o r  th e  d i r e c t io n  o f m o tio n  o f th e  e le c t r o n s  is  r e p la c e d  by i t s  r e v e r s e ,  
w e s e e  th a t  in  th e  r ig h t - h a n d  s id e  o f th e  f ig u re  th e  p h e n o m e n o n  an d  i t s  m i r 
r o r  r e f le c t io n  a r e  no t id e n t ic a l .  In th e  le f t - h a n d  s id e ,  h o w e v e r, t h e r e  is  
c o m p le te  id e n t i ty  o f th e  p h en o m e n o n  an d  i t s  m i r r o r  r e f le c tio n . If th is  id e n 
ti ty  w e re  to  b e  s u p p o r te d  by e x p e r im e n t  w e w ou ld  h av e  a  c o n f ir m a t io n  of 
p a r i t y  c o n s e rv a t io n . B e c a u s e  th e  c a s e  show n in th e  r ig h t-h a n d  s id e  of the 
f ig u r e  w a s  c o n f ir m e d  e x p e r im e n ta l ly  th e  in fe r e n c e  w a s m ad e  th a t  p a r i ty  is  
n o t c o n s e r v e d .  In r e a l i ty  th e  e x p e r im e n t  d e a l t  no t w ith  th e  l im it in g  c a s e s  
b u t r a th e r  w ith  a  c e r t a in  in te r m e d ia te  p h en o m e n o n . N o n e th e le s s  th e  fa c t  of 
a n is o t r o p ic  fl ig h t  o f th e  e le c t r o n s  w a s  e s ta b l i s h e d , an d  a  b a s i s  w a s p ro v id e d  
fo r  s p e a k in g  o f th e  b re a k d o w n  o f th e  law  o f p a r i ty  c o n s e rv a t io n  in th e  re g io n  
o f w e a k  in te r a c t io n s .

T h e  p r in c ip le  o f p a r i ty  c o n s e rv a t io n  o b lig e s  u s  to u n d e r ta k e  a  s p e c ia l  
e x a m in a t io n  of th e  c o n c e p t o f s y m m e try .  T h e  d is c o v e r y  o f s y m m e try

p r in c ip le s  g o e s  b a c k  to  the o r ig in s  o f s c i 
e n tif ic  kn o w led g e . T h e  te a c h in g s  o f th e  
a n c ie n ts  c o n c e rn in g  th e  h a rm o n y  o f th e  
u n iv e r s e ,  th e  p r im a r y  g e o m e tr ic a l  e le m e n ts  
o f th e  w o r ld , th e  n u m b e r  a s  e s s e n c e  of 
th in g s  a r e  s a m p le s  o f ih e  e a r l i e s t  in s ig h ts  
in to  th e  s y m m e tr y  o f n a tu re .

T h e  c o n c e p t o f s y m m e tr y  c o n ta in s  two 
c o n t r a d ic to r y  m o m e n ts . It a s s u m e s ,  f i r s t ,  
a  r e g u la r  d i s p la c e m e n t  o f th e  o b je c t  o r  
i t s  p a r ts ,  an d , s e c o n d ly , c o n s e rv a t io n  of 
th e  o b je c t  o r  i t s  p a r t s  in  c o n fo rm ity  w ith  
th is  d is p la c e m e n t .  In th e  p h y s ic s  o f e l e 
m e n ta r y  p a r t i c le s  m i r r o r  s y m m e try  (th e  
in v e r s io n  t r a n s f o r m a t io n )  c o n s i s t s  of 

c o n s e r v a t i o n  o f p a r i ty  upon t r a n s i t i o n  fro m  a r ig h t-h a n d  c o o r d in a te  
s y s te m  to  a  l e f t - h a n d  o n e . T h e  c o n c e p t o f s y m m e try  b e c o m e s  m e a n in g le s s  
if  t h e r e  is  no m o tio n , s a y , fro m  a  r ig h t-h a n d  c o o r d in a te  s y s te m  to th e  le f t -  
h an d  o n e . It i s  a l s o  in a p p l ic a b le  in th e  c a s e  w h e re  th e  c o r r e s p o n d in g  p a r a 
m e te r  is  no t c o n s e r v e d  upon s u c h  t r a n s i t io n ,  a s  is  th e  c a s e  fo r  p a r i ty  in the 
re g io n  o f w e ak  in te r a c t io n s .  O nly  th e  e x is te n c e  of a d e f in ite  g ro u p  of m o 
t i o n s  an d , s im u l ta n e o u s ly ,  c o n s e r v a t i o n  of d e f in ite  p a r a m e te r s  in the 
p r o c e s s  of th e s e  m o tio n s  ca n  p ro v id e  a  b a s i s  fo r  sp e a k in g  of s y m m e try .

In th e  a n a ly s i s  o f th e  s y m m e tr y  p r o p e r t i e s  o f o r d in a r y  s p a c e  t r a n s la tio n  
( t r a n s f e r ) ,  ro ta t io n  an d  in v e rs io n  ( m i r r o r  re f le c tio n )  p ro v e d  to be  th e  m o s t 
im p o r ta n t  f o r m s  o f m o tio n . E a c h  o f th e s e  f o r m s  o f m o tio n  -  o r ,  in o th e r  
w o r d s ,  o p e r a t io n s  -  f o r m s  a  g ro u p  in th e  s e n s e  o f th e  m a th e m a tic a l  th e o ry  
o f g ro u p s .  O ne ca n  sp e a k  a b o u t, sa y , th e  g ro u p  o f t r a n s la t io n s ,  th e  g ro u p  
o f r o ta t io n s  a b o u t a  f ix e d  a x is ,  an d  so  on. G ro u p  h e o ry  p ro v id e s  th e  m a th e 
m a t ic a l  a p p a r a tu s  fo r  d e v e lo p in g  th e  t h e o r e t ic a l  s id e  of th e  s c ie n c e  of 
s y m m e tr y .

Now th a t  w e h av e  g iv en  a  g e n e r a l  c h a r a c t e r i z a t io n  o f th e  s y m m e try  p r i n 
c ip le s  i t  is  n e c e s s a r y  to  s t r e s s  th e i r  e x t r e m e  g e n e ra l i ty .  A ll s u b je c ts  of 
co g n it io n  -  th in g s , p r o p e r t i e s  an d  r e la t io n s  -  c o n ta in  s y m m e tr ie s  w ith in
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th e m s e lv e s  a s  a  fu n d a m e n ta l t r a i t ,  a  t r a i t  w h ich  o fte n  d e te r m in e s  a l l  o th e r  
f e a tu re s  of th e s e  o b je c ts .  M a n ife s ta t io n s  of s y m m e tr y  a r e  found  in  su c h  
th in g s  a s  a to m s , m o le c u le s , c r y s ta l s .  T h e  d is c o v e r y  o f s y m m e tr y  p r i n c i 
p le s  c h a r a c t e r i s t i c  of th e s e  o b je c ts  c o n s t i tu te s  th e  fo u n d a tio n  fo r  k n o w led g e 
of th e i r  s t r u c tu r a l  an d  g e n e t ic a l  r e g u la r i t i e s .

In e le m e n ta ry  p a r t ic le  p h y s ic s ,  in a d d itio n  to th e  s y m m e tr y  o f th in g s , 
an  im p o r ta n t  p a r t  is  p la y e d  by th e  s y m m e try  o f p r o p e r t i e s  an d  th e  s y m m e 
try  of r e la t io n s .  H e re , a s  we saw , on e  is  d e a lin g  w ith , s a y , th e  s y m m e tr y  
of c h a rg e  p r o p e r t ie s .  P h y s ic s  is  s e e k in g  th e  o r ig in a l  p r in c ip le s  r e q u ir e d  
fo r  the d e v e lo p m e n t of th e  th e o ry  in th e  la w s  of s y m m e try  o f th e s e  fu n d a 
m e n ta l  p r o p e r t ie s .  S p ace  an d  t im e  ca n  b e  r e g a r d e d  a s  im p o r ta n t  r e la t io n s  
b e tw e en  th in g s  in th e i r  in te rn a l  and  e x te r n a l  t i e s .  S p ace  s y m m e tr y  an d  
t im e  s y m m e try  r e p r e s e n t  a s y m m e try  o f r e la t io n s .  T h is  is  th e  fo r m  of 
s y m m e try  w h ich  is  c o n n e c te d  w ith  th e  m o s t g e n e ra l  p r in c ip le s  o f c o n s e r v a 
tion .

T h e  c o n c e p t of s y m m e try ,  a s  we no ted  e a r l i e r ,  n e c e s s a r i l y  c o n ta in s  c o n 
s e r v e d  e le m e n ts .  Now th e  n u m b e r of c o n s e rv e d  e le m e n ts ,  o r  p a r a m e t e r s ,  
is  d e te rm in e d  by the fo rm  of th e  s y m m e try .  On th e  o th e r  han d , a  g iv en  
c o n s e rv a t io n  p r in c ip le  m ay  p ro v e  to  b e  c o n n e c te d  to a  c e r t a in  c o n b in a tio n  
of fo r m s  of s y m m e try .  Such is  th e  c a s e ,  fo r  in s ta n c e ,  o f th e  s o - c a l l e d  
TCP th e o re m  known a s  th e  L u d e r s - P a u l i  th e o re m . O r ig in a l ly  e a c h  d i s c r e t e  
t r a n s f o rm a t io n  -  m i r r o r  s y m m e try  P, t im e  s y m m e try  T, c h a rg e  s y m m e try  
C -  w as a t t r ib u te d  on ly  i ts  own in d e p e n d e n t c o n s e rv a t io n  p r in c ip le ,  o r ,  to 
u se  th e  te r m  c u r r e n t  in the s p e c ia l  l i t e r a t u r e ,  i t s  own in d e p e n d e n t i n v a r i 
a n c e . H o w e v er, a p ro fo u n d  co n n e c tio n  w a s su b s e q u e n tly  e s ta b l i s h e d  b e tw e e n  
th e s e  th r e e  ty p e s  of s y m m e try .  It w a s found th a t  c e r t a in  o f th e  c o n s e r v a 
tio n  p r in c ip le s  c o r re s p o n d in g  to  e a c h  of th e s e  s y m m e tr y  t r a n s f o r m a t io n s  
ca n  b re a k  down. T h u s  th e  b re ak d o w n  of th e  law  of p a r i ty  c o n s e rv a t io n  in 
th e  re g io n  of w eak  in te ra c t io n s  w as d is c o v e r e d . At th e  s a m e  t im e  a  c e r 
ta in  co m b in a tio n  o f th e s e  s y m m e try  t r a n s f o r m a t io n s  g iv e s  a  new  c o n s e r 
v a tio n  p r in c ip le .  C o m b in e d  p a r i ty ,  w h ich  c o r r e s p o n d s  to  th e  c o m b in a tio n  
of m i r r o r  s y m m e try  P an d  c h a rg e  co n ju g a tio n  C, is  c o n s e r v e d  in th e  r e g io n  
of w eak  in te ra c t io n s .  In th e  g iv en  s y s te m  of c o n c e p ts  th e  m o s t g e n e r a l  c o n 
s e r v a t io n  p r in c ip le ,  a c c o rd in g  to  th e  L u d e r s - P a u l i  th e o re m , c o r r e s p o n d s  
to  th e  p ro d u c t of a l l  th r e e  s y m m e try  t r a n s f o r m a t io n s  C, P a n d  T. T h u s , a s  
in the g iv en  c a s e ,  s y m m e try  ty p e s  a r e  r e la t e d  to  c o n s e rv a t io n  p r in c ip le s  
in  a  c o m p le x  fo rm . F o r  a l l  t h e i r  o rg a n ic  in t e r r e l a t i o n  th is  g iv e s  us  th e  
r ig h t  to e x a m in e  th e  d if fe re n c e s  b e tw e en  th e  c o n s e rv a t io n  p r in c ip le s  an d  
s y m m e try  ty p e s .

In the m o s t g e n e ra l  fo rm  s y m m e try  a s  a  g e n e r a l  r e g u la r i t y  o f n a tu r e  ca n  
be fo r m u la te d  a s  fo llo w s: an y  m o tio n  is  n e c e s s a r i l y  r e la t e d  to  c o n s e rv e d  
e le m e n ts  of n a tu re .  To e a c h  ch a n g e  c o r r e s p o n d s  a  d e f in ite  c o n s e rv a t io n  
and  to ea c h  c o n s e rv a t io n  a d e f in ite  c h a n g e .

S y m m e try  is  e x p r e s s e d  in th e  s p h e r e  of lo g ic a l  th in k in g  a s  w e ll . T h e  
s y m m e try  of c o n c e p ts  is  m a n ife s te d  in th e  p r in c ip le  o f d u a li ty , w h ich  is  
o p e r a t iv e  in g e o m e try , in th e  th e o ry  of s e t s ,  an d  in to p o lo g y  an d  w h ich , 
fin a lly , is  g e n e ra l iz e d  in m o d e rn  lo g ic s . T h is  p r in c ip le  ca n  b e  fo r m u la te d  
g e n e ra l ly  a s  fo llow s: th e  v a lid ity  of a  p ro p o s i t io n  is  c o n s e rv e d  if  th e  c o n 
c e p ts  in th is  p ro p o s it io n  a r e  r e p la c e d  by o th e r  c o n c e p ts  s y m m e tr ic  to  th e m .

A s i t  is  a u n iv e r s a l  f e a tu r e  of n a tu re ,  s y m m e tr y  is  m a n ife s te d  in  r e g u 
l a r i t i e s  of a b s t r a c t  m a th e m a tic a l  fo r m , o c c a s io n a l ly  a m a z in g  in th e  h a r 
m ony and  e le g a n c e  of th e  r e la t io n s  o b ta in e d . F o r  th is  r e a s o n  th e  la w s  of

70



s y m m e tr y  o f n a tu re  c a n  a l s o  be  a p p ro a c h e d  fro m  th e  o u ts e t  by p u re ly  m a th e 
m a t ic a l  p a th s .  T h e  fo r m s  o f s y m m e tr y  d is p la y  in e x h a u s tib le  d iv e r s i ty ,  
a n d  th e r e f o r e  w e a r e  no t a lw a y s  a b le  to p e r c e iv e  th e i r  p ro fo u n d  u n ity  -  we 
m a y  ev e n  fa il  to r e c o g n iz e  s y m m e tr y  in  c e r t a in  of i ts  v a r ie t ie s .  In s e a r c h 
in g  fo r  n a tu r a l  la w s  an d  s e e k in g  to  p e n e t r a te  d ee p ly  in to  the s t r u c tu r e  of 
m a t t e r ,  h o w e v e r , o n e  is  u n av o id a b ly  led  to  th e  d is c o v e r y  of fo r m s  of s y m 
m e t ry .  A t f i r s t  th e s e  f o r m s  m ay  s e e m  to b e  th e  r e g u la r i t i e s  o f e m p i r ic a l ly  
d e te r m in e d  n u m b e rs  o r ,  c o r re s p o n d in g ly ,  g e o m e tr ic a l  f o r m s . An h i s to r i 
c a l  e x a m p le  o f th is  m ay  b e  found in th e  s tu d y  of a to m ic  s t r u c tu r e .  E v en  b e 
f o r e  th e  c r e a t io n  of a  c o n s i s te n t  m o d e rn  a to m ic  th e o ry  th e  a m a z in g  s e r ie s  
o f n u m b e rs  - 2 ,  8, 18, 32, . . . , - c o r r e s p o n d in g  to  th e  le n g th s  of the p e r io d s  
in  M e n d e le e v 's  s y s te m  w a s  th e  o b je c t  o f p a r t i c u la r  a t te n tio n . S u b se q u e n tly  
th is  s e r i e s  w a s  e x p la in e d  in  th e  q u an tu m  la w s  of a to m ic  s t r u c t u r e  an d  a s 
s o c ia te d  p ro fo u n d  f o r m s  o f s y m m e try .  M o d ern  e le m e n ta ry  p a r t i c le  p h y s 
ic s  is  c o n s ta n t ly  s e e k in g  new  f o r m s  o f s y m m e try .  T h e s e  new fo r m s  m ay  
b e  th e  k ey  to  th e  c r e a t io n  of a  r a t io n a l  s y s te m a t ic s  of e le m e n ta ry  p a r t i c le s  
an d  to  th e  u n d e r s ta n d in g  o f t h e i r  s t r u c tu r e .

T h e  c o g n it io n  o f n a tu r e  an d  i ts  la w s  in v o lv e s  c o g n itio n  of its  s t r u c tu r e .
T o  c o g n iz e  th e  s t r u c t u r e  o f an  o b je c t  m e a n s  f i r s t  an d  fo r e m o s t  to d e c o m 
p o s e  i ts  w h o le n e s s ,  to  f in d  th e  p a r ts  of th e  o b je c t  an d  to  s tu d y  th e s e  p a r ts  
a s  s u c h  a c c o rd in g  to  t h e i r  p r o p e r t i e s .  T h is  d e c o m p o s it io n  is  c h a r a c t e r i s 
t ic  o f th e  f i r s t  s ta g e  o f c o g n itio n . C o g n itio n  o f th e  p a r t s  o f a  w ho le an d  in 
v e s t ig a t io n  of t h e i r  p r o p e r t i e s  p ro v id e s  th e  n e c e s s a r y  m a te r ia l  fo r  f u r th e r  
a n d  d e e p e r  c o g n itio n . T h e  c a te g o ry  of s t r u c t u r e  a s s u m e s ,  f u r th e r ,  c o g n i
t io n  o f th e  p r o c e s s  o f fo r m a t io n  of a  w ho le  f ro m  i ts  p a r ts .  R e p ro d u c tio n  of 
th is  p r o c e s s  in  s c ie n t i f i c  th in k in g  is  p o s s ib le  on ly  th ro u g h  k n ow ledge o f th e  
r e la t io n s h ip s  o f th e  p a r t s  w ith in  th e  w ho le. T h is  c o r r e s p o n d s  to  th e  s ta g e  
o f c r e a t io n  of th e  th e o ry  an d  d is c o v e r y  o f th e  fu n d a m e n ta l  la w s  o f th e  re g io n  
o f n a tu r e  u n d e r  in v e s t ig a t io n .

In th e  c o g n it io n  of n a tu r e  s p a c e - t im e  re la t io n s  c o m e  to th e  f o r e f r o n t  and  
m a te r ia l  o b je c ts  a r e  s e e n  a s  th in g s  w ith  a  s p a c e - t im e  s t r u c tu r e .  T h e  ty p e s  
o f s t r u c t u r e ,  h o w e v e r, a r e  m a n ifo ld . In th e  p r o c e s s  of c r e a t io n  of a  th e o ry  
th e  e le m e n ts  o f a  w id e  v a r ie ty  of s t r u c t u r e s  ca n  a c t  a s  e le m e n ts  o r  p a r ts  of 
th e  w h o le . O w ing to  th e  u n iv e r s a l i ty  o f th e  c a te g o ry  of s t r u c t u r e  th e s e  
s t r u c t u r e s  c a n  b e  s t r u c t u r e s  of th in g s , s t r u c t u r e s  o f p r o p e r t i e s  an d  s t r u c 
tu r e s  of r e la t io n s .  E a c h  o f th e s e  s t r u c t u r e  c l a s s e s  ca n  h av e  i t s  own s u b 
c l a s s e s .  T h is  l e a d s  to  a  b r o a d e r  a b s t r a c t  u n d e r s ta n d in g  o f s t r u c tu r e  the 
c o n te n t o f w h ich  is  e x p r e s s e d  in  a b s t r a c t  m a th e m a tic a l  f o r m s  w h ich  go b e 
yond  th e  l im i t s  of know n s p a c e - t im e  r e la t io n s .  In th e  p r o c e s s  of p e n e t r a 
tio n  in to  in c r e a s in g ly  f in e  an d  v a r ie d  s t r u c t u r e s  th e  c r u c i a l  m o m e n t is  the  
in t e r s e c t io n  o f s t r u c t u r e s .  T h is  i n te r s e c t io n  o f s t r u c t u r e s  fo r m s  th e  m o s t 
s ta b le  c o n s e r v e d  e le m e n ts  of n a tu re .  T h e  d is c o v e r y  of th e s e  e le m e n ts  g iv es  
u s  th e  p o s s ib i l i ty  o f c o n s t r u c t in g  a th e o ry  an d  p ro v id e s  us w ith  the  b a s i s  
fo r  d i s c o v e r in g  th e  r e g u la r i t i e s  o f th e  d e v e lo p m e n t of c o g n iz a b le  n a tu r a l  
o b je c ts .

T h e  d e e p e r  we p e n e t r a te  in to  th e  e s s e n c e  o f a g iv en  ty p e  of s t r u c tu r e ,  
th e  f in e r  th e  in te r s e c t io n s  w h ich  a r e  d ra w n  in to  th e  th e o ry . If a t  f i r s t  the 
c o n s ta n c y  o f p r o p e r t i e s  is  t r e a t e d  a s  a  r e s u l t ,  so  to  sp e a k , of th e  a b s o lu te  
s t r u c t u r e l e s s n e s s  o r  r ig id i ty  of th e  fu n d a m e n ta l  e le m e n ts ,  s u b s e q u e n tly  it  
i s  found  th a t  th is  c o n s ta n c y  o f th e  p r o p e r t i e s  is  a  p ro d u c t o f th e  d y n a m ic a l
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s ta b i l i ty  o f th e  in te r n a l  s t r u c t u r e  of th e s e  e le m e n ts .  T h e  c o n s ta n c y  o f p r o p 
e r t i e s ,  th e i r  c o n s e rv a t io n , s te m s  f ro m  th e  c o n s ta n c y  c h a r a c t e r i s t i c  of 
an y  s t r u c tu r e  in  g e n e ra l .  T h is  c o n s ta n c y  is  r e a l i z e d  c o n c r e te ly  in  th e  c o n 
s ta n c y  o f th e  p r o p e r t ie s  in h e re n t  in  th e  e le m e n ts  of th e  i n t e r s e c t io n  b e tw e e n  
ty p e s  of s t r u c tu r e .

T h e  d is c o v e r y  of th e  d iv e r s i ty  o f s t r u c t u r a l  ty p e s  an d , c o r r e s p o n d in g ly ,  
o f th e  d iv e r s i ty  of th e i r  i n te r s e c t io n s ,  is  a  r e s u l t  o f m o d e rn  s c ie n c e .  T h e  
f i r s t  a t te m p ts  a t  p e n e tra t in g  in to  the s t r u c t u r e  of m a t t e r  a r e  a s s o c ia t e d  w ith  
th e  id e a  of th e  d e c o m p o s it io n  of th e  w ho le  in to  i ts  p a r t s .  T h e r e in  l i e s  th e  
c h a r a c t e r i s t i c  t r a i t  o f a to m is m , w h ich  p ic tu r e s  i t s  e s s e n t i a l  t a s k  a s  th e  
d is c o v e r y  of th e  u n if ie d  d i s c r e t e  s t r u c tu r e  o f a l l  o b je c ts  b u t is  no t c o n c e rn e d  
w ith  d is c o v e r in g  th e  h ie r a r c h y  of s t r u c t u r e s .  E v e r y  o b je c t, i r r e s p e c t i v e  
of i t s  s t r u c tu r e ,  is  r e p ro d u c e d  d ir e c t ly  o u t of a b s o lu te ly  p r im a r y  e le m e n ts .  
In th e  fu lly  d ev e lo p ed  fo rm  of c l a s s i c a l  a to m is m  s t r u c t u r e  a s  s u c h , i. e . , 
th e  r e la t io n  o f p a r ts  w ith in  a  w ho le , c o n s i s t s  of th e  la w s  o f m e c h a n ic s .  T h e  
w hole c a n  b e  a  m in u te  p a r t i c le  of d u s t, o r  it  ca n  b e  th e  e n t i r e  u n iv e r s e .
H e re  w e h av e a  " T h e o ry "  w ith  c a p i ta l  T , en v e lo p in g  th e  e n t i r e  u n iv e r s e * .  
T h e d is c o v e r y  o f th e  d iv e r s i ty  o f ty p e s  o f s t r u c t u r e  is  in  o u r  o p in io n  e v i 
d en c e  o f th e  im p o ss ib i l i ty  of c r e a t in g  su c h  a  " T h e o r y " .  It i s  o f c o u r s e  
p o s s ib le  to find  g e n e ra l  r e la t io n s h ip s  an d  r e g u la r i t i e s  in d i f fe re n t  k in d s  of 
s t r u c tu r e s ,  b u t th is  ty p e  of r e la t io n s h ip  c o n s t i tu te s  a  s p e c ia l  k in d  o f s u p e r 
s t r u c tu r e  o r  s t r u c tu r e  of s t r u c t u r e s .  A th e o ry  w h ich  w ould  e x p r e s s  su c h  
a  s u p e r s t r u c tu r e  c o u ld  n o t b e  a  th e o ry  of th e  p h y s ic a l  ty p e . T h e  in i t i a l  e l e 
m e n ts  o f su c h  a  th e o ry  w ould  be so  d iv e r s e  th a t  th e y  c o u ld  b e  e x p r e s s e d  
only  in th e o r ie s  of th e  p h i lo so p h ic a l  ty p e .

C la s s ic a l  a to m is m  w a s th e  f i r s t  in th e  h i s to r y  o f n a tu r a l  s c ie n c e  to  p r o 
p o se  a  c o n s e rv a t io n  p r in c ip le  w hich  ca n  b e  c la s s e d  a s  c o n s e rv a t io n  o f th in g s  
in the s y s te m  of c a te g o r ie s  o f th in g , p r o p e r ty  an d  r e la t io n .  In i t s  a t te m p t  to 
re p ro d u c e  th e o re t ic a l ly  the p r o c e s s  of c o n s tru c t io n  of h ig h e r  s t r u c t u r e s  
fro m  p r im a r y  c o n s e rv e d  a to m s , c l a s s i c a l  a to m is m  p r o g r e s s e d  to w a rd  th e  
d is c o v e r y  of a  new c la s s  of c o n s e rv a t io n  p r in c ip le s ,  n a m e ly  th e  c o n s e r v a 
tio n  of p r o p e r t ie s .  Such p r o p e r t ie s  o f m a c ro s c o p ic  b o d ie s  a s  g r a v i ta t io n a l  
m a s s ,  in t e r t  m a s s  an d  e l e c t r i c  c h a rg e  w e re  r e g a r d e d  a s  r e s u l t in g  f r o m  th e  
c o r re s p o n d in g  p r o p e r t ie s  of a to m s . M o d ern  a to m is m  is  fo r c e d  to  a c c o u n t 
fo r  th e  h ie r a r c h y  of s t r u c tu r e s  an d  m u s t ta k e  in to  c o n s id e r a t io n  th e  fa c t  
th a t  no t e v e ry  p r o p e r ty  of th e  m o re  c o m p le x  fo r m a t io n  ca n  b e  e x p la in e d  
d i r e c t ly  f ro m  p r im a r y  e le m e n ts .  S tr u c tu r e  c r e a t e s  new p r o p e r t i e s  no t 
p r e s e n t  in i t s  co m p o n e n t p a r ts .  A nd, c o r re s p o n d in g ly ,  no t e v e ry  p r o p e r ty  
of the o r ig in a l  s t r u c tu r e  n eed  be  a  p r o p e r ty  o f th e  m o re  c o m p le x  s t r u c t u r a l  
fo rm a tio n . A s it  p e n e t r a te s  in to  th e  s t r u c t u r e  of th e  a to m s  an d  in v e s t ig a te s  
th e  p r o p e r t ie s  of e le m e n ta ry  p a r t i c le s  p h y s ic s  d i s c o v e r s  s p e c if ic  p r o p e r t i e s  
n o t p r e s e n t  in th e  a to m ; a t  th e  s a m e  t im e  an  u n d e r s ta n d in g  of th e s e  p r o p 
e r t i e s  is  a  n e c e s s a r y  c o n d itio n  if one is  to  r e p ro d u c e  in  th e  th e o ry  th e  o b 
je c tiv e  p r o c e s s  of fo rm a tio n  of a to m ic  s t r u c t u r e  an d  e x p la in  r e g u la r i t i e s  of 
in t r a a to m ic  m o tio n . T h is  is  a  g e n e r a l  f e a tu r e  of a to m is m  a s  a  s c ie n t i f i c  
th e o ry . T h e  s e a r c h  fo r  e le m e n ta ry  s t r u c t u r e s  an d  fo r  t h e i r  c o n s e rv e d  p r o p 
e r t i e s  is  a  g e n e ra l  f e a tu r e  o f a to m is m , c l a s s i c a l  a s  w e ll a s  m o d e rn .

L ik e  c l a s s i c a l  a to m s , e le m e n ta ry  p a r t i c le s  h av e  c e r t a in  f ix e d  a t t r i b u t e -  
p r o p e r t i e s .  T h e  s ta b i l i ty  of e le m e n ta ry  p a r t i c le s  is  due to  th e  c o n s e rv a t io n

• See M arkov , M. A. O sovremennoi forme atoniizma (Modern Atomism). Voprosy filosofii, No. 4,
p. 125. I960.
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of th e s e  p r o p e r t i e s .  C e r ta in  of th e s e  p r o p e r t i e s  w e re  d is c o v e r e d  in the 
p e r io d  o f c l a s s i c a l  a to m is m  in th e  fo rm  of p r o p e r t i e s  of th e  " in v a r ia b le "  
a to m s . A n e x a m p le  is  th e  p r o p e r  m a s s  of e le m e n ta ry  p a r t i c le s ,  w hich  is  
a n a lo g o u s  to  th e  m a s s  of c l a s s i c a l  a to m s  s in c e  bo th  h av e  a d e f in ite  fix ed  
v a lu e , f o r  d e f in ite  k in d s  o f a to m s  in one c a s e  an d  fo r  d e f in ite  k in d s of e l e 
m e n ta r y  p a r t i c le s  in th e  o th e r .

M o d ern  e le m e n ta r y  p a r t i c le  p h y s ic s  h a s  d i s c o v e r e d  m any  new p a r t i c le s  
in  r e c e n t  y e a r s .  T h e  d i s c o v e r y  of new p a r t i c le s  c o n tin u e s . In o r d e r  to 
u n d e r s ta n d  th e  r e g u la r i t i e s  o f th e  r e la t io n s h ip s  b e tw e e n  p a r t i c le s  and  to 
im p o se  o r d e r  on th e  e m p i r ic a l  m a te r ia l ,  th e o r e t ic a l  th in k in g  b e g in s  w ith  
a  s e a r c h  fo r  a t t r i b u t e - p r o p e r t i e s .  N a tu r a l ly ,  th e  p r o c e s s  o f c o g n itio n  
m o v e s  f r o m  th e  e x te r n a l  to  th e  in te r n a l .  T h is  s e a r c h  is  m e th o d o lo g ic a lly  o f 
th e  s a m e  n a tu r e  a s  D e m o c r i tu s ' a t te m p t  to find  th e  c o n s ta n t  p r o p e r t ie s  of 
th e  a to m s  ( s iz e ,  fo r m , s i tu a tio n )  o r  th e  a t te m p t  of N ew ton an d  of a l l  of 
c l a s s i c a l  p h y s ic s  to  r e g a r d  th e  fu n d a m e n ta l  p r o p e r t i e s  o f d i s c r e t e  p a r t ic le s  
o f m a t t e r  ( i n e r t ia ,  e l e c t r i c  c h a rg e )  a s  a t t r ib u t iv e ly  in h e re n t  to  th e s e  p a r t i 
c l e s .  In a  p a p e r  on th e  c la s s i f ic a t io n  o f e le m e n ta ry  p a r t i c le s  by th e  w e ll -  
know n p h y s ic i s t  R. S a c h s  th e  fo llo w in g  s ta te m e n t  is  m ad e : "T h e  c l a s s i f i 
c a t io n  is  c a r r i e d  o u t in  t e r m s  o f a  s in g le  q u an tu m  n u m b e r c a l le d  th e  " a t t r i 
b u te "  w h ich  is  n o t g iv en  a  s p e c if ic  p h y s ic a l  in te rp r e ta t io n " " '.  T h is  q u o ta 
tio n  i l l u s t r a t e s  th e  f a c t  th a t  th e  s e a r c h  fo r  new  r e g u la r i t i e s  in e le m e n ta ry  
p a r t i c le  p h y s ic s  b e g in s  w ith  a  s e a r c h  fo r  q u a n t i t ie s  w h ich  a r e  c o n s e rv e d  
an d  a t t r ib u t iv e ly  r e la t e d  to  th e  p a r t i c le s .  It is  im p o r ta n t  to  n o te  th a t  the 
q u a n ti ty  " a t t r i b u t e "  o f w h ich  S a c h s  s p e a k s  is  j u s t  a s  m u ch  c o n s e rv e d  a s  
p r o p e r  m a s s  o r  e l e c t r i c  c h a rg e .  T h e  la c k  of a  d e ta ile d  p h y s ic a l  i n t e r p r e 
t a t io n  of th e  n ew ly  d is c o v e r e d  q u a n ti ty  is  c h a r a c t e r i s t i c  on ly  o f th e  in i tia l  
s ta g e  in  th e  d e v e lo p m e n t o f th e  th e o ry . L a t e r  i t s  n a tu re  w ill b e  r e v e a le d  
an d , in  p a r t i c u la r ,  it  m a y  b e c o m e  c l e a r  th a t  i t s  a t t r ib u t iv e  c h a r a c t e r  is  
o n ly  r e la t iv e .  B ut in  o r d e r  to  b eg in  th is  in v e s tig a tio n  -  one w h ich  w ill lea d  in 
th e  fu tu r e  to  th e  d is c o v e r y  o f new  r e g u la r i t i e s  -  it  i s  n e c e s s a r y  to find  the  
a t t r i b u t iv e  p a r a m e t e r s  of th e  p a r t i c le s ;  th is  is  th e  on ly  a p p r o a c h  w h ich  ca n  
y ie ld  r e l i a b le  s c ie n t i f i c  r e s u l t s .

A t t r i b u t e - p r o p e r t i e s  a r e  r e la t e d  to  th e  s t r u c t u r e  of th e  o b je c t. If the 
s t r u c t u r e  o f an  o b je c t  is  no t y e t  known th e  o b je c t  w ill a p p e a r  a s  a  s im p le  
s e t  o f p r o p e r t i e s .  In th is  c a s e  th e  p r o p e r t i e s  m e r e ly  in d ic a te  th e  p r e s e n c e  
o f s t r u c t u r e ,  th e  s p e c if ic  c h a r a c t e r  o f w h ich  r e m a in s  to b e  in v e s tig a te d .
A t th is  s ta g e  o f c o g n itio n , w hen th e  s t r u c t u r e  is  s t i l l  unknow n b u t i t s  p r o p 
e r t i e s  a r e  a l r e a d y  know n, th e  n a tu re  of th e s e  p r o p e r t ie s  c a n n o t be s tu d ie d  
to  an y  d ep th . T o  u n d e r s ta n d  th e  n a tu r e  of a  g iv en  p ro p e r ty  m e a n s  to  u n 
c o v e r  i t s  r e la t io n s h ip  to  th e  c o r r e s p o n d in g  s t r u c tu r e .

T h e  s t r u c t u r e  o f m a te r ia l  o b je c ts  is  a lw a y s  re la t iv e ly  c o n s ta n t  o r  s ta b le  
in  t im e . S ta b i li ty  is  a c h a r a c t e r i s t i c  t r a i t  o f s t r u c t u r e  in  g e n e ra l .  T h is  
s ta b i l i ty  o b je c tiv e ly  d e te r m in e s  th e  c o n s ta n c y  of th e  a t t r i b u t e - p r o p e r t i e s .
In c o g n it io n  th e  c o n s e rv a t io n  of a t t r i b u t e - p r o p e r t i e s  is  e v id e n c e  of th e  s t a 
b i l i ty  o f th e  c o r re s p o n d in g  s t r u c tu r e .  If we w e re  to  t r a c e  th e  re la t io n s h ip  
b e tw e e n  p r o p e r ty  an d  s t r u c t u r e  in  th e  r e a l  p ic tu r e  of th e  s t r u c tu r e  of m a t 
t e r  w e w ould  s e e  th a t  th e r e  e x is t s  a  c h a in  o f i n t e r r e l a t e d  s t r u c t u r e s  w hich  
fo r m  q u a l i ta t iv e ly  d i f fe re n t  l e v e ls  o f m a t te r .  W e re  w e to  r e p r e s e n t  th e s e  
le v e ls  g ra p h ic a l ly  in  th e  fo rm  of c o n c e n tr ic  r in g s ,  th e  r a d ia l  l in e s  s y m 
b o liz in g  t r a n s i t i o n  f r o m  on e le v e l  to th e  n ex t w ould  l ie  a c r o s s  th e  b o u n d a r ie s

« S a c h s , R.G. Phys. Rev. Vol. 99. No. 1573. 1955.
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s e p a r a t in g  on e  le v e l  f ro m  a n o th e r  ( F ig u r e  2). T h is  b o u n d a ry  is  r e a l i z e d  
by  th e  a t t r i b u t e - p r o p e r t i e s .  E v e r y  s p e c if ic  b o u n d a ry  is  c h a r a c t e r i z e d  by 
c o r re s p o n d in g  p r o p e r t i e s  in h e re n t  to  it .  T h e  s p e c if ic  t r a i t s  o f th e  p r o p 
e r t i e s  a r e  d e te rm in e d  by th e  s p e c if ic  t r a i t s  o f th e  n e ig h b o r in g  le v e ls  an d  
c o r re s p o n d in g  s t r u c t u r e s .  A ss u m in g  th a t  a  s c ie n t i f i c  th e o ry  w h ich  r e f l e c t s  
th e  r e g u la r i t i e s  o f a  g iv en  le v e l  o f m a t t e r  is  b e in g  b u il t,  a  k n o w led g e  o f th e  
s t r u c tu r e  of th e  u n d e r ly in g  le v e l  c o u ld  b e  im p o r ta n t  fo r  th is  th e o ry .  T h e  
s t r u c t u r a l  p r o p e r t i e s  of th e  u n d e r ly in g  le v e l  c a n  b e  ta k e n  a s  th e  i n i t i a l  e l e 
m e n ts  o f th e  th e o ry  an d  th e  e le m e n ts  th e m s e lv e s  c a n  b e  r e g a r d e d  a s  in d i 
v is ib le  an d  a b s o lu te ly  s ta b le .

O f c o u r s e ,  kn o w led g e an d  c o n s id e r a t io n  of th e  s t r u c t u r e  o f an  u n d e r ly in g  
le v e l  of m a t t e r  ca n  le a d  to  d e e p e r  k n o w led g e o f th e  s ta b le  in t e r n a l  r e l a t i o n 

s h ip s  of th e  h ig h e r  s t r u c t u r e .  T h e  d i s c o v 
e r y  o f i n t r a a to m ic  s t r u c t u r e  p ro v id e d  a  
d e e p e r  u n d e r s ta n d in g  o f i n t r a m o le c u la r  r e 
la t io n s h ip s .  If, a s  in  th e  g iv en  c a s e ,  th e  
s t r u c t u r e  o f th e  u n d e r ly in g  le v e l  is  c o g n iz e d , 
a  m o re  c o n c r e te  u n d e r s ta n d in g  o f th e  d e 
t a i l s  o f th e  m e c h a n is m  o f th e  h ig h e r  s t r u c 
tu r e  is  th e  r e s u l t .  H o w e v e r , th e  p o in t of 
d e p a r tu r e  of th e  c o g n it io n  o f an y  s t r u c t u r e  
is  a s s o c ia te d  w ith  th e  s e a r c h  fo r  th e  a t t r i 
b u t e - p r o p e r t i e s  of i t s  c o m p o n e n t e le m e n ts .  
F u r th e r ,  it  is  no t on ly  p o s s ib le  b u t f r e 
q u e n tly  n e c e s s a r y  to  d e ta c h  o n e s e lf  f r o m  the  
s t r u c t u r e  of th e s e  e le m e n ts  ev e n  if  th is  
s t r u c tu r e  is  a l r e a d y  know n an d  s tu d ie d  in 
a n o th e r  re g io n  o f s c ie n c e .  In g iv in g  a  d y 

n a m ic a l  p ic tu r e  o f th e  s t r u c tu r e  o f th e  s o l a r  s y s te m  c l a s s i c a l  c e l e s t ia l  m e 
c h a n ic s  d e ta c h e s  i t s e l f  f r o m  th e  s t r u c t u r e  o f th e  p la n e ts  an d  r e g a r d s  th e m  
a s  in d iv is ib le  o b je c ts  ( m a te r i a l  p o in ts)  p o s s e s s in g  c o m p le te ly  d e te r m in e d  
(in  m ag n itu d e) a t t r i b u t e - p r o p e r t i e s :  i n e r t i a  and  g ra v ity .

T h e  s e a r c h  fo r  a t t r i b u t e - p r o p e r t i e s  an d  th e  a t te m p t  to  p la c e  th e m  a m o n g  
th e  fo u n d a tio n s  of th e  th e o ry  a r e  g e n e ra l  t r a i t s  o f a l l  s c ie n c e s  s tu d y in g  th e  
s t r u c tu r e  o f th e  g iv en  c l a s s  of o b je c ts .  T h e s e  t r a i t s  a r e  a l s o  p r e s e n t  in  
s c ie n c e s  w h ich  d e a l  w ith  th e  l a t e s t  an d , a t  a  g iv en  t im e , in d iv is ib le  le v e l  
o f m a t te r .  In su c h  c a s e s ,  a s  in m o d e rn  e le m e n ta r y  p a r t i c le  p h y s ic s ,  t h e r e  
is  no o th e r  w ay to e f fe c t  a  t h e o r e t ic a l  p e n e tra t io n  in to  th e  d e e p e r  s t r u c t u r e  
o f m a t te r .  T h e  w ay to  c o g n itio n  o f th is  d e e p e r  s t r u c t u r e  l i e s  a c r o s s  th e  
a t t r i b u t e - p r o p e r t i e s  o f e le m e n ta r y  p a r t i c le s  b e c a u s e  th e s e  p r o p e r t i e s  s te m  
f ro m  th is  s t r u c tu r e  an d  lie  a t  th e  b o u n d a ry  w h ich  s e p a r a t e s  th is  f in e r  s t r u c 
tu r e  f ro m  th e  n e ig h b o rin g  h ig h e r  s t r u c tu r e .  T h e  n ex t s te p  in c o g n it io n  
s h o u ld  c o n s is t  of b re a k in g  th ro u g h  th is  b o u n d a ry . But b e f o re  d o in g  th i s ,  an d  
in o r d e r  to  do th is ,  it  is  n e c e s s a r y  to  in v e s t ig a te  th e  a t t r i b u t e - p r o p e r t i e s  
w h ich  c o n s t i tu te  th is  b o u n d a ry . T h e  p r in c ip le s  of c o n s e rv a t io n  o f e l e c t r i c  
c h a rg e ,  sp in , iso to p ic  sp in , s t r a n g e n e s s ,  p a r i ty  a n d  so  on w h ich  h av e  b e e n  
d is c o v e r e d  in e le m e n ta ry  p a r t i c le  p h y s ic s  b e to k e n  a  b r e a k th ro u g h  in to  a  
d e e p e r  s t r u c tu r e  of m a t te r .
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T H E  P R O B L E M  O F  T H E  S P A T IA L  ST R U C T U R E  O F  
E L E M E N T A R Y  P A R T IC L E S

Y a. P . T e r l e t s k i i

O ne of th e  m o s t  s t r i k in g  c o n f ir m a t io n s  o f L e n in 's  b r i l l ia n t  p ro p h e c y  c o n 
c e r n in g  th e  in e x h a u s t ib i l i ty  of th e  e le c t r o n  w a s d o u b tle s s  p ro v id e d  by H of- 
s t a d t e r 's  e x p e r im e n ts  on th e  s c a t t e r in g  of f a s t  e le c t r o n s  on a to m ic  n u c le i 
a n d  th e  a s s o c ia t e d  e x p e r im e n ta l  d i s c o v e r y  of th e  s p a t ia l  e le c t ro m a g n e tic  
s t r u c t u r e  o f n u c le o n s . T h e  in w a rd  in e x h a u s t ib i l ity  o f m a t t e r  -  a  fu n d a m e n ta l 
p o s tu la te  o f d ia le c t ic  m a te r ia l i s m  -  h a s  b e e n  c o n f ir m e d  in m an y  o th e r  w ays 
a n d  h a s  b e e n  a d o p te d  p e r m a n e n t ly  by  m o d e rn  p h y s ic s  in  th e  fo rm  of th e  c o n 
c e p t  o f th e  in e x h a u s t ib i l i ty  o f e le m e n ta r y  p a r t i c le s .  H o w e v er, th e  e x p e r i 
m e n ts  w h ich  p ro v e d  d i r e c t ly  th a t  tw o o f th e  th i r ty  odd  known e le m e n ta ry  
p a r t i c le s  a r e  no t p o in t p a r t i c le s  an d  h av e  a  s p a t ia l  s t r u c tu r e  m a d e  th is  c o n 
c e p t fu lly  c o n c r e te  an d  g ra p h ic a l ly  c o n v in c in g .

T h u s  o n e  o f th e  b a s ic  id e a s  o f m o d e rn  e le m e n ta ry  p a r t i c le  p h y s ic s , one 
w h ich  sh o u ld  u n d e r lie  th e  th e o ry  o f e le m e n ta ry  p a r t i c le s ,  is  th e  id ea  of 
t h e i r  f in i te  s p a t ia l  d im e n s io n s  an d  o f s p a t ia l  s t r u c tu r e .

T h is  id e a , h o w e v e r, is  in c o n tra d ic t io n  w ith  c e r t a in  c o n c e p ts  an d  c o n 
s e q u e n c e s  o f r e la t iv i s t i c  q u an tu m  th e o ry , the on ly  t h e o r e t ic a l  b a s e  a v a i l 
a b le  so  f a r  in  th e  r e g io n  o f e le m e n ta r y  p a r t i c le  p h y s ic s .

In a l l  th e  w e ll-k n o w n  f o r m s  of q u an tu m  m e c h a n ic s  p a r t i c le s  a r e  re g a rd e d  
a s  p o in t p a r t i c le s .  T h is  v iew  is  r e in f o r c e d  by th e  d if f ic u lt ie s  of a s c r ib in g  
f in i te  s p a t i a l  d im e n s io n s  to  e le m e n ta ry  p a r t i c le s  in  th e  r e la t iv i s t i c  th e o ry . 
W hen in t ro d u c e d  in to  th e  r e la t iv i s t i c  q u an tu m  th e o ry  th e  a s s u m p tio n  of f in ite  
p a r t i c le  d im e n s io n s  le a d s  to th e  n e g a tio n  of th e  b a s ic  id e a s  an d  fo r m u la s  
o f q u a n tu m  m e c h a n ic s .  It a l s o  m e e ts  d e c is iv e  o b je c tio n s  f ro m  th e  th e o ry  
o f r e la t iv i ty .

T h e  d i f f ic u lt ie s  p r e s e n te d  by r e la t iv i s t i c  q u an tu m  m e c h a n ic s  h av e  even  
le d  c e r t a in  t h e o r e t ic ia n s  to b e l ie v e  th a t  e le m e n ta ry  p a r t i c le s  a r e  fu n d a m e n 
ta l ly  p o in t p a r t i c le s .  A lth o u g h  th is  b e l ie f  w as a l r e a d y  s u b je c te d  to  w e ll -  
d e s e r v e d  c r i t i c i s m  in 1949 by S. I. V a v ilo v  fro m  th e  s ta n d p o in t  of m a t e r i a l 
i s t i c  p h ilo so p h y *  , a n d  d e s p i te  th e  r e s u l t s  of r e c e n t  e x p e r im e n ts  by H of- 
s t a d t e r ,  th e  c o n c e p t o f e le m e n ta r y  p a r t i c le s  a s  p o in t p a r t i c le s  is  s t i l l  v ig 
o r o u s ly  d e fen d ed . S o m e tim e s  th e  s u g g e s tio n  is  ev e n  m ad e  to d e f in e  e l e 
m e n ta r y  p a r t i c le s  a s  o b je c ts  w h ich  do not h av e  s p a t ia l  s t r u c tu r e .  T h e 
s o u r c e  o f th is  " p iin c ta l"  c o n c e p tio n  is  a p p a re n t ly  a  b o u n d le s s  fa ith  in th e  u n -  
s h a k a b il i ty  o f th e  p r in c ip le s  o f q u an tu m  m e c h a n ic s  an d  c e r t a in  id e a s  of the 
th e o ry  o f r e la t iv i ty .

T r u e ,  so m e  th e o r e t ic ia n s  m a in ta in  th a t, ow ing  to  th e  in tro d u c tio n  of a 
fo r m  f a c to r  a s s o c ia t e d  w ith  th e  s c a t t e r in g  a m p litu d e , it is  a s  if  m o d e rn  
r e la t iv i s t i c  q u a n tu m  th e o ry  r e g a r d e d  e le m e n ta r y  p a r t i c le s  a s  o b je c ts  h av in g  
• See the collection: Filosofskie voprosy sovremennoi fiziki (Philosophical Problems of Modern Physics), 

p. 23. Moscow. 1952.
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a  s p a t ia l  s t r u c tu r e .  H o w e v er, w ith in  th e  l im i t s  of q u an tu m  f ie ld  th e o ry  
th is  fo rm  f a c to r  is  m e re ly  a  m e a n s  of d e s c r ib in g  th e  r e s u l t s  o f m a c ro s c o p ic  
e x p e r im e n ts  w ith  a c tu a l  p o in t o b je c ts .  It is  a ls o  a s s e r t e d  th a t  p a r t i c le s  
a r e  t r e a te d  a s  s p a t ia l ly  s t r u c tu r e d  b e c a u s e  th ey  a r e  r e p r e s e n te d  a s  p o in t 
c e n te r s  s u r r o u n d e d  by a " c lo u d "  o f v i r tu a l  m e s o n s , n u c le o n s  an d  so  on.
T h is  " c lo u d " , h o w e v e r, c o n s i s t s  of v i r  t u a  1 p a r t i c le s .  T h e  l a t t e r  a p p e a r  
in the m o d e rn  th e o ry  a s  m e r e  m a th e m a tic a l  s y m b o ls  an d  a r e  no t id e n t i f ie d  
w ith  an y  re a l  o b je c t. T h u s , in r e a l i ty ,  u n d e r ly in g  m o d e rn  q u an tu m  fie ld  
th e o ry  is  th e  po in t c o n c ep tio n .

A n o th e r  c o n c e p tio n  is , h o w e v e r, p o s s ib le .  It is  b a s e d  on th e  f a c t  o f the 
r e a l  s p a t ia l  e x te n s io n  of e le m e n ta ry  p a r t i c le s  an d  a d m its  of d e p a r tu r e s  fro m  
th e  p r in c ip le s  of q u an tu m  m e c h a n ic s  an d  f ro m  c e r t a in  c o n c lu s io n s  o f th e  
th e o ry  of r e la t iv i ty  w ith in  s p a t ia l  r e g io n s  ly in g  in s id e  e le m e n ta r y  p a r t i c le s  
(and , p o s s ib ly , in t h e i r  im m e d ia te  v ic in ity ) . It e n c o u n te r s  no o b je c tio n s  
f ro m  m a te r ia l is t i c  p h ilo so p h y , an d  th e  p o s s ib i l i t i e s  to  w h ich  i t  g iv e s  r i s e  
a r e  w e ll w o r th  a n a ly z in g .

W hich p ro p o s i t io n s  of th e  e x is t in g  th e o ry  m u s t b e  m o d if ie d  in o r d e r  fo r  
one of i t s  fu n d a m e n ta l p o s tu la te s  to b e  th a t  e le m e n ta ry  p a r t i c le s  h av e  s p a 
t ia l  s t r u c tu r e ?  O r , in a  n a r r o w e r  fo rm u la tio n , how m u s t  th e  e x is t in g  th e o ry  
be m o d ified  to allow  fo r  the o rg a n ic  in tro d u c tio n  of a  new  c o n s ta n t  o f e l e 
m e n ta r y  len g th ?

T h e  o b je c tio n  of the th e o ry  of r e la t iv i ty  a g a in s t  th e  s p a t ia l  e x te n s io n  of 
e le m e n ta ry  p a r t ic le s  is  b a s e d  on th e  w e ll-k n o w n  th e o re m  w h ich  e x c lu d e s  
p e r fe c t ly  r ig id  b o d ie s  an d  s ig n a ls  p ro p a g a te d  a t  v e lo c i t i e s  e x c e e d in g  th a t  
o f lig h t. It is  a s s u m e d  th a t  if, by d e f in itio n , an  e le m e n ta r y  p a r t i c le  is  
in d iv is ib le , then  i ts  s p a t ia l ly  d is t in c t  p a r ts  ca n  b e  bound to g e th e r  o n ly  lik e  
p a r ts  of a  p e r fe c t ly  r ig id  body. A s su c h  b in d in g  is  fo rb id d e n  by th e  th e o ry  
o f r e la t iv i ty ,  e le m e n ta ry  p a r t i c le s  c a n n o t h av e  a s p a t ia l  e x te n s io n , i. e. , 
m u s t be  poin t p a r t ic le s .

T h u s  the th e o ry  o f e le m e n ta ry  p a r t i c le s  s e e m s  to  b e  fa c e d  w ith  a  d i l e m 
m a: e i th e r  th e  th e o ry  of r e la t iv i ty  is  c o r r e c t  an d  e le m e n ta r y  p a r t i c le s  a r e  
p o in t p a r t ic le s ,  o r  p a r t ic le s  h av e  s p a t ia l  e x te n s io n  an d  th e  th e o ry  o f r e l a 
t iv ity  is  w rong .

T h e flaw  of th e  ab o v e a rg u m e n ts  is  th a t in  r e a l i ty  p e r f e c t ly  r ig id  b o d ie s  
and  fa s  t e r - t h a n - l i g h t  s ig n a ls  a r e  fo rb id d e n  no t by th e  a c tu a l  th e o ry  o f r e 
la t iv ity  but by the r e la t iv i s t i c  th e o ry  o f s p a c e  and  t im e  an d  by th e  p r i n c i 
p l e  o f  c a u s a l i t y .  T h u s  th e  in c o m p a tib le  p ro p o s i t io n s  a r e  no t th e  
th e o ry  of r e la t iv i ty  and  th e  s p a t ia l  e x te n s io n  o f p a r t i c le s ,  b u t r a th e r  e x te n 
s io n , the p r in c ip le  of c a u s a l i ty  an d  th e  r e la t iv i s t i c  th e o ry  of s p a c e  an d  t im e .

T ru e ,  a  f a ir ly  w id e s p re a d  v iew  is  th a t  th e  c o n te n t o f th e  th e o ry  o f r e l a 
tiv ity  is  e q u iv a le n t to th e  c o n te n t o f th e  p o s tu la te s  on w h ich  it is  b a s e d . It 
is  s o m e t im e s  s u g g e s te d  th a t th e  1 i m i t i n g c h a r a c t e r  o f th e  v e lo c ity  of 
lig h t is  su c h  a fu n d a m e n ta l p o s tu la te .  In th is  c a s e  th e  e x c lu s io n  of f a s t e r -  
th a n - l ig h t  s ig n a ls  is  s e e n  not a s  a  c o n s e q u e n c e  bu t r a th e r  a s  a  fu n d a m e n ta l  
p ro p o s it io n  in s e p a r a b le  fro m  th e  c o n te n t of th e  th e o ry .  A t th e  s a m e  t im e  
th e  p r in c ip le  of c a u s a l i ty  is  re g a rd e d  a s  o rg a n ic a l ly  an d  in s e p a r a b ly  r e la t e d  
to the co n te n t of the th e o ry  of r e la t iv i ty .  T h e  in c o n s is te n c y  o f th is  v iew  
r e s id e s  in the fa c t th a t a l l  of th e  a c tu a l ly  u s a b le  a p p a r a tu s  o f th e  th e o ry  of 
r e la t iv i ty  (L o r e n tz  t r a n s f o r m a t io n s ,  c o v a r ia n c e ,  f o u r - d im e n s io n a l  w o r ld , 
t e n s o r s  an d  so  on) can  be  d e r iv e d  fro m  a d if fe re n t  s y s te m  o f p o s tu la te s  
w ith o u t u s in g  the a s s u m p tio n  of th e  l im it in g  c h a r a c t e r  o f th e  v e lo c ity  o f lig h t 
an d  ev e n , g e n e ra l ly ,  w ithou t u s in g  th e  p o s tu la te  c o n c e rn in g  th e  c o n s ta n c y
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o f th e  v e lo c ity  of lig h t  in  v a c u u m . A s fo r  th e  e x c lu s io n  of f a s te r - t h a n - l ig h t  
s ig n a ls  a n d  p e r f e c t ly  r ig id  b o d ie s ,  it  c a n  be o b ta in e d  a s  a  m e r e  th e o re m  
fo llo w in g  f r o m  th e  p r in c ip le  of c a u s a l i ty  an d  th e  L o re n tz  t r a n s f o r m a t io n s * .

A c c o rd in g  to  a  m o re  w id e ly  h e ld  v iew , th e  c o n te n t of th e  th e o ry  o f r e l a 
t iv ity  r e s id e s  in  th e  new  p h y s ic a l  id e a s  c o n c e rn in g  s p a c e  an d  t im e  th a t  a r e  
m a th e m a tic a l ly  e x p r e s s e d  by th e  L o re n tz  g ro u p  an d  c o n se q u e n t f o u r - d im e n 
s io n a l  g e o m e tr ic  id e a s  o f M inkow sky . T h e  p o s tu la te s  of th e  th e o ry  of r e l a 
t iv ity  a r e  o n ly  s u ff ic ie n t ,  bu t f a r  fro m  n e c e s s a r y ,  a s s u m p tio n s  fro m  w hich  
th e  e n t i r e  m a th e m a tic a l  a p p a r a tu s  o f th e  th e o ry  ca n  be o b ta in e d . T h e r e f o r e  
th e  fu n d a m e n ta l  p o s tu la te s  c a n  a ls o  fa i l  to e x p r e s s  th e  t r u e  p h y s ic a l  co n te n t 
o f th e  th e o ry .  In p a r t i c u la r ,  th e  p r in c ip le  of c a u s a l i ty  w h ich  fo llo w s fro m  
th e  p o s tu la te  c o n c e rn in g  th e  l im it in g  c h a r a c t e r  o f th e  v e lo c ity  o f l ig h t is  
m e r e ly  a  s u p p le m e n ta r y  p h y s ic a l  h y p o th e s is  no t r e la te d  to  th e  e s s e n c e  of 
r e la t iv i s t i c  id e a s  c o n c e rn in g  s p a c e  an d  t im e .

In th e  th e o ry  o f r e la t iv i ty  u n d e r s to o d  in th e  s e n s e  o f th e  L o re n tz  g ro u p , 
" p e r f e c t ly  r ig id "  o b je c ts  an d  p e r tu r b a t io n s  p ro p a g a te d  a t  v e lo c it ie s  ex c e e d in g  
th a t  of lig h t  a r e  p o s s ib le .  T h is  is  e v id e n t ev e n  fro m  th e  fa c t  th a t  s o - c a l le d  
p a r t i c l e - l i k e  s o lu tio n s ,  w h ich  r e p r e s e n t ,  a c tu a l ly ,  r ig id  an d  s p a t ia l ly  b o u n d 
ed  a g g lu t in a t io n s  o f th e  fie ld , a r e  p o s s ib le  in n o n l in e a r  r e la t iv i s t i c a l l y  c o -  
v a r ia n t  fie ld  th e o ry ;  in th e s e  a g g lu t in a t io n s ,  m o re o v e r ,  fie ld  p e r tu r b a t io n s  
a r e  p ro p a g a te d  a t  v e lo c it i e s  g r e a t e r  th an  th a t  of l ig h t.

T h is  ty p e  o f r e la t iv i s t i c a l l y  c o v a r ia n t  th e o ry ,  h o w e v e r, is  re fu te d  on the 
b a s i s  of th e  p r i n c i p l e  o f  c a u s a l i t y ,  i. e .,  th e  p ro p o s i t io n  th a t  the 
t e m p o r a l  s e q u e n c e  o f c a u s a l ly  r e la t e d  s p a t ia l ly  d is c o n n e c te d  e v e n ts  c a n n o t 
b e  c h a n g e d  by  c h o o s in g  a  s y s te m  o f r e f e r e n c e ,  i. e . , th a t  c a u s a l ly  r e la te d  
e v e n ts  c a n n o t be  s e p a r a te d  by a  s p a c e - l ik e  in te r v a l .  T h e  v a lid ity  of th is  
p r o p o s i t io n  is  e s ta b l i s h e d  by c o n s id e r in g  e x a m p le s  w h ich  i l lu s t r a t e  the 
a b s u r d ity  o f i t s  c o n v e r s e .  I t  is  a b s u r d ,  fo r  e x a m p le , th a t the t im e  se q u e n c e  
o f tw o s u c h  s p a t ia l ly  d is c o n n e c te d  e v e n ts  a s  the  f i r in g  of a  gun an d  th e  a r 
r i v a l  o f th e  b u l le t  a t  th e  t a r g e t  b e  r e v e r s e d .  F ro m  s i m i l a r  a r g u m e n ts  the  
p r in c ip le  o f c a u s a l i ty  so  u n d e r s to o d  is  r e g a r d e d  a s  an  a b s o lu te  p h y s ic a l  law .

In s e e k in g  to  in t ro d u c e  an  e le m e n ta r y  le n g th  in to  th e  th e o ry  c e r ta in  
a u th o r s  h av e  p ro p o s e d  d ro p p in g  th e  p r in c ip le  of c a u s a l i ty  w ith in  e le m e n ta ry  
p a r t i c le s ,  i. e . , a t  d i s ta n c e s  of th e  o r d e r  of 1 0 "13 c m , an d  c o n s id e r in g  it 
v a lid  fo r  l a r g e  ( m a c ro s c o p ic )  s c a le s .  H o w e v er, it is  e a s y  to  show  th a t  two 
e v e n ts  r e la t e d  by a  s p a c e l ik e  in te r v a l  ca n  be s e p a r a te d  by a s p a c e  in te rv a l  a s  
l a r g e  a s  d e s i r e d  by c h o o s in g  a s u i ta b le  s y s te m  of r e f e r e n c e .  T h u s  a p r o c e s s  t a k 
ing  p la c e  w ith  d i s ru p t io n  of c a u s a l i ty  in an  in te rv a l  of 10 -13 cm  ca n  be r e la t e d  to  a 
s ig n if ic a n t ly  l a r g e r  ( a lr e a d y  m a c ro s c o p ic )  s p a c e  in te r v a l  in  a  d if f e re n t  s y s 
te m  of r e f e r e n c e .  C o n se q u e n tly  th e  r e s t r ic t io n s  im p o se d  by th e  p r in c ip le  
o f c a u s a l i ty  c a n n o t b e  re m o v e d  by su c h  s im p li f ie d  t r e a tm e n t  o f th e  l im its  
o f i t s  a p p l ic a b i l i ty .  A m o re  p ro fo u n d  a n a ly s i s  o f th e  p ro p o s i t io n  know n a s  
th e  " p r in c ip le  of c a u s a l i ty "  in  m o d e rn  p h y s ic s  is  o b v io u s ly  r e q u ir e d .

W hen s p e a k in g  o f s p a t ia l ly  d is c o n n e c te d  c a u s a l ly  r e la te d  e v e n ts  it  is  
u s u a l  to  r e p r e s e n t  th em  by an a lo g y  w ith  th e  g u n - ta r g e t  e x a m p le , i. e . , one 
is  n e c e s s a r i l y  r e g a r d e d  a s  th e  c a u s e  an d  th e  o th e r  a s  th e  e f fe c t . F u r th e r ,  
th e  c a u s e  is  n e c e s s a r i l y  id e n tif ie d  w ith  th e  e a r l i e r  e v e n t an d  th e  e f fe c t  w ith  
th e  l a t e r  e v e n t. T h u s  c a u s a l  c o n d it io n a li ty  is  u n c o n d it io n a lly  r e la te d  to th e  
d i r e c t io n  o f flow  o f t im e .

• See T e r le t s k i  i. Ya. P. Konspekt lektsii "Paradoksy tcorii omosiiernosii" (Summary of Lectures on 
"Paradoxes in tile Theory of Relativity"). Moscow. 19G2.
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Is it  p e r m is s ib le ,  h o w e v e r, to a p p ly  a c o n c e p tio n  o f c a u s a l  c o n d i t io n a l i ty  
ta k e n  fro m  m a c ro s c o p ic  e x p e r ie n c e  to e le m e n ta ry  p r o c e s s e s  o f th e  m ic r o -  
w o r ld  a t  in te r v a ls  of th e  o r d e r  o f 10 “13 c m ?  Y et it  i s  w e ll know n th a t  a l l  
th e  law s of m o tio n  of th e  m ic ro w o r ld  w ith o u t e x c e p tio n  a r e  a b s o lu te ly  r e 
v e r s ib l e  in  t im e . T h a t is ,  fo r  e le m e n ta ry  p r o c e s s e s  th e  tw o d i r e c t io n s  of 
flow o f t im e  a r e  a b s o lu te ly  e q u iv a le n t. C o n se q u e n tly , a s  in  c l a s s i c a l  s t a 
t i s t i c a l  m e c h a n ic s , th e  d i re c t io n  o f flow  of t im e  is  d is t in g u is h e d  e x c lu s iv e ly  
by th e  m a c ro s c o p ic  p r o c e s s  of in c r e a s e  of e n tro p y , w h ich  is  due to  th e  h i s 
to r ic a lly - p r o d u c e d  s u r r o u n d in g  m a c ro s c o p ic  s i tu a t io n  an d  no t to th e  law s  
of m ic ro s c o p ic  m o tio n .

It w ould  o b v io u s ly  be m o re  lo g ic a l  to  r e g a r d  th e  c a u s a l  r e la t io n s h ip  of 
s p a t ia l ly  d is c o n n e c te d  e v e n ts  o c c u r r in g  in e le m e n ta r y  p r o c e s s e s  a s  a  m u - 
t u a l  c a u s a l  c o n d i t i o n a l i t y  w hich  d o es  not n e c e s s a r i l y  p re s u p p o s e  
th e  id e n tif ic a tio n  of one ev e n t w ith  th e  c a u s e  an d  o f th e  o th e r  w ith  th e  e f fe c t . 
F o r  su c h  e le m e n ta ry  a c t s  th e  s e p a ra t io n  o f c a u s e  an d  e f fe c t  m ay  be r e g a r d 
ed a s  co n d itio n e d  an d  p ro d u c e d  on ly  by the e x te r n a l  m a c ro s c o p ic  e n v i r o n 
m en t.

F ro m  th is  p o in t of v iew  th e  p r in c ip le  of c a u s a l i ty ,  th e  s ta te m e n t  th a t  
t im e  s e q u e n c e  of c a u s a l ly  p ro d u c e d  s p a t ia l ly  d is c o n n e c te d  e v e n ts  is  i n v a r i 
a b le , m e re ly  d e s ig n a te s  a law  of m a c ro s c o p ic  n a tu re  w h ich  d is tin g u is h e s  
a d e f in ite  d i re c t io n  o f flow  of p r o c e s s e s  in t im e  o r ,  a s  th ey  s a y , d i r e c 
t i o n  o f  f l o w  o f  t i m e .  B ut the d i r e c t io n a l i ty  o f flow  o f m a c ro s c o p ic  
p r o c e s s e s  in t im e  is  e x p la in e d  e x h a u s tiv e ly  by th e  law  of i n c r e a s e  o f e n tro p y  
o r  th e  se c o n d  law  o f th e rm o d y n a m ic s .  T h u s  fro m  th e  s ta n d p o in t  o f m i c r o 
s c o p ic  r e v e r s ib i l i t y  of e le m e n ta ry  p r o c e s s e s  t h e r e  is  no re a s o n  to  r e g a r d  
th e  p r in c ip le  o f c a u s a l i ty  a s  a  s p e c ia l  a b s o lu te  p h y s ic a l  law , an d  it c a n  be 
re p la c e d  by th e  se c o n d  law  o f th e rm o d y n a m ic s  (o r  r e g a r d e d  a s  a  c o n s e 
q u e n c e  of th e  se c o n d  law ).

It is  not d iff ic u lt  to s e e  th a t p r o c e s s e s  w h ich  v io la te  th e  p r in c ip le  of 
c a u s a l i ty  v io la te  in eq u a l d e g r e e  the se c o n d  law  of th e rm o d y n a m ic s .  It is  
e a s y  to  show , fo r  e x a m p le , th a t an y  s ig n a l t r a n s m i t t in g  in fo rm a tio n , i .e . ,  
n e g a tiv e  e n tro p y , w ill v io la te  th e  s e c o n d  law  o f th e rm o d y n a m ic s  if  i t  is  
p ro p a g a te d  a t  a  v e lo c ity  e x c e e d in g  th a t of lig h t. An a b s o lu te ly  r ig id  e l e c 
tro n  w ould a ls o  v io la te  th e  s e c o n d  law  a t  in te r v a ls  of th e  o r d e r  o f 1 0 " 13cm . 
T h e r e f o r e  th e  in tro d u c tio n  of e le m e n ta ry  le n g th  in to  th e  r e la t iv i s t i c  th e o ry  
w ill a ls o  c o m e  in to  c o n f lic t  w ith  th e  se c o n d  law , o b v io u s ly  a t  i n te r v a ls  c o m 
p a r a b le  w ith  th is  len g th .

If the se c o n d  law  of th e rm o d y n a m ic s  had  b ee n  a b s o lu te ,  i. e . , an  in v io 
la te  law  of n a tu re ,  th e  r e s t r ic t io n s  w h ich  fo llow  fro m  it  w ould  h av e  th e  s a m e  
a b s o lu te  c h a r a c t e r .  T h e  s e c o n d  law  h o w e v e r, is  a  m a c ro s c o p ic  s t a t i s t i c a l  
law  w hich  ca n  b re a k  down in f lu c tu a tio n s , w h ich  a r e  p a r t i c u la r ly  la r g e  in  
p h en o m e n a  o c c u r r in g  a t  s m a l l  i n te r v a ls .  C o n se q u e n tly , bo th  d e p a r tu r e s  
fro m  the se c o n d  law  and  p r o c e s s e s  w h ich  ta k e  p la c e  w ith  i ts  v io la tio n  (su c h  
a s  th e  t r a n s m is s io n  o f in f lu e n c e  a t  v e lo c it i e s  g r e a t e r  th an  th a t  o f l ig h t)  a r e  
p o s s ib le .  F u r th e r ,  no r e s t r ic t io n s  a r e  im p o se d  on th e  s p a c e  in te r v a l  b e 
tw ee n  two e v e n ts  c o n n e c te d  by a  f a s te r - t h a n - l ig h t  s ig n a l  o r  a  p e r f e c t ly  
r ig id  c o n n e c tio n . F o r  th e  s e c o n d  law  c a n  be  v io la te d  a t  an y  d is ta n c e .  A t 
l a r g e  d is ta n c e s  i t s  b re a k d o w n  is  m e r e ly  le s s  p ro b a b le  th an  a t  s m a l l  o n e s . 
T h is  re m o v e s  the c o n tra d ic t io n  w h ich  h a m p e re d  us  f r o m  a d o p tin g  th e  p o s s i 
b i l ity  o f th e  b re a k d o w n  o f th e  p r in c ip le  o f c a u s a l i ty  on ly  a t  i n t e r v a ls  o f th e  
o r d e r  of 10 13 cm .
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C o n s e q u e n tly  w hen th e  p r in c ip le  of c a u s a l i ty  is  t r e a t e d  c o r r e c t ly  th e  
c o n t r a d ic t io n s  b e tw e e n  th e  th e o ry  of r e la t iv i ty  an d  th e  s p a t ia l  e x te n s io n s  of 
e le m e n ta r y  p a r t i c le s  d i s a p p e a r .  In th e  re g io n  o f e le m e n ta ry  p a r t i c le  th e o ry  
" h a r d "  p a r t i c le s ,  r ig id  fo r m  f a c to r s ,  p e r tu r b a t io n s  m o v in g  a t  v e lo c it ie s  
g r e a t e r  th a n  th a t  o f lig h t  an d  ev en  p a r t i c le s  of im a g in a ry  p r o p e r  m a s s  f a s 
t e r  th a n  p h o to n s  a r e  p o s s ib le .  P a r t i c l e s  of n e g a tiv e  m a s s ,  s i m i l a r  to th o se  
w h ich  w e re  o b ta in e d  in D i r a c 's  th e o ry  an d  w h ich  w e re  a ls o  fo rb id d e n  by the 
p r in c ip le  o f c a u s a l i ty ,  a r e  a ls o  a d m is s ib le .  A ll th is  is  p o s s ib le , h o w e v e r, 
in s o f a r  a s  th e  v io la tio n  o f th e  m a c ro s c o p ic  se c o n d  law  of th e rm o d y n a m ic s  
( i .  e . , in f lu c tu a tio n s )  is  a d m is s ib le * .

T h u s  w e s e e  th a t  r i c h  p o s s ib i l i t i e s  ca n  be o p en e d  up fo r  e le m e n ta ry  p a r t i 
c le  th e o ry  by a b a n d o n in g  a  d o g m a tic  s ta n d  on th e  a b s o lu te  n a tu re  of th e  r u le  
w h ich  is  c a l le d  th e  " p r in c ip le  o f c a u s a l i ty " ,  an d  a c c o rd in g  to  w h ich  of two 
c a u s a l ly  c o n n e c te d  e v e n ts  o c c u r r in g  a t  s p a t ia l ly  s e p a r a t e  p o in ts , one is  n e 
c e s s a r i l y  th e  c a u s e  an d  th e  o th e r  th e  e f fe c t , an d , fu r th e r ,  the t im e  s e q u e n c e  
o f c a u s e  an d  e f fe c t  c a n n o t be  c h a n g e d  by th e  c h o ic e  of a  s y s te m  of r e f e r e n c e .

T h u s  e le m e n ta r y  p a r t i c le s  in th e  r e la t iv i s t i c a l l y  c o v a r ia n t  th e o ry  ca n  
h a v e  f in i te  s p a t ia l  d im e n s io n s  an d  a  s p a t ia l  s t r u c tu r e ,  w h ile  p o s s e s s in g  th e  
p r o p e r ty  o f in d iv is ib i l i ty  in to  s m a l l e r  in d e p e n d e n tly  e x is t in g  p a r ts .  Such 
c o n c e p ts ,  h o w e v e r , a r e  d if f ic u lt  to c o r r e l a te  w ith  the o rth o d o x  a p p a ra tu s  of 
q u a n tu m  m e c h a n ic s ,  w h ich  w a s  c o n s t r u c te d  on th e  c o n c e p t o f p o in t p a r t i c le s .  
A t te m p ts  to  in t ro d u c e  s p a t ia l ly  e x te n d e d  p a r t i c le s  h av e  a lw a y s  led  to  s e r io u s  
d i f f ic u lt ie s  w h ich  co u ld  b e  re m o v e d  on ly  by d e p a r tin g  fro m  th e  fu n d a m e n ta l 
p o s tu la te s  o f q u an tu m  th e o ry .

T h e  d if f ic u lt ie s  p r e s e n te d  by th e  th e o ry  of e x te n d e d  e le m e n ta ry  p a r t ic le s  
a r e  e n t i r e ly  r e g u la r .  F o r  now , in a d d itio n  to  th e  a l r e a d y  known u n iv e r s a l  
c o n s ta n ts  c an d  /», i t  i s  n e c e s s a r y  to in tro d u c e  a  new u n iv e r s a l  c o n s ta n t, the 
e le m e n ta r y  le n g th  l0, in to  th e  th e o ry . E v e r y  in tro d u c tio n  o f a new u n iv e r 
s a l  c o n s ta n t  h a s  a lw a y s  le d  to a  s h a r p  b r e a k  w ith  o ld  id e a s  an d  re je c t io n  of 
f a m i l i a r  c o n c e p ts .  If th e  in tro d u c tio n  of /0, a s  w e h av e  show n , d o e s  not 
c o n t r a d ic t  th e  p r in c ip le  r e la t iv i s t i c  c o v a r ia n c e  r e la te d  to th e  c o n s ta n t  c, 
i t  c o m e s  in to  a c u te  c o n f lic t  w ith  th e  p r in c ip le s  o f q u an tu m  th e o ry  in th e i r  
o r th o d o x  fo rm u la tio n . D oes th is  no t in d ic a te  th a t  th e  t im e  h a s  c o m e  fo r  a 
s ig n if ic a n t  r e v is io n  o f th e  fo r m u la tio n  an d  c o n te n t of th e  p r in c ip le s  of q u a n 
tu m  th e o ry ?

T h e  in t ro d u c t io n  of th e  new c o n s ta n t  of e le m e n ta ry  len g th  in to  th e  th e o ry  
w ou ld  b e c o m e  s im p le r  if  th e  fo r m u la s  o f q u an tu m  th e o ry  w e re  s e e n  m e re ly  
a s  r u l e s  b e lo n g in g  to  a  s p e c ia l  k ind  of s t a t i s t i c a l  th e o ry  w h ich  im p lic it ly  
a c c o u n ts  fo r  th e  r e la t io n s h ip  w ith  o b je c ts  n o t r e c o r d e d  in  o r d in a r y  e x p e r i 
m e n ts  (h id d en  p a r a m e te r s ) .  T h e  c o n s ta n t  h co u ld  th en  be re g a r d e d  a s  a 
q u a n ti ty  c h a r a c t e r i z in g  th e  " th e r m o s ta t  o f h id d en  p a r a m e te r s "  w hich  p r o 
d u c e  th e  q u a n tu m  s t a t i s t i c a l  c h a r a c t e r .  T h e  c o n s ta n t  h w ould th en  lo s e  its  
c h a r a c t e r  o f a b s o lu te  u n iv e r s a l  c o n s ta n t  a s  the s ta te  of th is  " th e r m o s ta t"  
c a n  c h a n g e  upon t r a n s i t io n  in to  o th e r  r e g io n s  of th e  u n iv e r s e .

In th is  c a s e  a t  s m a l l  i n te r v a ls  of th e  o r d e r  o f 10-13 cm  th e  q u an tu m  s t a 
t i s t i c a l  la w s  c a n  in  g e n e r a l  c h a n g e  q u a l i ta t iv e ly ,  a s s u m in g  d y n a m ic a l  f e a 
t u r e s .  T h a t is ,  th e  th e o ry  o f e le m e n ta r y  p a r t i c le s  ca n  b e c o m e  a  th e o ry  of

0 The second law can also be violated on a cosmic scale when the gravitational energy becomes comparable 
with the proper energy of the system (see Ya. P. T e r le t s k i i .  K termodinamike graviiiruyushchikh 
sistem (On the Thermodynamics of Gravitating Systems), in the collection "Tezisy dokladov na Pervoi 
nauchno-metodicheskoi konferentsii po termodinamike" (Theses of Reports to the First Scientific- 
Methodological Conference on Thermodynamics). Moscow, 1962.
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th e  q u a s i - c l a s s i c a l  ty p e . T h u s  in th is  th e o ry  th e r e  w ou ld  b e  no n e e d  to  a c 
c o u n t fo r  the u n c e r ta in ty  r e la t io n , though a t  th e  s a m e  t im e  th is  r e la t io n  
w ould r e m a in  n e c e s s a r y  fo r  in t r a a to m ic  an d  in t r a n u c le a r  p h e n o m e n a .

F ro m  th e  p h y s ic a l  p o in t o f v iew  th e r e  c a n  b e  no o b je c tio n  to  a  th e o ry  in 
w hich  in s te a d  o f the o r d in a r y  u n c e r ta in ty  r e la t io n ,  a  r e la t io n  o f th e  fo llo w in g  
fo rm , sa y , w ould  be v alid :

Ap- A q ^ h F ( A q ) ,

w h e re
/• — I a t  
/■ —0 a t  A

w h e re  /, is  th e  c o n s ta n t  of e le m e n ta ry  le n g th . B ut s u c h  a  th e o ry  w ou ld  be 
q u a s i - c l a s s i c a l  a t  s m a l l  d is ta n c e s  an d  q u an tu m  a t  l a r g e  d i s ta n c e s .

T h is  s i tu a t io n  is  n a tu r a l  fo r  an y  th e o ry  w h ich  e x p la in s  th e  q u a n tu m  s t a t i s 
t ic a l  c h a r a c t e r  no t by a  d o g m a tic  p o s itio n  on th e  a b s o lu te  c h a r a c t e r  o f th e  
p r in c ip le  of c o m p le m e n ta r i ty  bu t r a th e r  by th e  in t ro d u c t io n  of a  " t h e r m o 
s ta t  o f h id d en  p a r a m e te r s " .  J u s t  a s  in th e  th e o ry  o f B ro w n ia n  m o tio n  n o n 
d i f fe re n t ia b i l i ty  of th e  t r a j e c to r y  h o ld s  on ly  in  th e  a p p r o x im a te  v a r ia n t  o f 
th e  th e o ry  v a lid  fo r  r e la t iv e ly  la r g e  in te r v a ls  o f t im e , so  in  q u a n tu m  th e o ry , 
w hich  s te m s  fro m  id e a s  c o n c e rn in g  h id d en  p a r a m e t e r s ,  th e  n o n d i f f e r e n t ia 
b i l ity  of the t r a j e c to r y  d i s a p p e a r s  upon t r a n s i t io n  to  v e r y  s m a l l  in t e r v a ls  
of t im e . B ut n o n d if fe re n t ia b i l i ty  is  r e la te d  to  th e  u n c e r ta in ty  r e la t io n ,  an d  
th e r e f o r e  fo r  v e r y  s m a l l  t im e  an d  s p a c e  in t e r v a ls  th e  u n c e r ta in ty  p r in c ip le  
c e a s e s  to b e  v a lid .

It is  n a tu ra l  to ta k e  a s  o n e 's  " th e r m o s ta t  o f h id d en  p a r a m e t e r s "  a  s y s 
tem  c o n s is t in g  of p a r t i c le s  of im a g in a ry  p r o p e r  m a s s  m o v in g  a t  v e lo c i t i e s  
g r e a t e r  th an  th a t  of lig h t. Such p a r t i c le s  c a n n o t b e  d e te c te d  by o r d in a r y  
e x p e r im e n ta l  d e v ic e s  s i m i l a r  to th o se  w h ich  a r e  u s e d  to  r e c o r d  o r d in a r y  
p a r t i c le s  o f p o s itiv e  p r o p e r  m a s s  an d  e n e rg y * . T h e r e f o r e  in  o r d in a r y  
e x p e r im e n ts  th e s e  p a r t i c le s  a c tu a l ly  b e h a v e  l ik e  h id d en  p a r a m e te r s .

In 1960 we p ro p o s e d  a  th e o ry  b a s e d  on th e  id e a  of th e  e x is te n c e  o f an  
" im a g in a ry  th e r m o s ta t"  c o n s is t in g  of p a r t i c le s  m o v in g  f a s te r  th a n  th e  s p e e d  
o f l ig h t* * . T h e  p o in t of d e p a r tu r e  in  th is  th e o ry  is  th e  c o n c e p t o f a  c e r t a in  
c l a s s i c a l  f ie ld  s u b je c t  to n o n l in e a r  e q u a tio n s  w h ich  p e r m i t  p a r t i c le - l i k e  s o lu 
t io n s  in th e  fo rm  of s ta b le  a g g lu tin a tio n s  o f th e  f ie ld . U pon s t a t i s t i c a l  e x 
a m in a tio n  of th e  p o s s ib le  s o lu tio n s  of th is  k ind  on e  fin d s  th a t  th e  c e n t e r s  of 
g ra v ity  of the p a r t i c le - l i k e  a g g lu tin a tio n s  m o v e in c o n f o rm ity  w ith  th e  la w s  
o f q u an tu m  m e c h a n ic s , if on e  a s s u m e s  th a t  th e  th e r m o s ta t  w ith  w h ich  th e  
f ie ld  is  in te ra c t in g  is  a t  an  im a g in a ry  te m p e r a tu r e .  F u r t h e r  th e  la w s  of 
q u an tu m  m e c h a n ic s  a r e  v a lid  on ly  a t  i n te r v a ls  e x c e e d in g  th e  d im e n s io n s  of 
th e  p a r t i c le - l i k e  a g g lu tin a tio n s . W ith in  th e s e  a g g lu t in a t io n s ,  i. e . , w ith in  
th e  e le m e n ta ry  p a r t i c le s  th e m s e lv e s ,  th e  la w s  o f th e  c l a s s i c a l  fie ld  a r e  o p 
e r a t iv e .  T h e  s t r u c tu r e  of th e  p a r t i c le s  is  o b ta in e d  a s  a  d e f in i te  d i s tr ib u tio n  
o f th e  f ie ld  w ith in  ea c h  p a r t ic le .

T h e  p ro g r a m  of a  th e o ry  of h id d en  p a r a m e te r s  o r g a n ic a l ly  c o n ta in in g  th e  
s p a t ia l ly  s t r u c tu r e d  c h a r a c t e r  of e le m e n ta r y  p a r t i c le s  an d  a t  th e  s a m e  t im e  
no t in c o n tra d ic t io n  w ith  o rth o d o x  q u an tu m  f ie ld  th e o ry  a t  l a r g e  ( c o m p a re d  
w ith  th e  e le m e n ta ry  len g th ) d is ta n c e s  ca n  th e r e f o r e  b e  d ra w n  up w ith o u t 
g iv in g  r i s e  to c o n t ra d ic t io n s .

° However, one can prove that in principle particle* of negative anti imaginary proper mass can he recorded 
by devices working at negative temperatures (see "Le Journal de Physique et le Radium", Vol. 23, No 11 
p. 910. 1962).

^  See "Doklady AN SSSR" (henceforth cited as "DAN"), Vol. 133, Nos. 2 and 3. I960.
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It is  w e ll know n th a t  th e  in t ro d u c t io n  of h id d en  p a r a m e te r s  fo r  th e  p u rp o s e  
o f e x p la in in g  th e  q u a n tu m  s t a t i s t i c a l  c h a r a c t e r  c o n f lic ts  v e r y  s e r io u s ly  w ith  
th e  c o n c e p tio n  of th e  u n iv e r s a l i ty  an d  a b s o lu te n e s s  of th e  p r in c ip le  of 
c o m p le m e n ta r i ty  an d  th e  u n c e r ta in ty  r e la t io n  (von  N e u m a n n 's  th e o re m ). In 
a d m it t in g  h id d e n  p a r a m e te r s  w e a r e  th e r e f o r e  u n av o id a b ly  r e je c t in g  the 
u n c e r ta in ty  r e la t io n  a t  so m e  le v e l  w ith in  th e  e le m e n ta r y  p a r t i c le s ,  i. e . , 
w e a r e  v i r tu a l ly  r e tu r n in g  to th e  c l a s s i c a l  id e a s .

T o  m a n y  s u c h  a  r e tu r n  is  a b s o lu te ly  u n a c c e p ta b le , fo r  th ey  a r e  u se d  to 
c o n s id e r in g  th e  id e a s  of q u an tu m  m e c h a n ic s  a s  s o m e th in g  e s s e n t ia l ly  new , 
s o m e th in g  w h ich  h a s  r e p la c e d  th e  o ld  c l a s s i c a l  id e a s .  H o w e v er, p h y s ic s  
is  now d e v e lo p in g  a t  a  v e r y  ra p id  p a c e ; w h a t w a s new th ir ty  y e a r s  ago  is  
h o p e le s s ly  o u td a te d  to d ay  an d  g r e a t ly  in  n ee d  o f r a d ic a l  ch a n g e . T h e  th e o ry  
o f h id d e n  p a r a m e t e r s  p r o p o s e s  a  r e tu r n  to  th e  c l a s s i c a l  id e a s  on a  new b a s is  
i. e . , i t  m a in ta in s  th a t  th e  new  s h if t  o f id e a s  sh o u ld  c o m e  a s  a  n eg a tio n  of 
a  n e g a tio n . F o r  q u a n tu m  th e o ry  c a m e  a s  a  n e g a tio n  of c l a s s i c a l  d e t e r m in 
is m . T h e  new  th e o ry  sh o u ld  c o m e  a s  a  n e g a tio n  o f th e  in d e te r m in a c y  o f the 
c o n c e p t o f c o m p le m e n ta r i ty  i. e. , a s  a  n e g a tio n  o f a  n e g a tio n .

T h is  p a t te r n  of d e v e lo p m e n t in s c ie n c e  is  e v id e n c e d  e v e ry w h e re  bu t p a r 
t i c u l a r ly  so  in  p h y s ic s  ( c o r p u s c u la r ,  w ave an d  a g a in  c o r p u s c u la r  th e o ry  
o f l ig h t;  k in e t ic ,  p h e n o m e n o lo g ic a l  an d  a g a in  k in e tic  th e o ry  of h ea t; G a l i 
l e o 's  p r in c ip le  o f r e la t iv i ty ,  L o r e n tz ' im m o b ile  e th e r  and  a g a in  E in s te in 's  
r e la t iv i t y ,  an d  so  on). Do th e  d e f e n d e r s  of o rth o d o x  q u an tu m  c o n c e p ts  hav e  
a n y  p h i lo so p h ic a l  o r  p h y s ic a l  g ro u n d  fo r  b e l ie v in g  th a t  th e  law  of n e g a tio n  
o f n e g a tio n  is  no t a p p l ic a b le  to  th e  d e v e lo p m e n t of q u an tu m  th e o ry ?  C le a r ly  
o n ly  a  b lin d  fa ith  in th e  s ta b i l i ty  of f a m i l ia r  id e a s  u p h o ld s  th e  b e l ie f  in th e  
im m u ta b il i ty  o f th e  c o n c e p t o f c o m p le m e n ta r i ty .  It is  th e  on ly  a r g u m e n t  
a g a in s t  th e  a p p l ic a t io n  of th e  law  o f n e g a tio n  of n e g a tio n  to the  th e o ry  of 
e le m e n ta r y  p a r t i c le s .
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A C R IT E R IO N  O F  R E L A T IV E  E L E M E N T A R IT Y  

B. Y a. P ak h o m o v

"The greatest problem of all in the face 
of the variety of particles is to discover 
what is the criterion of elementarily. " 

A. Salam*

By an  e le m e n ta ry  p a r t i c le  is  g e n e ra l ly  m e a n t a  m ic r o p a r t i c l e  w h ich  d o e s  
not c o n s is t  o f o th e r  p a r t i c le s .  F ro m  th is  p o in t o f v iew  th e  a to m  o r  a to m ic  
n u c le u s  a r e  not e le m e n ta ry ;  it  h a s  b ee n  found th a t  th e y  c o n s i s t  o f a  d e f in ite  
s e t  o f e le m e n ta ry  p a r t i c le s .  T h e  n e u tro n , fo r  e x a m p le , p o s s e s s e s  th e  a b i l 
ity  to  d ec ay  in to  a p ro to n , an  e le c t r o n  an d  an  a n t in e u tr in o , y e t  it  c a n n o t be  
r e g a r d e d  a s  c o n s i s t i n g  of th e s e  p a r t i c le s .  T h e  e x is te n c e  o f an  e le c t r o n  
in a  n e u tro n  is  no t p o s s ib le ;  it is  no t a llo w e d  by th e  la w s  o f m o d e rn  a to m ic  
p h y s ic s  (and  in p a r t i c u la r  by the u n c e r ta in ty  r e la t io n ) ,  w h ich  h a v e  b e e n  
v e r if ie d  on a  v a s t  am o u n t of e x p e r im e n ta l  m a te r ia l .  H e re  w e s e e  a  p a r t i 
c u la r ly  c l e a r  m a n ife s ta t io n  of th e  d ia le c t ic  c h a r a c t e r  o f m ic ro w o r ld  p h e 
n o m en a  an d  of th e  im p o s s ib i l i ty  of th e  m e ta p h y s ic a l  a p p r o a c h  to  th e  s tu d y  
of m ic r o p a r t ic le s :  th e  fa c t  th a t  a  m ic r o p a r t i c l e  d e c a y s  in to  o th e r  m i c r o 
p a r t i c le s  is  no t su f f ic ie n t  g ro u n d s  fo r  s ta t in g  th a t  it  c o n s i s te d  o f th e s e  m i 
c r o p a r t i c l e s  b e fo re  d ec ay in g . T h u s  in th e  a to m ic  w o r ld  th e r e  is  a  s e t  o f 
p a r t i c le s  -  photon , le p to n s , m e s o n s , n u c le o n s  an d  h y p e ro n s  -  w h ich  a r e  
e q u a lly  e le m e n ta ry  a lth o u g h  r e la te d  by m u tu a l  t r a n s f o r m a t io n s .

A nd y e t  one h a s  the im p r e s s io n  th a t  th e  e x is t in g  d e f in it io n  o f e le m e n ta r i ly  
a l r e a d y  fa ils  to c o r re s p o n d  to th e  p r e s e n t  le v e l  o f k n o w led g e , a n d  th a t  p h y s 
ic s  h a s  a l r e a d y  a d v a n c e d  beyond  th e  l im i t s  o f th is  c o n c e p tio n  o f e le m e n 
ta r i ly .  T w e lv e  to f if te e n  y e a r s  ago  it w a s e a s i e r  to s p e a k  o f e le m e n ta r i ly .
A t th a t t im e  it w as re a l ly  p o s s ib le  to b e l ie v e  th a t  th e  p a r t i c le s  th e n  know n, 
the photon , the e le c tro n , the n -m e s o n , the n e u tr in o , th e  p ro to n  a n d  the 
n e u tro n , w e re  the  " b r ic k s "  w ith  w h ich  a l l  th e  r e s t  w a s b u il t,  th o u g h  ev e n  
th en  th e  ro le  of the p -m e s o n  a s  a  " b r ic k "  w a s no t u n d e rs to o d . Now th a t  
o v e r  th i r ty  e le m e n ta ry  p a r t i c le s  r e la t e d  by c o m p le x  in t e r t r a n s m u ta t io n s  a r e  
know n, it  is  p e r fe c t ly  o b v io u s  th a t  th ey  c a n n o t be f i t te d  a t a l l  in to  a  f r a m e 
w o rk  of id e a s  in w hich  they  a r e  s e e n  a s  th e  " b r i c k s "  w ith  w h ich  e v e ry th in g  
e ls e  is  m ad e  -  now too m any  p a r t i c le s ,  a s id e  fro m  the p -m e s o n , f a l l  o u t 
s id e  of th is  f r a m e w o rk . T h e co n c e p tio n  of e le m e n ta ry  p a r t i c le s  w h ich  s u p 
p o s e s  th em  to be m e re ly  the " b r ic k s "  of w h ich  e v e ry th in g  c o n s i s t s  h a s  
p ro v e d  to be fa r  n a r r o w e r  and  p o o r e r  th an  th e  r e a l  c o n te n t o f th e  e le m e n 
ta r y  p a r t i c le  w o rld .

• (We have been unable to find the source of this quotation. The only similar remark in the reference on 
p. 83 is that it would be truer to say that we do not know at present of a convincing criterion of elemen
tarily"—Trans.)
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T h e  c o m p le x  p r o c e s s e s  o f i n te r t r a n s m u ta t io n ,  c r e a t io n  an d  a n n ih ila t io n  
o f p a r t i c le s  w h ich  a r e  r e g u la te d  by d e f in ite  la w s  an d  " s e le c tio n  r u le s "  ( f a r  
f r o m  a l l  im a g in a b le  in te r t r a n s m u ta t io n s  a r e  a c c o m p lish e d  in  r e a l i ty )  le a d  
th e  m in d  in v o lu n ta r i ly  to  tw o a s s u m p tio n s .

P e r h a p s  th e  e le m e n ta r y  p a r t i c le s  now know n c a n n o t g e n e ra l ly  be ra n k e d  
to g e th e r .  T h e  m a rk e d  s te p l ik e  o r  c a s c a d e l ik e  c h a r a c t e r  of d ec ay  p r o c 
e s s e s ,  th e  s te p l ik e  c h a r a c t e r  o f c o n s e rv a t io n  la w s , v a lid  in so m e  p r o c e s s e s  
an d  n o t v a l id  in  o th e r s ,  th e  a b i l i ty  o f c e r t a in  p a r t i c le s  to be id e n tic a l  u n 
d e r  s o m e  p r o c e s s e s  an d  n o t id e n t ic a l  u n d e r  o th e r s  (p ro to n  and  n e u tro n , fo r  
e x a m p le )  -  a r e  no t a l l  th e s e  e v id e n c e  th a t  so m e  p a r t i c le s  a r e  m o re  e le m e n 
t a r y  th a n  o th e r s ? *  D oes no t S a la m 's  r e m a r k ,  p la c e d  a t  th e  b eg in n in g  of 
th e  p r e s e n t  a r t i c l e ,  m e a n  th a t  th e  p ro b le m  of e le m e n ta r i ly  m u s t e s s e n tia l ly  
b e  so lv e d  anew  an d  th a t  th e  e a r l i e r  s o lu tio n  is  a l r e a d y  u n s a t i s f a c to r y ?  T h e 
v a r io u s  h y p o th e s e s  o f " fu s io n " ,  a c c o rd in g  to w h ich  not a l l  of th e  e le m e n ta ry  
p a r t i c le s  now know n a r e  t r u ly  e le m e n ta ry ,  ca n  p e r h a p s  be re g a rd e d  a s  a 
t h e o r e t ic a l  e x p r e s s io n  o f su c h  d o u b ts .

A lre a d y  in v e r y  a n c ie n t  t im e s  on e  of th e  f i r s t  p h i lo so p h ic a l  id e a s  w as 
th a t  th e  a b i l i ty  o f b o d ie s  to  t r a n s m u te  am o n g  th e m s e lv e s  is  p ro o f of th e  e x 
i s te n c e  o f a  s in g le  s u b s t r a tu m ;  e v e ry th in g  is  b u il t  o u t o f th is  s u b s t r a te ,  
an d  i ts  d i f f e re n t  s t a t e s  a r e  e v e ry th in g  th a t  e x i s t s .  T h is  th o u g h t w a s m ad e 
in to  th e  fo u n d a tio n  o f th e  c o n c e p t of m a t t e r  a s  a s in g le  s o u r c e  o f a l l  th in g s.

O u r  ta s k  d o e s  no t in c lu d e  an  e x a m in a tio n  o f th e  d e v e lo p m e n t of th e  c o n 
c e p t  o f m a t t e r .  T h e  im p o r ta n t  p o in t h e r e  is  th a t  th e  a b i l i ty  of m ic r o p a r t i 
c l e s  to t r a n s m u te  a m o n g  th e m s e lv e s  g av e  r i s e  p e r fe c t ly  n a tu r a l ly  to  th e  
id e a  o f  th e  e x is te n c e  o f so m e  s in g le  b a s i s ,  o r ,  if on e  p le a s e s ,  fu n d a m e n ta l 
p r in c ip le ,  o f a l l  e le m e n ta r y  p a r t i c le s .  C an  no t a l l  known e le m e n ta ry  p a r t i 
c l e s  b e  t r e a t e d  a s  v a r io u s  s ta t e s  o f a  s in g le  p r im a r y  m a t t e r ?  S uch  w a s the 
p r o g r a m  p la n n e d , f ro m  s l ig h t ly  d i f fe re n t  p o in ts  of v iew , by th e  o u ts ta n d in g  
p h y s i c i s t s  o f o u r  c e n tu ry  an d  in p a r t i c u la r  by H e is e n b e rg .

If th is  is  so  th e  d e f in it io n  o f e le m e n ta r i ly  g iv en  a t  th e  b eg in n in g  of th e  
a r t i c l e  im m e d ia te ly  r e q u i r e s  s ig n if ic a n t  c o r r e c t io n :  e le m e n ta ry  p a r t i c le s  
c a n n o t c o n s i s t  of o th e r  e le m e n ta r y  p a r t i c le s ,  w h ich  a r e  m e m b e r s  of the 
s a m e  fa m ily ,  bu t a l l  c o n s i s t  o f s o m e th in g  d if fe re n t  an d  m o re  e le m e n ta ry  and  
in  th is  s e n s e  a r e  o n ly  r e la t iv e ly  e le m e n ta ry .

A p ro fo u n d  a n a lo g y  c a n  p e r h a p s  b e  d ra w n  w ith  th e  c o n c e p t of th e  c h e m i
c a l  e le m e n t :  a l l  m o le c u le s  c o n s i s t  o f a to m s  bu t a to m s  do no t c o n s i s t  of 
a to m s  an d  in  th is  s e n s e  a l l  a to m s  a r e  e q u a lly  e le m e n ta ry  (a  fa c t  w hich  
is  r e f le c te d  by th e  c o n c e p t o f th e  c h e m ic a l  e le m e n t) . A to m s in  tu rn  a r e  
c o m p o s e d  o f co m m o n  s t r u c tu r e d  e le m e n ts  (w h ich  e x p la in s  th e i r  a b i l i ty  to 
t r a n s m u te  in to  e a c h  o th e r )  an d , f ro m  th is  s ta n d p o in t , a r e  o n ly  r e la t iv e ly  
e le m e n ta r y .  S o m e m ay  be  r e g a r d e d  a s  s im p le r  an d  o th e r s  a s  m o re  c o m 
p le x  w ith  r e s p e c t  to  s t r u c t u r e  an d  to  th e  m eth o d  of c o m b in a tio n  o f w h a te v e r  
i t  is  th e y  c o n s i s t  of.

T h e  o u ts ta n d in g  r e c e n t  a c h ie v e m e n t  of e le m e n ta ry  p a r t i c le  p h y s ic s  h a s  
b e e n  th e  b re a k th ro u g h  in to  e le m e n ta r y  p a r t i c le s  -  th e  d is c o v e r y  of th e  c o m 
p le x  in te r n a l  s t r u c t u r e  of n u c le o n s  an d , l a t e r ,  o f o th e r  e le m e n ta ry  p a r t i c le s .  
T h e  in te r n a l  s t r u c t u r e s  o f e le m e n ta r y  p a r t i c le s  a r e  d i s s im i l a r ;  th is  fu n d a 
m e n ta l  fa c t  o b l ig e s  u s  to a n a ly z e  c r i t i c a l ly  th e  c o n c e p t o f e le m e n ta r i ly  o n ce

• See Sa la m , A. "Elementary Particles". Contemporary Physics 1. 337, 1960.
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a g a in , th is  t im e  fro m  a  new  p o in t of v iew , f o r  m i c r o p a r t i c l e s  a r e  u n q u e s 
tio n a b ly  on ly  re la t iv e ly  e le m e n ta ry .

H o w e v er, w hen on e  a p p l ie s  o n e s e lf  c a r e f u l ly  to a  c r i t i c a l  a n a ly s i s  of 
e le m e n ta r i ly  fro m  the d i f fe re n t  s ta n d p o in ts  o f th e  " fu s io n "  h y p o th e s e s  an d  
u n if ie d  fie ld  th e o ry , on e  is  le d  to th e  v iew  th a t  th ey  a r e  (to  a  c e r t a in  e x te n t)  
c o n tra d ic to ry .  T h e  p o s s ib il i ty  o f c o n s t r u c t in g  a l l  e le m e n ta r y  p a r t i c le s  in 
the s a m e  w ay fro m  a p r im a r y  fie ld  im p lie s  th a t a l l  e le m e n ta r y  p a r t i c le s  
w ith o u t e x c e p tio n  a r e  q u a l i ta t iv e ly  s i m i l a r  an d  h av e  th e  s a m e  a f f in i t i e s .
T h e  id e a  th a t  so m e  o f th e  know n e le m e n ta r y  p a r t i c le s  a r e  m o re  e le m e n ta r y  
th an  o th e r s  ( p a r t ic u la r ly  w hen th e  " fu s io n "  h y p o th e s e s  a r e  ta k e n  in to  a c 
coun t) im p lie s  th a t  e le m e n ta ry  p a r t i c le s  a r e  in te r n a l ly  d i s s im i l a r  a n d  of 
d if f e re n t  k in d s an d  th a t they  a r e  d iv id e d  in to  g ro u p s  a s s o c ia t e d  a m o n g  th e m 
s e lv e s  by d if fe re n t  a f f in i t ie s .  T h is  ca n  b e  e x p r e s s e d  g r a p h ic a l ly  w ith  th e  
h e lp  of a  s c h e m a tic  d ia g ra m  (F ig u r e  1).

A s th e  a im  of s c ie n t i f ic  in v e s t ig a t io n  h a s  a lw a y s  b e e n  to r e f l e c t  r e a l i ty  
su c h  a s  it  is  o b je c tiv e ly , an d  no t su c h  a s  o n e  w ould  w ish  it  to b e  f o r  m a th e 
m a t ic a l  o r  e s th e t ic  r e a s o n s ,  on e  m ig h t j u s ti f ia b ly  a s k  w h e th e r  th e  e l e 
m e n ta r y  p a r t ic le  w o r ld  is  r e a l ly  in  "o n e "  in n e r  n a tu r e  an d  p r o p e r t i e s .  A r e  
th e r e  no fa c ts  to show  th a t  e le m e n ta ry  p a r t i c le s  a r e  in te r n a l ly  d i s s im i l a r  
an d  of d if f e re n t  k in d s , th a t  t h e r e  is  no t on e  u n if ie d  fa m ily  b u t s e v e r a l ?

T h e  c o n s tru c t io n  of a l l  p a r t i c le s  in an  id e n t ic a l  m a n n e r  f r o m  a  u n if ie d  
fie ld  is  p o s s ib le  if th e i r  in te r n a l  s i m i l a r i ty  is  t r u ly  p ro fo u n d , im p o s s ib le  
if  th e r e  is  in te r n a l  d iv e r s i ty .  T h e  c o n c e p tio n  of u n iv e r s a l  u n ity  in  d i a l e c 
t i c a l  m a te r ia l is m  is  s u b s ta n t ia l ly  d i f fe re n t  f ro m  id e a s  c o n c e rn in g  u n iv e r s a l  
u n ity  in m e ta p h y s ic a l  m a te r ia l is m .  F ro m  th e  s ta n d p o in t  o f d i a l e c t ic a l  m a 
t e r i a l i s m  th e  m a te r ia l  u n ity  o f th e  u n iv e r s e  is  th e  u n ity  o f q u a l i t a t iv e ly  d i f 
f e r e n t  k in d s o f m a t t e r  an d  fo r m s  of m o tio n  o f th e  l a t t e r ;  th u s  i n t e r t r a n s m u 
ta t io n s  (un ity ) a r e  s e e n  a s  fu n d a m e n ta l  q u a l i ta t iv e  c h a n g e s  ( d i s s im i l a r i ty ) .  
F ro m  th is  s ta n d p o in t  th e  p ro b le m  ca n  a l t e r n a t e ly  b e  fo r m u la te d  a s  fo llo w s: 
is  th e  m ic ro w o r ld  a  s in g le  fo rm  o f m o tio n  of m a t t e r  o r  is  i t , in  tu r n ,  th e  
c o n t r a d ic to r y  u n ity  of q u a l i ta t iv e ly  d i f fe re n t  fo r m s  o f m a t t e r  a n d  q u a l i ta t iv e ly  
d if fe re n t  fo r m s  of m o tio n  of th e  l a t t e r ?  It is  in th is  s e n s e  th a t  th e  p ro b le m  
o f the e x is te n c e  of in te rn a l  d i s s im i l a r i t i e s  in e le m e n ta r y  p a r t i c le s  w ill  b e  
tak e n  in  th e  p r e s e n t  a r t i c le .

Elementary particle?

One primary fie 1»J

L I 1
Secondary elementary 

particles

t t t
rimary elementary particles 

(several primary fields?)

FIGURE 1

A s we s e e  it  th e  p ro b le m  o f th e  c r i t e r i o n  of r e la t iv e  e le m e n ta r i t y  sh o u ld  
b e  so lv e d  fro m  the fo llo w in g  p o in t of v iew : if  a l l  m i c r o p a r t i c l e s  a r e  r e l a t 
ed  to  a  s in g le  q u a l i ta t iv e ly  d i s t in c t  fo rm  o f m o tio n  of m a t t e r ,  th e y  m ay  be 
r e g a r d e d  a s  e q u a lly  e le m e n ta ry  ( r e la t iv e ly  e le m e n ta r y ,  o f c o u r s e ) .  If th e r e  
a r e  s e v e r a l  q u a l i ta t iv e ly  d if fe re n t  f o r m s  o f m o tio n  o f m a t t e r ,  th e  m o r e  e l e 
m e n ta r y  p a r t i c le  w ill be  th e  on e  a s s o c ia t e d  w ith  fe w e r  q u a l i ta t iv e ly  d i f fe re n t
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f o r m s  o f m o tio n  an d  th e  m o re  c o m p le x  p a r t i c le  th e  on e  w hich  in c lu d e s  th e  
g r e a t e r  n u m b e r  o f fo r m s  o f m o tio n . T h e  a p p l ic a b i l i ty  of th is  c r i t e r io n  to 
th e  d e te r m in a t io n  o f th e  r e la t iv e  c o m p le x ity  o f s o c ia l  l ife  an d  b io lo g ic a l  p r o 
c e s s e s ,  b io lo g ic a l  a n d  c h e m ic a l  p r o c e s s e s  o r  c h e m ic a l  and  p h y s ic a l  p r o 
c e s s e s  is  e v id e n t. It is  h a r d ly  s u r p r i s in g  th a t  the f i r s t  s ig n  by w h ich  one 
c a n  d e te c t  th e  p r e s e n c e  o f q u a l i ta t iv e ly  d i f fe re n t  fo r m s  of m o tio n  of m a t te r  
is  th e  c h a r a c t e r  o f th e  in te r a c t io n  in h e re n t  to  th e s e  f o r m s . T h e  u n iq u e n e ss  
o f an  i n te r a c t io n  is  d i r e c t ly  r e la t e d  to th e  u n iq u e n e ss  of th e  law s  w hich  
g o v e rn  th e  g iv en  fo rm  o f m o tio n  of m a t te r ;  th is  fa c t  h a s  a l r e a d y  b ee n  
p ro v e d  s u f f ic ie n t ly  w e ll by th e  h i s to r i c a l  e x p e r ie n c e  of th e  s c ie n c e .  F in a lly , 
th e  w e ll-k n o w n  i r r e d u c ib i l i t y  of on e  q u a l i ta t iv e ly  d i s t in c t  fo rm  of m o tio n  
o f m a t t e r  to  a n o th e r  im p lie s  th a t  th e  f o r m s  o f m o tio n  a r e  r e la t iv e ly  in d e 
p e n d e n t o f e a c h  o th e r .  R e la te d  to  th is  is  th e  r e la t iv i ty  o f r e s t  -  th e  c o n s e r 
v a tio n  o f a  g iv en  fo rm  o f m o tio n  fo r  a  know n v a r ia t io n  of the o th e r  fo r m s  
o f m o tio n *  .

U s in g  th e s e  f e a tu r e s ,  le t  u s  a s s a i l  th e  w o r ld  of e le m e n ta ry  p a r t i c le s .
It h a s  lo n g  b e e n  know n th a t  t h e r e  a r e  th r e e  e s s e n t ia l ly  d i f fe re n t  ty p e s  of i n 
t e r a c t io n  in  th e  e le m e n ta r y  p a r t i c le  w o r ld : e le c t ro m a g n e tic ,  s t ro n g  and  
w e a k  in te r a c t io n s  (n o t c o u n tin g  a  fo u r th , th e  g ra v ita t io n a l  in te ra c t io n ) .  T h e 
e l e c t r o n s  in  th e  a to m ic  s h e l l  a r e  h e ld  by th e  p o s i tiv e ly  c h a rg e d  n u c le u s  o w 
in g  to  e l e c t r o m a g n e tic  in te r a c t io n .  B ut how a r e  th e  p o s i tiv e ly  c h a rg e d  p r o 
to n s , w h ic h  ca n  o n ly  be  r e p e l le d  by e le c tro m a g n e tic  in te ra c t io n , h e ld  in 
th e  n u c le u s ?  O b v io u s ly , so  p h y s ic i s t s  d e c id e d  ab o u t th i r ty  y e a r s  ago , 
f o r c e s  o f a t t r a c t i o n  o t h e r  t h a n  e le c tro m a g n e tic  a r e  a t  w o rk  b e tw e en  
p ro to n s  a n d  n e u t r o n s ,  f o r c e s ,  m o re o v e r ,  s u b s ta n t ia l ly  s t r o n g e r ,  though 
o p e r a t iv e  o n ly  a t  s h o r t  d i s ta n c e s  ( F ig u r e  2). **

T h e  s tu d y  o f n u c le a r  f o r c e s  h a s  u n c o v e re d  v e r y  i n te r e s t in g  fa c ts .  T he 
n u c le a r  f o r c e s  a c t iv e  b e tw e e n  tw o p ro to n s ,  tw o n e u tro n s  o r  a  n e u tro n  an d  a  
p ro to n  a r e  id e n t ic a l  ( c h a rg e  in d e p e n d e n c e  o f n u c le a r  f o r c e s ) .  T h is  g iv e s  us 
th e  r ig h t  to  t r e a t  p a r t i c le s  d i f f e re n t  w ith  r e s p e c t  to  e le c t ro m a g n e tic  i n t e r 
a c t io n s  a s  id e n t ic a l  w ith  r e s p e c t  to  n u c le a r  f o r c e s  (p ro to n  and  n e u tro n ) . In 
a d d it io n  to  s h o r t  r a n g e , a  d is tin g u is h in g  c h a r a c t e r i s t i c  o f n u c le a r  f o r c e s  is  
th e  p r o p e r ty  o f s a tu r a t io n .

W hat w e s e e  h e r e  is  a  m a n ife s ta t io n  o f th e  ty p ic a l  f e a tu r e s  o f th e  q u a l i 
t a t iv e  d if fe re n c e  b e tw e e n  fo rm  of m o tio n : d if f e re n c e  in th e  c h a r a c t e r  of the 
i n te r a c t io n  (a  q u a n t i ta t iv e  d if fe re n c e  a s s o c ia te d  w ith  the d if fe re n c e  in th e  
in n e r  n a tu r e  o f th e  f o r c e s  th e m s e lv e s ) ,  d i f fe re n c e  in the c h a r a c t e r  o f the 
r e g u la r i t i e s  ( th e  law  of n u c le a r  f o r c e s  h a s  s t i l l  no t b ee n  found in e x a c t  fo rm ) , 
th e  r e la t iv e  in d e p e n d e n c e  o f d i f f e re n t  f o r m s  of m o tio n  ( r e la t iv e  in d e p e n d e n c e  
of n u c le a r  an d  e le c t r o m a g n e tic  in te r a c t io n s ,  m a n ife s te d ,  in p a r t i c u la r ,  in 
th e  c h a r g e  in d e p e n d e n c e  of n u c le a r  f o r c e s ) .

T h e r e  is  y e t  a n o th e r  in t e r e s t i n g  fa c t . T h e  a n n ih ila t io n  p r o c e s s  e* + e~ ^  2y 
i s  o b v io u s ly  e le c t r o m a g n e tic ;  th e  p r o c e s s  o f a n n ih ila t io n  of a  n u c le o n  and  
a n t in u c le o n  is  know n, b u t th e  r e a c t io n  e~ +  p* =  2y  is  im p o ss ib le .  W hy?
T h e  l a t t e r  c o n t r a d ic t s  th e  law  o f c o n s e rv a t io n  o f th e  n u m b e r  of h eavy  p a r t i 
c le s  a n d  o f th e  n u m b e r  of lig h t  p a r t i c le s  b u t, o f c o u r s e ,  c o n s e rv a t io n  law s 
e x p r e s s  o n ly  th e  f e a tu r e s  of th e  in te r n a l  n a tu re  o f p a r t i c le s .  B oth  th e  p ro to n

0 On this problem see K edrov  , B. M. O sootnoshenii form dvizheniya materii v prirode (Relationship 
between Forms of Motion of Matter in Nature), in the collection "Filosofskic problemy sovremennogo 
estestvoznaniya" (Philosophical Problems of Modern Science). Moscow. 1959; and also "Osnovy marksis- 
tskoi filosofii" (Foundations of Marxist Philosophy), Ch. Ill, §9. Moscow. 19GJ.

•• The physicists in question were 1. E. Tamm and D. D. Ivanenko, and later II. Yukawa.
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and  the  e le c tro n  h av e  an  e l e c t r i c  c h a rg e ,  an d  th e  p ro to n  h a s  p r e c i s e ly  th e  
s a m e  c h a rg e  a s  th e  p o s i tr o n  a n n ih ila t in g  w ith  th e  e le c t r o n ;  y e t  th e y  a r e  
in c a p a b le  of m u tu a l a n n ih ila t io n . W h ile  s i m i l a r  in on e  r e s p e c t ,  in  th e  a b i l 
ity  to  c a r r y  e l e c t r i c  c h a rg e ,  th ey  a r e  s ig n if ic a n t ly  d i f fe re n t  in a n o th e r .  
T h e i r  in te r n a l  n a tu re  is  on th e  w h o le  s ig n if ic a n t ly  d i f fe re n t .

two protons as a function of their distance

I — region where electromagnetic processes are important: II — 
region where nuclear forces are important (protons are attracted 
mutually despite forces of electromagnetic nature OE ~  10" 13cm),

L e t u s  a t te m p t  to go f u r th e r .  It i s  s ig n if ic a n t  th a t  a l l  d e c a y s  o f u n s ta b le  
p a r t i c le s  (w ith  few e x c e p tio n s )  ta k e  p la c e  ow ing  to  th e  s o - c a l l e d  w e a k  i n t e r 
a c tio n . " I t  is  s u r e ly  r e m a r k a b le  th a t  a l l  th e  w e ak  p r o c e s s e s  h a v e  th e  s a m e  
s t r e n g th  and  it is  p ro b a b ly  s ig n if ic a n t .  N a tu r e  is  t ry in g  h a r d  to  te l l  u s  
s o m e th in g , bu t so  f a r  w e h av e  b ee n  u n a b le  to  d e c ip h e r  th e  m e s s a g e " * .  T h e 
q u a n ti ta t iv e  id e n ti ty  of the  fo r c e  of w eak  in te r a c t io n  fo r  a  w ide  v a r ie ty  o f 
d if fe re n t p a r t i c le s  is  c e r ta in ly  e v id e n c e  of th e  u n ity  of th e  w e ak  in te r a c t io n ,  
ju s t  a s  th e  id e n ti ty  o f e l e c t r i c  c h a rg e  fo r  a l l  p a r t i c le s  is  e v id e n c e  o f th e  
u n ity  of the e le c tro m a g n e tic  in te ra c t io n  fo r  d i f f e re n t  p a r t i c le s .  A t th e  s a m e  
t im e , c o m p a r is o n  of th e  w eak  in te ra c t io n  an d  o th e r  p a r t i c le  in te r a c t io n s  
b r in g s  o u t th e  n o n u n ifo rm ity  and  q u a l i ta t iv e  c o n t r a s t  b e tw e e n  th e  p r o c e s s e s  
of th e  m ic ro w o r ld .

W hile the c h a r a c t e r i s t i c  t im e  of s t r o n g  in te r a c t io n s  is  e s t im a te d  to  be  
10“23s e c ,  and  th a t  of e le c t ro m a g n e tic  in te r a c t io n s  10"21s e c ,  th e  c h a r a c t e r 
i s t ic  t im e  of w eak  in te r a c t io n s  is  10- 9 sec '. T h e  c o lo s s a l  q u a n t i ta t iv e  d i f 
fe re n c e  (1 2 -1 4  o r d e r s  of m a g n itu d e ) , in v iew  o f th e  w e ll-k n o w n  law  o f d i a 
le c t ic s ,  is  a l r e a d y  enough to  im p ly  a  p ro fo u n d  q u a l i ta t iv e  d if f e r e n c e .  A 
w e ll-k n o w n  p re c e d e n t  is  th e  d if fe re n c e  b e tw e e n  c h e m ic a l  an d  n u c le a r  r e a c 
t io n s  ( e n e rg y  d if fe re n c e  of 6 o r d e r s ) .  H e re  th e  q u a l i ta t iv e  d if fe re n c e  is  due 
f i r s t  and  f o r e m o s t  to the d if fe re n c e  in  th e  n a tu re  o f th e  m a te r ia l  s t r u c t u r e s  
re s p o n s ib le  fo r  the  p r o c e s s e s ,  and , c o r r e s p o n d in g ly ,  to  th e  d if f e r e n c e  in

• G el 1 - M ann, M. and E. P. R o sen b au m . 'Elementary Particles", Scientific American, 197, 72, 1957. 
[It should be pointed out that the quotation from the Russian translation (UFN 64, 404, 1958) differs sub
stantially from the original. The Russian has " . . .  perhaps very deeply significant" instead of " . . .  probably 
significant", and " .. .  tell us something very important", instead of " . . .  tell us something". -Trans. ]



s p a t i a l  s c a le s  (ro u g h ly  o f th e  s a m e  o r d e r  of m a g n itu d e ) . In c h e m ic a l  p r o 
c e s s e s  n u c le a r  s t r u c t u r e  is  n o t a f fe c te d  a t  a l l ,  an d  in n u c le a r  re a c t io n s  
c h e m ic a l  b o n d s  a r e  too  w eak  to  e x e r c i s e  any  in flu e n c e . O w ing to a l l  th e s e  
c i r c u m s ta n c e s ,  c h e m ic a l  an d  n u c le a r  r e a c t io n s  a r e  r e la t iv e ly  in d ep e n d en t 
a n d  s u b je c t  to  d i f f e re n t  la w s .

H o w e v e r , th e r e  a r e  a ls o  d i r e c t  f a c ts  w h ich  c o n f ir m  th a t  th e  w eak  i n t e r 
a c tio n  d i f f e r s  f r o m  o th e r  in te r a c t io n s  no t on ly  q u a n t i ta t iv e ly  bu t a ls o  q u a l i 
t a t iv e ly .  T h e  f i r s t  is  th e  f a c t  th a t  th e  w eak  in te r a c t io n  s ta n d s  by i t s e l f  a s  
a  s p e c ia l ,  p e c u l ia r  ty p e  o f in te ra c t io n . It is  w e ll known th a t  th e  th e o ry  of 
w eak  in te r a c t io n s  is  a s  u n iq u e  a s  the th e o r ie s  o f s t r o n g  an d  e le c t r o m a g n e t 
ic i n te r a c t io n s ;  th u s  th e  s u c c e s s  o f th e  on e  is  m e a s u r e d  re la t iv e ly  in d e 
p e n d e n tly  o f th e  s u c c e s s  o f th e  o th e r  ( th e  th e o ry  of e le c t ro m a g n e tic  i n t e r a c 
t io n s  is  w e ll d e v e lo p e d , th a t  o f w eak  in te r a c t io n s  s a t i s f a c to r i l y  d ev e lo p ed , 
an d  th a t  o f s t r o n g  in te r a c t io n s  ev en  le s s  d e v e lo p e d ). T h e  p ro n o u n c e d  c o n 
t r a s t  b e tw e e n  th e  c o n s e rv a t io n  la w s  o f the d i f fe re n t  i n te r a c t io n s  is  s t r i k 
ing: s t r o n g  in te r a c t io n s  o b ey  th e  law  o f c o n s e rv a t io n  o f iso to p ic  sp in , w hich  
is  on ly  p a r t i a l l y  a p p l ic a b le  to e le c t ro m a g n e tic  in te r a c t io n s  an d  c o m p le te ly  
in a p p l ic a b le  to  w e ak  in te r a c t io n s .  T h e  law  o f p a r i ty  c o n s e rv a t io n , m a n d a 
to ry  in  s t r o n g  an d  e le c t r o m a g n e tic  p r o c e s s e s ,  b r e a k s  down in w eak  i n t e r 
a c t io n s -  .

T h e  r e la t iv e  in d e p e n d e n c e  o f the w eak  in te ra c t io n  an d  th e  o th e r  i n t e r 
a c t io n s  c o m e s  o u t u n a m b ig u o u s ly , w h ich  is  no t s u r p r i s in g  if we r e c a l l  the 
d i f fe re n c e  o f 12 — 14 o r d e r s .  O ne su c h  fa c t  is  th e  s ta b i l i ty  of the n e u tro n  
u n d e r  s t r o n g  in te r a c t io n s  (a  n e u tro n  in s id e  the a to m ic  n u c le u s  b e h a v e s  a s  
a  s ta b le  p a r t ic le )  an d  i ts  in s ta b i l i ty  u n d e r  w eak  in te r a c t io n s ,  m a n ife s te d  
w hen  th e  n e u tro n  d o e s  n o t p a r t ic ip a te  in  th e  s t ro n g  in te ra c t io n , i. e. , is  a  
f r e e  p a r t i c le .  If w e r e c a l l  th a t  th e  m a jo r i ty  of u n s ta b le  e le m e n ta ry  p a r t i 
c le s  ow e th e i r  d e c a y  to  th e  w e ak  in te ra c t io n , we m ay  su p p o se  th a t  a l l  of 
th e s e ,  l ik e  th e  n e u tro n , b e c o m e  s ta b le  w hen th e  s t ro n g  in te ra c t io n  is  " tu rn e d  
o n " . T h is  is  p r e c i s e ly  th e  k ind  o f fa c t  w h ich  led  S a la m  to b e lie v e  th a t 
th e  s a m e  p a r t i c le s  a r e  m o re  e le m e n ta ry  ( a r e  id e n tic a l)  u n d e r  c e r ta in  p r o 
c e s s e s  an d  l e s s  e le m e n ta r y  (d is p la y  d if fe re n c e s )  u n d e r  o th e r s ,  an d  th a t 
w ith  r e s p e c t  to  a  d e f in i te  ty p e  of in te ra c t io n  s o m e  p a r t i c le s  a r e  m o re  e l e 
m e n ta r y  th a n  o t h e r s * - .

O ne o f th e  m o s t g e n e ra l  la w s  o f c o g n itio n  is  t r a n s i t io n  fro m  c o g n itio n  
of th e  c h a r a c t e r  o f in te r a c t io n s  to  c o n c lu s io n s  c o n c e rn in g  in te r n a l  s t r u c 
tu r e .  T h is  h a s  b e e n  t r u e  in the co g n itio n  of th e  m ic ro w o r ld ,  s t a r t i n g  f ro m  
th e  re c o g n i t io n  o f th e  a to m ic  s t r u c t u r e  of e l e c t r i c i t y  an d  R u th e r fo r d 1 s c l a s s i c  
e x p e r im e n ts ,  an d  en d in g  w ith  m o d e rn  r e s e a r c h  on th e  s t r u c tu r e  o f e le m e n 
t a r y  p a r t i c le s .  O b v io u s ly , su c h  t r a n s i t io n  is  a  law  of c o g n itio n  on ly  b e c a u s e  
s u c h  is  th e  g e n e r a l  p a t te r n  of n a tu re  i ts e l f :  the c h a r a c t e r  o f in te ra c t io n s  
a n d  th e  p r o p e r t i e s  o f th in g s  a r e  d e te rm in e d  by th e i r  in te r n a l  s t r u c tu r e .  In 
t u r n  i t  c a n  b e  a s s u m e d  th a t  th e  in te r n a l  s t r u c t u r e  o f a  th in g  is  d e te rm in e d  by 
th e  p r o p e r t i e s  o f s t r u c t u r a l  e le m e n ts  and  th e  n a tu re  o f th e  in te ra c t io n s  of 
th e s e  e le m e n ts .

A n in s u f f ic ie n tly  c l e a r  u n d e r s ta n d in g  o f th e  d ia le c t ic s  of th is  d ep e n d e n c e  
( p r e c i s e ly  o f i t s  d ia le c t ic s  -  the  p r e s e n c e  of q u a l i ta t iv e  c r i t i c a l  p o in ts , t r a n s 
fo r m a t io n  in to  o p p o s i te s ,  an d  so  on) le a d s  to p a r a d o x e s .  O ne p a ra d o x , fo r

• See M arshak , R.E. and E.C.G. S u d a rsh an . Introduction to Elementary Particle Physics. Cl). 1,
§3. Interscience, New York. 1961.

•• See S a lam , A. Op. cit.
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in s ta n c e , is  n o ted  by S a lam : " If  th e  e le c t r o n  is  in d e e d  a  c h a rg e d  s p h e r e  
(an  a s s u m p tio n  w h ich , a s  S a la m  n o te s , e x p la in s  i t s  m a s s  an d  s i z e  — B. P . ), 
why d o es  it no t ex p lo d e  on a c c o u n t of th e  e l e c t r o s t a t i c  re p u ls io n  o f v a r io u s  
p a r ts  of i t? "*  T h e  d ile m m a  s e e m s  in s o lu b le , y e t  a p p r o a c h in g  th e  p r o b 
lem  d ia le c t ic a l ly  one ca n  p e r t in e n tly  a sk :  w hy, r e a l ly ,  in r e p r e s e n t in g  th e  
e le c tro n  a s  a  s t r u c tu r e d  p a r t ic le ,  m u s t we a s s u m e  th a t  i t s  s t r u c t u r a l  p a r t s  
th e m s e lv e s  h av e  c h a rg e  an d  a r e  e l e c t r o s t a t i c a l l y  r e p e l le d ,  i. e , , h a v e  a l l  
the p r o p e r t ie s  of th e  w h o le?  W o u ld n 't it  b e  m o re  c o r r e c t  to  a s s u m e  th a t  
e le c t r i c  c h a rg e  an d  e le c t r o s t a t i c  a t t r a c t io n  an d  re p u ls io n  a r e  i n te g r a l  p r o p 
e r t i e s  of th e  e le c tro n  w h ich  i t s  s t r u c t u r a l  e le m e n ts  do n o t n e c e s s a r i l y  
h av e ?  On the p h ilo so p h ic a l  p la n e  th is  h a s  b ee n  know n f r o m  a c n ie n t  t im e s .  
T h e fo llo w in g  m o d e rn  e x a m p le s  ca n  be  c ite d . T h e  p h en o m e n o n  o f l i f e  is  an  
in te g ra l  p r o p e r ty  of th e  o rg a n is m  b u t is  n o t e x te n d e d  to th e  s t r u c t u r a l  e l e 
m e n ts  of th e  liv in g  c e l l  o r  to the  m o le c u le s ,  d e s p i te  th e  fa c t  th a t  th e  i n t e r 
a c tio n  of m o le c u le s  is  of g r e a t  a id  in  u n d e r s ta n d in g  th e  o r ig in  o f th e  i n t e 
g r a l  p r o p e r ty  i ts e l f .  A n o th e r  e x a m p le  of an  in te g r a l  p r o p e r ty ,  i. e . , on e  
w h ich  is  p re s e n t  in  th e  w ho le  b u t la c k in g  in  i t s  p a r t s ,  is  th in k in g .

T h u s  th e  p o s s ib il i ty  of a  g iv en  ty p e  of in te r a c t io n  is  u n q u e s tio n a b ly  d e 
p en d en t on th e  in te r n a l  s t r u c t u r e  of th e  p a r t ic le .  H o w e v e r , th e  p ho ton  h a s  
on ly  one in te ra c t io n  ( e le c tro m a g n e t ic )  an d  th e  n e u tr in o  on ly  th e  w e ak  i n t e r 
a c tio n . C ou ld  th e i r  s t r u c tu r e s  b e  o f th e  s a m e  ty p e , q u a l i ta t iv e ly  id e n t ic a l  
(e s p e c ia lly  if one ta k e s  in to  a c c o u n t th e  f a c t  th a t  th e  in te r a c t io n s  th e m s e lv e s  
d if fe r  in s t r e n g th  by tw e lv e  o r d e r s  an d  a r e  d i s t in c t  a s  to  th e  la w s  th e y  o bey) ? 
D oubtfu l. M o re  l ik e ly  w e a r e  d e a lin g  w ith  q u a l i ta t iv e ly  d i f fe re n t  m a te r ia l  
s t r u c tu r e s ,  fo r m s  o f m a t t e r  and  f o r m s  o f m o tio n  n o t r e d u c ib le  to  e a c h  
o th e r .

T h e n e u tr in o  h a s  on ly  on e  in te ra c t io n  w h ile  th e  e le c t r o n  h a s  tw o (w eak  
and  e le c tro m a g n e tic ) .  C an  one a s s u m e  th a t  th e  m a te r ia l  s t r u c t u r e  o f th e  
e le c tro n  is  q u a l i ta t iv e ly  u n ifo rm , u n if ie d ?  H a rd ly , e s p e c ia l ly  if  o n e  ta k e s  
in to  a c c o u n t the fa c t  th a t  th e  e le c tro m a g n e tic  r a d iu s  of th e  e le c t r o n  is  of 
th e  o r d e r  of 10“n cm  w h ile  th e  c h a r a c t e r i s t i c  len g th  a s s o c ia t e d  w ith  w e ak  
in te ra c t io n s  is  o f th e  o r d e r  o f 1 0 "17 c m , an d  a ls o  th e  d if fe re n c e  in  th e  t im e  
an d  e n e rg y  s c a le s  of th e s e  p r o c e s s e s  a s  w e ll  a s ,  o f c o u r s e ,  th e  s p e c if ic  
t r a i t s  of th e i r  r e g u la r i t i e s .  M o re  l ik e ly  in  th e  c a s e  of th e  e le c t r o n  w e a r e  
d e a lin g  w ith  the u n ity  o f q u a l i ta t iv e ly  d i f fe re n t  m a te r ia l  s t r u c t u r e s ,  fo r m s  
of m a t te r ,  and  fo r m s  of m o tio n . B u t th en  th e  e le c t r o n  m u s t b e  a  m o re  
co m p le x  p a r t ic le  th an  th e  photon  o r  n e u tr in o , w h ich  ca n  b e  r e g a r d e d  a s  
m o re  e le m e n ta ry  th an  the e le c tro n .

F ro m  th is  po in t of v iew  p a r t i c le s  h a v in g  a l l  th r e e  ty p e s  o f in te r a c t io n ,  
a s  th e  n -m e s o n s ,  fo r  e x a m p le , a r e  s t i l l  m o re  c o m p le x . F o r  in  t h e i r  s t r u c 
tu r e  they  m u s t have a  r e g io n  r e s p o n s ib le  fo r  e le c t r o m a g n e tic  in te r a c t io n s ,  
on e  fo r  s tro n g  in te ra c t io n s  and  one fo r  w e ak  in te r a c t io n s ,  d i f f e r in g  f ro m  
e a c h  o th e r  in e n e rg y  re la t io n s ,  s p a c e - t im e  s c a le s  an d  c h a r a c t e r  o f th e  i n 
te r a c t io n  ( F ig u re  3). In th is  c o n n e c tio n  it w ould  b e  i n t e r e s t i n g  to  d e te r m in e  
w h e th e r  th e r e  e x is ts  a p a r t i c le  s p e c if ic  to  s t r o n g  in te r a c t io n  (s p e c i f ic  in  th e  
s e n s e  in  w hich  the n e u tr in o  is  s p e c if ic  to w e ak  in te r a c t io n ,  i. e . , a  p a r t i c le  
w h ich  h a s  only  the s tro n g  in te ra c t io n ) .  Is  no t th e  w -m e so n , w h ich  d e c a y s  
in to  th r e e  n -m e s o n s  w ith in  10"22s e c ,  i. e . , a p p a re n t ly  in  s t r o n g  in te ra c t io n , 
su c h  a  p a r t ic le ?  It w ould a ls o  be  i n t e r e s t in g  to  d e te r m in e ,  on  th e  o th e r  
han d , w h e th e r  th e re  e x is t  in n a tu re  p a r t i c le s  w h ich  h av e  o n ly  e le c t r o m a g n e tic

Ibid.



a n d  s t r o n g - o r  s t r o n g  an d  w eak  -  in te r a c t io n s .  Should  it be found th a t th e re  
a r e  no su c h  p a r t i c le s ,  th e  m u tu a l  r e la t io n s h ip s  b e tw e en  ty p e s  of i n t e r a c 
t io n s  w ould  p e r h a p s  be  c la r i f i e d .

A t th is  s ta g e  in th e  in v e s t ig a t io n  of the s t r u c t u r e  of e le m e n ta ry  p a r t ic le s  
p h y s ic i s t s  a c c u s to m e d  to p r e c i s e  m e a n s  o f e x p r e s s io n  s p e a k  o f the i n v e s 
t ig a t io n  o f th e  e le c t r o m a g n e tic  s t r u c t u r e  of p a r t i c le s ,  a s t r u c tu r e  w hich 
h a p p e n s  to  b e  s p a t ia l ly  n o n u n ifo rm . O ne ca n  a p p a re n t ly  sp e a k  of " s t ro n g "

Structure responsible for weak ii eraction

responsible for strong ii

Structure responsible for electromagnetic interaction 

FIG UR I! 3

an d  "w e a k "  s t r u c t u r e s  of e le m e n ta r y  p a r t i c le s .  B e c a u s e  th ey  a r e  r e s p o n s i 
b le  fo r  s t r o n g  an d  w e ak  in te r a c t io n s  th e s e  s t r u c t u r e s  m u s t b e  s tu d ie d  by 
w ay o f th e s e  i n te r a c t io n s .

W hen a c c o u n tin g  fo r  th e  r e la t iv e  in d e p e n d e n c e  of p r o c e s s e s  a s s o c ia te d  
w ith  q u a l i t a t iv e ly  d i f fe re n t  fo r m s  of m o tio n , one ca n  a s s u m e  th a t the c o r 
re s p o n d in g  s t r u c t u r e s  a r e  a ls o  re la t iv e ly  in d e p e n d e n t an d  d if fe re n t ,  t h e r e 
fo r e ,  in n a tu re .
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In h is  t im e  de B ro g l ie  p ro p o s e d  a  h y p o th e s is  a c c o rd in g  to  w h ich  th e  p h o 
ton  is  r e g a rd e d  a s  c o n s is t in g  of two " f u s e d 1 n e u t r in o s .  Is  n o t th e  c r i t e r io n -  
w h ich  h as  b ee n  s u g g e s te d  u n d e rm in e d  by th i s ?  We n o te  f i r s t  o f a l l  th a t  a 
c la s s i f ic a t io n  of p a r t i c le s  b a s e d  on th e  p o s s ib il i ty  o f d i f f e re n t  ty p e s  o f i n t e r 
a c tio n  r e p r e s e n ts  p a r t i c le s  c a p a b le  of o n ly  o n e  in te r a c t io n  a s  e s s e n t i a l l y  not 
s u s c e p tib le  of c o m p a r is o n  w ith  r e s p e c t  to  d e g r e e  of e le m e n ta r i ty .  W hich  is  
m o re  co m p le x , th e  photon  w h ich  h a s  on ly  th e  e l e c t r o m a g n e tic  in te r a c t io n  o r  
th e  n e u tr in o  w h ich  h a s  on ly  th e  w eak  in te r a c t io n ?  In o u r  o p in io n  th e  p r o b 
le m  is  not so  m u ch  th a t  th e  c r i t e r io n  i t s e l f  is  in s u f f ic ie n t,  a s  th a t  o u r  k n o w 
le d g e  c o n c e rn in g  th e  in te r n a l  n a tu r e  of e le m e n ta r y  p a r t i c le s  is  in s u f f ic ie n t .  
W hen p h y s ic s  p e n e t r a te s  f u r th e r  in to  th e  m ic ro w o r ld  an d  r e a c h e s  th e  s u b -  
m ic ro s c o p ic  le v e l  i t  w il l  d o u b tle s s  b e  p o s s ib le  to d i s c o v e r  th e  o r ig in  of 
m ic ro s c o p ic  p r o p e r t i e s  an d  e s ta b l i s h  th e  in te r n a l  r e la t io n s h ip s  lin k in g  th e  
th r e e  ty p e s  o f in te ra c t io n ;  h o w e v e r, th is  w ill h a r d ly  m e a n  a  r e d u c t i o n  
of s o m e  fo r m s  o f m o tio n  to o th e r  f o r m s .

L e t u s  r e tu r n  to  th e  " fu s io n "  h y p o th e s e s . T w o p a r t i c le s  fu se  an d  a s  a 
r e s u l t  w e h av e  s o m e th in g  new , w ith  new in te g r a l  p r o p e r t i e s  no t p r e s e n t  
e a r l i e r .  B ut th en  w ha t is  th e  n a tu re  o f th e  p r o c e s s  o f " fu s io n " ?  It m u s t  
be  h ig h ly  s p e c if ic  — o n e c a n n o t so  e a s ily  g e t  r id  o f th e  q u a l i t a t iv e  u n iq u e n e ss  
of th e  photon  a s  c o m p a re d  w ith  th e  n e u tr in o . Q u a li ta t iv e  d iv e r s i t y  c a n n o t 
b e  re m o v e d  in th i s  w ay; it  ca n  on ly  be s u p p o r te d  an d  to  a c e r t a in  e x te n t 
e x p la in e d . In p a r t i c u la r ,  sh o u ld  th e  d e v e lo p m e n t of fu s io n  h y p o th e s e s  
p ro v e  s u c c e s s fu l  on e  ca n  e x p e c t to h av e  to d e a l  w ith  th e  e x is te n c e  of s e v e r a l  
q u a l i ta t iv e ly  d if fe re n t  ty p e s  of fu s io n .

If p a r t i c le s  a r e  c l a s s i f ie d  a c c o rd in g  to t h e i r  c a p a b i l i ty  fo r  d i f f e r e n t  ty p e s  
of in te r a c t io n s ,  th e  d if fe re n c e  in th e  n u m b e r  of th e  p a r t i c le  f a m i l ie s  b e 
c o m e s  in g e n e r a l  m o re  c l e a r .  P a r t i c l e s  w ith  a  u n ifo rm  s t r u c t u r e  (i. e . , 
h av in g  one ty p e  of in te ra c t io n )  do no t, o f c o u r s e ,  d is p la y  o u ts ta n d in g  v a r ie ty :  
on e  pho ton , two n e u tr in o s  w ith  th e i r  d o u b le ts , th e  a n t in e u t r in o s .  P a r t i c l e s  
w ith  two ty p e s  of in te ra c t io n , w h ich  h av e  a  m o re  d iv e r s i f ie d  an d  c o m p le x  
s t r u c tu r e ,  ca n  be  c o n s tru c te d  in a  g r e a t e r  v a r ie ty  o f w a y s , an d  w e t ru ly  
h av e  a  tw o -m e m b e r  fa m ily , th e  e le c t r o n  an d  th e  n -m e s o n  w ith  th e i r  a n t i 
p a r t i c le s .  We c a l l  a t te n t io n  to th e  fa c t  th a t  a l l  o th e r  p r o p e r t i e s  of th e  e l e c 
tro n  and  m uon a r e  so  n e a r ly  id e n t ic a l  th a t  t h e i r  d ee p  in te r n a l  a f f in i ty  is  
u n d e b a ta b le .

P a r t i c l e s  h av in g  th r e e  ty p e s  of in te r a c t io n  c a n  be  c o n s t r u c te d  in  ev en  
g r e a t e r  v a r ie ty ,  w ith  t h e i r  t r i p l e t  s t r u c tu r e ;  it  is  a p p a re n t ly  no a c c id e n t  
th a t  the fa m ily  of a- ,  A '-m e so n s , n u c le o n s  an d  h y p e ro n s  is  so  n u m e ro u s .
O ne im m e d ia te ly  n o t ic e s  th e  p ro fo u n d  a f f in ity  b e tw e e n  th e  " s t r o n g "  p a r t i 
c le s  and  a t  th e  s a m e  t im e  th e  d ee p  gap  s e p a r a t in g  th e m  fro m  le p to n s .  T h e  
" s t r o n g "  p a r t i c le s  f it  c o m fo r ta b ly  in to  th e  s y s t e m a t i c s  p ro p o s e d  by G e l l -  
M ann and  N is h ijim a , bu t th is  s y s te m a t ic s  d o e s  not e x te n d  to  le p to n s . In 
th e  c a s e  of th e  " s t r o n g "  p a r t i c le s  p h y s ic i s t s  c a n  te l l  w hy th e r e  a r e  so  m an y  
o f th e s e  p a r t i c le s  and  p r e d ic t  w ha t p a r t i c le s  m ay  y e t  be  d is c o v e r e d ;  h o w 
e v e r ,  th e r e  a r e  a s  y e t  no s u c h  p re d ic t io n s  fo r  le p to n s . T h e  c o n c e p ts  i n 
v e n te d  in o r d e r  to  r e f le c t  th e  p r o p e r t i e s  of " s t r o n g "  p a r t i c le s  — is o to p ic  sp in , 
s t r a n g e n e s s  do not a p p ly  to le p to n s . A s p e c if ic  law  o f c o n s e r v a t io n  of th e  
b a ry o n  c h a rg e  is  v a lid  fo r  " s t r o n g "  p a r t i c le s  w h e re a s  le p to n s  h a v e  th e i r  
ow n s p e c ia l  c o n s e rv a t io n  law  ( c o n s e rv a tio n  o f le p to n  c h a rg e ) .

It is  u n iv e r s a l ly  known th a t  th e  b e h a v io r  of e le m e n ta r y  p a r t i c le s  b e lo n g 
ing  to  d i f fe re n t  f a m il ie s  is  d e s c r ib e d  by c o m p le te ly  d i f f e r e n t  e q u a tio n s .
T h is  is  no t s u r p r is in g ,  fo r  th e  b e h a v io r  i t s e l f  is  s u b s ta n t ia l ly  d i f fe re n t
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f r o m  p a r t i c le  to  p a r t i c le .  It w ill n o t b e  s u r p r i s in g  a t  a l l  if it  tu rn s  o u t th a t 
th e  in te r n a l  s t r u c t u r e  of p a r t i c le s  in  g e n e ra l  is  no t s u b je c t  to any  s in g le  
e q u a tio n  co m m o n  to a l l  p a r t i c le s  -  th a t  i t  is  im p o s s ib le  to  c o n s t r u c t  a l l  
p a r t i c le s  in  th e  s a m e  w ay f ro m  s o m e  u n if ie d  fie ld ; n a tu re  is  m a te r ia l ly  
o n e  b u t i t  i s  no t fond  of m on o to n y .
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PART III

SPACE AND TIME

A P H IL O SO PH IC A L  E V A LU A TIO N  O F  M OD ERN  ID EAS 
C O N CERN IN G  T H E  P R O P E R T IE S  O F  S P A C E  AND T IM E  

IN T H E  M ICRO W O RLD

S. T . M elyukh in

So fa r  th e r e  e x is t s  no fu lly -d e v e lo p e d  p h y s ic a l  th e o ry  o f s p a c e  an d  t im e  
in m ic ro p h e n o m e n a . T h e  th e o ry  of r e la t iv i ty ,  w h ich  w a s  b a s e d  on  a  g e n 
e r a l iz a t io n  of c l a s s i c a l  e le c t ro d y n a m ic s  an d  o f so m e  e x p e r im e n ts  in  th e  
r e a lm  of m ic ro p h e n o m e n a , c h a r a c t e r i z e s  th e  p r o p e r t i e s  o f s p a c e  a n d  t im e  
p r im a r i l y  in the re g io n  of m a c ro s c o p ic  p r o c e s s e s  an d  t e l l s  u s  v e r y  l i t t l e  
a b o u t th e i r  f e a tu re s  in th e  m ic ro w o r ld .  M o d ern  e le m e n ta r y  p a r t i c le  th e o ry  
a ls o  fa i l s ,  a t  l e a s t  so  fa r ,  to g iv e  a c o m p le te  p ic tu r e  o f s p a c e - t im e  r e l a 
tio n s  in th is  re g io n . N e v e r th e le s s  m o d e rn  id e a s  c o n c e rn in g  s p a c e  an d  t im e  
in the m ic ro w o r ld  a l r e a d y  c o n ta in  a n u m b e r  o f p h i lo so p h ic a l  p r o b le m s  o f 
fu n d a m e n ta l s ig n if ic a n c e  fo r  a l l  u n d e r s ta n d in g  o f th e  m ic ro w o r ld .

In th e  p r e s e n t  a r t i c le  an  a t te m p t  is  m a d e  to  a n a ly z e  th e  p h i lo so p h ic a l  s i g 
n if ic a n c e  o f m o d e rn  id e a s  on s p a c e  an d  t im e  in th e  m ic ro w o r ld ,  a n d  a l s o  to  
e s ta b l i s h  th e  c o r r e la t io n  b e tw e en  th e i r  g e n e r a l  a n d t h e i r  s p e c if ic  p r o p e r t i e s .

S p ace  an d  t im e  a r e  th e  p r in c ip a l  f o r m s  of b e in g  of m a t te r ;  th e y  a r e  i n 
s e p a r a b le  fro m  i ts  e x is te n c e .  T h e i r  fu n d a m e n ta l  p r o p e r t i e s  a r e  d e te rm in e d  
by th e  law s  o f m o tio n  and  in te ra c t io n  o f m a te r ia l  o b je c ts  an d  m u s t  t h e r e 
fo r e  be d e r iv e d  fro m  th e m . T h e  c o n c e p ts  o f s p a c e  a n d  t im e  a r e  a m o n g  th e  
m o s t g e n e r a l  c o n c e p ts  an d  c a n n o t be  d e f in e d  in a f o r m a l - lo g ic a l  w ay  (by  
su p p ly in g  a b r o a d e r  c o n c e p t) . D e fin itio n  is  p o s s ib le  on ly  by in d ic a t in g  th e  
r e la t io n s h ip  of s p a c e  an d  t im e  to m a t t e r  a s  s u b s t r a t e  u n d e r ly in g  a l l  c h a n g e s , 
an d  a ls o  by e s ta b l is h in g  th e  r e la t io n s h ip  b e tw e e n  s p a c e  an d  t im e  a n d  su c h  
g e n e ra l  p r o p e r t ie s  of m a t t e r  a s  m o tio n  an d  in te r a c t io n .  We c a n  th en  d e f in e  
s p a c e  in i t s  m o s t g e n e ra l  fo rm  a s  th a t  fo rm  o f b e in g  o f  m a t t e r  w h ich  e x 
p r e s s e s  the e x te n s io n  of a l l  o b je c ts  an d  s y s te m s  e x is t in g  in  th e  u n iv e r s e .
By e x te n s io n  h e r e  is  m e a n t th e  p r o p e r ty  of a  body to  o cc u p y  a  d e f in i te  v o l 
u m e , a  p ro p e r ly  c o n d itio n e d  by th e  s t a  b i 1 i t y  o f  t h e  b o n d s  b e tw e e n  
d if fe re n t  m a te r ia l  fo r m a t io n s  in th e  s t r u c t u r e  o f th is  body. E x te n s io n  c h a r 
a c t e r i z e s  the s ta b i l i ty  o f c o e x is te n c e  an d  d is t r ib u t io n  o f th e  e le m e n ts  in  th e  
s t r u c tu r e ,  w h ich  is  c o n d itio n e d  by th e  c h a r a c t e r  of th e  i n te r n a l  b o n d s  in  th e  
s y s te m . T im e  is  th a t fo rm  o f b e in g  o f m a t t e r  w h ich  e x p r e s s e s  th e  d u ra tio n  
o f e x is te n c e  of m a te r ia l  o b je c ts  and  e v e n ts ,  a s  w e ll  a s  th e  o r d e r  o f s u c c e s 
s io n  of s t a t e s  and  c a u s e - e f f e c t  r e la t io n s h ip s  in  a l l  e x i s t in g  p h e n o m e n a . D u r 
a tio n  e x p r e s s e s  th e  c o n tin u ity  o f e x is te n c e  o f an  o b je c t,  th e  o r d e r  o f i t s  s ta y  
in p r o p e r  b e in g , in c lu d in g  th e  s u c c e s s io n  o f c e r t a in  o f i t s  s t a t e s  by  o th e r s .

T h e  s p a t ia l  e x te n s io n  of m a te r ia l  o b je c ts  is  a  fu n c tio n  o f t h e i r  i n te r a c t io n .  
In an y  s o lid , l iq u id  o r  g a s , d e f in ite  fo rm  o r  d im e n s io n s  a r e  th e  r e s u l t  of

92



i n t e r a c t io n s  b e tw e e n  th e  e le m e n ts  c o m p o s in g  th e  g iv en  o b je c t, an d  b e tw e en  
th is  o b je c t  a n d  o th e r  s u r r o u n d in g  o b je c ts .

T h is  in te r a c t io n  is  th e  un ion  o f o p p o s ite  p r o c e s s e s  ( a t t r a c t io n  an d  r e 
p u ls io n , a b s o r p tio n  an d  e m is s io n  o f q u a n ta  o f d i f f e re n t  f ie ld s ,  a s s o c ia t io n  
an d  d i s s o c ia t io n  o f s t r u c t u r a l  e le m e n ts  in th e  s y s te m ) . If on ly  th e  f o r c e s  
o f r e p u ls io n  a n d  e m is s io n  w e re  to  p r e v a i l ,  th e  body c o u ld  not e x is t  in  s ta b le  
fo rm  an d  w ou ld  d e c a y  in to  a  c o u n t le s s  m u lti tu d e  o f m ic r o o b je c t s ,  w hich  
w ou ld  te n d  to  m o v e aw ay  fro m  e a c h  o th e r  to th e  g r e a t e s t  p o s s ib le  d is ta n c e .  
O n th e  o th e r  han d , if  o n ly  th e  fo r c e s  of a t t r a c t io n  w e re  to  p re v a i l ,  m i c r o 
p a r t i c le s  w ou ld  fu se  an d  th e  d im e n s io n s  o f th e  body w ould  d e c r e a s e  by a 
f a c to r  o f 10-14 (o r  p o s s ib ly  m o re ) ,  b e c a u s e  th e  un io n  of th e  o p p o s in g  fo r c e s  
o f a t t r a c t i o n  an d  r e p u ls io n  is  a p p a re n t ly  a ls o  v a lid  in th e  s t r u c t u r e  o f e l e 
m e n ta r y  p a r t i c le s .  T h u s  in th e  c a s e  o f d e f in ite  s p a t ia l  e x te n s io n  o f a  body, 
o n e  fin d s  r e l a t i v e  s t a b i l i t y  o f d i s tr ib u tio n  of th e  e le m e n ts  in i t s  m i 
c r o s t r u c t u r e .  W ithou t s ta b le  in te r n a l  b o n d s b o d ie s  w ou ld  not h av e  s ta b le  
s p a t ia l  p r o p e r t i e s .

D if f e re n c e s  in th e  e x te n s io n  o f b o d ie s  a r e  a l s o  due to in te ra c t io n  and  
a r e  p h y s ic a l ly  d e te c te d  ow ing  to th e  f in i te n e s s  of th e  r a t e  o f p ro p a g a tio n  o f 
i n te r a c t io n s .  S in c e , a c c o rd in g  to  the th e o ry  o f r e la t iv i ty ,  th is  s p e e d  c a n 
n o t e x c e e d  th e  s p e e d  o f l ig h t in v a c u u m , a  c e r t a in  t im e  is  a lw a y s  r e q u ir e d  
fo r  a c h a n g e  in m a t t e r  in so m e  re g io n  o f th e  s y s te m  to c a u s e  a  c o r r e s p o n d 
ing  c h a n g e  in  o th e r  r e g io n s .  T h e  s e p a r a t io n  o f th e s e  c h a n g e s  in  t im e  e x 
p r e s s e s ,  f ro m  th e  p h y s ic a l  p o in t of v iew , th e  e x te n s io n  o f th e  b o d ie s ;  the 
g r e a t e r  th e  in te r v a l  of t im e  b e tw e e n  c h a n g e s , th e  g r e a t e r  th is  e x te n s io n . 
W e re  th e  r a te  o f p ro p a g a tio n  of in te ra c t io n  in f in ite , a l l  c h a n g e s  w ould  ta k e  
p la c e  s im u l ta n e o u s ly  i n  a l l  s y s t e m s  an d  d if fe re n c e s  in t h e i r  e x te n s io n  
w ould  no t be  d e te c ta b le  in in te r a c t io n s .

It fo llo w s  fro m  th is  th a t  th e  e s s e n c e  of s p a t ia l  r e la t io n s  and  th e  s p a c e -  
t im e  m e t r i c  m u s t b e  d e r iv e d  f r o m  th e  s ta b le  bo n d s in th e  s y s te m , an d  th a t 
p r e c i s e ly  a  c o n s id e r a t io n  o f th e s e  b o n d s sh o u ld  be th e  p h y s ic a l  b a s i s  on 
w h ich  to  c o n s t r u c t  a  g e o m e tr y  o f s p a c e  of th e  c o r re s p o n d in g  s y s te m s .  In 
th e  m ic ro w o r ld ,  w h e re  th e  b o n d s an d  in te r a c t io n s  o f m ic r o p a r t i c l e s  d if fe r  
s u b s ta n t ia l ly  f ro m  th e  b o n d s o f m a c ro s c o p ic  b o d ie s , th e  s p a c e - t im e  m e 
t r i c  sh o u ld  a ls o  be  d if fe re n t .

L o o k in g  a h e a d  so m e w h a t w e n o te  th a t  e le m e n ta r y  p a r t i c le s  h av e  e x c e e d 
in g ly  s ta b le  in te r n a l  b o n d s . F o r  th is  r e a s o n  i t  is  e n t i r e ly  l ik e ly  th a t  th e i r  
s p a c e - t im e  p r o p e r t i e s  a l s o  p o s s e s s  g r e a t  s ta b i l i ty  an d , p o s s ib ly ,  a  c e r 
ta in  d i s c r e t e n e s s ,  w h ich  is  r e f le c te d  in th e  id e a  o f s p a c e - t im e  q u a n tiz a tio n .

T o  u n d e r s ta n d  th e  s p e c if ic  c h a r a c t e r  o f s p a c e  an d  t im e  in  th e  m i c r o 
w o r ld , it i s  f i r s t  n e c e s s a r y  to  c o n s id e r  th e  v e r y  im p o r ta n t  p r o p e r t ie s  o f 
s p a c e  an d  t im e  in h e re n t  in  a l l  s t a t e s  o f m a t t e r  a t  a l l  p o s s ib le  s c a le s  of 
e x is te n c e  o f m a t te r .

F ro m  th e  s ta n d p o in t  of p h ilo so p h ic a l  m a te r ia l is m ,  th e  f i r s t  m a jo r  p r o 
p e r ty  o f s p a c e  an d  t im e  is  th e i r  o b je c tiv i ty ,  t h e i r  in d e p e n d e n c e  fro m  h u 
m an  c o g n it io n  o r  an y  c o g n itio n  a t  a l l .  T h is  is  a  c o n c r e te  e x p r e s s io n  of the 
p r in c ip le  o f th e  m a te r ia l  u n ity  o f th e  w o r ld , a c c o rd in g  to  w hich  th e r e  is  
n o th in g  in  th e  w o r ld  a s id e  fro m  m o v in g  m a t t e r ,  i ts  v a r io u s  f o r m s , m a n i 
f e s ta t io n s  a n d  p r o p e r t i e s ,  a s  w e ll a s  th e  v a r io u s  e x p r e s s io n s  o r  s t a t e s  of 
th e s e  p r o p e r t i e s .

A n o th e r  v e r y  im p o r ta n t  f e a tu r e  o f s p a c e  an d  t im e  is  t h e i r  co n tin u ity .
T h e  c o n tin u ity  o f t im e  is  a n a tu r a l  c o n se q u e n c e  o f th e  in d e s t r u c tib i l i ty  of 
m a t t e r  an d  m o tio n . M a t te r ,  th e  b a s i s  o f a l l  c h a n g e s  o c c u r r in g  in  n a tu re .
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h a s  a lw a y s  e x is te d  an d  w ill go on e x is t in g . I t c a n n o t b e  c r e a t e d  f ro m  
an y th in g , n o r  ca n  it v a n ish ; it  ca n  on ly  c h a n g e  f ro m  on e s ta te  to  a n o th e r .
I ts  m o tio n  an d  in te ra c t io n  a r e  a ls o  u n c r e a ta b le  an d  in d e s t r u c t ib le .  T h is  
c o n tin u o u s  e x is te n c e  o f m a t te r ,  i t s  c o n s ta n t  m o tio n , is  r e f le c te d  in  th e  
co n tin u ity  of t im e . B e fo re  a  m a te r ia l  s y s te m  ca n  p a s s  in to  a  g iv en  s ta te  
r e f e r r in g  to  a  d e f in ite  in s ta n t  in t im e , it  m u s t p a s s  th ro u g h  a l l  th e  p r e 
e x is t in g  s t a t e s  and  c o r re s p o n d in g  in s ta n ts  in t im e . A ll  c h a n g e s  an d  i n t e r 
a c tio n s  in m a t t e r  ta k e  p la c e  in c o n fo rm ity  w ith  th e  p r in c ip le  of c o n t a c t  
a c t i o n ,  w h ich  is  a  n a tu r a l  and  n e c e s s a r y  c o n se q u e n c e  o f th e  law  o f c o n 
s e r v a t io n  of m a t te r  an d  m o tio n , and  a ls o  o f th e  p r in c ip le  o f c a u s a l i ty .  
"S k ip p in g "  d e f in ite  s t a t e s  and  in s ta n ts  w ould  im p ly  a  b re a k d o w n  o f th e s e  
law s and  is  th e r e f o r e  im p o ss ib le .

T h e  c o n tin u ity  of s p a c e  is  c lo s e ly  r e la te d  to th e  c o n tin u ity  o f t im e . T h e  
p ro p a g a tio n  of in te ra c t io n  and  v a r ia t io n  o f th e  s t a t e s  o f m a t t e r  by th e  c o n 
ta c t- a c t io n  p r in c ip le  im p lie s  th a t  to an y  c h a n g e , h o w e v e r s m a l l ,  in th e  
s t r u c tu r e  o f m a t te r  c o r r e s p o n d s  a s m a l l  c h a n g e  no t o n ly  in t im e  b u t a ls o  
in sp a c e . A ch a n g e  o c c u r r in g  in t im e  b u t no t in s p a c e  is  no t p o s s ib le .  T h is  
r e s u l t s  fro m  th e  fa c t  th a t  in e v e ry  m o tio n  a  c h a n g e  ta k e s  p la c e  in th e  i n 
t e r n a l  a s  w e ll a s  e x te rn a l  bo n d s of th e  s y s te m , w h ich  n e c e s s a r i l y  in c lu d e  
s p a t ia l  r e la t io n s .  E v en  if w e a s s u m e  th a t  th e  body is  a t  r e s t  an d  d o e s  no t 
ch a n g e  p o s itio n  w ith  r e f e r e n c e  to  th e  s u r r o u n d in g  o b je c ts ,  ev e n  so  i ts  v a r i 
a tio n  is  no t on ly  te m p o ra l  bu t a ls o  s p a t ia l .  F i r s t l y ,  th e  s t a t e  of r e s t  is  
r e la t iv e ,  an d  a body a t  r e s t  w ith  r e f e r e n c e  to  th e  im m e d ia te  e n v iro n m e n t  
is  m ov ing  w ith  r e f e r e n c e  to  m o re  d is ta n t  b o d ie s  in c o s m ic  s p a c e .  S eco n d ly , 
a  body a t  r e s t  n e v e r  c e a s e s  to i n te r a c t  w ith  o th e r  b o d ie s . T h is  in te r a c t io n  
is  e f fe c te d  by m e a n s  of th e  q u a n ta  of th e , s a y , e le c t r o m a g n e tic  o r  g r a v i 
ta t io n a l  f ie ld s .  In a b s o r b in g  an d  e m it t in g  th e  g iv en  q u a n ta  th e  body e x 
c h a n g e s , so  to sp e a k , a c e r t a in  p a r t  o f i t s  c o n s t i tu e n t  m a t t e r  w ith  o th e r  
b o d ie s , and  th u s  th e  g iv en  m a t te r  u n d e rg o e s  s p a t ia l  c h a n g e .

T h ird ly  and  fin a lly , in a  body a t  r e s t  th e  m o tio n  of i t s  co m p o n e n t m i 
c r o o b je c ts  - m o le c u le s ,  a to m s , e le m e n ta ry  p a r t i c le s  an d  so  o n - n e v e r  
c e a s e s .

T h e  ab o v e a p p lie s  e q u a lly  to a l l  m o v in g  b o d ie s . T h u s  e v e ry  c h a n g e  
ta k e s  p la c e  not on ly  in t im e  b u t a ls o  in s p a c e ,  an d  th e  c o n tin u ity  o f t im e  
e n ta ils  th e  c o n tin u ity  o f s p a c e .  T h e  d i s c r e t e n e s s  o f s p a c e - t im e  p r o p e r t i e s  
is  a r e la t iv e  p r o p e r ty ,  w h ile  th e i r  c o n tin u ity  is  a b s o lu te ,  in h e re n t  in a l l  
s t a t e s  of m a t te r .

A m ong  th e  g e n e ra l  p r o p e r t i e s  of s p a c e  one o f th e  m o s t  fu n d a m e n ta l  is  
i t s  th re e -d im e n s io n a l i ty ,  w h ich  e x p r e s s e s  th e  e x te n s io n  o f b o d ie s  in  th r e e  
m u tu a lly  p e r p e n d ic u la r  d i r e c t io n s .

T h e  c o n c e p t of m a n y -d im e n s io n a l  s p a c e  is  w id e ly  u s e d  in m a th e m a tic s ,  
bu t it m u s t be m en tio n ed  th a t  i ts  m e a n in g  is  c o m p le te ly  d i f fe re n t  f ro m  th a t  
of th e  c o n c e p t of o r d in a r y  s p a c e .  H e re  th e  c o n c e p t o f s p a c e  is  f r e q u e n t ly  
u se d  not on ly  to e x p r e s s  th e  e x te n s io n  of b o d ie s  an d  th e  d i s ta n c e s  b e tw e e n  
th e m , bu t a ls o  to c h a r a c t e r i z e  the r e la t io n s h ip s  b e tw e e n  th e  p r o p e r t i e s  of 
b o d ie s  w hen a l l  th e s e  p r o p e r t ie s  a r e  c o m b in e d  in th e  c o n c e p t o f an  n - d im e n -  
s io n a l s p a c e  and  c o r re s p o n d in g  v a lu e s  of th e  p r o p e r t i e s  a s  p o in ts  in  th is  
sp a c e . L e t u s a s s u m e , fo r  e x a m p le , th a t  we a r e  in v e s t ig a t in g  a  m ix tu r e  of 
s e v e r a l  g a s e s  and  the  v a lu e s  of th e  te m p e r a tu r e  T, p r e s s u r e  P, d e n s i ty  p 
o f e a c h  g a s , p e r c e n t  c o n te n t Cu C,, an d  so  on. T h e  re la t io n s h ip  b e tw e e n  
th e s e  q u a n t i t ie s  ca n  be r e p r e s e n te d  in  th e  fo rm  o f ta b le s  o r  g ra p h s .  A n o 
th e r  p o s s ib le  m ode of d e s c r ip t io n , h o w e v e r, i s  on e  in w h ich  th e  s e t  o f
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q u a n t i t i e s  T, P, p, C, an d  C\ i s  d e f in e d  a s  a  f iv e - d im e n s io n a l  s p a c e  an d  the  
v a lu e s  o f th e  c o r r e s p o n d in g  p r o p e r t i e s  o f th e  g a s  a r e  e x p r e s s e d  in  the 
fo r m  o f p o in ts  in  th e  g iv en  f iv e - d im e n s io n a l  s p a c e .  T h e  g e o m e tr ic  a n a 
lo g y  is  m a d e  u s e  of h e r e  to  e x p lo re  th e  r e la t io n s h ip  b e tw e en  th e  p r o p e r t ie s  
o f th e  s y s te m  u n d e r  in v e s t ig a t io n  b e c a u s e  th e  r e la t io n s  b e tw e en  th em  a r e  
s i m i l a r  to  s p a t i a l  r e la t io n s .

T h e  c o n c e p ts  o f m o m e n tu m , c o n f ig u ra tio n , H i lb e r t  an d  o th e r  s p a c e s  
a r e  in tro d u c e d  in  p h y s ic s  to  d e s c r ib e  th e  i n te r a c t io n s  of e le m e n ta ry  p a r t i 
c l e s .  S uch  s p a c e s  a r e  m a n y -d im e n s io n a l.  H e re ,  in  ad d itio n  to  the th re e  
u s u a l  c o o r d in a te s  w h ich  c h a r a c t e r i z e  th e  p o s i tio n s  of th e  p a r t i c le s ,  su ch  
o th e r  p r o p e r t i e s  a s  m o m e n tu m  o r  is o to p ic  sp in  a r e  ta k e n  to b e  th e  fo u r th  
o r  f if th  c o o r d in a te .  T h is  m o d e of d e s c r ip t io n  m a k e s  it  p o s s ib le  to  u s e  
g e o m e tr ic a l  m e th o d s  to  in v e s t ig a te  a  w ide v a r ie ty  o f p h en o m e n a . H o w e v er, 
th is  k ind  o f a b s t r a c t  s p a c e  sh o u ld  no t be id e n tif ie d  w ith  r e a l  s p a c e .  T he 
u s e  o f th e  c o n c e p t of s p a c e  h e r e  is ,  s t r i c t l y  sp e a k in g , so m e w h a t a r t i f ic i a l ,  
fo r  th e  s a m e  c o n c e p t is  b e in g  u se d  to c h a r a c t e r i z e  p r o p e r t ie s  of b o d ie s  
c o m p le te ly  d i f fe re n t  f ro m  s p a t ia l  e x te n s io n .

A ll  know n fo r m s  o f m a t t e r  -  c o s m ic  s y s te m s  of v a r io u s  o r d e r s ,  m a c r o 
s c o p ic  b o d ie s ,  m o le c u le s ,  a to m s , e le m e n ta ry  p a r t i c le s  an d  f ie ld s  -  a r e  
th r e e - d im e n s io n a l  s t r u c t u r e s ;  th e  th re e - d im e n s io n a l i ty  of s p a c e ,  m o r e 
o v e r ,  i s  th e  n e c e s s a r y  c o n d itio n  of th e i r  m o tio n  an d  in te ra c t io n . T h e r e  
a r e  no g ro u n d s  f o r  b e l ie v in g  th a t  m a te r ia l  o b je c ts  h av in g  a  d if fe re n t  n u m 
b e r  o f d im e n s io n s  e x is t  a t  o th e r  s c a le s  in  th e  m ic ro w o r ld  o r  c o s m o s .

L e t  u s  now c o n s id e r  so m e  of th e  fu n d a m e n ta l  p r o p e r t ie s  o f t im e .
O ne o f th e  m o s t im p o r ta n t  p r o p e r t i e s  o f t im e , i t s  o n e -d im e n s io n a l i ty ,  is  

r e la t e d  to  i t s  i r r e v e r s i b i l i t y  an d  a s y m m e tr y .  T h is  c h a r a c t e r  of t im e  is  
c lo s e ly  r e la t e d  to  th e  i r r e v e r s i b i l i t y  o f c a u s e - e f f e c t  r e la t io n s ,  w h ich  f o l 
lo w s  in  tu rn  fro m  th e  in v io la b i li ty  o f th e  la w s  o f c o n s e rv a t io n  of m a t te r  
a n d  o f i t s  m o s t  im p o r ta n t  p r o p e r t i e s .  T h e  r e v e r s e  flow  o f t im e , fro m  fu 
tu r e  to  p a s t ,  w ould  b e  p o s s ib le  on ly  if th e  c a u s e - e f f e c t  r e la t io n s h ip  of 
e v e n ts  c o u ld  be  in v e r te d ,  i .e . ,  if th e  e f fe c t  co u ld  p re c e d e  i ts  c a u s e .  But 
th e n  a l l  la w s  of c o n s e rv a t io n  of m a t t e r  an d  of i t s  p r o p e r t i e s ,  a s  w e ll a s  the 
p r in c ip le  o f c a u s a l i ty  i t s e l f ,  w ould  b e  v io la te d .

H o w e v e r , th e  s t e a d f a s tn e s s  o f th e s e  la w s  is  c o n f ir m e d  by a l l  th e  a c h ie v e 
m e n ts  o f s c ie n c e  an d  te c h n o lo g y , an d  th e r e f o r e  th e  id e a  of a  r e v e r s e  flow 
o f t im e  h a s  no o b je c tiv e  b a s e s .

T h e  i r r e v e r s i b l e  c h a n g e  o f t im e  fro m  p a s t  to p r e s e n t  h o ld s  in  e v e ry  
s p a c e  r e f le c t io n  o f e v e n ts .

T h is  p r o p o s i t io n  i s ,  h o w e v e r, no t u n iv e r s a l ly  re c o g n iz e d . C e r ta in  
a u th o r s  a d m it  o f th e  p o s s ib il i ty  o f t im e  r e v e r s a l  in m i c r o p r o c e s s e s  in  the 
b e l ie f  th a t  t im e  m a y  h av e  m i r r o r  s y m m e tr y  in  th e  m ic ro w o r ld ,  a s  does  
s p a c e .  F r o m  th e  f o r m a l  s ta n d p o in t  th is  a s s u m p tio n  is  b a s e d  on  th e  fa c t  th a t 
in  S c h r o e d in g e r 's  e q u a t i o n - a s  w e ll a s  in th e  e q u a tio n s  o f c l a s s i c a l  m e c h a n 
ic s  - t h e  s ig n  o f t im e  c a n  b e  c h a n g ed  b u t th e  e q u a tio n s  r e ta in  th e  s a m e  fo rm , 
i. e . , a r e  in v a r ia n t  u n d e r  t im e  r e v e r s a l s .  T h is  r e v e r s a l  h a s  b ee n  o b je c t i -  
v i s e d  an d  t r a n s f e r r e d  to  r e a l  t im e .

T h e  id e a  of t im e  r e v e r s a l  h a s  a ls o  b e e n  u s e d  to  e x p la in  th e  p r o p e r t ie s  
o f th e  p o s i tr o n . T h u s  a n a ly z in g  D i r a c 's  r e la t iv i s t i c  e q u a tio n  F e y n m a n  p u ts  
fo r w a r d  th e  v iew  th a t  th e  p o s i tr o n  is  an  e le c t r o n  m o v in g  b a c k w a rd  in  t im e - .  
T h is  g iv e s  a  s a t i s f a c to r y  d e s c r ip t io n  o f th e  p r o p e r t i e s  of th is  p a r t ic le .

“ See F e y n m a n , R.P. Theory of Positrons. Phys. Rev., Vol. 76, No. 749. 1949.
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T h e  fa c t  th a t  r e s u l t s  a g r e e in g  w ith  e a r l i e r  e x p e r im e n ta l  d a ta  a r e  o b ta in e d  
fro m  a  h y p o th e s is  d o e s  n o t in  i t s e l f  p ro v e  th a t  th e  g iv en  h y p o th e s is  is  v a lid . 
T h e r e  a r e  m an y  c a s e s  in  s c ie n c e  w h e re  p h en o m e n a  w e re  s o m e t im e s  s u c 
c e s s fu l ly  d e s c r ib e d  by a  h y p o th e s is  w h ich  w a s  l a t e r  r e je c te d .  In th e  t h i r 
t i e s ,  fo r  in s ta n c e ,  D ira c  s u g g e s te d  th a t  th e  c r e a t io n  an d  a n n ih i la t io n  o f 
e le c t r o n - p o s i t r o n  p a i r s  co u ld  be  e x p la in e d  by  p o s tu la t in g  an  u n o b s e r v a b le  
b a c k g ro u n d  o f e le c t r o n s  of n e g a tiv e  e n e rg y , th e  " h o le s "  in  w h ich  w ou ld  
c o r r e s p o n d  to  p o s i tr o n s .  A lth o u g h  th is  h y p o th e s is  le d  to  r e s u l t s  in  a g r e e 
m e n t w ith  th e  e x p e r im e n ta l  d a ta , a t  p r e s e n t  it  c a n  no lo n g e r  b e  r e g a r d e d  
a s  s a t i s f a c to r y .  T h e  p ro b le m  is  th a t  th e  e x is te n c e  o f th is  k ind  o f b a c k 
g ro u n d  r e q u i r e s  th a t  p a r t i c le s  ob ey  P a u l i 's  p r in c ip le  an d  F e r m i  s t a t i s t i c s .  
P r o c e s s e s  o f a n n ih ila t io n  an d  c r e a t io n  o f p a i r s  by  p h o to n s  a r e  a l s o  p o s s ib le  
in th e  c a s e  of j i -m e s o n s  an d  c e r t a in  o th e r  p a r t i c le s  w h ich  h av e  in te g r a l  
sp in  an d  ob ey  B o s e -E in s te in  s t a t i s t i c s .  A s P a u l i 's  p r in c ip le  is  no t a p p l i 
c a b le  to  th e m , th e r e  ca n  be no su c h  u n o b s e r v a b le  b a c k g ro u n d  fo r  th e s e  
p a r t i c le s .  Y et m e so n  c r e a t io n  an d  a n n ih ila t io n  is  c o m p le te ly  a n a lo g o u s  
to p r o c e s s e s  w ith  e l e c t r o n - p o s i t r o n  p a i r s .  H e n ce  it  fo llo w s  th a t  th e  id e a  of 
a b a c k g ro u n d  is  no t th e  on ly  p o s s ib le  d e s c r ip t io n  w ith  r e s p e c t  to  e l e c t r o n s  
an d  p o s i tr o n s .  E v id e n tly  we a r e  d e a lin g  h e r e  w ith  th e  m o re  o r  l e s s  a c c i 
d e n ta l c o in c id e n c e  b e tw e en  th e  m ode o f e x p la n a tio n  an d  th e  r e s u l t s  o f th e  
d e s c r ib e d  ev e n t, w h e re a s  th e  e v e n t i t s e l f  is  o f a  c o m p le te ly  d i f fe re n t  n a 
tu r e .  T h is  a p p l ie s  in ev en  g r e a t e r  m e a s u r e  to  F e y n m a n 's  h y p o th e s is ,  w h ich  
ca n n o t be c o n s id e r e d  s a t i s f a c to r y  b e c a u s e  r e v e r s a l  o f t im e  an d  o f  th e  c a u s e -  
e f fe c t  r e la t io n s  le a d s  to  v io la tio n  o f th e  fu n d a m e n ta l  la w s  o f n a tu re .

T h e  i r r e v e r s i b i l i ty  of c a u s e - e f f e c t  r e la t io n s  in  an y  g iv e n  p h e n o m e n o n  d o e s  
not m ea n  th a t  c a u s e s  an d  e f fe c ts  c a n n o t b e c o m e  in te rc h a n g e d  (in  t h e i r  a c tio n )  
o v e r  s ig n if ic a n t  t im e  in te r v a ls  an d  fo r  d i f f e re n t  p h e n o m e n a . S uch  r e v e r s i 
b i l ity  is  v e r y  o ften  o b s e r v e d  in  s y s te m s  w ith  fe e d b a c k . F o r  in s ta n c e ,  in  
a  c y b e rn e t ic  s y s te m  fu n c tio n in g  on th e  b a s i s  o f fe e d b a c k , c h a n g e s  in  th e  c o n 
t r o l  d e v ic e  A ca n  c a u s e  a  c h a n g e  in  th e  o p e r a t in g  d e v ic e  B. T h e  l a t t e r  
s e n d s  a  s ig n a l c o n c e rn in g  i t s  s t a t e  to  th e  c o n tro l  d e v ic e , an d  th i s  d e v ic e  
e m its  a  new  co m m a n d  s ig n a l  c o r re s p o n d in g  to  th e  s i tu a t io n . H e re  th e  c a u s e  
and  e f fe c t  b e c o m e  in te rc h a n g e d . A g iv e s  r i s e  to  th e  c h a n g e  B an d  B c o n 
v e r s e ly  in f lu e n c e s  A, an d  so  on. B ut in  a l l  s u c h  c a s e s  th e  c a u s e  a n d  e f fe c t  
a r e  in te rc h a n g e d  on ly  fo r  m o re  o r  l e s s  s ig n if ic a n t  i n t e r v a ls  o f t im e  an d  
in  d i f f e r e n t  p h e n o m e n a .  T h e  c o n tro l  d e v ic e  is  no t th e  s a m e  a f te r  
r e c e p t io n  of th e  s ig n a l, i t  c h a n g e s , an d  th e  s a m e  o c c u r s  in  th e  c a s e  o f th e  
o p e r a t in g  d e v ic e . In r e a l i ty ,  d i f f e r e n t  c a u s e s  an d  e f fe c ts  o f p h e n o m e n a  
d ev e lo p in g  in t im e  a r e  c h a n g in g  p la c e  h e r e .  B ut fo r  th e  s a m e  p h e n o m e n o n  
th e  i n t e r r e la t io n  b e tw e en  c a u s e  an d  e f fe c t  i s  a lw a y s  i r r e v e r s i b l e ,  in  c o n 
fo r m ity  w ith  th e  p r in c ip le  o f c a u s a l i ty  an d  th e  la w s  o f c o n s e rv a t io n .

W hat p h y s ic a l  s ig n if ic a n c e  d o e s  th e  p o s s ib il i ty  o f c h a n g in g  th e  s ig n  of 
t im e  in  th e  e q u a tio n s  h av e  in  th is  c a s e ?  It is  th e  p e c u l ia r  r e f le c t io n  o f th e  
p o s s ib il i ty  o f r e v e r s ib l e  p r o c e s s e s  in a  s y s te m . If a  s y s te m  g o e s  th ro u g h  
th e  s t a t e s  1, 2, 3, 4, . . . 10 an d  so  on in i t s  e v o lu tio n , th e  p o s s ib i l i ty  o f r e 
v e r s in g  the s ig n  o f t im e  in th e  e q u a tio n  is  e q u iv a le n t to  r e c o g n i t io n  o f th e  
f a c t  th a t  th e  s y s te m  ca n  go th ro u g h  th e  s a m e  s e q u e n c e  o f s t a t e s  b u t in  th e  
r e v e r s e  d ire c t io n  -  10. . . 4, 3, 2, 1.

R e v e r s ib le  p r o c e s s e s  a r e  f r e q u e n t ly  e n c o u n te re d  in n a tu re ;  e x a m p le s  
a r e  e v a p o ra tio n  and  c o n d e n s a tio n  o f l iq u id s ,  th e  in t e r t r a n s m u ta t io n  o f p a r t i 
c l e s .  In a l l  th e s e  p r o c e s s e s ,  h o w e v e r, r e v e r s i b i l i t y  is  no t c o m p le te ,  bu t 
n e c e s s a r i l y  c o n ta in s  a  c e r t a in  e le m e n t  o f i r r e v e r s i b l e  c h a n g e . T h is  is  due
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to  th e  f a c t  th a t  e v e r y  s y s te m  is  o p en  an d  e m its  e n e rg y  in to  s p a c e ,  ow ing  to 
w h ic h  th e r e  is  a  c h a n g e  in  i t s  s ta te .  F u r th e r ,  m a t t e r  is  in f in ite  in dep th , 
a n d  e v e r y  s y s te m  c o n s i s t s  o f an  in f in ite  s e t  of e le m e n ts  o f m a t te r  of h igh ly  
d iv e r s i f ie d  n a tu r e .  T h e  n u m b e r  of p o s s ib le  c o m b in a tio n s  an d  a s s o c ia t io n s  
o f th e s e  e le m e n ts  is  in f in ite  an d  ca n n o t b e  fu lly  r e a l i z e d  in  an y  f in ite  i n t e r 
v a l  o f t im e .

I t s h o u ld  a ls o  b e  b o rn e  in  m in d  th a t  e v e ry  m ic r o p a r t i c l e  o r  o th e r  m a 
t e r i a l  s y s te m  f i t s  in to  a  s y s te m  o f s t i l l  h ig h e r  o r d e r  in w h ich  th e  flow of 
t im e  p r o c e e d s  ow ing  to  i r r e v e r s i b l e  c h a n g e s  in a  d i re c t io n  fro m  p a s t  to 
fu tu re .  T h is  " e x te r n a l"  t im e  e x e r t s ,  so  to  s p e a k , an  in flu e n c e  on p r o c e s s 
e s  in  th e  m i c r o s t r u c tu r e  of m a t t e r  an d  g iv e s  r i s e  to  i r r e v e r s i b i l i ty  of t im e  
in  th is  re g io n  a s  w e ll.

T h u s  e v e ry  p h en o m e n o n  in  n a tu re  is  a s y m m e tr ic  in  t im e . I r r e v e r s ib i l i t y  
is  a  v e r y  im p o r ta n t  p r o p e r ty  of t im e  a t  a l l  le v e ls  o f s t r u c t u r a l  o rg a n iz a t io n  
o f m a t t e r ,  b e c a u s e  i t  fo llo w s  f ro m  th e  fu n d a m e n ta l law s  o f e x is te n c e  and  
in te r a c t io n  of m a t t e r .

A v e r y  im p o r ta n t  p r o p e r ty  o f m a t t e r  an d  of i t s  fo r m s  of b e in g  is  th e i r  
in f in ity  in  th e  q u a n t i ta t iv e  an d  q u a l i ta t iv e  s e n s e s .  T h e  q u a n t i ta t iv e  in fin ity  
o f m a t t e r  is  e x p r e s s e d  in th e  p r e s e n c e  in  i t  o f an  in fin ite  n u m b e r  of p r o p e r 
t i e s  an d  r e la t io n s ,  in th e  in e x h a u s t ib le  c o m p le x ity  of i t s  s t r u c tu r e  an d  a ls o  
in  th e  p o s s ib il i ty  in  p r in c ip le  o f i ts  in f in ite  d iv is io n . T h e  l a t t e r  m e a n s  th a t 
m a t t e r  is  c o n tin u o u s ; a s  th e  s u b s ta n c e  of a l l  c h a n g e s  it  e x i s t s  an d  d is p la y s  
i t s  p r o p e r t i e s  in  an y  s p a c e  an d  t im e  s c a le ,  h o w e v e r s m a l l  o r  l a rg e .  B e 
tw e e n  an y  tw o p o in ts  on th e  n u m b e r  a x is  on e  w ill a lw a y s  find  an  u n co u n ta b le  
s e t  o f o th e r  p o in ts  an d  c o r re s p o n d in g  r e a l  n u m b e rs ,  th e  to ta l i ty  of w hich  
f o r m s  th e  s p a t ia l  co n tin u u m . T o e v e ry  in f in i te s im a l  v o lu m e o f s p a c e  ca n  
b e  ju x ta p o s e d  a  c e r t a in  e le m e n t  o f m a t te r ,  an d  su c h  an  e le m e n t  w ill a lw a y s  
b e  fo und , b e c a u s e  m a t t e r  w ith  i t s  p r o p e r t i e s  is  th e  on ly  e x is t in g  r e a l i ty .
T h is  d o e s  n o t m e a n , o f c o u r s e ,  th a t  m a t t e r  d is p la y s  th e  s a m e  p r o p e r t ie s  
upon u n r e s t r ic t e d  d iv is io n . E v e r y  c o n c r e te  p ro p e r ty ,  lik e  e v e ry  c o n c re te  
f o r m , is  f in i te .  S ta r t in g  f ro m  c e r t a in  s c a le s  q u a n t i ta t iv e  c h a n g e s  le a d  to 
q u a l i t a t iv e  o n e s , w hen e a r l i e r  s p e c if ic  p r o p e r t i e s  lo s e  t h e i r  s ig n if ic a n c e  
a n d  th e  t r a n s i t i o n  to  o b je c ts  w ith  to ta l ly  d i f fe re n t  p r o p e r t i e s  is  c o m p le te .
T h e  in fin ity  of m a t t e r  in  d ep th  is  t h e r e f o r e  q u a l i ta t iv e ly  n o n u n ifo rm  and  
s u p p o s e s  v a r io u s  le v e ls  o f s t r u c t u r a l  o rg a n iz a t io n .

On a  c o s m ic  s c a le  th e  q u a n t i ta t iv e  in f in ity  of m a t t e r  is  r e f le c te d  in the 
fu n d a m e n ta l  o p e n n e s s  of a l l  s y s te m s  e x is t in g  in  n a tu re  an d  in  th e  u n lim ite d  
e x te n s io n  o f m a t t e r  in th e  d ire c t io n  of i n c r e a s e  of s c a le .  T h e  r e a l  v o lu m e 
o f m a t t e r  in  th e  u n iv e r s e  c a n  b e  r e p r e s e n te d  by th e  in f in ite  s e t  of a r b i t r a r i l y  
l a r g e  u n i ts  of v o lu m e . H o w e v er la r g e  th e  d im e n s io n s  of a  m a te r ia l  s y s te m  
a r e ,  o n e  w ill  a lw a y s  find  a  s y s te m  o r  s e t  of b o d ie s  o f s t i l l  h ig h e r  o r d e r  
w h ich  w ill  in c lu d e  w ith in  i t s e l f  th e  f i r s t  s y s te m  a s  o n e  o f i t s  e le m e n ts .  A ll 
e x i s t in g  s y s te m s  a r e  o pen  an d  th e  v a r io u s  e m is s io n s  w h ich  a p p e a r  in th em  
a r e  c a p a b le  in  p r in c ip le  o f b e in g  p ro p a g a te d  o v e r  an y  d is ta n c e  h o w e v er 
l a r g e .  In th i s  c o n n e c tio n  w e sh o u ld  p o in t ou t th e  u n te n a b il i ty  o f a s s e r t io n s  
m a d e  by  c e r t a in  c o s m o lo g is ts  to  th e  e f fe c t  th a t  th e  m e ta g a la c t ic  s p a c e  s u r 
ro u n d in g  u s  is  c lo s e d . In no m a te r ia l  s y s te m  a r e  t h e r e  f o r c e s  c a p a b le  of 
r e ta in in g  a l l  th e  e m is s io n  ( e le c t r o m a g n e t ic ,  g ra v ita t io n a l ,  n e u tr in o  and  
o th e r  fo r m s )  w h ich  a r i s e s  th e r e  so  a s  to  e n a b le  th e  e m it te d  q u a n ta  to r e 
tu r n  to  th e  in i t i a l  r e g io n  a f te r  a  c e r t a in  t im e . On th e  c o n t r a r y ,  the
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q u a l i ta t iv e  in h o m o g e n e ity  of th e  d is tr ib u tio n  an d  s t r u c t u r e  of m a t t e r  h a s  th e  
r e s u l t  th a t  a  d e f in ite  p a r t  o f the  e m is s io n  is  n e c e s s a r i l y  p ro p a g a te d  b ey o n d  
th e  co n f in e s  of th e  g iv en  s y s te m , e x e r c i s in g  an  in flu e n c e  on o th e r  s y s te m s  
in  y e t  l a r g e r  s p a t ia l  s c a le s .  C lo s e d  s p a c e s  a r e  on ly  a  m a th e m a tic a l  a b 
s t r a c t io n ;  th ey  c a n n o t be  r e a l iz e d  p h y s ic a lly . T h e  in fin ity  of th e  u n iv e r s e  
is  in d ee d  e x p r e s s e d  in the fu n d a m e n ta l  o p e n n e s s  o f a l l  s y s te m s  an d  in  th e  
p o s s ib il i ty  of u n l im ite d  p ro p a g a tio n  of th e  e m is s io n s  a r i s in g  in  th e s e  s y s 
te m s  to  e v e r  l a r g e r  r e g io n s .  T h is  in f in ity , m o r e o v e r ,  is  f a r  f r o m  b e in g  
" w ro n g " , a s  m a in ta in e d  by c e r t a in  a u th o r s .  D e n ia l o f th e  in f in ity  of th e  
w o r ld  a t  a l l  s p a c e  an d  t im e  s c a le s  w ould  be m o re  " w ro n g " , m o re  in  c o n 
t r a d ic tio n  w ith  lo g ic  an d  p h y s ic a l  p r in c ip le s .  T h e  s o - c a l l e d  " w ro n g "  in f in i 
ty (a  c o n c e p t in tro d u c e d  by H egel) is  a  u n ifo rm  q u a n t i ta t iv e  in f in ity  w h ich  
p re s u p p o s e s  e x te r n a l  re p e t i t io n  of th e  s a m e  p r o p e r t i e s  an d  la w s  o f m o tio n  
of m a t te r  a t  a l l  s c a le s ,  i. e . ,  w h ich  a b s o lu t iz e s  a l l  c o n c r e te  q u a l i t i e s .  S uch  
re p e t i t io n  is  no t r e a l iz e d  in  n a tu re  s in c e  th e  in f in ity  o f th e  w o r ld  is  q u a l i 
ta t iv e ly  n o n u n ifo rm . B ut it  w ould  b e  to ta l ly  w ro n g  to  r e p u d ia te  th e  q u a n t i 
ta t iv e  in f in ity  of m a t te r  in  s p a c e  on th e  b a s i s  o f th e  c o n c e p t of " w ro n g "  
in fin ity .

T h e  q u a n ti ta t iv e  in f in ity  of m a t t e r  is  in s e p a r a b ly  r e la t e d  to  i t s  q u a l i t a 
t iv e  in f in ity . T h e  l a t t e r  is  e x p r e s s e d  in  th e  fa c t  th a t  th e r e  e x i s t s  in  th e  
w o r ld  an  u n c o u n ta b le  n u m b e r  of q u a l i ta t iv e ly  d i f fe re n t  le v e ls  o f s t r u c t u r a l  
o rg a n iz a tio n  of m a t te r ,  a t  e a c h  of w h ich  m a t t e r  p o s s e s s e s  s p e c if ic  p r o p e r 
t i e s  and  o b ey s  p a r t i c u la r  la w s . Q u a n ti ta t iv e  in f in ity  is  a l s o  e x p r e s s e d  in  
th e  p o s s ib il i ty  of u n lim ite d  t r a n s f o r m a t io n s  o f m a t t e r  f r o m  o n e  s t a t e  to  a n o 
th e r  in  the c o u r s e  of t im e .

S e v e ra l  le v e ls  of o b je c ts  a r e  know n a t  th e  s p a t i a l  s c a le s  a c c e s s ib l e  to 
m o d e rn  m e a su r in g  d e v ic e s :  e le m e n ta ry  p a r t i c le s ,  a to m s  a n d  m o le c u le s ,  
m a c ro s c o p ic  p h en o m e n a , c o s m ic  s y s te m s  of v a r io u s  o r d e r s .

Q uan tum  r e la t io n s ,  w h ich  p re s u p p o s e  d i s c r e t e n e s s  of a c t io n  a n d  m an y  
im p o r ta n t  p r o p e r t ie s  of m ic r o p a r t i c l e s ,  p r e v a i l  in  th e  m ic ro w o r ld .  In th e  
re g io n  of m a c ro s c o p ic  p h e n o m e n a  o f th e  e v e ry d a y  w o r ld  th e  c h a n g e s  in  i n o r 
g an ic  b o d ie s  a r e  s u b je c t  to  th e  la w s  of c l a s s i c a l  m e c h a n ic s ,  th e r m o d y n a 
m ic s ,  o p tic s  an d  so  on, w h ile  a t  th e  s c a le  of g ia n t  c o s m ic  s y s t e m s  q u a l i t a 
tiv e ly  new law s , e x p r e s s e d  in  th e  g e n e r a l  th e o ry  o f r e la t iv i t y  an d  in  th e  
c o sm o lo g y  b a s e d  on it ,  b e c o m e  o p e r a t iv e .

M o re o v e r , th e  q u a l i ta t iv e  d if fe re n c e  b e tw e e n  le v e ls  is  a l s o  d e te rm in e d  
by the c h a r a c t e r  of th e  o p e r a t iv e  f o r c e s .  In a to m ic  n u c le i  th e  p r in c ip a l  
f o r c e s  c o n tro l l in g  th e i r  q u a l i ta t iv e  s ta b i l i ty  a r e  th e  n -m e s o n  f o r c e s ;  th e  
s ta b i l i ty  of a to m s , m o le c u le s  an d  a l s o  s o l id s  an d  l iq u id s  is  d e te r m in e d  fo r  
th e  m a in  by e le c tro m a g n e tic  f o r c e s ,  w h e re a s  th e  s t a b i l i ty  o f c o s m ic  s y s 
te m s  is  d e te rm in e d  by g ra v ita t io n a l  fo r c e s .

It ca n  be a s s u m e d  th a t  q u a l i ta t iv e ly  new  la w s  an d  p r o p e r t i e s  o f m a t t e r ,  
d i f f e re n t  f ro m  th e  known o n e s , w ill  b e  d is c o v e r e d  a t  o th e r  s c a le s  ( s m a l l e r  
th an  10 13 cm  an d  g r e a t e r  th an  lO ^ c m ) , an d  th a t  th e  n u m b e r  o f c o r r e s p o n d 
ing  le v e ls  ca n  be a s  g r e a t  a s  d e s i r e d .  It w ould  t h e r e f o r e  b e  w ro n g  to  e x t r a 
p o la te  s p e c i f i c  law s o r  p r o p e r t i e s  o f m a t t e r  to  a l l  p o s s ib le  s c a le s .  T h u s  
t h e r e  a r e  no g ro u n d s  fo r  e x te n d in g  th e  c o n c lu s io n s  o f th e  th e o ry  o f r e la t iv i t y  
to  s c a le s  s m a l l e r  th an  10-13 c m , a s  is  s o m e t im e s  d o n e , an d  d e f in in g  i t  a s  
th e  th e o ry  of e v e r y  s p a c e  an d  t im e . A t s m a l l e r  s c a le s  s p a c e - t im e  r e 
la t io n s  m ay  b e  su c h  th a t  th e  th e o ry  of r e la t iv i t y  is  no t a p p l ic a b le  to  th e m . 
I n f e re n c e s  d ra w n  fro m  e x tra p o la t io n  a r e  a lw a y s  o f p r o b a b i l i s t i c  v a lu e ;  f u r 
th e r ,  th e  g r e a t e r  th e  e x tra p o la t io n  f ro m  th e  d i r e c t  e x p e r im e n ta l  d a ta  ( o r
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f r o m  th e  c o n te n t of th e  g e n e r a l  la w s  of b e in g  w h ich  h av e  b ee n  c o n f ir m e d  by 
a l l  th e  d a ta  o f s c ie n c e ) ,  th e  s m a l l e r - t h e  v a lid ity  o f c o n c lu s io n s  d ra w n  fro m  
th e  e x tra p o la t io n .

W ith r e s p e c t  to  s p a c e ,  q u a l i ta t iv e  in f in ity  is  e x p r e s s e d  in th e  d if fe re n c e  
b e tw e e n  th e  m e t r i c  p r o p e r t i e s  o f s p a c e  a t d i f f e re n t  s c a le s ,  in i t s  d e p e n d e n c e  
on th e  c h a r a c t e r  of th e  b o n d s  an d  la w s  o p e r a t iv e  u n d e r  th e  g iv en  c o n d it io n s . 
In p a r t i c u l a r  t h e r e  c a n  b e  d i f f e r e n c e s  in th e  c u r v a tu r e  of s p a c e ,  in th e  r e 
la t io n s h ip  b e tw e e n  d i f fe re n t  e le m e n ts  o f g e o m e tr ic  f ig u re s ;  in th e  m i c r o 
w o r ld  th e  s p a t ia l  d im e n s io n s  o f a  n u m b e r  o f m ic r o o b je c t s  m ay  b e  d i s c r e t e ,  
an d  so  on .

W ith  r e s p e c t  to  t im e ,  q u a n t i ta t iv e  in f in ity  is  e x p r e s s e d  in e te r n i ty  and  
u n b o u n d e d n e ss  in p a s t  an d  fu tu re ,  a s  w e ll a s  in  th e  p o s s ib il i ty  of in f in ite  
d iv is io n  o f a l l  i n t e r v a ls ,  w h ich  is  c o n d it io n e d  by th e  c o n tin u ity  o f t im e  a s  
an  a b s o lu te  fo r m  o f e x is te n c e  o f m a t te r .

B ut i t  w ou ld  b e  w ro n g  to  r e p r e s e n t  th e  e te r n i ty  of th e  w o r ld  a s  an  in fin ite  
m o n o to n o u s  d u ra tio n , p e r f e c t ly  u n ifo rm  a t  a l l  i t s  s ta g e s  in  th e  c h a r a c t e r  
o f th e  c h a n g e s  w h ich  ta k e  p la c e . T h e  w o r ld  h a s  n o t a lw a y s  b ee n  in th e  s ta te  
in  w h ich  w e now o b s e r v e  it .  In an y  c y c l ic  p r o c e s s  in th e  c o s m o s  th e r e  is  
an  e le m e n t  o f i r r e v e r s i b l e  c h a n g e . T h e r e f o r e  in th e  c o u r s e  o f t im e  q u a l i ta t iv e  
t r a n s f o r m a t io n s  o f m a t t e r  f ro m  s o m e  f o r m s  to  o th e r s  — an d  c o r re s p o n d in g  
m o d if ic a tio n  o f th e  fu n c tio n a l fo r m  o f th e  s p e c if ic  la w s  o f n a tu re  w h ich  c h a r 
a c t e r i z e  th e i r  c o n s ta n ts  an d  p a r a m e t e r s  -  a r e  in  p r in c ip le  p o s s ib le 5". In 
th is  u n l im ite d  c h a r a c t e r  o f th e  q u a l i ta t iv e  t r a n s f o r m a t io n s  of m a t t e r  w e s e e  
th e  e x p r e s s io n  o f th e  q u a l i ta t iv e  in f in ity  o f t im e .

T h e  in f in ity  an d  d iv e r s i t y  o f th e  w o r ld  sh o u ld  n o t fu r n is h  g ro u n d s  fo r  
p u r e ly  s p e c u la t iv e  c o n c lu s io n s  s u c h  a s  th e  s ta te m e n t  th a t , s t a r t i n g  fro m  
c e r t a in  s c a le s ,  a l l  p r o p e r t i e s  an d  la w s  of m o tio n  o f m a t t e r  w h ich  w e o b 
s e r v e  in  th e  w o r ld  s u rr o u n d in g  u s  v a n is h  c o m p le te ly ,  an d  th a t  a t  th e s e  new 
s c a le s  th e  c o n c e p ts  o f s p a c e  an d  t im e  a r e  n o t a p p l ic a b le ,  th e  law  of c o n 
s e r v a t io n  o f e n e rg y  d o e s  not o p e r a te ,  an d  so  on . It is  n e c e s s a r y  to  d i s 
t in g u is h  b e tw e e n  th e  p a r t i c u la r  an d  th e  u n iv e r s a l  p r o p e r t i e s  o f m a t te r ,  th e  
s p e c if ic  fu n c tio n a l la w s  an d  th e  u n iv e r s a l  d ia le c t ic  p r in c ip le s  of b e in g  w hich  
h a v e  no fu n c tio n a l o r  m a th e m a tic a l  fo rm  an d  a r e  n o t r e s t r i c t e d  by  d e f in ite  
p a r a m e t e r s  o r  c o n s ta n ts .  If th e  f o r m e r  a r e  o p e r a t iv e  on ly  a t  d e f in ite  
s c a le s ,  th e  l a t t e r  a r e  m a n ife s te d  w h e r e v e r  m a t t e r  e x is t s ,  fo r  th e y  e x p r e s s  
th e  in t e r n a l  c o n te n t o f i t s  e x is te n c e .

O f u n iv e r s a l  s ig n if ic a n c e  a r e  th e  p r in c ip le  of c a u s a l i ty ,  th e  law  o f c o n 
s e r v a t io n  o f m a t t e r  a n d  m o tio n , th e  d ia le c t ic  law s o f d e v e lo p m e n t (of un ity  
a n d  th e  s t r u g g le  of o p p o s i te s ,  o f m u tu a l  t r a n s i t io n  of q u a n t i ta t iv e  and  
q u a l i t a t iv e  c h a n g e s ) , th e  law  o f n e g a tio n  o f n e g a tio n , w h ich  e x p r e s s e s  
th e  r e la t io n s h ip  b e tw e e n  c y c l ic i ty  an d  p r o g r e s s io n  in d e v e lo p m e n t. A l
so  u n iv e r s a l  a r e  th e  p r in c ip le s  o f d ia le c t ic a l  m a te r ia l i s m ,  w h ich  c h a r a c 
t e r i z e  th e  r e la t io n s h ip s  b e tw e e n  th e  f in i te  an d  th e  in f in ite , th e  co n tin u o u s  
an d  th e  d is c o n tin u o u s , th e  e s s e n c e  an d  th e  p h en o m e n o n , th e  fo rm  an d  th e  
c o n te n t, th e  p o s s ib il i ty  an d  th e  r e a l i ty ,  an d  so  on.

T h e  e x is te n c e  o f s u c h  g e n e r a l  la w s  h a s  a  s ig n if ic a n c e  o f p r in c ip le  fo r  
th e  u n d e r s ta n d in g  o f th e  w o r ld , a s  it  a l lo w s  th e  e s ta b l i s h m e n t  o f a  d i r e c t  
co n n e c tio n  b e tw e e n  th e  v a r io u s  le v e ls  o f s t r u c t u r a l  o rg a n iz a t io n  an d  a s s i s t s  
in  t r a n s i t i o n  f ro m  th e  know n to  th e  unknow n. A n a lo g o u s ly , if we know th e

• For greater detail see Me ly u k h in  . S. T. O dialektike razvitiya neorganicheskoi prirody (The Dialectics 
of the Development of Inorganic Nature), Ch. IV. Moscow. 1960.
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p r o p e r t ie s  of s p a c e  an d  t im e  a t  a c c e s s ib le  s c a le s  w e c a n  m o v e on to  th e  i n 
v e s t ig a t io n  of th e i r  e s s e n c e  in  o th e r  s p h e r e s  of th e  m ic ro w o r ld  a n d  c o s m o s  
a s  w e ll.

T h e u n ion  of d if f e re n t  l e v e ls  o f s t r u c t u r a l  o r g a n iz a t io n  o f m a t t e r  is  m a n 
i fe s te d  no t on ly  in  th e  e x is te n c e  of g e n e ra l  p r o p e r t i e s  a n d  r e la t io n s ,  b u t 
a ls o  in  th e  fu n c tio n a l s im i l a r i ty  of m an y  s p e c if ic  la w s  of m o tio n  w ith  a  l i m i t 
ed  s p h e r e  of o p e r a t io n . M any d i s s im i l a r  p h en o m e n a  in  n a tu r e  a r e  d e s c r i b 
ed by a n a lo g o u s  m a th e m a tic a l  r e la t io n s ,  s o m e t im e s  c o m p le te ly  id e n t ic a l  in  
fo rm . On th e  o th e r  hand , t h e r e  e x is t s  a  p ro fo u n d  c o n n e c tio n  a n d  u n ity  b e 
tw een  th e  law s  of th e  m ic ro w o r ld  an d  o f m a c ro s c o p ic  p h e n o m e n a . T h e  
e q u a tio n s  of q u an tu m  m e c h a n ic s  and  th o se  of th e  th e o ry  o f r e la t iv i t y  go o v e r ,  
in the p a r t i c u la r  c a s e ,  in to  the e q u a tio n s  of c l a s s i c a l  m e c h a n ic s .  O w ing to  
th is  c o r re s p o n d e n c e  of th e  la w s  th e r e  e x is t s  a  c o n n e c tio n  b e tw e e n  m ic r o -  
and  m a c ro s c o p ic  p h en o m e n a  an d  th e r e f o r e  b e tw e e n  th e  p r o p e r t i e s  o f s p a c e  
and  t im e  in  th e  two re g io n s  in  q u e s tio n .

T h u s  co n tin u ity , th re e - d im e n s io n a l i ty ,  q u a n t i ta t iv e  an d  q u a l i ta t iv e  i n 
f in ity  and  o b je c tiv ity  a r e  v e r y  im p o r ta n t  p r o p e r t i e s  of s p a c e  w h ich  sh o u ld  
b e  v a lid  in th e  m ic ro w o r ld  a s  w e ll. U n id ire c t io n a l i ty ,  i r r e v e r s i b i l i t y ,  c o n 
tin u ity , q u a n ti ta t iv e  an d  q u a l i ta t iv e  in f in ity  an d  o b je c tiv i ty  a r e  v e r y  i m p o r 
ta n t  p r o p e r t ie s  o f t im e  fo r  a l l  f o r m s  of m a t te r .

L e t u s  now c o n s id e r  th e  s p e c if ic  p r o p e r t i e s  o f s p a c e  an d  t im e .
A m ong  th e  s p e c if ic  p r o p e r t i e s  o f s p a c e  we m u s t f i r s t  m e n tio n  i t s  h o m o 

g e n e i t y ,  w h ich  m e a n s  th e  a b s e n c e  in  sp a c e  of an y  p r iv i le g e d  p o in t  o r  
s y s te m  of r e f e r e n c e .  W hen m o v in g  in e r t ia l ly  in  a  s p a c e  f r e e  o f m a te r ia l  
b o d ie s , m a te r ia l  o b je c ts  do no t ch a n g e  m a s s ,  m o m e n tu m  an d  o th e r  p r o p 
e r t i e s .  T o the h o m o g en e ity  o f s p a c e  c o r r e s p o n d s  th e  law  o f c o n s e rv a t io n  
of m o m en tu m .

S p ace  is  i s o t r o p i c ,  t h e r e  a r e  no s e le c te d  d i r e c t io n s  o f up, dow n an d  
so  on. T h e  p r o p e r t ie s  of b o d ie s  m o v in g  in e r t i a l l y  do no t d ep e n d  on th e  d i 
re c t io n  o f m o tio n .

O w ing to the u n ifo rm ity  an d  is o tr o p y  of s p a c e ,  a l l  th e  la w s  o f n a tu r e  in 
a l l  i n e r t i a l  s y s te m s  fu n c tio n  in  th e  s a m e  w ay, le a d in g  to  a n a lo g o u s  
c o n s e q u e n c e s  i r r e s p e c t iv e  of th e  d i r e c t io n  of m o tio n  o f th e  s y s te m . T o  
th e  i s o tr o p y  of s p a c e  c o r r e s p o n d s  th e  law  of c o n s e rv a t io n  o f a n g u la r  m o 
m en tu m .

H o m o g en e ity  is  a ls o  in h e re n t  in  t im e , w ith  c o n s e rv a t io n  o f e n e rg y  a s  th e  
c o r re s p o n d in g  law . By i t s e l f  th e  flow  o f t im e  c a n n o t a l t e r  th e  e n e rg y  o f a  
s y s te m . E n e rg y , m o m e n tu m  an d  th e  o th e r  p r o p e r t i e s  o f b o d ie s  c a n  in  
p r in c ip le  ch a n g e  an d  do in  fa c t  c h a n g e  c o n s ta n t ly ,  b u t th e  c a u s e  of th is  is  
n e i th e r  s p a c e  n o r t im e  a s  su c h  b u t r a th e r  v a r io u s  i n te r n a l  an d  e x te r n a l  
fo r c e s .

U n d e r th e  in f lu e n c e  of e x te r n a l  an d  s p e c if ic  in te r n a l  b o n d s  in  m a te r ia l  
s y s te m s ,  c e r ta in  p re d o m in a n t d i r e c t io n s  m ay  a r i s e  in  s p a c e ,  v io la t in g  i ts  
i s o tr o p y . T h is  ca n  b e  i l lu s t r a t e d  by a n is o t r o p ic  c r y s ta l s ,  in  w h ich  th e  i n 
dex  o f r e f r a c t io n  o f l ig h t, h e a t  c o n d u c tiv ity , e la s t i c i t y ,  r e s i s t a n c e  to  s h e a r  
an d  o th e r  p r o p e r t i e s  a r e  d i f fe re n t  in  d i f f e re n t  d i r e c t io n s .

H o m o g en e ity  o f s p a c e  an d  t im e , a s  w e ll a s  i s o tr o p y  of s p a c e ,  sh o u ld  
ho ld  ir. th e  m ic ro w o r ld  a s  w e ll, a s  h e r e  th e  la w s  o f c o n s e r v a t io n  o f e n e rg y , 
m o m e n tu m  an d  a n g u la r  m o m e n tu m  a r e  r ig o r o u s ly  v a lid .
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S y m m e tr y  an d  a s y m m e tr y  f o r  d i f f e re n t  ty p e s  o f m a te r ia l  o b je c ts  a r e  
s p e c if ic  p r o p e r t i e s  o f s p a c e .

In th e  m ic r o w o r ld  s p a t ia l  s y m m e tr y  is  c h a r a c t e r i s t i c ,  fo r  in s ta n c e ,  o f 
e le c t r o m a g n e t ic  an d  s t r o n g  in te r a c t io n s  w ith  p a r t ic ip a t io n  o f n e u t r a l  j i- m e 
s o n s .  T h e  m i r r o r  s y m m e tr y  o f b o n d s  a n d  in te r a c t io n s  o f m ic ro o b je c ts  is  
r e f l e c te d  in  th e  c o n c e p t o f p a r i ty ,  w h ich  e x p r e s s e s  th e  c h a r a c t e r  o f th e  
c h a n g e  o f th e  p a r t i c le  w ave fu n c tio n  fo r  s p a c e  r e f le c tio n  of a l l  i t s  c o o r d i 
n a te s  an d  r e v e r s a l  o f th e  s ig n s .  P a r i t y  is  a s s u m e d  to  b e  +1 w hen th e  w ave 
fu n c tio n  d o e s  n o t c h a n g e  s ig n  fo r  r e f le c tio n  o f a l l  th e  c o o r d in a te  a x e s ;  to 
th is  c o r r e s p o n d s  th e  ev e n  s t a t e  of th e  s y s te m . H o w e v er, if  th e  w ave fu n c 
tio n  c h a n g e s  s ig n  u n d e r  r e f le c t io n  p a r i t y  is  - 1  a n d  th e  c o r r e s p o n d in g  s ta te  
is  t e r m e d  odd . P a r i t y  c o n s e rv a t io n  in  m ic r o p a r t i c l e  in te r a c t io n s  m e a n s  
p h y s ic a l ly  th a t  th e  la w s  o f th e  g iv en  in te r a c t io n s  an d  fo rm  o f a l l  th e  p r o c e s 
s e s  do n o t c h a n g e  upon m i r r o r  r e f le c tio n  o f th e  c o o r d in a te s  an d  r e p la c e 
m e n t  o f r ig h t  by  le f t .

In  w e a k  in t e r a c t io n s ,  h o w e v e r, a s  in  th e  d e c a y  o f p - r a d io a c t iv e  n u c le i  
a n d  c e r t a in  e le m e n ta r y  p a r t i c le s ,  th e  law  o f p a r i t y  c o n s e rv a t io n  is  v io la te d .

P a r i t y  n o n c o n s e rv a t io n  a n d  th e  r e s u l t i n g  in e q u iv a le n c e  o f r ig h t  an d  le f t 
in  w e a k  in t e r a c t io n s  a r e  c o n d it io n e d  by  y e t  unknow n p e c u l ia r i t ie s  of s t r u c 
t u r e  o r  in te r n a l  b o n d s  in  th e  d e c a y in g  m ic r o o b je c t s ,  j u s t  a s  in  th e  c a s e  of 
m a c r o s c o p ic  b o d ie s  th e  a s y m m e tr y  of fo r m  is  d e te rm in e d  by  d if fe re n c e s  
in  th e  c h a r a c t e r  o f th e  m o le c u la r  b o n d s  in  th e  body  in  d i f fe re n t  d i r e c t io n s .
B u t th is  s h o u ld  n o t b e  u n d e r s to o d  a s  th e  a s y m m e tr y  o f s p a c e  i t s e l f .  "E m p ty "  
s p a c e ,  o r ,  m o re  p r e c i s e ly ,  s p a c e  c o n ta in in g  e le c t ro m a g n e tic  f i e ld s ,  p a s s e s  
o v e r  in to  i t e s e l f  upon m i r r o r  r e f le c tio n  o f th e  c o o r d in a te s  an d  d o e s  not 
c h a n g e  p r o p e r t i e s .  P a r i t y  is  a l s o  c o n s e rv e d  in  n u c le a r  in te r a c t io n s .

L . D. L a n d a u  h a s  p ro p o s e d  th e  id e a  o f c o m b in e d  p a r i ty ,  w h ich  r e la t e s  
r e f le c t io n  in  s p a c e  to  t r a n s f o r m a t io n  o f m ic r o p a r t i c l e s .  U pon o p e r a t io n  of 
c o m b in e d  p a r i t y  th e  s ig n s  of a l l  c o o r d in a te s  a r e  r e v e r s e d  a n d  a  s im u l ta n 
e o u s  t r a n s i t i o n  ta k e s  p la c e  fro m  p a r t i c le s  to  a n t ip a r t i c le s * .  In th e  c a s e  of 
t r u ly  n e u t r a l  p a r t i c le s ,  s u c h  a s  p h o to n s  o r  n e u t r a l  n -m e s o n s ,  w h e re  p a r t i 
c le  an d  a n t ip a r t i c le  a r e  id e n t ic a l ,  c o m b in e d  p a r i ty  r e d u c e s  to  s im p le  s p a c e  
i n v e r s io n  a n d  th e  law  o f p a r i t y  c o n s e rv a t io n  is  o b s e r v e d . H o w e v er, c h a rg e d  
p a r t i c le s  t r a n s f o r m  in to  t h e i r  a n t ip a r t i c le s  upon c o m b in e d  p a r i ty  an d  p a r i ty  
is  n o t c o n s e r v e d  f o r  th e m . T h u s  in  n a tu r e  in s te a d  o f s im p le  s p a t ia l  s y m 
m e t r y  w e h a v e  a  m o re  c o m p le x  fo rm  of s y m m e tr y  w h ich  a s s u m e s  t r a n s i 
tio n  f r o m  p a r t i c le s  to  a n t ip a r t i c le s  a s  w e ll  a s  s p a c e  re f le c tio n . In su c h  
in v e r s io n  th e  la w s  o f n a tu r e  do no t c h a n g e  an d  th e  m i r r o r  r e f le c tio n  is  s i m i 
l a r  to  th e  o r ig in a l .  T h e r e f o r e  th e  id e a  of an  a n tiw o r ld  sh o u ld  n o t b e  u n d e r 
s to o d  to  m e a n  th a t  in  th is  r e g io n  o f th e  u n iv e r s e  " e v e ry th in g  sh o u ld  b e  the 
o p p o s i te "  o f o u r  w o r ld . T h e  on ly  fu n d a m e n ta l  d if f e re n c e  is  th a t  h e r e  m a c r o 
s c o p ic  b o d ie s  c o n s i s t  o f a n t ip a r t i c le s  w h e re a s  a l l  p r o c e s s e s  an d  la w s  of m o 
tio n  a r e  a  m i r r o r  r e f le c t io n  of th e  c o r re s p o n d in g  p r o c e s s e s  in o u r  re g io n  
o f th e  u n iv e r s e .

L e t  u s  p ro c e e d  f u r th e r .  F ro m  th e  s p e c ia l  th e o ry  of r e la t iv i ty  i t  fo llo w s 
th a t  th e  s p a t i a l  d im e n s io n s  of b o d ie s  a r e  n o t in v a r ia b le  b u t ca n  c o n t r a c t  in

See La nd a u, L. D. O zakonakh sokhraneniya pri slabykh vzaimodeistviyakh (Conservation Laws in Weak 
Interactions). ZhETF, Vol. 32, No. 2. 1957; see also on this question the collection "Novye svoistva sim- 
metrii elementarnykh chastits" (New Symmetry Properties of Elementary Particles). Moscow, 1957, in
troductory article by I. M. K h a 1 a t n i k o v.

th e  d ir e c t io n  o f m o tio n  o f th e  body  a c c o rd in g  to th e  fo r m u la
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F o r  m a c ro s c o p ic  b o d ie s  th is  c h a n g e  h a s  no t b e e n  r e c o r d e d  e x p e r im e n ta l ly  
so  f a r .  N o n e th e le s s  t h e r e  ca n  b e  no d oub t now a s  to  th e  o b je c tiv i ty  o f th is  
e f fe c t, fo r  it s te m s  fro m  th e  s a m e  fu n d a m e n ta l  p r o p o s i t io n s  o f th e  th e o ry  
of r e la t iv i ty  a s  gav e  r i s e  to  th e  c o n c lu s io n , r e p e a te d ly  c o n f ir m e d  by  e x 
p e r im e n t,  th a t th e  m a s s  an d  d u ra tio n  o f p r o c e s s e s  is  v a r ia b le .  V a r ia t io n  
o f s p a t ia l  p r o p e r t ie s  a ls o  ta k e s  p la c e  in m u tu a l c o l l i s io n s  b e tw e e n  m i c r o 
p a r t i c le s .

T h e  g e n e ra l  th e o ry  o f r e la t iv i ty  h a s  e s ta b l i s h e d  th a t  th e  m e t r i c  p r o p e r 
t i e s  o f s p a c e  an d  t im e  d ep e n d  on th e  d is tr ib u tio n  o f th e  g ra v i ta t in g  m a s s e s  
and  a r e  d if fe re n t  fro m  th e  p r o p e r t i e s  o f E u c l id ia n  s p a c e .  T h e  p r e s e n c e  of 
g r a v ita t in g  m a s s e s  ca n  p ro d u c e  a  s p e c ia l  " d i s to r t io n "  of th e  l ig h t  r a y s  an d  
d e c e le r a t io n  of th e  rh y th m  o f p r o c e s s e s  an d  c o r re s p o n d in g  m a r c h  o f t im e .
In a  E u c lid ia n  s p a c e  f r e e  fro m  g ra v ita t in g  m a s s e s  th e  p a th  o f a  lig h t  r a y  
w ould  n o w h e re  ch a n g e  i ts  d i r e c t io n . B ut E u c lid ia n  s p a c e  is  an  a b s t r a c t i o n  
w h ich  is  v e ry  c lo s e  to r e a l i ty  in c a s e s  o f p r a c t i c a l  im p o r ta n c e  b u t is  n o n e 
th e le s s  n o w h e re  fu lly  r e a l iz e d .  In E u c lid ia n  s p a c e  t h e r e  sh o u ld  b e  no m a t 
t e r  a t  a l l  -  n e i th e r  p a r t i c le s  of s u b s ta n c e ,  n o r  v a r io u s  f ie ld s .  B ut in  th e  
a b s e n c e  of m a t te r ,  w h ich  in c lu d e s  th e  e le c t r o m a g n e tic  f ie ld , th e r e  c a n  b e  
no s p a c e ,  s in c e  s p a c e  is  a  p ro p e r ty  of m a t t e r  an d  d o e s  no t e x is t  w ith o u t it . 
E v e r y  r e a l  sp a c e  is  n e c e s s a r i l y  d i f fe re n t  f ro m  E u c l id ia n  s p a c e ,  an d  th e  d e 
g re e  of th is  d i f fe re n c e  is  c h a r a c t e r i z e d  by th e  c u r v a tu r e ,  w h ich  i n c r e a s e s  
w ith  th e  s t r e n g th  of the g ra v ita t io n a l  f ie ld s .

In s y s te m s  w ith  a  s u f f ic ie n tly  l a r g e  m a s s  an d  m ea n  d e n s i ty  of s u b s ta n c e  
th e  f ie ld  s t r e n g th  an d  g ra v ita t io n a l  p o te n t ia ls  m ay  b e  so  c o n s id e r a b le  th a t  
sp a c e  h a s  p o s itiv e  c u r v a tu r e .  F ro m  th e  p h y s ic a l  p o in t o f v iew  th is  m e a n s  
th a t  it  is  p o s s ib le  fo r  a s ig n if ic a n t  p a r t  of th e  e m is s io n  fo rm e d  in  th e  s y s 
tem  to b e  re ta in e d  by th e  g ra v ita t io n a l  f ie ld  an d , in  th e  c o u r s e  o f t im e , to 
r e tu r n  to  a  re g io n  c lo s e  to  th e  in i t ia l  o n e . T h is  c o n d itio n , h o w e v e r , d o e s  
not ex te n d  to  a l l  o f th e  e m is s io n  p ro d u c e d , an d  th e r e f o r e  th e  c lo s u r e  of 
s p a c e  is  r e la t iv e  and  in c o m p le te . T h e  g r a v i ta t io n a l  f ie ld  s t r e n g th  d e c r e a s e s  
in d i r e c t  p ro p o r tio n  to  th e  s q u a r e  o f th e  d is ta n c e  f ro m  th e  c e n t e r  o f th e  s y s 
te m , and  th e r e f o r e  a t  a  s u f f ic ie n t ly  la r g e  d i s ta n c e ,  in  th e  p e r ip h e r a l  r e g io n s ,  
it m ay  b e  in s u ff ic ie n t  to r e ta in  e m is s io n  w ith in  th e  c o n f in e s  o f p r e c i s e ly  th e  
given  s y s te m  o r  i ts  p a r ts .  O w ing to  th is  th e  s y s te m  i n t e r a c t s  w ith  o th e r  
s u r r o u n d in g  s y s te m s ,  p ro d u c in g  c h a n g e s  in t h e i r  s t a t e .  S p ace  o f p o s i t iv e  
c u r v a tu r e  is  an  id e a liz e d  a b s t r a c t io n  w h ich  is  n o w h e re  r e a l iz e d .  E v e r y  
a c tu a l ly  e x is t in g  s y s te m  o r  s e t  o f s y s te m s  is  o p en  to  e x te r n a l  in te r a c t io n .

Is  th e r e  c u r v a tu r e  of s p a c e  in  th e  m ic ro w o r ld ?  In p r in c ip le  t h e r e  a r e  no 
g ro u n d s  fo r  dou b tin g  th a t  e le m e n ta ry  p a r t i c le s  a r e  c a p a b le  o f c r e a t in g  g r a v i 
ta t io n a l  f ie ld s  an d  th u s  a l t e r in g  th e  m e t r ic  p r o p e r t i e s  o f s p a c e - t im e .  P h y 
s ic a l ly ,  h o w e v e r, su c h  ch a n g e  c a n  be d e te c te d  on ly  a t  s c a le s  no t s m a l l e r  
th an  10“9 -  10 -1° c m , p ro v id e d  th e  c u r v a tu r e  o f s p a c e  c a n  b e  d e te rm in e d  
fro m  the c h a r a c t e r  o f photon  p ro p a g a tio n . Upon f u r th e r  r e d u c t io n  o f th e  
s c a le  p h o to n s c e a s e  to e x is t  a s  su c h , s in c e  th e y  ta k e  on su c h  s h o r t  w a v e 
le n g th s  an d  su c h  h igh  e n e r g ie s  th a t  t h e i r  t r a n s m u ta t io n  in to  e l e c t r o n - p o s i 
t ro n  p a i r s  b e c o m e s  p o s s ib le .

In p r in c ip le  e le c t ro m a g n e tic  f ie ld  q u a n ta  a r e  c a p a b le  o f c h a n g in g  d i r e c 
tio n  o f m o tio n , e n e rg y  an d  fre q u e n c y  o f o s c i l l a t io n  in i n te r a c t io n s  w ith  p a r t i 
c le s .  A t s u f f ic ie n tly  high  e n e r g ie s  th e y  c a n  a l s o  c r e a t e  o p p o s i te ly  c h a rg e d  
p a r t i c le s .  C o n se q u e n tly , if on e  w e re  to  fo rm  an  o p in io n  c o n c e rn in g  th e  
c u r v a tu r e  of s p a c e  fro m  the c h a r a c t e r  o f m o tio n  o f th e  q u a n ta , on e  m u s t  
c o n c lu d e  th a t  th e  s p a c e  in th e  v ic in ity  o f m ic r o p a r t i c l e s  h a s  s ig n if ic a n t
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c u r v a tu r e  p ro v id e d  th e  c o n c e p t o f c u r v a tu r e  in i t s  m a c ro s c o p ic  s e n s e  is  
a p p l ic a b le  h e r e .

S ig n if ic a n t c h a n g e  in  th e  m e t r i c a l  p r o p e r t i e s  of s p a c e  is  p o s s ib le  in  the 
s t r u c t u r e  o f a to m ic  n u c le i  a t  s c a le s  o f 1 0 "13c m . T h e  a to m ic  n u c le u s  is  th e  
re g io n  o f c o n c e n tra tio n  o f th e  e n o r m o u s  e n e rg y  o f in te ra c t io n  b e tw e en  m i 
c r o o b je c t s .  N u c le a r  f o r c e s  o f a t t r a c t io n  a r e  2 0 0 -3 0 0  t im e s  g r e a t e r  than  
th e  e n e rg y  o f e l e c t r i c a l  r e p u ls io n  in  n u c le i  o f th e  type of h e liu m , s u lfu r ,  
e tc . N u c le a r  f o r c e s  h a v e  a  s m a l l  ra n g e  o f a c tio n  and  do no t e x te n d  beyond  
3 • 10 -13c m . It ca n  th e r e f o r e  b e  s ta te d , th a t  the s p a c e  of th e  n u c le u s  is  
c lo s e d  w ith  r e s p e c t  to  the n u c le a r  fie ld , a lth o u g h  it is  o pen  fo r  e le c t r o m a g 
n e t ic  an d  g r a v ita t io n a l  i n te r a c t io n s  a s  th e s e  f ie ld s  c a n  e x te n d  to g r e a t  d i s 
ta n c e s .  T h is  fa c t  in d ic a te s  th e  e x is te n c e  o f a  d i f f e re n c e  of p r in c ip le  b e 
tw ee n  th e  m e c h a n is m  of g e n e ra t io n  an d  p ro p a g a tio n  of e le c t ro m a g n e tic  and  
g ra v i ta t io n a l  f o r c e s ,  on th e  on e  h an d , an d  o f n u c le a r  fo r c e s ,  on th e  o th e r  
h an d . O ne m ig h t v e n tu re  to  s u p p o se  th a t  s t a r t i n g  fro m  c e r t a in  su ff ic ie n tly  
la r g e  d i s ta n c e s  s p a c e  is  c lo s e d  fo r  e le c t ro m a g n e tic  an d  g r a v ita t io n a l  
f o r c e s  a s  w e ll, a lth o u g h  o pen  fo r  f o r c e s  o f a n o th e r  n a tu re .  In p r i n 
c ip le  th i s  p o s s ib il i ty  a g r e e s  w ith  th e  law  o f t r a n s f o r m a t io n  of q u a n t i t a 
tiv e  c h a n g e s  in to  q u a l i ta t iv e  o n e s  w ith  r e s p e c t  to  th e  s t r u c tu r e  of m a 
t e r i a l  s y s te m s  an d  th e  m e t r i c  p r o p e r t i e s  o f s p a c e ,  a lth o u g h  th e r e  a r e  
no c o n f ir m a t io n s  of it  in m o d e rn  p h y s ic s ,  w h ich  a d m its  a  p r i o r i  of 
th e  p o s s ib il i ty  of in f in ite  p ro p a g a tio n  of e le c t ro m a g n e tic  an d  g r a v i t a 
t io n a l  in te r a c t io n s .

We w ill  now c o n s id e r  a  few s p e c if ic  p r o p e r t i e s  of t im e . T h e  s p e c ia l  
th e o ry  o f r e la t iv i ty  in d ic a te s  th a t  th e  rh y th m  o f p r o c e s s e s  in b o d ie s  v a r ie s

t is  th e  t im e  in th e  m o v in g  s y s te m  an d  t„ th e  t im e  in a  s y s te m  a t  r e s t .  T h is  
v a r ia t io n  w a s  f i r s t  v e r if ie d  e x p e r im e n ta l ly  in  o b s e r v a t io n s  on m e so n  decay- 
in  c o s m ic  r a y s .  A f te r  th e i r  a p p e a ra n c e ,  in  th e  in te ra c t io n  o f c o s m ic  p a r t i 
c le s  w ith  n u c le i, m e s o n s  t r a v e r s e  a  d is ta n c e  w h ich  in c r e a s e s  w ith  th e i r  
v e lo c ity .  H e re  th e  in c r e a s e  in th e  p a th  le n g th  is  on ly  in s ig n if ic a n tly  c o n d i
tio n e d  by  th e  in c r e m e n t  in th e  v e lo c ity  o f th e  m e so n . It is  c h ie f ly  due to  the  
i n c r e a s e  in  th e  l i f e t im e  o f th e  p a r t ic le .

Is  th is  c h a n g e  a b s o lu te ,  i. e. , d o e s  i t  e x te n d  to a l l  p o s s ib le  fo r m s  o f m a t 
t e r ?  A t p r e s e n t  it is  th e o r e t ic a l ly  e x tra p o la te d  to  m a c ro s c o p ic  p h en o m e n a , 
a n d  on th is  b a s i s  i t  is  in f e r r e d  th a t  th e  m a rc h  of t im e  in  ro c k e ts  m ov ing  a t  
c l o s e - to - l ig h t  v e lo c it i e s  m u s t  s low  down c o m p a re d  w ith  t e r r e s t r i a l  t im e .

A t p r e s e n t  t h e r e  e x is t s  no b a s i s  fo r  d o u b tin g  th a t  th is  is  p o s s ib le ,  s in c e  
a l l  k in e m a t ic  la w s  of m o tio n  a t  c lo s e - to - l ig h t  s p e e d s  a r e  co m m o n  to m ic r o 
p a r t i c le s  a s  w e ll a s  to  m a c ro s c o p ic  b o d ie s .

H o w e v e r , i t  i s  c o m p le te ly  u n c le a r  w h e th e r  on e  ca n  sp e a k  o f su c h  r e t a r d a 
tio n  o f t im e  a t  e x t r e m e ly  s m a l l  s c a le s  m an y  o r d e r s  s m a l l e r  th an  th o se  w h ich  
a r e  c h a r a c t e r i s t i c  o f th e  m o s t e le m e n ta r y  p a r t i c le s .  O ne c a n n o t ru le  out 
th e  p o s s ib il i ty  th a t  m an y  of th e  la w s  an d  c o n c e p ts  w ith  w h ich  th e  th e o ry  of 
r e la t iv i t y  now o p e r a t e s  w ill  p ro v e  in a p p lic a b le  a t  th is  le v e l. T o i l lu s t r a t e  
l e t  u s  c o n s id e r  th e  fo llo w in g  an a lo g y . L e t  u s  im a g in e  th a t  a  c e r t a in  l iv in g  
o r g a n is m  is  in  a  s t a t e  o f a n a b io s i s  in  w h ich  a l l  i t s  b io lo g ic a l  p r o c e s s e s  a r e  
e x t r e m e ly  s lo w . C an  i t  b e  s a id  th a t  t im e  in su c h  a  s y s te m  g o e s  by m o re  
s lo w ly  th a n  in  a  n o rm a l ly  fu n c tio n in g  o r g a n is m ?  O b v io u s ly  not, b e c a u s e .

w ith  th e  r a te  o f m o tio n  in c o n f o rm ity  w ith  th e  fo r m u la w h e re
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th e  s low dow n of th e  b io lo g ic a l  p r o c e s s e s  n o tw ith s ta n d in g , a to m ic  o s c i l l a 
t io n s  in  th e  m o le c u le s  o f th e  body in  q u e s tio n , a s  w e ll  a s  th e  i n t e r a c t io n s  o f 
e le m e n ta ry  p a r t i c le s  in  th e  a to m s , p ro c e e d  w ith  th e  s a m e  p e r io d ic i ty  a s  in  
s u r r o u n d in g  b o d ie s , an d  th e  rh y th m  of t im e , fro m  th e  s ta n d p o in t  o f p h y s ic s ,  
is  d e te rm in e d  p r e c i s e ly  by  th e  c h a r a c t e r  of g iv en , r ig o r o u s ly  p e r io d ic  
c h a n g e s  in th e  m ic r o p a r t i c l e s .  If a l l  m ic r o p a r t i c l e  o s c i l l a t io n s  an d  i n t e r a c 
t io n s  w e re  to  s low  dow n, a s  is  th e  c a s e  a t  c lo s e - to - l ig h t  v e lo c i t i e s  o r  in  th e  
p r e s e n c e  of a  p o w e rfu l g ra v ita t io n a l  f ie ld , on e  w ould  b e  a b le  to  s p e a k  o f a  
d e c e le r a t io n  of th e  m a rc h  of t im e  in th e  g iv en  body. A t p r e s e n t  th e  p e r io d ic ity  
of ch a n g e  o f s ta te  of m ic r o p a r t i c l e s  is  u s e d  a s  a  s ta n d a r d  o f th e  u n ifo rm ity  
an d  r ig o ro u s  c o n s ta n c y  o f th e  m a rc h  o f t im e .

B ut th is  v iew  c o n ta in s  m an y  h az y  p o in ts . M ic r o p a r t ic le  i n te r a c t io n s  a r e  
p r o c e s s e s  o c c u r r in g  w ith in  a  s c a le  of 1 0 '7 -  10 ‘ 13cm , w h e re a s  t im e  is  a  
u n iv e r s a l  fo rm  o f b e in g  of m a t te r .  A nd w e a r e  no t a t  a l l  c e r t a in  th a t  a  law  
e s ta b l is h e d  fo r  c e r t a in  p r o c e s s e s  a t  know n s p a t ia l  s c a le s  sh o u ld  b e  v a lid  
a t  a l l  o th e r  s c a le s .  T h e  law s  w ould  b e  u n iv e r s a l  in  c h a r a c t e r  if th e  w o r ld  
had  b e e n  q u a l i ta t iv e ly  u n ifo rm  in s t r u c tu r e .  In r e a l i ty ,  h o w e v e r, th e  s t r u c 
tu r a l  in f in ity  of th e  w o r ld  h a s  a  h ig h e r  n o n u n ifo rm ity , o w ing  to  w h ich  e v e ry  
s p e c i f i c  law  h a s  a  l im ite d  s p h e r e  o f o p e r a t io n . T h e r e f o r e  i t  i s  e n t i r e ly  
p o s s ib le  th a t  a t  a  d i f fe re n t  le v e l  of s t r u c t u r a l  o r g a n iz a t io n  o f m a t t e r  it  
w ould  b e  n e c e s s a r y  to c h o o se  s o m e  p e r io d ic  p r o c e s s e s  o th e r  th a n  a to m ic  
o s c i l l a t io n s  a s  o n e 's  s ta n d a r d  o f th e  u n ifo rm ity  o f t im e . M any c o n c lu s io n s  
d ra w n  fro m  th e  th e o ry  o f r e la t iv i ty  w ould  th e n  p ro v e  a p p l ic a b le  o n ly  a t  th e  
s p a t ia l  s c a le s  a c c e s s ib le  to  m o d e rn  m e a s u r e m e n t ,  b u t i t  w ou ld  n o t b e  p o s s i 
b le  to  r e g a r d  th is  th e o ry  a s  th e  th e o ry  of a 11 s p a c e  an d  t im e , a s  is  s o m e 
t im e s  done. A lre a d y , i t  is  b e in g  s u g g e s te d  th a t  p r o c e s s e s  th e  r a t e  of c h a n g e  
of w h ich  e x c e e d s  th e  v e lo c ity  of lig h t  a r e  p o s s ib le  in  th e  m ic ro w o r ld .  S hould  
th is  h y p o th e s is  be c o n f ir m e d , i t  w ould  m e a n  th a t  p h y s ic s  is  d ra w in g  c lo s e  to  
ph en o m e n a  w h ich  ob ey  r e g u la r i t i e s  c o m p le te ly  d i f fe re n t  f ro m  th e  la w s  o f th e  
th e o ry  o f r e la t iv i ty .  It w ould  a g a in  c o n f irm  a  r e g u la r i t y  r e p e a te d ly  o b s e r v e d  
in th e  d e v e lo p m e n t of s c ie n t i f i c  k n o w led g e , th a t  i n c r e a s in g ly  d e e p  p ro b in g  
of th e  e s s e n c e  of p h en o m e n a  le a d s  to  d e m a rc a tio n  o f th e  s p h e r e  o f a p p l i c a 
b i l ity  of o ld  th e o r ie s  on th e  b a s i s  o f th e  d is c o v e r y  o f m o re  g e n e r a l  la w s .

F u r th e r ,  a c c o rd in g  to  th e  g e n e r a l  th e o ry  o f r e la t iv i t y  th e  d u ra tio n  of 
p r o c e s s e s  an d  rh y th m  o f c h a n g e s  a ls o  d e p e n d  on th e  g r a v i ta t io n a l  fie ld  
s t r e n g th .  N e a r  g r a v ita t in g  m a s s e s  t im e  p a s s e s  m o re  s lo w ly , a  s ta te m e n t  
w h ich  is  c o n f irm e d , in  p a r t i c u la r ,  by  th e  p h en o m e n o n  of s h if t  o f l in e s  a t  
th e  r e d  end  o f s t e l l a r  s p e c tr a ,  e . g. , in  w h ite  d w a rfs ,  th e  s u r f a c e  of w h ich  
is  a  re g io n  of h igh  g ra v ita t io n a l  p o te n tia l . E x p e r im e n ts  b a s e d  on th e  r e s o n 
a n c e  a b s o r p tio n  [s ic ! ]  o f ^ - r a d ia t io n  by n u c le i, a  fa c t  e s ta b l i s h e d  by  M o s s -  
b a u e r ,  h av e  show n th a t  r e d u c tio n  o f th e  f r e q u e n c y  o f q u a n ta  u n d e r  th e  in f lu 
en c e  of g ra v ita t io n a l  f ie ld s  ta k e s  p la c e  e v e n  in th e  m i c r o s t r u c tu r e  o f s u b 
s ta n c e .  It is  e n t i r e ly  p o s s ib le  th a t  th e  rh y th m  o f p r o c e s s e s  in th e  m i c r o 
w o r ld  d ep e n d s  not on ly  on g ra v ita t io n a l  b u t a ls o  on o th e r  ty p e s  o f i n t e r a c 
tio n , e. g . , n u c le a r .

It sh o u ld  b e  r e m a r k e d ,  h o w e v e r, th a t  th e  d u ra tio n  o f e x is te n c e  o f m i c r o 
o b je c ts  m e a n s  so m e th in g  e n t i r e ly  d i f fe re n t  fro m  th e  d u ra tio n  o f b e in g  of 
m a c ro s c o p ic  b o d ie s . T h e  l a t t e r  ca n  r e ta in  t h e i r  p r o p e r t i e s  u n c h a n g e d  o v e r  
a  f a i r ly  l a r g e  in te r v a l  in t im e , re m a in in g , a s  tho u g h , in  th e  s e l f s a m e  s ta te .  
E le m e n ta r y  p a r t i c le s  b e h a v e  c o m p le te ly  o th e rw is e .  E l e c tr o n s ,  p r o to n s .
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n e u t ro n s  an d  o th e r  m ic ro o b je c t s  do no t p e r s i s t  fo r  any  long  t im e  in th e  
s e l f s a m e  s ta t e ,  b u t u n d e rg o  c o n tin u o u s  in te r n a l  t r a n s f o r m a t io n .  F o r  e x 
a m p le ,  a c c o rd in g  to  m o d e rn  id e a s  th e  p ro to n  is  c o n tin u o u s ly  " s p l i t t in g "  in to  
a  n e u tro n  a n d  p o s i t iv e  ;r -m e so n  w h ich  s u b s e q u e n tly  c o m b in e  o n ce  m o re  to 
fo r m  th e  o r ig in a l :  p ^ ln  +  n*. In e x a c tly  th e  s a m e  w ay th e  n e u tro n  d i s 
s o c i a t e s  t e m p o r a r i l y  in to  a  p ro to n  an d  n e g a tiv e  n -m e s o n : n ^  p -t- ,-r. E v e r y  
m ic r o p a r t i c l e  s p e n d s  a b o u t 20%  of i t s  l ife  in th is  d i s s o c ia te d  s t a t e d

In a n a lo g o u s  m a n n e r  th e  e le c t r o n  c o n s ta n t ly  c r e a t e s  v i r tu a l  p h o to n s  and  
im m e d ia te ly  a b s o r b s  th e m  a g a in . In e v e ry  g iv en , s u f f ic ie n t ly  s m a l l ,  i n t e r 
v a l  o f t im e  th e  p a r t i c le  is  "o n e  th in g  an d  no lo n g e r  th a t  th in g " , b eh a v in g  
l ik e  a  un io n  o f o p p o s i te s .  T h e r e f o r e  s ta b i l i ty  o f p a r t i c le s  h a s  a  v e r y  r e l a 
t iv e  m e a n in g . W hen w e s a y , fo r  in s ta n c e ,  th a t  e le c t r o n s  ca n  e x is t  in a 
s ta b le  fo r m  fo r  a  v e r y  long  t im e , w e do no t m e a n  th a t  a  c e r t a in  g iv en  e l e c 
t ro n  is  th e  s a m e  a s  i t  w as on e  o r  a  h u n d re d  y e a r s  ago . S in c e  a p a r t i c le  is  
c o n tin u o u s ly  o r e a t in g  v i r t u a l  q u a n ta  an d  in te r a c t in g  w ith  f ie ld s ,  s ta b i l i ty  
h a s  a  c e r t a in  i n te g r a l ,  r a th e r  th an  d if f e r e n t ia l ,  c h a r a c t e r .  It r e f e r s  to th e  
in te r n a l  fo r m , to  th e  law  o f o rg a n iz a t io n  o f th e  g iv en  m ic ro o b je c t s ,  w hich  
a r e  r e la t iv e ly  s ta b le  in  t im e , w h ile  th e  e le m e n ts  o f m a t t e r  c o m p o s in g  th e  
m ic r o o b je c t s  m ay  u n d e rg o  c o n s ta n t  c h a n g e .

T h e  v i r t u a l  q u a n ta  c r e a t e d  by th e  p a r t i c le s  h av e  a  d e f in ite  e n e rg y  the 
v a lu e  o f w h ich  is  d e te rm in e d  by th e  t im e  in te r v a l  b e tw e e n  c r e a t io n  an d  a b 
s o r p t io n  o f th e  q u an tu m : H o w e v er , it  d o e s  n o t th e r e f o r e  fo llow
th a t  th e  law  o f c o n s e rv a t io n  o f e n e rg y  is  v io la te d  h e r e .  T h e  e n e rg y  of v i r 
tu a l  q u a n ta  a p p a re n t ly  s te m s  fro m  th e  e n e rg y  o f th e  f ie ld  a s s o c ia te d  w ith  th e  
p a r t i c le .  It d e p e n d s  on th e  t im e  o f e x is te n c e  of th e  q u a n tu m . Such  a  r e l a 
tio n  is  a  c o m p le te ly  new  p h en o m e n o n  w ith  no a n a lo g u e  in c l a s s i c a l  p h y s ic s .
It sh o w s  th a t  th e  fu n d a m e n ta l  p r o p e r t i e s  o f m ic r o o b je c t s  a r e  s t a t i s t i c a l  a v 
e r a g e s  in  t im e . T h is  m e a n s  th a t  if th e  t im e  in te r v a l  is  c o n tin u o u s ly  r e 
d u c e d , d i f f e re n t  v a lu e s  of th e  p r o p e r t i e s ,  an d  ev e n , p o s s ib ly ,  d i f f e re n t  m i 
c r o o b je c t s ,  w il l  b e  o b ta in e d  e v e ry  t im e .

T h u s , to  c o n c lu d e  w h a t w e h a v e  b e e n  s a y in g , w e c a n  s t a t e  th a t  a l l  th e  
fu n d a m e n ta l  e f fe c ts  o f th e  v a r ia t io n  o f th e  s p a c e - t im e  p r o p e r t i e s  w h ich  w e re  
e s ta b l i s h e d  by  th e  th e o ry  o f r e la t iv i ty  a r e  m a n ife s te d  in  th e  m ic ro w o r ld .
B u t in  a d d it io n  to  th is  q u an tu m  th e o ry  p o in ts  to  th e  e x is te n c e  o f new , p r e 
v io u s ly  unknow n s p e c if ic  f e a tu r e s  of s p a c e - t im e  r e la t io n s  in th e  m ic ro w o r ld .  
M ic r o p a r t i c l e s  do n o t s im u l ta n e o u s ly  h av e  e x a c t  v a lu e s  o f th e  c o o r d in a te s  
a n d  m o m e n tu m : bq b p ^ h ,  w h ich  in d ic a te s  th a t  t h e i r  lo c a liz a t io n  in  s p a c e  is  
c h a r a c t e r i z e d  not o n ly  by d i s c r e t e n e s s  b u t by a  c e r t a in  c o n tin u ity ; th e  e f f e c 
t iv e  d im e n s io n s  o f p a r t i c le s  a r e  a  fu n c tio n  o f t h e i r  in te r a c t io n s .  S p a tia l  
s y m m e tr y  is  c lo s e ly  r e la t e d  to  c h a rg e  s y m m e try ,  to th e  t r a n s i t io n  fro m  
p a r t i c le s  to  a n t ip a r t i c le s ;  in th e  s t r u c t u r e  o f n u c le i  s p a c e  is  c lo s e d  fo r  
n u c le a r  f o r c e s ;  th e  c o n c e p t o f c u r v a tu r e  o f s p a c e  ta k e s  on a  c o m p le te ly  d i f 
f e r e n t  m e a n in g  in  th e  m ic ro w o r ld  c o m p a re d  w ith  th e  r e g io n  o f m a c ro s c o p ic  
p h e n o m e n a ; th e  s e q u e n c e  of flow  of t im e  is  i r r e v e r s i b l e  in th e  m ic ro w o r ld  
a s  w e ll; th e  d u ra tio n  o f p r o c e s s e s  d e p e n d s  no t on ly  on th e  v e lo c ity  bu t a ls o  
on  th e  b o n d s  of th e  p a r t i c le s  -  an d  in p a r t i c u la r ,  in th e  c a s e  of n e u tro n s ,  
on i n t r a n u c le a r  in te r a c t io n s ;  th e  fu n d a m e n ta l  p r o p e r t i e s  o f p a r t i c le s  a r e  
s t a t i s t i c a l  a v e r a g e s  in  t im e . T h e  p ro b in g  of e le m e n ta r y  p a r t i c le  s t r u c tu r e

'  See S o k o lo v , A. A. and D. D. Iv a n e n k o .  Kvantovaya teoriya polya (Quantum Field Theory), p. 516.
Moscow-Leningrad. 1952.
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w ill d o u b tle s s  b r in g  o u t new  s p e c if ic  p r o p e r t i e s  of s p a c e  an d  t im e . T h e  
id e a  of q u a n tiz e d  s p a c e  an d  t im e  p ro p o s e d  by m an y  m o d e rn  p h y s ic i s t s  is  an  
a tte m p t to e x p r e s s  th e s e  new s p e c if ic  p r o p e r t i e s .

T h e  h y p o th e s is  o f s p a c e - t im e  q u a n tiz a tio n  a r o s e  f ro m  a t te m p ts  to  o v e r 
co m e th e  fu n d a m e n ta l  d if f ic u lt ie s  of th e  th e o ry  of e le m e n ta r y  p a r t i c le s  o w 
ing  to  th e i r  in f in ite  p r o p e r  m a s s  and  e n e rg y . A lre a d y  in  c l a s s i c a l  e l e c t r o 
d y n a m ic s  c a lc u la t io n s  of th e  e n e rg y  of th e  e le c t r o m a g n e tic  f ie ld  p ro d u c e d  
by th e  e le c tro n  le d  to  v a lu e s  d ev o id  of p h y s ic a l  m e a n in g . T h e  f ie ld  e n e rg y  
in c r e a s e d  co n tin u o u s ly  a s  one a p p ro a c h e d  th e  c e n t e r  of th e  e le c t r o n ,  b e 
c o m in g  in fin ite  fo r  a  p o in t e le c t ro n . In q u an tu m  e le c t r o d y n a m ic s  th is  d i f f i 
c u lty  w as m a n ife s te d  in a  new fo rm . It w a s n o te d  a b o v e  th a t  th e  e le c t r o n  
c o n tin u o u s ly  c r e a t e s  v i r tu a l  p h o to n s th e  e n e r g ie s  o f w h ich  d e p e n d  on  th e i r  
l i f e t im e s .  T h e  s m a l l e r  th e  t im e  of e x is te n c e  o f th e  q u an tu m  an d , t h e r e 
fo r e ,  th e  d is ta n c e  w h ich  i t  m o v e s  aw ay  fro m  th e  e le c t r o n ,  th e  g r e a t e r  i t s  
e n e rg y . W hen th e  d is ta n c e  an d  l i f e t im e  ten d  to  z e ro  th e  e n e rg y  o f th e  q u a n 
tu m , an d  th e r e f o r e  th a t  o f th e  e le c t r o n  w h ich  c r e a t e s  i t ,  te n d s  to  in f in ity , 
w h ich  h a s  no m ea n in g  p h y s ic a lly .

So f a r  no s a t i s f a c to r y  w ay of r e s o lv in g  th is  d if f ic u lty  h a s  b e e n  found.
U su a lly  th e  d iff ic u lty  is  re m o v e d  by ta k in g  in to  a c c o u n t in  th e  th e o ry  on ly  
th o se  v a lu e s  of th e  p r o p e r  e n e rg y  an d  m a s s  o f th e  e le c t r o n  w h ich  fo llow  
d i r e c t ly  fro m  e x p e r im e n t  an d  s im p ly  e lim in a t in g  a s  f ic t i t io u s  th e  a d d it io n a l  
in f in ite  v a lu e s . T h is  o p e r a t io n , c a l le d  m a s s  r e n o r m a l iz a t io n ,  h a s  no th e 
o r e t i c a l  b a s i s  bu t h a s  p ro v e d  ju s t i f ie d  on p r a c t i c a l  g ro u n d s .

T h e  h y p o th e s is  of th e  d i s c r e t e n e s s  of s p a c e  a n d  t im e  in  th e  m ic ro w o r ld  
w a s in tro d u c e d  ev e n  b e fo re  th e  id e a  a r o s e  of r e n o r m a l iz in g  th e  m a s s  to 
re m o v e  th e  in f in i tie s  in q u an tu m  th e o ry ; it  is  s t i l l  a t t r a c t i n g  s e r io u s  a t t e n 
tio n  ow ing  to i ts  g r e a t  p h y s ic a l  an d  p h ilo so p h ic a l  s ig n if ic a n c e .  In 1930 V. A. 
A m b a r ts u m y a n  an d  D. D. Iv an en k o  p ro v e d  th a t  th e  in f in ite  s e l f - e n e r g y  o f th e  
e le c tro n  ca n  be re d u c e d  to  a  f in ite  a m o u n t by a s s u m in g  th a t  s p a c e  an d  t im e  
in th e  m ic ro w o r ld  h av e  a  c e r t a in  d i s c r e t e ,  o r  q u a n tiz e d , s t r u c tu r e " '.  In 
th is  c a s e  e le m e n ta ry  c e l ls  o f s p a c e  c a n  c h a r a c t e r i z e  th e  d im e n s io n s  of e l e 
m e n ta r y  p a r t i c le s .  W ith a  q u a n tiz e d  s t r u c t u r e  of s p a c e  i t  b e c o m e s  c o m p le te ly  
u n n e c e s s a r y  to re d u c e  th e  s p a c e  s c a le s  w hen c a lc u la t in g  th e  e n e rg y  o f a 
p a r t ic le ,  s in c e  it  is  p o s tu la te d  f ro m  th e  f i r s t  th a t  s p a c e  q u a n ta  c h a r a c t e r i z e  
the m in im u m  p o s s ib le  s c a le s  a t  w h ich  p h y s ic a l  p r o c e s s e s  c a n  ta k e  p la c e .
In th is  c a s e  the  p r o p e r  e n e rg y  of th e  e le c t r o n  d o e s  n o t in c r e a s e  in d e f in ite ly  
b u t a s s u m e s  a f in ite  v a lu e . In o r d e r  fo r  th e  e le c t r o n  to  h a v e  an  e n e rg y  
c o r re s p o n d in g  to i t s  m a s s  a s  d e te rm in e d  fro m  e x p e r im e n t ,  i t s  s p a t ia l  d i 
m e n s io n s  sh o u ld  b e  ro u g h ly  10“ 13c m . T h is  v a lu e  c o r r e s p o n d s  to  s e v e r a l

o b je c tiv e  d a ta . T h u s  th e  c l a s s i c a l  e le c t r o n  ra d iu s  ^  is  ro u g h ly  2 .8 -  1 0 "13c m .

T h e de B ro g lie  w a v e len g th  o f a n u c le o n  o f b in d in g  e n e rg y  7 - 8  M eV X =  -j -sz

~ 2 - 1 0  13cm . T h e s o - c a l le d  C o m p to n  w a v e le n g th  o f th e  m e so n  an d  o f th e

n u c le o n  is  a ls o  c lo s e  in value : ^ r ~ 1 0 “13— 1 0 "14c m . T h e  p ro to n  r a d iu s

d e te rm in e d  fro m  e x p e r im e n t  is  7 - 10 -1 4 cm  an d  th e  re g io n  of im p a c t  o f f a s t  
n u c le o n s  is  of the o r d e r  o f 10 - l3 cm .

“ See A m b arzu m ian , V. A. and D. D. Iw an en k o . Zur Frage nach Verneidung der unendlichen Sel- 
bstzuriickwirkung des Electrons, "Zeitsclirift fur Pliysik", B 64, S 533. 1930.
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T h is  le n g th  is  a l s o  c h a r a c t e r i s t i c  o f a  n u m b e r  o f e le c t ro m a g n e tic  p r o 
c e s s e s .  In  th e  e f fe c t  o f m e so n  c r e a t io n  by  p h o to n s , fo r  e x a m p le , th e  p h o 
to n  w a v e le n g th  is  ro u g h ly  10~13 — 10-14c m . F u r th e r  re d u c t io n  o f th e  w a v e 
le n g th  b e c o m e s  u n lik e ly , s in c e  th e  p ho ton  t r a n s f o r m s  to  p a r t i c le s  o f s u b 
s ta n c e .  T h u s  f r o m  m an y  d a ta  i t  fo llo w s  th a t  th e  " d im e n s io n s "  o r  " s iz e "  of 
e l e m e n ta r y  p a r t i c le s  is  c lo s e  to  10“ 13c m . F ro m  th is  a r i s e s  th e  p o s s ib il i ty  
th a t  t h e r e  e x i s t s  a  q u a n tu m  o f t im e  w h ich  c h a r a c t e r i z e s  th e  m in im u m  t im e  
w ith in  w h ich  p h y s ic a l  c h a n g e s  c a n  ta k e  p la c e  in an  e le m e n ta ry  p a r t i c le  a s  
a  w h o le . It is  g iv en  by*

10~13 c m  
T° 3 • 1010 c m / s e c  ~ 3 10-23 s e c .

T h e  g iv e n  q u a n t i t ie s  sh o u ld  c h a r a c t e r i z e  no t on ly  e le m e n ta ry  p a r t i c le s  
p r o p e r  b u t a ls o  th e  re g io n s  of s t r o n g  in te ra c t io n  b e tw e e n  th e m . L e t u s  
c o n s id e r  th e  c o l l is io n  b e tw e e n  two h ig h -e n e rg y  p ro to n s .  T h e  l e a s t  t im e  of 
c o l l i s io n  w ill  b e  th e  t im e  w ith in  w h ich  an y  s ig n if ic a n t  ch a n g e  ta k e s  p la c e  
in  th e  s t a t e  o f th e  p a r t i c le s .  H ad e le m e n ta ry  p a r t i c le s  b e e n  p e r fe c t ly  r ig id  
s p h e r e s  w ith  s h a r p ly  d e f in e d  d im e n s io n s ,  t h e i r  c o l l is io n  t im e  w ould  h av e  
b e e n  a s  s m a l l  a s  d e s i r e d .  B ut p e r f e c t ly  r ig id  b o d ie s  c a n n o t e x is t  in  n a tu re  
s in c e  in su c h  b o d ie s  th e  f o r c e s  o f in te r a c t io n  w ould h av e  to be  t r a n s m i t te d  
a t  in f in ite ly  h igh  v e lo c it i e s ,  w h ich  is  in  c o n tra d ic t io n  w ith  th e  th e o ry  of 
r e la t iv i t y .  A ll th e  m o re  re a s o n  not to r e g a r d  e le m e n ta ry  p a r t i c le s  a s  p e r 
fe c t ly  r ig id .  T h e y  h av e  w ave p r o p e r t i e s  and  a r e  in s e p a r a b ly  r e la t e d  to 
v a r io u s  f ie ld s .  T h e  c o l l is io n  of two p a r t i c le s  is  a c c o m p a n ie d  by  in te r p e n e 
t r a t io n  o f th e i r  f ie ld s ;  s ig n if ic a n t  c h a n g e  in  the s t a t e s  of th e  tw o p a r t i c le s  
c a n n o t ta k e  p la c e  a t  s c a le s  s m a l l e r  th an  th e  e le m e n ta ry  le n g th  an d  t im e  in 
te r v a l .  T h e  s a m e  m u s t b e  s a id  fo r  p r o c e s s e s  of in te r t r a n s m u ta t io n  of p a r 
t i c l e s .

T h e  e le m e n ta r y  le n g th  la an d  the  q u an tu m  of t im e  m ay  b e  r e la t e d  to  the 
q u a n tu m  o f a c tio n  It, a s  n o ted  by th e  B r i t is h  a u th o r  B. A b ra m e n k o * * . L e t 
u s  a s s u m e  th a t  l0 i s  e q u a l to th e  e f fe c tiv e  c r o s s  s e c tio n  of th e  p ro to n  fo r  
th e  s c a t t e r in g  o f f a s t  e le c t r o n s :

an d
l0 =  1.5 • H T 113 cm

A 1.5 • 10~13 cm  
3- 10 10 c m / s e c = 0 .5 -  10- s e c .

A s s o c ia tin g  a  c e r t a in  s p h e r ic a l  v o lu m e  w ith  /0 an d  m u ltip ly in g  the q u a n tity  
o b ta in e d  by  t„ , we o b ta in  th e  " s p a c e - t im e  q u an tu m " v,r -  4/s jUo5*„=
= 7.1 • 10 -62c m 3 • s e c .  L e t  u s  f u r th e r  s u p p o se  th a t  th is  s p a c e - t im e  v o lu m e 
is  f i l le d  w ith  m a t t e r  o f n u c le a r  d e n s ity  1 0 -14g /c m 3 . I ts  e n e rg y  w ill be 
„ir.p.c! ~  6 .4  ■ 10 -27 e r g ,  ro u g h ly  th e  s a m e  q u a n t i ta t iv e  v a lu e  a s  P la n c k 's  c o n 
s t a n t  It = 6 .6  • 10 -27 e r g  - s e c .  It i s  p o s s ib le  th a t  th e  id e n ti ty  o b ta in e d  by 
A b r a m e n k o  is  n o t a c c id e n ta l  an d  th a t  it  h a s  d e f in ite  p h y s ic a l  m ea n in g .

It is assumed that the rate of propagation of interaction in an elementary panicle equals the velocity of 
light.
A b ram en k o , B. Physical Space and Time. The British Journal for the Philosophy of Science, Vol. 9, 
No. 34, p. 106. 19S8.
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In th e  m o d e rn  th e o ry  th e  id e a  o f u n iv e r s a l  le n g th  is  in t ro d u c e d  in  o r d e r  
to  r e m o v e  th e  d if f ic u lt ie s  in v o lv ed  in  th e  in f in ite  s e l f - e n e r g y  o f p a r t i c le s .
S in c e  th e  a s s ig n m e n t  o f f in i te  d im e n s io n s  to  p a r t i c le s  r u n s  c o u n te r  to  th e  
r e q u ir e m e n ts  of r e la t iv i s t i c  in v a r ia n c e  of th e  e q u a tio n s  o f m o tio n , th e  a s 
s u m p tio n  o f s e v e r a l  e le m e n ta ry  s p a t ia l  c e l ls ,  a t  th e  s c a le s  o f w h ich  th e  
p ro p o s i t io n s  of th e  th e o ry  of r e la t iv i ty  a r e  c o n s id e r e d  in a p p l ic a b le ,  i s  i n 
t ro d u c e d . S p ace  is  t r e a t e d  a s  a  s p e c ia l  cu b ic  l a t t i c e  o f d i s c r e t e  e le m e n ts

In th e  n o n l in e a r  q u an tu m  fie ld  th e o ry  d e v e lo p e d  by  H e is e n b e rg  an d  h is  
s c h o o l, th e  e le m e n ta ry  le n g th  is  a ls o  t r e a t e d  a s  o n e  of th e  m o s t  im p o r ta n t  
c o n s ta n ts  of n a tu re  to g e th e r  w ith  e le c t r o n  c h a rg e ,  P la n c k 's  c o n s ta n t ,  an d  
th e  v e lo c ity  of l ig h t- * .  In th e  f ie ld  th e o ry  of m a t t e r  e le m e n ta r y  p a r t i c le s  
a r e  r e g a r d e d  a s  v a r io u s  e x c ite d  s t a t e s  o f a  n o n l in e a r  s p in o r  f ie ld . T h e  
e le m e n ta ry  le n g th  a p p e a r s  a s  a  c o n s ta n t  in th e  e q u a tio n  e x p r e s s in g  th e  s e l f 
in te ra c t io n  d e n s ity  o f th e  s p in o r  f ie ld .

H e is e n b e r g 's  id e a s  r e p r e s e n t  a  f u r th e r  d e v e lo p m e n t o f h y p o th e s e s  of 
s p a c e - t im e  d i s c r e t e n e s s  a l r e a d y  in t ro d u c e d  a n d  d e v e lo p e d  s u c c e s s iv e ly  in 
th e  t h i r t i e s  by Iv a n en k o , S n y d e r, S ilb e r s te in .  B o rn , M a rc h  e t  a l -

In B o r n 's  c o n c e p tio n  th e  m in im u m  le n g th  c o r r e s p o n d s ,  a c c o rd in g  to  th e  
u n c e r ta in ty  r e la t io n , to  th e  m a x im u m  v a lu e  o f th e  m o m e n tu m . In v iew  of 
th is  B o rn  in t ro d u c e s  th e  c o n c e p t of th e  s p a c e  o f m o m e n ta  o f c o n s ta n t  c u r v a 
tu r e .

T h e  s u p p o r te r s  of th e  h y p o th e s is  o f s p a c e  an d  t im e  q u a n t iz a t io n  a r e  a l 
w a y s s t r e s s i n g  th e  fa c t  th a t  th e  g e o m e tr y  of s p a c e  in  th e  m ic ro w o r ld  m u s t 
be  n o n -A rc h im e d e a n , w h ich  e x c lu d e s  th e  p o s s ib il i ty  o f u n l im ite d  d iv is io n  
of s p a c e  an d  tim e * * * * .

W hat r e a l  p h y s ic a l  m e a n in g  c a n  a l l  th e s e  c o n s id e r a t io n s  h av e , a p a r t  
f ro m  th e  fa c t  th a t  th ey  a s s i s t  in re m o v in g  th e  d i f f ic u lt ie s  of th e  in f in ite  
v a lu e s  of th e  e n e rg y  an d  m a s s  of p a r t i c le s ?  It w ould  a p p e a r  th a t  th e y  r e a l ly  
e x p r e s s  th e  p r e s e n c e  o f a  d e f in ite  d i s c r e t e n e s s  in  s p a c e - t im e  p r o p e r t i e s  
of e le m e n ta ry  p a r t i c le s .  D is c r e te n e s s  is  in g e n e r a l  a  v e r y  c h a r a c t e r i s t i c  
f e a tu r e  of th e  m ic ro w o r ld .  M any p r o p e r t i e s  o f p a r t i c le s  -  s p in , e l e c t r i c  
c h a rg e ,  m a g n e tic  m o m e n t, p a r i ty  an d  o th e r s  -  h a v e  c o m p le te ly  d e f in e d , 
d i s c r e t e  v a lu e s . T h e  c o n c e p t o f a  c o m p o s ite  m e c h a n ic a l  s y s te m  is  n o t a p 
p lic a b le  to  e le m e n ta ry  p a r t i c le s ;  th ey  h a v e  a  s p e c ia l  ty p e  o f in te g r i ty  w h ich  
d is tin g u is h e s  them  fro m  a l l  o th e r  m a te r ia l  o b je c ts .  In a l l  th e  c o m p o s i te  
s y s te m s  s u r r o u n d in g  u s , f ro m  c o s m ic  f o r m a t io n s  to  a to m ic  n u c le i, th e  
e n e rg y  of in te r n a l  bo n d s b e tw e e n  th e  co m p o n e n t e le m e n ts  o f th e  s y s te m  is  
m any  t im e s  s m a l l e r  th an  th e  e n e rg y  E =  mj? c o r re s p o n d in g  to th e  r e s t  m a s s  
o f th e  s y s te m . Such s y s te m s  s p l i t  in to  e le m e n ts  fo r  an  e n e rg y  of a c tio n  
m an y  t im e s  s m a l l e r  th an  E =  m„c*, though  w ith  re d u c t io n  o f th e  s iz e  o f th e  
s y s te m  th e  s t r e n g th  o f th e  c o h e s io n  b e tw e e n  e le m e n ts  i n c r e a s e s ,  w ith  a

’ S eeS o k o lo v , A. A. and D. D. Iv a n e n k o .  Kvantovaya teoriya polya (Quantum Field Theory), p. 594.
** See the collection "Nelineinaya kvantovaya teoriya polya" (Nonlinear Quantum Field Theory). Moscow. 

1959.
”00 A review of the various hypotheses on the problem of space-time quantization may be found in the follow

ing works: S v id e r s k i i  , V. I. Filosofskoe znachenie prostranstvenno vremennykh predstavlenii v fizike 
(Philosophical Significance of Space-Time Ideas in Physics), pp. 285—306. Leningrad. 195(1; K u z n e tso v  
B. G. Prinisip otnositel'nosti v antichnoi, klassicheskoi i kvantovoi fizike (The Principle of Relativity in 
Ancient, Classical and Quantum Physics), pp. 205—230. Moscow. 1959; A ro n o v , R. A. O gipoteze 
preryvnosti prostranstva i vremeni (The Hypothesis of Space-Time Discontinuity), Voprosy filosofii, No. 3. 
1957.
Archimedes'axiom has the following meaning; whatever be the segments A and B one can always find a 
number n such that B when divided by n is smaller than A; B/n<A.
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c o r r e s p o n d in g  in c r e a s e  in th e  b in d in g  e n e rg y  p e r  u n it m a s s  o f th e  c o m 
p o n e n t e le m e n ts .  *

A s fo r  e le m e n ta r y  p a r t i c le s  th ey  do no t b r e a k  up in to  th e  s u p p o s e d  e l e 
m e n ts  e v e n  w hen th e  e n e rg y  o f a c tio n  on th em  is  h u n d re d s  an d  th o u sa n d s  
o f t im e s  g r e a t e r  th an  th e  c o r re s p o n d in g  r e s t  e n e rg y . A t su c h  e n e r g ie s  th e  
o n ly  e f fe c t  i s  th e  c r e a t io n  o f a  h o s t  o f o th e r  p a r t i c le s  -  e l e c t r o n - p o s i t r o n  
p a i r s ,  m e s o n s  an d  so  on . T h e  p ro b a b il i ty  of s p l i t t in g  d o e s  not i n c r e a s e  
w ith  i n c r e a s e  o f th e  e n e rg y  o f a c tio n ; in s te a d , th e r e  is  on ly  an  i n c r e a s e  in 
th e  n u m b e r  o f p a r t i c le s  c r e a te d ,  e a c h  o f w h ich  h a s  e le m e n ta r i ly  o f th e  s a m e  
ty p e  a s  th e  p r im a r y  p a r t i c le s .  T h is  sh o w s th a t  th e  c o m p le x ity  o f e le m e n 
t a r y  p a r t i c le s  i s  e n t i r e ly  d i f fe re n t  fro m  th e  c o m p le x ity  o f a l l  o th e r  known 
f o r m s  o f m a t te r .

A bove i t  w a s  p o in te d  o u t th a t  th e  e x te n s io n  o f m a te r ia l  o b je c ts  is  a  fu n c 
tio n  o f t h e i r  in te r a c t io n ,  an d  th a t  a  fu n d a m e n ta l  c h a n g e  in  th e  c h a r a c t e r  of 
in te r n a l  b o n d s  s h o u ld  e n ta il  a  ch a n g e  in th e  s p a t ia l  p r o p e r t i e s  of th e  m a t e r i 
a l  fo r m a t io n s .  T h e  e n o r m o u s  e n e rg y  of in te r n a l  b o n d s o f e le m e n ta ry  p a r t i 
c le s  s u g g e s ts  th a t  i t  is  p o s s ib le  th a t  th ey  h av e  d i s c r e t e  in te r n a l  d im e n s io n s , 
c h a r a c t e r i z e d  p r e c i s e ly  by a  q u a n ti ty  o f th e  o r d e r  of 10~13cm . In th is  r e 
g io n  p ro to n s ,  n e u tro n s  an d  o th e r  m ic r o p a r t i c l e s  a r e  lo c a liz e d  a s  in te g ra l  
f o r m a t io n s  o f m a t t e r .  G e n e ra te d  p a r t i c le s  h av e  ro u g h ly  th e  s a m e  d im e n s io n s . 
T h e  r e la t iv e  d i s c r e t e n e s s  o f th e  s p a t ia l  d im e n s io n s  o f p a r t i c le s  ca n  be  r e 
la te d  in  a  d e f in ite  w ay to  th e  d i s c r e t e n e s s  o f th e  sp in , e l e c t r i c  c h a rg e ,  m a g 
n e tic  m o m e n t an d  o th e r  p r o p e r t i e s  o f p a r t i c le s .

H o w e v e r , on e  c a n n o t a b s o lu t iz e  th is  c o n c lu s io n  c o n c e rn in g  th e  q u an tu m  
p r o p e r t i e s  of s p a c e  an d  t im e  an d  deny  th e  p o s s ib il i ty  o f th e  e x is te n c e  of 
m a te r ia l  p r o c e s s e s  o f an y  k ind  a t  s m a l l e r  s c a le s .  M a t te r  an d  i ts  fu n d a 
m e n ta l  f o r m s  o f b e in g  a r e  no t o n ly  d i s c r e t e  b u t c o n tin u o u s . S om e a u th o rs ,  
u n fo r tu n a te ly , p e r m i t  s u c h  a b s o lu t iz a t io n  in  th e  b e l ie f  th a t  it  is  m e a n in g le s s  
in  g e n e r a l  to  s p e a k  o f m a te r ia l  m o tio n  a t  s m a l l e r  s c a le s .  T h e  p o in t of view  
h a s  b e e n  e x p r e s s e d  by P o in c a r e ,  M a rc h , S n y d e r, A b ra m e n k o , W eyl and  
c e r t a in  a u th o r s .  It is  u s u a l ly  a s s u m e d  h e r e  th a t  s p a c e  is  a ls o  f in i te  a t  
c o s m ic  s c a le s  b e c a u s e  i t  e v e ry w h e re  h a s  p o s i tiv e  c u r v a tu r e .  T h u s  A b r a m 
enko  w r i t e s :  "W eyl o n c e  p u t fo r w a r d  an  id e a  th a t  th e  n o n -E u c l id ic ity  o f 
w o r ld  s p a c e  m ay  m e a n  th a t  i t  h a s  no t o n ly  o u te r ,  b u t a ls o  in n e r  l im i t s .  We 
s h a l l  now  r e v e r s e  a r g u m e n t  w ith  r e f e r e n c e  to  t im e . T h e  l im ita t io n  o f t im e  
in  th e  s m a l l  to  so m e  in d iv is ib le  q u a n ta  t0 m a y  m e a n  th e  e x is te n c e  o f o u te r  
l im i t s ;  th a t  i s ,  th e  e x is te n c e  o f th e  lo n g e s t  t im e  in te rv a l  p o s s ib le ,  in s te a d  
o f in f in ite  t im e , w h ich  w ould be  ju s t  a n o th e r  lo g ic a l  c o n se q u e n c e  of r e 
n o u n c in g  th e  A r c h im e d e a n  ax io m . . .

" i f  th e  A r c h im e d e a n  a x io m  is  no t a p p l ic a b le  to  o u r  p h y s ic a l  w o r ld , and  
i t s  s p a t ia l  an d  te m p o r a l  d im e n s io n s  a r e  f in i te ,  th e  w o r ld 's  co n te n t is  
c h a r a c t e r i z e d  no t by  i t s  v o lu m e  o r  o th e r  d im e n s io n a l  q u a n ti ty , b u t by 
th e  n u m b e r  o f i t s  q u a n ta  o r  s p a t io - te m p o r a l  p h y s ic a l  p o in ts ;  i. e. , by  a 
d im e n s io n le s s  q u a n ti ty  o r  a p u re  n u m b e r ,  in a c c o rd a n c e  w ith  th e  v iew  a d 
v o c a te d  a s  e a r ly  a s  tw e n ty -f iv e  c e n tu r i e s  ag o  by th e  P y th a g o re a n  sc h o o l"* * .
A nd th e  a u th o r  c a lc u la te s  th e  n u m b e r  o f p o s s ib le  s p a c e - t im e  q u an ta  in  th e  w o r ld .

* This is due to the fact that upon transition from cosmic systems to macroscopic bodies, molecules, atoms 
and atomic nuclei, qualitatively new (electromagnetic and nuclear) forces whose energy is far greater 
than the energy of gravitational forces come into play.

** A b ra m e n k o , B. PhysicalSpace and Time. The British Journal for the Philosophy of Science, VoL 9,
No. 34, p. 107. 1958.
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He a s s u m e s  th e  r a d iu s  of th e  u n iv e r s e  to  be 3.4 • 109 lig h t y e a r s ,  w h ich  c o r 
re s p o n d s  to a  v o lu m e of 8 - 1083c m 3 . T h e  d u ra tio n  o f f in ite  t im e  sh o u ld  be 
6 - 10 17 s e c ,  an d  th u s  s p a c e - t im e  v o lu m e w ill c o n ta in  ro u g h ly  10 c m  - s e c .  
A ssu m in g  th a t  the v a lu e  of a  s in g le  s p a c e - t im e  q u an tu m  is  10 cm  • s e c ,  
the  n u m b e r  of su c h  q u a n ta  in  th e  w ho le w o r ld  sh o u ld  b e  a b o u t 101 2 . T h e  s o -  
c a l le d  c o s m ic  n u m b e r  A', o r  n u m b e r  o f e le m e n ta r y  p a r t i c le s  in th e  c o s m o s , 
d e te rm in e d  by E d d in g to n  is  108° .  " P e r h a p s  th e r e  is  a  d e f in i te  r e la t io n  b e 
tw een  th e s e  two n u m b e rs ;  th e  l a t t e r  is  th e  s q u a r e  ro o t  of th e  f o r m e r ,  an d  
th is  c o n n e c ts  the a to m is tic  s t r u c t u r e  o f m a t t e r  w ith  th e  d i s c r e t e  q u a n tu m  
s t r u c tu r e  of s p a c e - t im e " * .

Such ju g g lin g  w ith  n u m b e rs ,  w h ich  is  c h a r a c t e r i s t i c  o f th e  r e p r e s e n t a 
t iv e s  of th e  C a m b rid g e  sc h o o l, ca n  s c a r c e ly  h a v e  an y  v a lu e  a s  s e r io u s  
p ro o f . T h e  s o - c a l le d  " r a d iu s  o f th e  w o r ld "  -  3.4  • 109 lig h t y e a r s  -  is  a 
c o m p le te ly  a r b i t r a r y  q u a n tity ; in d ee d , m o d e rn  ra d io  a s t ro n o m y  m e th o d s  
h av e  a l r e a d y  led  to th e  r e c o rd in g  o f e m is s io n  fro m  g a la c t ic  c l u s t e r s  t h i r 
te e n  b il lio n  lig h t y e a r s  aw ay , an d  th e r e  is  no s c ie n t i f i c  b a s i s  fo r  d o u b tin g  
th e  p o s s ib il i ty  of f u r th e r  u n l im ite d  e x p a n s io n  of th e  s c a le .  M o re o v e r ,  
c a r e f u l  m e a s u r e m e n t  in r e c e n t  y e a r s  o f th e  m ea n  d e n s i ty  o f m a t t e r  in  th e  
m e ta g a la x y  p o in ts  to th e  c o n c lu s io n  th a t  s p a c e  in th e  r e g io n  o f th e  u n iv e r s e  
s u rro u n d in g  us h a s  n e g a tiv e  c u r v a tu r e  an d  is  d e s c r ib e d  by L o b a c h e v s k ia n  
g e o m e tr y * * . It is  open , th u s  a d m it t in g  th e  p o s s ib il i ty  th a t  th e  v a r io u s  
k in d s  of ra d ia t io n  d ev e lo p ed  in it  a r e  p ro p a g a te d  to  l a r g e r  a n d  l a r g e r  r e 
g io n s  of the  u n iv e r s e .

C h a r a c t e r is t i c a l l y ,  th e  a u th o rs  u s u a l ly  a b s o lu t iz e  th e  id e a  o f q u a n t i z a 
tio n  of s p a c e  an d  t im e  w ith o u t g iv in g  it an y  lo g ic a l  fo u n d a tio n  o r  p h y s ic a l  
i n te r p r e ta t io n ,  p o s tu la t in g  i t  s im p ly  a s  a  m e a n s  o f r e m o v in g  th e  d i f f ic u lt ie s  
o f th e  in f in i tie s .  P e r h a p s  th e  o n ly  e x c e p tio n  in th is  r e s p e c t  is  th e  w o rk  of 
B. G. K u z n e tso v ,, who a t te m p ts  to i l lu s t r a t e  p h y s ic a l ly  th e  p ro p o s i t io n  of 
s p a c e - t im e  d i s c r e t e n e s s .  K u z n e tso v  s t a r t s  fro m  a  h y p o th e s is  in tro d u c e d  
in 1949 by th e  S o v ie t p h y s ic is t  Y a. I. F r e n k e l ' ,  n a m e ly  th a t  th e  m o tio n  o f 
e le m e n ta ry  p a r t i c le s  is  no t a  s im p le  t r a n s la t io n  o f th e  s e l f - s a m e  p a r t i c le  
fro m  one p la c e  to the o th e r ,  b u t r a th e r  a  p r o c e s s  o f p e r io d ic  a n d  c o n tin u o u s  
v a n ish in g  o f th e  p a r t i c le  in  on e  c e l l  o f s p a c e  an d  a p p e a r a n c e  in a n o th e r ,  i .e . ,  
a  r e g e n e r a t iv e  m o t io n - * 1-. T h e  fu n d a m e n ta l  p r o p e r t i e s  o f p a r t i c le s  th en  
b e c o m e  s t a t i s t i c a l  a v e r a g e s  in  t im e .

K u z n e tso v  b a s e s  th e  p h y s ic a l  e x p la n a tio n  o f s p a c e - t im e  q u a n t iz a t io n  on 
th is  h y p o th e s is . He w r ite s ;  " L e t  u s  im a g in e  a  s p a t ia l  c e l l  o f m in im a l  d i 
m e n s io n s  of th e  o r d e r  o f 10“ 13cm . In it  th e r e  h a s  a p p e a r e d  an  e le m e n ta r y  
p a r t i c le  of d e f in ite  fo rm . S u b se q u e n tly , w ith in  10 -24s e c ,  th e  g iv en  p a r t i 
c le  v a n ish e d , t r a n s m u tin g  in to  a  d i f f e re n t  ty p e  o f p a r t i c le .  T h is  t r a n s m u t a -  
t io n a l  p r o c e s s  m a k e s  it p o s s ib le  to d is tin g u is h  on e  e le m e n ta r y  t im e  in te r v a l  
(10~24 se c )  f ro m  th e  n ex t o n e . I t a l s o  m a k e s  i t p o s s ib l e  to  d i s t in g u is h  on e  s p a t ia l  
c e l l  (10“ 13 cm ) fro m  a n o th e r" .  H o w e v er, w e " c a n n o t d is t in g u is h  th e  r ig h t  h a lf  
o f a  s p a t ia l  c e l l  f ro m  the le f t  by m e a n s  of a  m o v in g  p a r t i c le .  A p a r t i c le  w h ich  
m o v e s  fro m  th e  r ig h t h a lf  o f a  s p a t ia l  c e l l  to th e  le f t  w il l  n o t be fo u n d "* * * * .

* Ibid.
00 S eeF ok , V. A. Teoriya prostranstva, vremeni i lyagoicniya (Theory of Space, Time and Gravitation), 

p. 463. Moscow. lOSS. [Translated into Fnglish. Pergamon Press. ]
See F ren k e  1 •, Ya. I. Ponyatie dvizheniya v relyativistskoi kvantovoi teorii (Tile Concept of Motion 
in Relativistic Quantum Theory). DAN, Vol. 64, No. 4. 1949; also, by the same author, K voprosu o 
edinoi teorii polya (The Problem of a Unified Theory of Fields). UFN. Vol. XLI1. No. 1. 1950. 
K u z n e tso v , U.G. Evolymsiya kartiny mira (Involution of the World Picture), pp. 341—342. Moscow. 
1961.
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" T h e  im p o s s ib i l i ty  o f a  m a th e m a tic a l  s u b d iv is io n  of th e  th r e e - d im e n s io n a l  
v o lu m e  w ill  no t b e  an  a r b i t r a r y  a s s u m p tio n  if  it  is  r e la t e d  to th e  a b s e n c e  of 
r e a l  p h y s ic a l  p r o c e s s e s  a l lo w in g  on e  to  d is t in g u is h  on e  p a r t  o f the m a t te r  
f i l l in g  th is  v o lu m e  f ro m  a n o th e r  p a r t " * .

" E le m e n ta r y  s p a c e  c e l ls  h a v e  a  r ig h t  an d  a  l e f t - h a n d  s id e , bu t no t r ig h t  
a n d  le f t  p a r t s .  T h e  d e f in ite  s ig n  o f th e  sp in  s u g g e s ts  s p a t ia l  o r ie n ta tio n  of 
th e  p a r t i c le ,  b u t w ith in  th e  v o lu m e  w h ich  it o c c u p ie s  t h e r e  a r e  no p h y s ic a l  
o b je c ts  w ith  r e f e r e n c e  to  w h ich  th e  s p a c e  ca n  b e  d iv id e d  in to  p a r t s .  T h is  
m e a n s  th a t  s p a c e  in  an  e le m e n ta r y  c e l l  c a n  b e  in f in ite ly  d iv is ib le  b u t th a t 
to  th is  d iv i s ib i l i ty  c o r r e s p o n d s  no r e a l  p h y s ic a l  p r o c e s s ;  we ca n  im a g in e  
a  d i s ta n c e  s m a l l e r  th a n  10 “ 13 cm  an d  a  t im e  s m a l l e r  th an  10 -24s e c ,  bu t 
t h e r e  w ill b e  no p h y s ic a l ly  d i s t in c t  re g io n s  o r  t im e  in te r v a ls  c o r re s p o n d in g  
to  th e s e  s c a l e s "** .

S uch  c o n s id e r a t io n s  a r e  in t e r e s t i n g  bu t v u ln e ra b le  in  m an y  p la c e s .  F i r s t  
o f a l l ,  th e  v e r y  id e a  o f a c o n s ta n t  v a n is h in g  an d  r e g e n e r a t io n  of p a r t i c le s  
in  d i f fe re n t  c e l ls  o f s p a c e ,  t h e i r  t r a n s i t io n  f ro m  b e in g  to  n o n b e in g  and  b ac k , 
i s  p r o b le m a tic .  T h e r e  a r e  no r e a s o n s  to p o s tu la te  c a te g o r ic a l ly  th e  a b 
s e n c e  of an y  p h y s ic a l  p r o c e s s e s  b e tw e e n  v a n is h in g  an d  g e n e ra t io n  of the 
p a r t i c le  a t  th e  s p a c e - t im e  s c a le s  c o r re s p o n d in g  to  th e s e  p r o c e s s e s .  In th e  
w o r ld  a l l  p h e n o m e n a  ta k e  p la c e  in c o n f o rm ity  w ith  th e  p r in c ip le  o f c a u s a l i ty  
an d  th e  la w s  of c o n s e rv a t io n  of m a t t e r  an d  i ts  m o s t im p o r ta n t  p r o p e r t i e s .
In th e  d i s a p p e a r a n c e  of a  p a r t i c le  in on e  c e l l  o f s p a c e  th e  m a t t e r  c o m p o s in g  
i t  w ou ld  h a v e  to  p a s s  o v e r  in to  a  q u a l i ta t iv e ly  d if fe re n t  s ta te ;  th e  e x is te n c e  
o f th e  g iv en  m a t t e r  w ould  no t c e a s e  ev e n  fo r  on e  in s ta n t ,  h o w s o e v e r  s m a l l . 
T h e r e  w ould  a ls o  be no in te r r u p tio n  in  i t s  m o tio n .

On th e  o th e r  h an d , p a r t i c le s  ca n n o t be c r e a t e d  fro m  n o th in g  in d e p e n d e n t
ly  of o th e r  c a u s e s .  C o n se q u e n tly , b e tw e e n  th e  a p p e a ra n c e  an d  the d i s a p 
p e a r a n c e  o f th e  p a r t i c le  t h e r e  w ould  h av e  to  b e  d e f in ite  c h a n g e s  o f m a t te r  
an d  d e f in i te  p h y s ic a l  p r o c e s s e s .  T h e s e  w ould  ta k e  p la c e  a t  c o r re s p o n d in g  
s p a c e - t im e  s c a le s ,  s m a l l e r  th an  1 0 '13cm  an d  10"24s e c .  B e fo re  d e f in ite  
c h a n g e s  c a n  ta k e  p la c e  in th e  p a r t i c le  a s  a  w h o le , th e r e  m u s t be  c h a n g e s  
in  th e  e le m e n ts  of i t s  s t r u c tu r e .  D e n ia l o f su c h  in te r m e d ia te  p r o c e s s e s  
w ou ld  b e  e q u iv a le n t to  a s s u m in g  i n s t a n t a n e o u s  t r a n s i t io n s  of p a r t i c le s  
f r o m  on e q u a l i ta t iv e  s ta te  to  a n o th e r  upon th e i r  d is a p p e a ra n c e  in  so m e  c e l ls  
o f s p a c e  an d  a p p e a ra n c e  in o th e r s ;  th is  im p lie s  an  in f in ite  s p e e d  of p r o 
p a g a tio n  o f in te r a c t io n .  S in c e  th is  is  im p o s s ib le  th e  id e a  o f p a r t i c le  t r a n s 
m u ta tio n  is  no t in i t s e l f  a s u f f ic ie n t  b a s i s  fo r  th e  id e a  o f th e  d i s c r e t e n e s s  of 
s p a c e  an d  t im e .

P h y s ic a l ly  th e  fu lf i l lm e n t  o f th e  p r in c ip le  o f c a u s a l i ty  an d  th e  la w s  of 
c o n s e rv a t io n  o f m a t t e r  an d  of i t s  p r in c ip a l  p r o p e r t i e s  m e a n s  th a t  a l l  c h a n g e s  
in  m a te r ia l  o b je c ts  an d  in th e i r  m u tu a l r e la t io n s h ip s  m u s t b e  c o n t a c t -  
a c t i o n  p r o c e s s e s ,  g ra d u a l  an d  c o n tin u o u s , w ith  a  f in ite  s p e e d  o f p r o p a g a 
tio n  o f m a t t e r  an d  e n e rg y  f ro m  on e re g io n  of s p a c e  to  a n o th e r .

T h e  p r in c ip le  o f c o n ta c t  a c t io n  m u s t a l s o  ho ld  in a l l  s te p w is e  q u an tu m  
t r a n s i t i o n s  in th e  m ic ro w o r ld .  T h e  a p p a re n t  s im u l ta n e i ty  of t r a n s i t io n  
s e e m s  s u c h  on ly  w hen th e  r e a l  p r o c e s s  is  a p p ro x im a te d  ro u g h ly , c o n s id e r e d  
in  too l a r g e  a  t im e  s c a le .  H o w e v e r , w e re  w e a b le  to  r e a c h  th e  fin e  m ic r o 
s t r u c t u r e  o f q u a n tu m  t r a n s i t i o n s  o r  e le m e n ta r y  p a r t i c le  t r a n s m u ta t io n s ,  we 
w ou ld  s e e  th a t  th e s e  p h e n o m e n a  ob ey  th e  la w s  of c o n s e rv a t io n  an d  th e

K u z n e tso v .  U. G. Prints! p otnosiiel’nosti v amiclinoi, klassicheskoi i kvantovoi fizike (The Principle of
Relativity in Ancient, Classical and Quantum Physics), p. 215.
Ibid. . pp. 217-218. 1
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p r in c ip le  of c a u s a l i ty ;  ow ing  to th is  th e  p ro p a g a tio n  o f in te r a c t io n s  in  th e  
g iv en  re g io n s  ta k e s  p la c e  a s  a  c o n ta c t -a c t io n  p r o c e s s  a t  a  f in i te  sp e e d . 
T h e r e f o r e  a l l  t r a n s i t io n s  ta k e  p la c e  w ith in  d e f in ite  t im e  in t e r v a ls ,  an d  n o t 
in s ta n ta n e o u s ly . T h e  t im e  o f e x is te n c e  of a  d e f in ite  m ic r o p a r t i c l e  w h ich  
a p p e a rs  an d  s u b s e q u e n tly  d i s a p p e a r s  a g a in  m ay  b e  d i s c r e t e ,  b u t n o t t im e  
a s  a  u n i v e r s a l  f o r m  o f  b e i n g  o f a l l  f o r m s  o f m a t t e r  e x is t in g  in  
n a tu re .

In th is  c o n n e c tio n  w e ca n n o t a g r e e  w ith  th e  v iew , o c c a s io n a l ly  e x p r e s s e d  
in  th e  l i t e r a tu r e ,  th a t  th e  q u an tu m  c h a r a c t e r  of th e  p r o p e r t i e s  an d  i n t e r a c 
t io n s  of m ic r o p a r t i c l e s  a ls o  c o n d it io n s  th e  d i s c r e t e n e s s  of t im e  i r r e s p e c t i v e  
o f th e  fo rm  of m a t te r  to  w h ich  th e  t im e  r e f e r s .

It sh o u ld  b e  s t r e s s e d  th a t  th e  p r o p e r t i e s  o f s p a c e  an d  t im e  m u s t  b e  dep
r iv e d  not f ro m  th e m s e lv e s  b u t fro m  th e  p r o p e r t i e s  an d  in te r a c t io n s  o f m o v 
ing  m a t te r .  T h e r e f o r e  th e  p ro b le m  of w h e th e r  s p a c e  an d  t im e  a r e  c o n t in 
uo u s o r  d isc o n tin u o u s  r e d u c e s  in th e  l a s t  a n a ly s i s  o f th e  p ro b le m  o f w h e th e r  
m a t te r  i t s e l f ,  a s  the s u b s ta n c e  o f a l l  p h e n o m e n a , is  d i s c r e t e  o r  c o n tin u o u s . 
A b so lu tiz a tio n  of th e  id ea  of q u a n tiz a tio n  of s p a c e  an d  t im e  is  e q u iv a le n t to 
a s s u m in g  u l t im a te  s t r u c t u r e l e s s  " b r ic k s "  of m a t t e r  r e p r e s e n t in g  th e  lo w e r  
l im i t  of c o m p le x ity . N a tu r a l ly , th e  re c o g n i t io n  o f s t r u c t u r e  in th e s e  m i c r o 
o b je c ts  im p lie s  th e  p o s s ib il i ty  of c h a n g e s  in  m a t t e r  a t  s m a l l e r  s p a c e - t im e  
s c a le s .

T h e  id e a  of s t r u c t u r e l e s s  m ic ro o b je c ts ,  h o w e v e r, is  in te r n a lly  c o n t r a 
d ic to ry  fro m  th e  p h y s ic a l  an d  p h i lo so p h ic a l  p o in ts  o f v iew . O b je c ts  o f th is  
k ind  sh o u ld  hav e  no in te r n a l  b o n d s, s in c e  re c o g n i t io n  o f th e  l a t t e r  w ould  
im p ly  s t r u c tu r e ,  w hich  is  a lw a y s  a  d e f in ite  ty p e  of in te r n a l  bond. B ut o b 
j e c ts  devo id  of in te r n a l  bo n d s c a n n o t h av e  e x te r n a l  o n e s , a s  th e  l a t t e r  a r e  
a lw a y s  d e te rm in e d  by th e  f o r m e r  an d  c a n n o t e x is t  w ith o u t th e m . F o r  e x 
a m p le , a l l  th e  e x te rn a l  e le c t ro m a g n e tic ,  g r a v ita t io n a l  an d  n u c le a r  b o n d s  of 
m ic r o p a r t ic le s  a r e  d e te rm in e d  by th e i r  in te r n a l  b o n d s o r  s t r u c t u r e ,  w h ich  
is  t h e i r  m a te r ia l  fo u n d a tio n . O b je c ts  d ev o id  of in te r n a l  an d  e x te r n a l  bo n d s 
co u ld  not m a n ife s t  t h e i r  e x is te n c e ,  w ould no t h av e  an y  p r o p e r t i e s  (s in c e  p r o 
p e r t i e s  a r e  a lw a y s  th e  r e s u l t  of in te ra c t io n s )  an d  w ould  no t b e  c a p a b le  of 
c o m b in in g  to g e th e r  in  m o re  g e n e r a l  s y s te m s .  M a t te r  w ould  h a v e  no s t r u c 
t u r a l  o rg a n iz a tio n , an d  i ts  d e v e lo p m e n t w ould  b e  im p o s s ib le .  T h is  m e a n s  
th a t  m ic ro o b je c ts  w ith o u t s t r u c tu r e  an d  in te r n a l  b o n d s a r e  in  p r in c ip le  im 
p o s s ib le ,  a lth o u g h , of c o u r s e ,  th is  s t r u c tu r e  ca n  b e  h ig h ly  v a r ie d  ow ing  
to th e  q u a l i ta t iv e  in f in ity  of m a t te r .

M o d ern  p h y s ic s  h a s  o b ta in e d  m any  p ro o fs  of th e  s t r u c t u r a l  c o m p le x ity  of 
e le m e n ta ry  p a r t i c le s .  E v id e n c e  in c lu d e s  th e  in te r t r a n s m u ta b i l i t y  o f p a r t i 
c le s ,  the  g r e a t  v a r ie ty  of th e i r  p r o p e r t i e s ,  th e  c o n s ta n t  in te r a c t io n  w ith  
v a r io u s  f ie ld s  and  a ls o  in d i r e c t  e x p e r im e n ta l  d a ta . E x p e r im e n ts  on th e  d e 
te rm in a t io n  o f the s t r u c tu r e  an d  s iz e  o f th e  p ro to n  th ro u g h  s c a t t e r in g  o f h ig h - 
e n e rg y  e le c t ro n s  on h y d ro g e n  n u c le i  show  th a t  th e  p ro to n  is  a  h ig h ly  c o m 
p le x  fo rm a tio n  a t  the  c e n te r  o f w h ich  l i e s  a  d e n s e  n u c le u s  o r  " c o r e "  s u r 
ro u n d e d  by a  clo u d  of p o s itiv e ly  c h a rg e d  j i -m e s o n s .  T h e  n e u tro n  m a y  h av e  
an  an a lo g o u s  s t r u c tu r e ,  w ith  a  c o r e  s u r r o u n d e d  by n e u t r a l  n - m e s o n s .  T h u s  
fro m  the s ta n d p o in t  o f m o d e rn  p h y s ic s  t h e r e  is  no r e a s o n  to  deny  th e  p o s s i 
b i l ity  o f th e r e  e x is t in g  m a te r ia l  p r o c e s s e s  a t  s c a le s  s m a l l e r  th a n  10 “13c m  
an d  10-24s e c .

H o w e v er, th e  p ro b le m  d o es  not e^e n  l ie  in th e s e  q u a n t i t ie s .  O ne ca n  
a s s u m e  th a t  th e  e le m e n ta ry  le n g th  and  th e  q u an tu m  of t im e  h av e  f a r  s m a l l e r
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v a lu e s ,  u n a t ta in a b le  so  f a r  to  m o d e rn  p h y s ic s .  M. A. M ark o v  p o in ts  ou t 
th a t  t h e r e  m ay  b e  d i f fe re n t  " c r i t i c a l "  le n g th s  an d  c o r re s p o n d in g  t im e  i n t e r 
v a l s .  F o r  th e  n u c le o n , fo r  in s ta n c e ,  th is  len g th  is  ro u g h ly  1 0 ' l7 c m , o r ,  
if w e ta k e  in to  a c c o u n t th e  g r a v ita t io n a l  r a d iu s  of th e  e le c tro n , 10~58cm *
B u t w h a te v e r  th e  v a lu e  o f th e  e le m e n ta r y  le n g th , th e  id e a  of th e  d i s c r e t e n e s s  
o f s p a c e  an d  t im e  c a n n o t b e  a b s o lu t iz e d . T h e  c o n s id e r a t io n s  p re s e n te d  
a b o v e  r e m a in  v a l id  in  su c h  c a s e s  a s  w e ll. T o  th e s e  m ig h t be  ad d e d  th e  f o l 
lo w in g  a r g u m e n ts .

T h e  a s s u m p tio n  th a t  th e r e  e x is t  u l t im a te  d i s c r e t e  e le m e n ts  o f m a t te r  and  
fo r m s  o f i t s  b e in g  le a d s  to in s u p e r a b le  d i f f ic u lt ie s  w hen one s e e k s  to u n d e r 
s ta n d  th e  i n te r a c t io n s  b e tw e e n  th e m . H e re  one is  n e c e s s a r i l y  fa c e d  w ith  
th e  p ro b le m  o f how  th e  g iv en  d i s c r e t e  e le m e n ts  o f m a t t e r  a r e  i n t e r r e l a t e d  
a n d  c o m b in e d  in  m o re  g e n e r a l  s y s te m s .  T h e  a s s u m p tio n  th a t  th ey  a r e  e v e r y 
w h e re  c lo s e  to  e a c h  o th e r  an d  in c o n ta c t  i s  in a p p lic a b le , a s  it  le a d s  to r e 
c o g n it io n  of th e  c o n tin u ity  an d  c o m p a c tn e s s  of m a t te r ,  w h ich  is  in c o n t r a 
d ic tio n  w ith  th e  o r ig in a l  p r e m is e s .  On th e  o th e r  han d , if it  is  a s s u m e d  
th a t  th e  d i s c r e t e  e le m e n ts  of m a t t e r  a r e  s e p a r a te d  by d e f in ite  d i s ta n c e s ,  
th e  p ro b le m  a r i s e s  o f how th e  f o r c e s  o f b in d in g a r e  t r a n s m i t t e d  f ro m  p a r t ic le  
to  p a r t i c le .  T h e  a s s u m p tio n  th a t  th e s e  f o r c e s  a r e  t r a n s m i t t e d  by th e m s e lv e s ,  
w ith o u t a n y  m a te r ia l  s u b s t r a t e ,  le a d s  to  re c o g n i t io n  o f m o t i o n  w i t h o u t  
m a t t e r ,  w h ich  is  c l e a r ly  in a d m is s ib le ,  a s  it le a d s  to  id e a lis m  an d  c o n t r a 
d ic ts  th e  p r in c ip le  of th e  m a te r ia l  u n ity  o f th e  w o r ld . It r e m a in s  to a s s u m e  
th a t  th e s e  f o r c e s  a r e  t r a n s m i t t e d  by so m e  fo r m  of m a t t e r  w h ich  f i l l s  up 
th e  s p a c e  b e tw e e n  p a r t i c le s .  T h is  m a t t e r  m u s t b e  co n tin u o u s , s in c e  to  a s 
s u m e  i t s  d i s c r e t e n e s s  w ould  a g a in  r a i s e  th e  q u e s tio n  of th e  n a tu re  of the 
i n te r a c t io n  b e tw e e n  d i s c r e t e  e le m e n ts ,  an d  th u s  th e  o ld  p ro b le m  a r i s e s  
in  th e  s a m e  fo rm .

In c l a s s i c a l  p h y s ic s  th is  m a te r ia l  m e d iu m  w as ta k e n  to  b e  th e  e th e r ,  bu t 
w ith  th e  a d v e n t o f th e  th e o ry  o f r e la t iv i ty  th e  h y p o th e s is  o f th e  e th e r  w as 
a b a n d o n e d  a n d  th e  c o n c e p t of f ie ld  in t ro d u c e d  in to  p h y s ic s  in i t s  s te a d . T h e 
e le c t r o m a g n e t ic ,  g r a v i ta t io n a l  an d  n u c le a r  f ie ld s  a r e  th e  p r e c i s e ly  su ch  
f o r m s  o f m a t t e r  w h ich  a r e  th e  c a r r i e r s  of th e  v a r io u s  fo r c e s  an d  w h ich  
g u a r a n te e  th e  c o m b in a tio n  o f p a r t i c le s  an d  m a c ro s c o p ic  b o d ie s  in m o re  
g e n e r a l  s y s t e m s .  T h e  fie ld  is  a  m a te r ia l  s y s te m  w ith  an  in f in ite  n u m b e r 
o f d e g r e e s  o f f r e e d o m . I t is  c o n tin u o u s ly  d i s tr ib u te d  in  s p a c e ,  an d  i n t e r 
a c t io n s  in  f ie ld s  a r e  t r a n s m i t t e d  a c c o rd in g  to  th e  p r in c ip le  o f c o n ta c t  a c tio n . 
T r u e ,  th e  f ie ld  s im u l ta n e o u s ly  p o s s e s s e s  th e  p r o p e r t i e s  of th e  d i s c r e t e ,  
s in c e  upon a b s o r p tio n  an d  e m is s io n  by p a r t i c le s  of m a t t e r  it  m a n ife s ts  i t 
s e l f  a s  a  s e t  o f d isc o n tin u o u s  f o r m a t io n s ,  o r  q u a n ta . In s p a c e ,  h o w e v e r, it  
i s  c o n tin u o u s ly  d i s t r ib u te d ,  an d  th e  p r e s e n c e  of a  fie ld  ca n  be  d e te c te d  a t  
an y  p o in t in  i t s  s p h e r e  of in f lu e n c e .

F u r th e r m o r e ,  a s id e  f ro m  th e  e x c ite d  s t a t e s  o f th e  fie ld  to  w h ich  th e  
q u a n ta  c o r r e s p o n d ,  th e r e  e x is t  s p e c ia l  v ac u u m  s t a t e s  in w h ich  th e  p r o p e r  e n 
e r g y  o f th e  f ie ld  is  c lo s e  to  th e  a b s o lu te  m in im u m , th e  z e r o  v a lu e . V acuum  
f ie ld s  a r e  c o n tin u o u s . T h u s  th e  union  o f th e  d is c o n tin u ity  an d  c o n tin u ity  of 
m a t t e r  is  a  n a tu r a l  r e s u l t  of th e  u n iv e r s a l  bond b e tw e e n  b o d ie s , and  a t  the  
s a m e  t im e  is  a  n e c e s s a r y  c o n d itio n  fo r  th is  bond . W e re  m a t t e r  d i s c r e t e  the 
i n te r a c t io n  o f i t s  co m p o n e n t e le m e n ts  an d  th e  fo r m a t io n  o f d if f e re n t  s y s te m s  
w ou ld  b e  im p o s s ib le .  T h is  p ro p o s i t io n  is  fu n d a m e n ta l; it  (and  not on ly  the 
e x p e r im e n ta l  d a ta ) m a k e s  it  p o s s ib le  to  d e te c t  th e  e r r o r s  in th e  a s s u m p tio n

° See M ark o v , M. A. Gipcrony i K-mczony (Ilyperons and K-Mesons), pp.318—317. Moscow. 1958.
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of th e  a n c ie n t  p h i lo s o p h e rs  th a t  m a t t e r  is  m a d e  o f a c tu a l ly  in f in i te s im a l  
d i s c r e t e  e le m e n ts .  A t th e  s a m e  t im e  it p e r m i t s  a  c r i t i c a l  a p p r o a c h  to  
a t te m p ts  a t  a b s o lu t iz a t io n  of th e  id e a  of th e  d i s c r e t e n e s s  o f s p a c e  an d  t im e .

T h e  union  of d is c o n tin u ity  an d  c o n tin u ity  is  m a n ife s te d  no t o n ly  in  th e  
c h a r a c t e r  o f th e  d i s tr ib u tio n  o f m a te r ia l  p a r t i c le s  an d  f ie ld s  b u t a l s o  in 
c e r t a in  p r o p e r t i e s  o f m ic ro o b je c t s .  T h e  e n e rg y  o f an  e le c t r o n  in  an  a to m  
c a n  on ly  h av e  c o m p le te ly  d e f in ite  d i s c r e t e  v a lu e s ,  an d  c h a n g e s  s te p w is e ,  
w h e re a s  th e  e n e rg y  of a  f r e e  e le c t r o n  ca n  c h a n g e  c o n tin u o u s ly , i n c r e a s in g  
o r  d e c r e a s in g  by an y  v a lu e  h o w e v e r s m a l l .  T h e  r e s t  m a s s  o f p a r t i c le s  
a ls o  h a s  c o m p le te ly  d e f in ite  and  d i s c r e t e  v a lu e s ,  b u t w ith  in c r e a s in g  v e l 
o c ity  o f th e  p a r t i c le s  th e  o v e r a l l  m a s s  is  c a p a b le  of in c r e a s in g  c o n tin u o u s ly .

E v e r y  s o l id  body h a s  d isc o n tin u o u s  d im e n s io n s  an d  o u t l in e s  in  s p a c e ,  
y e t  a t  th e  s a m e  t im e  it c r e a t e s  e le c t ro m a g n e tic  an d  g r a v i ta t io n a l  f ie ld s  
w h ich  a r e  c o n tin u o u s ly  d i s tr ib u te d  an d  c a p a b le  in p r in c ip le  of m a n ife s tin g  
th e i r  in f lu e n c e  o v e r  an y  d is ta n c e  h o w e v e r g r e a t .

U nion of d is c o n tin u ity  an d  c o n tin u ity  a l s o  h o ld s  in th e  s p a t ia l  b e in g  of 
th e  e le m e n ta ry  p a r t i c le s  th e m s e lv e s .  It is  w e ll know n th a t  th e  s i z e  of 
e le m e n ta ry  p a r t i c le s  ca n  be d e te rm in e d  o n ly  f ro m  th e  e f fe c t iv e  c r o s s  s e c 
t io n s  o b ta in e d  in th e  s c a t t e r in g  of so m e  p a r t i c le s  on o th e r s .  B u t th e  m a g 
n itu d e  of an  e f fe c tiv e  c r o s s  s e c tio n  d e p e n d s  on th e  v e lo c i t i e s  o f th e  c o l l i d 
ing  p a r t i c le s ,  th e i r  m a s s ,  an d  the p r e s e n c e  of e l e c t r i c  c h a r g e s .  C o r r e s p o n d 
ing ly  th e  p a r t i c le  s iz e s  d e te rm in e d  by e x p e r im e n t  m a y  d if fe r  w id e ly  in  d i f 
f e r e n t  c a s e s ;  th ey  a r e  a  fu n c tio n  of th e  in te ra c t io n . T h is  is  due to  th e  fa c t  
th a t  p a r t i c le s  a r e  no t m ic ro s c o p ic  c o p ie s  o f h a r d  s p h e r e s  an d  th a t  th e y  do 
no t h av e  c l e a r ,  s h a r p ly - d e f in e d  b o u n d a r ie s .  E v e r y  m ic r o p a r t i c l e  is  i n 
s e p a ra b ly  c o n n e c te d  w ith  th e  c o r r e s p o n d in g  f ie ld , w h ich  is  a s  it w e re  th e  
o u tw a rd  m a n ife s ta t io n  of th e  in te r n a l  e s s e n c e  of th e  p a r t i c le .  T h e  f ie ld  
m e rg e s  in to  the p a r t i c le  to  a  c e r t a in  e x te n t, an d  it is  im p o s s ib le  to  d e t e r 
m in e  w ith  a b s o lu te  a c c u r a c y  w h e re  th e  fie ld  p r o p e r  e n d s  an d  th e  p a r t i c le  
b e g in s . F o r  e x a m p le , the s iz e  of th e  p ro to n  is  7- 10 14cm , b u t th is  q u a n 
ti ty  c h a r a c t e r i z e s  th e  re g io n  of d i s tr ib u tio n  of th e  a - m e s o n  f ie ld , w h ich  is  
an  o rg a n ic  p a r t  o f th e  p ro to n  s t r u c tu r e  an d  in s e p a r a b le  f ro m  it. T h e  d e n 
s i ty  p o f d is tr ib u tio n  of m a t t e r  in a  n u c le o n  m ig h t b e  c h a r a c t e r i z e d  by a  d i a 
g ra m  (s e e  f ig u re ) .

T h e  s a m e  ca n  b e  s a id  fo r  th e  o th e r  m ic r o p a r t i c l e s .  O w ing to  th is  ev e n  
fo r  p a r t i c le s  of fin ite  r e s t  m a s s  th e  d i s c r e t e n e s s  o f s p a t i a l  d im e n s io n s  is  a  

h ig h ly  r e la t iv e  an d  a r b i t r a r y  c o n c e p t, a s  it  i s  c o m p le 
m e n te d  by c o n tin u ity . T h is  a p p l ie s  in e v e n  g r e a t e r  m e a -  

|\p s u r e  to  t im e .

A
in  th e  p h ilo so p h ic a l  l i t e r a t u r e  th e  id e a  o f th e  d i s c r e t e 
n e s s  of s p a c e  an d  t im e  is  s u b s ta n t ia te d  f r o m  th e  s t a n d 
p o in t o f th e  law  of t r a n s i t io n  o f q u a n t i ta t iv e  c h a n g e s  in to  
q u a l i ta t iv e  o n e s , w h ich  a s s u m e s  th a t  th e  w o r ld  is  s t r u c 
tu r a l ly  n o n u n ifo rm . A t a  c e r t a in  s ta g e  q u a n t i ta t iv e  
c h a n g e s  ten d in g  to w a rd  in c r e a s e  o r  d e c r e a s e  o f th e  s c a le s  
o f th e  p r in c ip a l  f o r m s  o f b e in g  of m a t t e r  m u s t le a d  to

-«---------L_------ fu n d a m e n ta l  c h a n g e s  in th e i r  m e t r i c  p r o p e r t i e s .  B ut
7 /0 c,n c e r t a in  a u th o r s  ap p ly  th e  id e a  o f q u a l i ta t iv e  c h a n g e s  not

on ly  to th e  s p e c if ic  p r o p e r t i e s  o f s p a c e  a n d  t im e  b u t e v e n  
to th e i r  fu n d a m e n ta l  p r o p e r t i e s  -  e x te n s io n  an d  d u ra tio n  -  in th e  b e l ie f  th a t  
a t  a  d e f in ite  s ta g e  o f q u a n t i ta t iv e  c h a n g e  th e s e  p r o p e r t i e s  lo s e  t h e i r  m e a n 
ing, t r a n s f o r m in g  in to  s o m e th in g  q u a l i ta t iv e ly  new . A s i m i l a r  id e a  is
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d e v e lo p e d , f o r  in s ta n c e ,  in th e  w o rk  of V. I. S v id e r s k i i .  He b e l ie v e s  th a t 
b ey o n d  1 0 "13c m  a n d  1 0 "24s e c  " s u c h  fu n d a m e n ta l  c o n c e p ts  of m a c ro s c o p ic  
s p a c e  a s  d is ta n c e ,  t im e  in te r v a l ,  an d  so  on lo s e  th e i r  e a r l i e r  m e a n in g " 5-.

In  p r e c i s e ly  th e  s a m e  w ay a t  c o s m ic  s c a le s  th e  o p e r a t io n  of th e  law  of 
t r a n s i t i o n  of q u a n t i ta t iv e  c h a n g e s  in to  q u a l i ta t iv e  o n e s  m e a n s  th a t , s ta r t in g  
f r o m  c e r t a in  s c a le s ,  th e  p r o p e r t i e s  of s p a c e  an d  t im e  ch a n g e  so  s h a r p ly  
th a t  it  b e c o m e s  im p o s s ib le  to s p e a k  of a  f u r th e r  in f in ite  i n c r e a s e  of d i s 
ta n c e s .

" T h e r e f o r e ,  a s  w e s e e  it ,  on e  c a n n o t sp e a k  a t  th e  le v e l  of a b s t r a c t  i n 
f in ity  o f th e  n u m b e r  of a to m s  in  th e  w o r ld , o r  of th e  n u m b e r of g ra v ita t io n a l  
m a s s e s ,  o r  of th e  u n l im ite d  p o s s ib il i ty  of i n c r e a s in g  o r  d e c re a s in g  s p a c e 
t im e  s c a le s  ( m e te r s ,  h o u rs  an d  so  fo r th ) . A ll th e s e  q u a n t i t ie s ,  in view  of 
t h e i r  s p e c if ic  q u a l i ta t iv e  n a tu re ,  m u s t  b e  f in i te " * * .

Q u a li ta t iv e  n e g a tio n  d o u b t le s s  h o ld s  in th e  c a s e  of s p e c if ic  p r o p e r t ie s  of 
s p a c e  an d  t im e , w h ich  a r e  fu n d a m e n ta lly  a l t e r e d  upon t r a n s i t io n  fro m  one 
le v e l  o f s t r u c t u r a l  o r g a n iz a t io n  of m a t t e r  to  a n o th e r .  H o w e v er, in o u r  o p 
in io n  th is  d o e s  not a p p ly  to  th e  u n iv e r s a l  p r o p e r t i e s  of m a t te r  an d  i ts  fu n d a 
m e n ta l  f o r m s  o f b e in g , w h ich  sh o u ld  b e  m a n ife s te d  a t  a l l  le v e ls  of s t r u c 
tu r a l  o rg a n iz a t io n . E x te n s io n  an d  d u ra tio n  a r e  th o se  fu n d a m e n ta l  p r o p e r 
t i e s  o f s p a c e  an d  t im e  w ith o u t w h ich  th e y  lo s e  t h e i r  c o n te n t. T h e s e  u n iv e r 
s a l  p r o p e r t i e s  a r e  in d e e d  th e  b a s i s  of q u a n t i ta t iv e  c h a n g e s , an d  due to th em  
th e  law  o f t r a n s i t i o n  o f q u a n t i ta t iv e  c h a n g e s  in to  q u a l i ta t iv e  o n e s  h o ld s  a t  
an y  s p a c e - t im e  s c a le .  S p ace  an d  t im e  hav e no g e n e r a l  p r o p e r t i e s  o th e r  
th a n  e x te n s io n  an d  d u ra tio n  c a p a b le  o f a s s u m in g  any  q u a n t i ta t iv e  v a lu e . If 
w e a s s u m e  th a t  a t  a  c e r t a in  s ta g e  e x te n s io n  an d  d u ra tio n  c e a s e  to  b e  i n h e r 
e n t in  s p a c e  an d  t im e , th e  law  of t r a n s i t io n  o f q u a n t i ta t iv e  c h a n g e s  in to  
q u a l i ta t iv e  o n e s  l o s e s  th e  b a s i s  o f i t s  o p e r a t io n , s in c e  h e n c e fo r th  th e r e  w ill 
b e  n o t h i n g  to  c h a n g e  to  q u a n t i ta t iv e ly .  It is  p r e c i s e ly  th e  u n iv e r s a l  
p r o p e r t i e s  o f m a t t e r  an d  of i t s  fu n d a m e n ta l  f o r m s  of b e in g  th a t  a lw a y s  c o n 
s t i t u t e  th e  b a s i s  o f th o s e  q u a n t i ta t iv e  c h a n g e s  w h ich , a t  c e r t a in  s ta g e s ,  upon 
t r a n s i t i o n  f ro m  on e le v e l  of s t r u c t u r a l  o rg a n iz a t io n  to  a n o th e r ,  le a d  to  
fu n d a m e n ta l  c h a n g e s  in  th e  p a r t i c u la r ,  s p e c if ic  p r o p e r t ie s .

A s  to  th e  p r o p o s i t io n s  th a t  th e  n u m b e r  o f a to m s , s t a r s ,  g r a v ita t io n a l  
m a s s e s  an d  o th e r  s p e c if ic  q u a l i t i e s  in th e  u n iv e r s e  is  f in ite , a g a in , th ey  
c a n n o t b e  s u b s ta n t ia te d  by r e f e r r i n g  to th e  law  of t r a n s i t io n  o f q u a n ti ta t iv e  
c h a n g e s  in to  q u a l i ta t iv e  o n e s . If by m e a n s  o f th is  i t  is  s t r e s s e d  th a t  the 
u n iv e r s e  d o e s  n o t e v e ry w h e re  c o n s i s t  o f th e  s a m e  a to m s , s t a r s  o r  o th e r  
b o d ie s  w ith  know n p r o p e r t i e s ,  th is  is  in p r in c ip le  c o r r e c t .  T h e  w o r ld  is  
n o n u n ifo rm  in s t r u c tu r e ,  an d  th e r e  is  no re a s o n  to  c la im  th a t  th e  s a m e  
b o d ie s  th a t  a r e  e n c o u n te re d  in th e  re g io n s  s u r r o u n d in g  u s  m u s t e x is t  e v e r y 
w h e re .  H o w e v e r , f r o m  th is  i t  d o e s  no t fo llow  th a t  th e  n u m b e r  o f a to m s , 
g ra v i ta t io n a l  m a s s e s  an d , a l l  th e  m o re  so , s p a c e - t im e  s c a le s  is  f in ite .
F o r  th e  q u a l i ta t iv e  in f in ity  of th e  w o r ld  is  no t s in g le -v a lu e d  an d  c o m p le te d , 
n o r  is  i t  c h a r a c t e r i z e d  by  a  c o m p le te ly  d e f in ite  n u m b e r  (o th e r w is e  i t  w ould 
no t b e  an  in fin ity ) . It c o n ta in s  a  s e t  of o th e r  in f in i t ie s  o f d i f fe re n t  o r d e r s ,  
th a t  i s ,  th e  w o r ld  c a n  h av e  an  in f in ite  s e t  o f a to m s , g ra v ita t io n a l  m a s s e s ,  
e tc .  , an  in f in ite  s e t  o f m a te r ia l  o b je c ts  of a  c o m p le te ly  d if fe re n t  k ind , a 
s i m i l a r  s e t  o f o b je c ts  d i f f e re n t  f ro m  th e s e ,  a n d  so  on . If w e d e s ig n a te  the

s e t  M a s  in f in ite , th e n  th e  s e t  Mn, M"n o r  M" an d  so  on w ill be in f in ite  (w h e re  
• S v id e r s k i i ,  V. 1. Filosofskoe znachenie prostransivenno-vremennykh predstavlenii v fizike (Philoso

phical Significance of Space-Time Ideas in Physics), p. 299.
•* Ibid. , p. 272.
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„ is  any  d e f in ite  n u m b e r) . A ll th e s e  s e t s  w ill be e q u iv a le n t. A s n i n c r e a s e s  
th e  h ie r a r c h y  of s e t s  ca n  be  c o n tin u e d  in d e f in ite ly , an d  e a c h  o f t h e s e  w ill 
be c o v e re d  by th e  c o n c e p t of th e  in f in ite . T h e  q u a n t i ta t iv e  an d  q u a l i ta t iv e  
in f in ity  of m a t te r  p r e s u p p o s e s  th e  p o s s ib il i ty  o f th e r e  e x is t in g  w i t h i n  i t  
a  s e t  o f in f in i tie s  of v a r io u s  o r d e r s ,  e a c h  of w h ich  c h a r a c t e r i z e s  a  s e t  o f 
q u a l i ta t iv e ly  d i s s im i l a r  o b je c ts .

If, h o w e v e r, w e a s s u m e  th a t  th is  c a n n o t b e  an d  th a t  th e  in f in ity  o f the 
w o r ld  is  a  c e r ta in  un iq u e  one w h ich  e x c lu d e s  th e  p o s s ib il i ty  o f t h e r e  e x i s t 
ing  w ith in  it  in f in ite  s e t s  o f d i s s im i l a r  o b je c ts ,  th is  m e a n s  th a t  w e u n d e r 
s ta n d  it to  b e  a  c o m p le te d  in fin ity . B ut w e re  i t  su c h  it w ould  c e a s e  to  be 
an  in fin ity  an d  w ould a s s u m e  th e  p r o p e r t i e s  o f a  f in ite  s e t ,  w h ich  is  in  c o n 
t r a d ic tio n  w ith  th e  o r ig in a l  p r e m is e .

T h e s e  c o n s id e r a t io n s  le a d  us  b ac k  to a  p ro b le m  long  c o n t r o v e r s i a l  in 
s c ie n c e ,  n a m e ly  w h e th e r  the in f in ite  d iv i s ib i l i ty  of m a t t e r  (a n d  by th e  s a m e  
to k en  th e  in f in ity  of s p a c e  an d  t im e ) is  a c tu a l  o r  p o te n t ia l ’' ' .

S p eak in g  of th e  w o r ld  a s  a  w ho le , i ts  in f in ity  in s p a c e  an d  t im e  c a n n o t be 
c o n s id e r e d  p o te n tia l  in s o fa r  a s  th e  w o r ld  is  no t b e c o m in g  in f in i te  b u t is  a l 
r e a d y  so . H o w e v er, a lth o u g h  a c tu a l ly  in f in ite , th e  w o r ld  is  ch a n g in g , p a s 
s in g  o v e r  f ro m  one s ta te  in to  a n o th e r .  T h is  c h a n g e  a f fe c ts  a l l  p r o p e r t i e s  
of th e  s y s te m s ,  in c lu d in g  th e  s p a c e - t im e  o n e s . T h e  p o s s ib il i ty  o f su c h  
c h a n g e s  s u g g e s ts  th a t th e  in f in ity  of th e  w o r ld  is ,  s im u l ta n e o u s ly ,  a ls o  
p o te n tia l , c o n ta in in g  in i t s e l f  th e  p r o c e s s e s  of fo r m a t io n  an d  q u a l i ta t iv e  
t ra n s i t io n .  T h u s  it  is  a  un ion  of th e  a c tu a l  an d  th e  p o te n t ia l ,  th a t  w h ich  is  
c o m p le te d  and  th a t w h ich  is  l im i t le s s ly  b e c o m in g , th e  r e a l  an d  th e  p o s s ib le .  
T h e  in fin ity  of th e  w o r ld  is  no t so m e th in g  s ta t ic  an d  u n ch a n g in g ; in s te a d , it 
p re s u p p o s e s  the  l im i t l e s s  v a r ia t io n  o f m a t t e r  in  s p a c e  an d  t im e .

T h e  in fin ity  o f m a t te r  in d ep th  is  c lo s e ly  c o n n e c te d  w ith  s p a c e - t im e  in 
f in ity  in the c o s m o s . T o  show  th is ,  l e t  u s  d iv id e  in  o u r  im a g in a tio n  th e  in 
f in ite  v o lu m e of the u n iv e r s e  in to  an  u n c o u n ta b le  s e t  o f a r b i t r a r y  u n its  of 
v o lu m e , e. g . , cu b ic  c e n t im e te r s  [s ic ! ] . Now le t  u s  s e e k  to  d i s t in g u is h  in 
one cu b ic  c e n t im e te r  th e  l a r g e s t  p o s s ib le  n u m b e r  o f v o lu m e s . It is  e a s y  
to show  th a t  th e r e  a r e  a s  m an y  o f th e s e  a s  t h e r e  a r e  c u b ic  c e n t im e te r s  in 
th e  e n t i r e  u n iv e r s e .  T h e s e  in fin ite  s e t s  a r e  e q u iv a le n t, an d  a  o n e - to - o n e  
c o r re s p o n d e n c e  ca n  b e  e s ta b l is h e d  b e tw e e n  th e i r  e le m e n ts .  T h e  n u m b e r  of 
v o lu m e s  in 1 c m 3 is  a c tu a l ly  in f in ite . A t th e  s a m e  t im e , s in c e  m a t t e r  is  
c o n s ta n tly  c h a n g in g  an d  p a s s in g  o v e r  fro m  on e q u a l i ta t iv e  s t a t e  in to  a n o th e r  - 
w hich  a p p lie s  to a l l  i ts  s t r u c t u r a l  e le m e n ts  -  th e  in f in ity  of m a t t e r  in  dep th  
is  s im u lta n e o u s ly  p o te n tia l . It a ls o  r e p r e s e n ts  a  un ion  of o p p o s i te s ,  th a t  
w h ich  is  c o m p le te d  an d  th a t  w h ich  is  in th e  p r o c e s s  o f b e c o m in g , th e  r e a l  
an d  th e  p o s s ib le  -  and  th a t  is  why it is  in f in ite .

R ed u ctio n  o r  i n c r e a s e  of th e  s p a c e - t im e  s c a le  m u s t  s u r e ly  e n ta il  q u a l i 
ta t iv e  c h a n g e s  in a l l  s p e c i f i c  p r o p e r t i e s  an d  la w s  o f m o tio n  of m a t te r ;  
u n iv e r s a l  p r o p e r t ie s  an d  d ia le c t ic  la w s , h o w e v e r, sh o u ld  b e  c o n s e r v e d , fo r  
th ey  fo llow  fro m  th e  v e r y  fa c t  of th e  e x is te n c e  of m a t t e r  in  v a r io u s  f o r m s  
an d  e x p r e s s  th e  m o s t g e n e ra l  a s p e c ts  of i t s  b e in g .

° A quantity or set of quantities is considered actually infinite if it is completed in the sense of its realiza
tion and exists objectively as something given and already accomplished. For example, in set theory the 
set of points and corresponding real numbers on a segment of finite length is considered actually infinite.
A potential infinity is a set of quantities which is capable of increasing indefinitely, becoming larger than 
any previously specified set of quantities. It is infinite not in the sense of its final, completed realization, 
but rather in the sense of the possibility of an unlimited further increase in which any specific set of quan
tities, however large, is exceeded.



A nd so , in  c o n c lu s io n , th e  fo llo w in g  m ay  b e  ad d e d  to  o u r  e a r l i e r  c o n c lu 
s io n s .  S p a c e - t im e  p r o p e r t i e s  c a n  be  d i s c r e t e  an d  fin ite  on ly  fo r  c e r ta in  
f o r m s  o f  m a t te r ;  t h e r e f o r e  d i s c r e t e n e s s  is  a r e la t iv e  p ro p e r ty .  O th e r  
f o r m s  o f m a t t e r ,  an d  in p a r t i c u la r  the f ie ld , a r e  c o n tin u o u s ly  d i s tr ib u te d  
in  s p a c e .  C h a n g e s  in a l l  f o r m s  o f m a t t e r  ca n  ta k e  p la c e  a t  s c a le s  a s  s m a l l  
a s  d e s i r e d ,  an d  o n ly  by  c o n ta c t  a c tio n . T h e r e f o r e  an  a b s o lu te  u n iv e r s a l  
p r o p e r ty  o f s p a c e  an d  t im e  is  t h e i r  c o n tin u ity , ow ing  to w h ich  ch a n g e  in 
m a t t e r  is  p o s s ib le .
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S P A C E -T IM E  Q U A N TIZA TIO N  IN E L E M E N T A R Y  
P A R T IC L E  TH EO RY

I. S. S h a p iro

W hen one lo o k s a t  the h i s to r y  of th e  d e v e lo p m e n t o f p h y s ic s  in  th e  l a s t  
h u n d re d  y e a r s  th e  c o n c lu s io n  s u g g e s ts  i t s e l f  th a t  s c ie n t i f i c  p r o g r e s s  w a s  
co n d itio n e d  by the  jo in t  a c tio n  of tw o d ia m e t r ic a l ly  o p p o s ite  te n d e n c ie s .  On 
th e  one hand , p r o g r e s s  w ould  not h av e  b e e n  p o s s ib le  b u t fo r  th e  a p p e a r a n c e  
of b r i l l ia n t  h y p o th e se s  w h ich  a l t e r e d  th e  o ld  id e a s  p ro fo u n d ly . On th e  o th e r  
hand , a  c e r ta in  c o n s tru c t iv e  r o le  w a s p la y e d  by " h e a lth y  c o n s e r v a t i s m " ,  o r  
th e  r e lu c ta n c e  to ch a n g e  th e  fu n d a m e n ta l  p ro p o s i t io n s  o f a  p h y s ic a l  th e o ry  
a s  long  a s  th e r e  is  an y  hope of f in d in g  a  w ay o u t of th e  d i f f ic u lt ie s  w ith o u t 
s u b s ta n t ia l ly  ch a n g in g  th e  fo u n d a tio n s .

O u r r e m a r k  w ould  be t r i v i a l  w e re  it  r e a l l y  p o s s ib le  to  e s t a b l i s h  w h e th e r  
th e  p o s s ib il i t i e s  o f the o ld  th e o ry  h av e  b e e n  e n t i r e ly  e x h a u s te d .

T h e  t ro u b le  is  th a t th is  b e c o m e s  c l e a r  a t  a  l a t e r  d a te , i. e . , o n ly  a f te r  
th e  new  th e o ry , p ro fo u n d ly  d i s s im i l a r  f ro m  th e  o ld , h a s  b e e n  c o n f ir m e d  by 
e x p e r im e n t. So f a r ,  a t  l e a s t ,  th e  u n s u i ta b i l i ty  of p ro p o s i t io n s  b e lo n g in g  to  
o ld  p h y s ic a l  v iew s  h a s  n e v e r  b ee n  p ro v e d  in  an y  o th e r  w ay. T h is  c i r c u m 
s ta n c e  is  due in  la r g e  p a r t  to th e  fa c t  th a t  e x p e r im e n ta l  d a ta  a r e  p r a c t i c a l l y  
n e v e r  so  c o m p le te  a s  to a llo w  a  u n i q u e  so lu tio n  of th e  " in v e r s e  p ro b le m " , 
r e c o v e r y  of th e  t r u e  a p p e a ra n c e  of th e  p h y s ic a l  th e o ry  c o r r e s p o n d in g  to  th e  
know n a g g r e g a te  of fa c ts .  In r e a l i ty  th e  r e s e a r c h  p h y s ic i s t  fin d s  h im s e l f  
in a  s i tu a t io n  so m e w h a t r e m in is c e n t  of th a t  o f a  g e n e r a l  w ho m u s t  g u e s s  th e  
in te n tio n s  o f h is  en e m y  fro m  f r a g m e n ta r y  an d  o c c a s io n a l ly  c o n t r a d ic to r y  
r e c o n n a is s a n c e  d a ta .

T h a t is  w hy th e  g r e a t  d i s c o v e r ie s  in p h y s ic s  h av e  n e a r ly  a lw a y s  b e e n  due 
to th e  in tu itio n  of s c i e n t i s t s  w ho, c o n v in c e d  of th e  d e f ic ie n c y  o f th e  o ld  v ie w s , 
in tro d u c e d  new an d  s o m e tim e s  v e r y  d a r in g  h y p o th e s e s . T h u s , a l th o u g h  th e  
n ee d  fo r  c h a n g in g  fu n d a m e n ta l  t h e s e s  w h ich  h av e  o u tl iv e d  th e i r  u s e f u ln e s s  to  
p h y s ic s  ca n  h a rd ly  e v e r  b e  p ro v e d , it  is  im p o r ta n t  to  " fe e l"  th is  n e e d , fo r  
w ith o u t it  the d e s i r e  to  look  fo r  s o m e th in g  new  c a n n o t a r i s e .

I b e lie v e  th a t  in  any  e x p o s it io n  of th e  id e a s  c o v e re d  by th e  g e n e r a l  t e r m  
s p a c e  and  t im e  q u a n tiz a tio n  an  a n a ly s i s  o f th e  d i f f ic u lt ie s  fa c in g  the m o d e rn  
th e o ry  is  p a r t i c u la r ly  n e c e s s a r y ,  th e  r e a s o n  b e in g  th a t  o n ly  a  few  te n ta t iv e  
s te p s ,  w ith  so  f a r  no g u a r a n te e  of s u c c e s s ,  h av e  b e e n  ta k e n  in  th e  new 
d ire c t io n . T h u s  w e w ill b e  d e a lin g  w ith  e x p lo ra to ry  r e s e a r c h  th e  o u tc o m e  
of w h ich  is  s t i l l  u n c e r ta in .

T h e  c r i s i s  in th e  th e o ry  of e le m e n ta ry  p a r t i c le s  to d ay  is  a s s o c ia t e d  w ith  
d if f ic u lt ie s  w h ich  we ca n  c l a s s  in  tw o g ro u p s .

T h e  f i r s t  g ro u p  of d i f f ic u lt ie s  is  due to th e  f a c t  th a t  w e a r e  no t a b le  to  
so lv e  th e  e q u a tio n s  o f th e  q u an tu m  th e o ry  o f in te r a c t in g  f ie ld s .
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T h e  d if f ic u lt i e s  in  th e  s e c o n d  g ro u p  s te m  f ro m  th e  fa c t  th a t  w e ca n  s e e  
no p r in c ip l e s  in  th e  m o d e rn  th e o ry  by  w h ich  to  e x p la in  th e  d iv e r s i ty  of the  
know n e le m e n ta r y  p a r t i c le s  an d  e s ta b l i s h  th e  c o n n e c tio n  b e tw e e n  th e  v a r io u s  
ty p e s  of p a r t i c le  i n te r a c t io n s .

S uch  c la s s i f i c a t i o n  of th e  d i f f ic u lt ie s  is  s u r e ly  so m e w h a t a r b i t r a r y ,  and  
i t  is  p o s s ib le  th a t  s o m e  of th e  d if f ic u lt ie s  in  th e  se c o n d  g ro u p  w ould  v a n ish  
if  w e w e re  a b le  to  so lv e  th e  e q u a tio n s  of th e  q u an tu m  th e o ry  of f ie ld s .  How 
do th e s e  e q u a tio n s  d if fe r  fro m  th e  e q u a tio n s  o f th e  s o - c a l le d  c l a s s i c a l  
th e o ry  o f f ie ld s ,  f r o m , s a y . M a x w e ll 's  w e ll-k n o w n  e q u a tio n s  fo r  th e  e l e c 
t r o m a g n e tic  f ie ld ?

T h e  e q u a tio n s  o f c l a s s i c a l  th e o ry  a r e  a  s y s te m  of a  f i n i t e  n u m b e r  of 
p a r t i a l  d i f f e r e n t ia l  e q u a tio n s . V e ry  m an y  o f th e  p r o p e r t i e s  of su c h  s y s 
te m s  o f e q u a tio n s  a r e  now know n to u s , an d  a  v e r y  b ro a d  c l a s s  o f su c h  
e q u a tio n s  c a n  be  so lv e d , u s in g , w h e re  n e c e s s a r y ,  s u f f ic ie n t ly  ad v a n ce d  
c o m p u te r s .  T h e  e q u a tio n s  o f q u a n tu m  th e o ry  o f f ie ld s ,  h o w e v e r, a r e  a 
s y s te m  o f an  i n f i n i t e  n u m b e r  of p a r t i a l  d i f f e r e n t ia l  e q u a t io n s .  T h e p r o p -  
e r t i e s  o f su c h  s y s te m s  of e q u a tio n s  a r e  s t i l l  so  p o o r ly  s tu d ie d  th a t  ev e n  
the th e o re m  c o n c e rn in g  th e  e x is te n c e  o f a  s o lu tio n  h a s  no t b ee n  p ro v e d . In 
o th e r  w o r d s ,  so  f a r  w e a r e  n o t c e r t a in  th a t  th is  s y te m  of e q u a tio n s  is  no t 
i n t e r n a l ly  in c o n s is te n t .  A ll th a t  w e h av e  l e a r n e d  to  do ca n  be re d u c e d  to 
tw o p o s s ib i l i t i e s .

F i r s t ,  w e c a n  so lv e  th e s e  e q u a tio n s  in  th o s e  c a s e s  w h e re  th e  p a r t i c le s  
do no t i n t e r a c t  w ith  e a c h  o th e r  ( f r e e  f ie ld s ) .  B ut th is  is  o f l i t t l e  in t e r e s t  
p h y s ic a l ly ,  s in c e  r e a l  p a r t i c le s  a r e  a lw a y s  e n c o u n te re d  in in te ra c t io n .

S e c o n d ly , w e b e l ie v e  th a t  w e ca n  s o m e t im e s  s o lv e  th e s e  e q u a tio n s  in 
c a s e s  w h e re  th e  in te r a c t io n  is  s m a l l .  An e x a m p le  ( th e  on ly  one so  fa r ,  u n 
fo r tu n a te ly )  o f s o lu tio n  by  th e  m eth o d  o f p e r tu r b a t io n  th e o ry  is  p ro v id e d  by 
q u a n tu m  e le c t r o d y n a m ic s  ( in te r a c t io n  of p a r t i c le s  w ith  th e  e le c tro m a g n e tic  
f ie ld ) . E le c tr o m a g n e t ic  in te r a c t io n  is  c h a r a c t e r i z e d  by a  s m a l l  d im e n s io n 

l e s s  p a r a m e t e r  ( th e  s o - c a l l e d  f in e  s t r u c t u r e  c o n s ta n t)  « = -^  =  ^ ,  w h e re

e = 4 .8 0 x  10 -10 (C G SE) is  th e  e le m e n ta r y  e l e c t r i c  c h a rg e ,  h th e  q u an tu m  
c o n s ta n t  an d  c =  3 x l 0 10c m / s e c  th e  v e lo c ity  o f lig h t  in  v ac u u m .

A s a is  m u c h  s m a l l e r  th an  1, i t  is  r e a s o n a b le  to  t r y  to  so lv e  th e  s y s te m  
o f e q u a tio n s  of q u a n tu m  e le c t r o d y n a m ic s  by th e  m e th o d  o f s u c c e s s iv e  a p p r o x 
im a t io n s ,  i. e . , f i r s t  o b ta in  th e  s o lu tio n  fo r  f r e e  f ie ld s  an d  s u b s e q u e n tly  
c o r r e c t  i t  by  a c c o u n tin g  f o r  th o s e  q u a n t i t ie s  w h ich  c o n ta in  a in  th e  f i r s t  
p o w e r , in  th e  s e c o n d  p o w e r, an d  so  on . O ne m ig h t e x p e c t th a t , ow ing  to 
th e  s m a l ln e s s  o f a, th o s e  t e r m s  o f th e  p e r tu r b a t io n  s e r i e s  w h ich  c o n ta in  
h ig h e r  p o w e rs  o f a w ou ld  b e  s m a l l  c o m p a re d  w ith  th e  lo w e r  n o n v a n ish in g  
a p p r o x im a tio n s .  C o n tr a r y  to  th e s e  e x p e c ta t io n s  th e  fo llo w in g  a p p r o x im a 
t io n s  p ro v e d  to  b e  no t o n ly  n o t s m a l l ,  b u t e v e n  in f in ite , w h ich  is  c o m p le te ly  
m e a n in g le s s .  T r u e ,  in  e le c t r o d y n a m ic s  p h y s ic i s t s  le a rn e d  to  r e m o v e  su c h  
in f in i t i e s  w ith  th e  h e lp  o f th e  s o - c a l l e d  re n o r m a l iz a t io n  o f th e  m a s s  and  
c h a r g e .  F i r s t ,  h o w e v e r , th e s e  m e th o d s  do n o t fo llow  s y s te m a t ic a l ly  f ro m  
th e  e q u a t io n s  t h e m s e lv e s  — th e y  a r e  a r t i f i c i a l  im p o r ta t io n s  in to  th e  th e o ry .  
S eco n d ly , th e  p r o c e d u r e  of r e n o r m a l iz a t io n  b r e a k s  dow n in  o th e r  c a s e s  w h e re , 
s e e m in g ly ,  p e r tu r b a t io n  th e o ry  sh o u ld  b e  a s  a p p l ic a b le  a s  in  th e  e l e c t r o d y 
n a m ic s  o f th e  e le c t r o n .  T h is  a p p l ie s ,  in  p a r t i c u la r ,  to  th e  s o - c a l le d  w eak  
in te r a c t io n s  r e s p o n s ib le  f o r  th e  d e c a y  of e le m e n ta r y  p a r t i c le s .

A s w e do n o t p o s s e s s  th e  e x a c t  s o lu tio n  of th e  e q u a tio n s  o f q u an tu m  e l e c 
t r o d y n a m ic s ,  w e a r e  n o t y e t  in  a  p o s i tio n  to  m a k e  f in a l  ju d g m e n ts  c o n c e rn in g
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the  o r ig in  o f th e  in f in i t ie s  m e n tio n e d  ab o v e , i . e . ,  a s  to  w h e th e r  th e y  a r e  
th e  c o n se q u e n c e  of th e  u s e  o f th e  p e r tu r b a t io n  m e th o d , o r  e v id e n c e  th a t  th e  
o r ig in a l  s y s te m  o f e q u a tio n s  is  i n c o r r e c t  ( in c o n s is te n t) .

In th is  c o n n e c tio n  m e n tio n  sh o u ld  b e  m a d e  o f th e  i n t e r e s t i n g  in f e r e n c e s  
w h ich  c a n  be  d ra w n  f ro m  a t te m p ts  to  su m  th e  p e r tu r b a t io n  s e r i e s  th e o ry .  
F ro m  c e r t a in  (n a tu r a l )  a s s u m p tio n s ,  th e  fo llo w in g  p a r a d o x ic a l  c o n c lu s io n  
fo llo w s f ro m  the  th e o ry : s t a r t i n g  f ro m  e q u a tio n s  w h ich  p r e s u p p o s e  th e  
e x is te n c e  of in te r a c t io n  b e tw e e n  p a r t i c le s ,  w e o b ta in  a  s o lu tio n  in  w h ich  
th e  in te ra c t io n  v a n is h e s  c o m p le te ly  ( th e  d e ta ile d  in v e s t ig a t io n s  a lo n g  th e s e  
l in e s  a r e  due to L . D. L an d a u  an d  I .Y a .  P o m e ra n c h u k ) .  If r i g o r o u s ly  
p ro v e d  su c h  a  r e s u l t  w ould  im p ly  th a t  th e  e q u a tio n s  of th e  q u a n tu m  th e o ry  
of f ie ld s  a r e  in c o n s is te n t .

If one a d o p ts  th is  p o in t of v iew  it  b e c o m e s  n e c e s s a r y  to  m o d ify  th e  o r i g 
in a l  s y s te m  of e q u a tio n s . H o w e v er, th e  t r o u b le  is  th a t  th e  c o n s id e r a t io n s  
u n d e r ly in g  th e  e q u a tio n s  of th e  m o d e rn  q u an tu m  th e o ry  o f f ie ld s  a r e  so  fu n 
d a m e n ta l  th a t  on e  c a n n o t m o d ify  th e s e  e q u a tio n s  s ig n if ic a n t ly  w ith o u t p r o 
found ly  a l te r in g  th o s e  g e n e r a l  p h y s ic a l  c o n c e p ts  by w h ich  w e h a v e  b e e n  
g u id ed  so  f a r .  T o  c l a r i f y  th is  p o in t I w il l  now c o n s id e r  th e  s o - c a l l e d  n o n 
lo c a l  th e o ry  o f f ie ld s  -  an  a p p r o a c h  c lo s e  in  s p i r i t  to  th e  id e a  o f q u a n t iz a 
tio n  o f s p a c e  an d  t im e .

T h e  m o d e rn  q u an tu m  th e o ry  o f f ie ld s  i s  b a s e d  on th e  p r in c ip le  o f s o - c a l l e d  
lo c a l  in te r a c t io n s .  T h is  m e a n s , fo r  e x a m p le , th a t  th e  in te r a c t io n  of an  
e le c t r o n  w ith  th e  e le c tro m a g n e tic  f ie ld  a t  a  c e r t a in  i n s ta n t  in t im e  is  d e 
te rm in e d  on ly  by th e  f ie ld  s t r e n g th  a t  th a t  p o in t in  s p a c e  a t  w h ic h  th e  e l e c 
t ro n  is  lo c a liz e d  a t  th e  g iv en  in s ta n t .  In th is  s e n s e  e le m e n ta r y  p a r t i c le s  
a r e  t r e a t e d  in  th e  m o d e rn  th e o ry  a s  p o in ts  d ev o id  o f a n y  d im e n s io n s ,  s in c e  
o th e rw is e  th e  in te r a c t io n  w ou ld  b e  d e te rm in e d  by  th e  f ie ld  s t r e n g th  in  th e  
e n t i r e  r e g i o n  o f s p a c e  o c c u p ie d  by  th e  e le c t r o n .  N o n lo c a l th e o ry  o f f ie ld s  
s t a r t s  f ro m  th e  a s s u m p tio n  th a t  e le m e n ta r y  p a r t i c l e s  c a n n o t in  g e n e r a l  b e  
lo c a liz e d  a t  a  p o in t in  s p a c e  a t  a  g iv en  in s ta n t  in  t im e . T o  g iv e  a  g r a p h ic a l  
i l lu s t r a t io n ,  th is  m e a n s  th a t  th e  p a r t i c le  is  " s m e a r e d "  o v e r  a  c e r t a in  r e 
g ion  o f th e  fo u r -d im e n s io n a l  s p a c e - t im e  c o n tin u u m . T h is  id e a  a r o s e  b e c a u s e  
th e  a b o v e -m e n tio n e d  in f in i t ie s  a p p e a r  in  th e  th e o ry  ow ing  to  i n te r a c t io n  a t  
s m a l l  d i s ta n c e s .

T h e  n o n lo c a l th e o ry  of f ie ld s  w a s  in v e s t ig a te d  in te n s iv e ly  in  th is  c o u n try  
by  M. A . M ark o v , a n d  he  w a s  th e  f i r s t  to  in d ic a te  on e  o f th e  d i f f ic u lt ie s  o f 
p r in c ip le  p re s e n te d  by  th is  c o n c e p tio n . T h e  p ro b le m s  o f n o n lo c a l  th e o ry ,  
s u c h  a s  w e u n d e r s ta n d  th e m  to d ay , r e d u c e  in  g e n e r a l  to  th e  fo llo w in g . It 
s e e m s  th a t  in  th e  " s m e a r in g "  o f a  p a r t i c le  w e e n c o u n te r  a  v io la t io n  of 
r e la t iv i s t i c  c a u s a l i ty ,  due to  a d m is s io n  o f th e  p o s s ib il i ty  o f p ro p a g a t io n  of 
s ig n a ls  a t  a  r a te  e x c e e d in g  th e  r a te  o f p ro p a g a t io n  o f lig h t  in  v a c u u m  ( if  on e  
a d m its  o f th e  e x is te n c e  o f su c h  s ig n a ls ,  e v e n ts  w h ich  to o k  p la c e ,  s a y ,  y e s 
te r d a y  in  L e n in g ra d  m ay  p ro v e  to  b e  d e p e n d e n t on e v e n ts  w h ich  w il l  ta k e  
p la c e  th e  d a y - a f te r - to m o r r o w  in  M oscow ; in  o th e r  w o r d s ,  th e  " f u tu r e "  m a y  
in flu e n c e  th e  " p a s t" ) .  T r u e ,  i t  sh o u ld  b e  b o rn e  in  m in d  th a t  th e  v io la t io n  o f 
c a u s a l i ty  r e f e r r e d  to  ab o v e  o c c u r s  a t  v e r y  s m a l l  d i s ta n c e s  ( n e c e s s a r i l y  l e s s  
th a n  10-13 cm ) in a c c e s s ib le  to  d i r e c t  o b s e r v a t io n  an d  s u s c e p t ib le  o f s tu d y  
o n ly  by  m e a n s  o f in d i r e c t  e x p e r im e n ts .

T h u s  w e a r e  d e a lin g  w ith  v io la tio n  o f m ic r o c a u s a l i t y .  H o w e v e r , a s  to  
how m ic r o c a u s a l i ty  sh o u ld  be u n d e r s to o d , w e know p r a c t i c a l l y  n o th in g . 
F ro m  n o w h e re  d o e s  i t  fo llo w , in p a r t i c u la r ,  th a t  th e  c a u s a l  l in k s  a t  su c h  
s m a l l  d i s ta n c e s  m u s t  a p p e a r  th e  s a m e  a s  th e  c a u s a l  l in k s  b e tw e e n  tw o e v e n ts
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in  th e  m a c ro w o r ld .  It i s  im p o r ta n t ,  h o w e v e r, th a t  w h a te v e r  th e o ry  is  s u g 
g e s te d  b e  p r o te c te d  f r o m  v io la t io n s  of m a c r o c a u s a l i t y .  U n fo rtu n a te ly , 
a t  p r e s e n t  w e h a v e  no c o m p le te ly  s a t i s f a c to r y  m a th e m a tic a l  fo rm u la tio n  of 
th e  c o n d it io n s  o f fu l f i l lm e n t  o f m a c r o c a u s a l i ty  fo r  e x p e r im e n ta l ly  o b s e r v a b le  
q u a n t i t i e s  w h ich  c o u ld  b e  c a lc u la te d  f ro m  a  g iv en  th e o ry . S uch  q u a n t i t ie s  
a r e  th e  p r o b a b i l i t i e s ,  o r  m o re  p r e c i s e ly ,  th e  a m p li tu d e s  of th e  p ro b a b il i t ie s  
f o r  d i f f e re n t  p r o c e s s e s .  B ut th e  a m p li tu d e s  of th e  p r o b a b il i t i e s  fo r  p r o c 
e s s e s  ta k in g  p la c e  w ith  e le m e n ta r y  p a r t i c le s  do n o t dep en d  e x p l ic i t ly  on 
th e  t im e  an d  s p a c e  c o o r d in a te s  ( th e y  a r e  fu n c tio n s  of th e  e n e r g ie s  an d  m o 
m e n ta  o f th e  c o ll id in g  an d  s c a t t e r e d  p a r t i c le s ,  m u tu a l  o r ie n ta tio n s  o f th e  
s p in s ,  an d  so  on). T h e r e f o r e  i t  is  f a r  fro m  s im p le  to  d e te rm in e  how the 
i m p o s s ib i l i ty  of " f a s t e r - t h a n - l i g h t "  s ig n a ls  in  th e  m a c ro w o rld  is  m a n i f e s t 
ed  in  s u c h  q u a n t i t ie s .

T h u s  w e a r r i v e  a t  th e  fo llo w in g  s i tu a tio n :
a) if  w e do no t a llo w  th e  a p p e a ra n c e  of " f a s t e r - t h a n - l i g h t "  s ig n a ls  in the 

s m a l l ,  w e a r e  th e re b y  g u a r a n te e in g  th e i r  a b s e n c e  a t  m a c ro s c o p ic  d is ta n c e s ;
b) g e n e r a l ly  s p e a k in g , it  i s  no t p ro v e d  th a t  th e  a s s u m p tio n  of th e  e x i s 

te n c e  o f s u c h  s ig n a ls  in  th e  s m a l l  w il l  le a d  n e c e s s a r i l y  to  v io la tio n  o f m a c r o -  
c a u s a l i ty ;

c) a t  p r e s e n t  th e r e  is  no s u f f ic ie n t ly  c l e a r - c u t  c r i t e r io n  w h ich  w ould 
m a k e  i t  p o s s ib le  to  d e te rm in e  e f fe c t iv e ly  w h e th e r  th e  p r e s e n c e  of f a s t e r -  
t h a n - l ig h t  s ig n a ls  in  th e  s m a l l  in  on e  o r  th e  o th e r  c o n c re te  v a r ia n t  of th e  
th e o ry  w ill  le a d  to  v io la tio n  of m a c r o c a u s a l i ty .

T h u s  i t  fo llo w s  f ro m  a l l  we h av e  b e e n  sa y in g  th a t  th e  a p p e a ra n c e  of 
f a s te r - t h a n - l ig h t  s ig n a ls  (in  th e  s m a l l )  in  th e  n o n lo c a l  th e o ry  is  an  u n p le a s 
a n t  fa c t  b u t, p o s s ib ly ,  no t a  " c r im in a l "  o n e . A m o re  s e r io u s  p ro b le m , a t  
l e a s t  f o r  th e  p r e s e n t  s t a t e  o f o u r  k n o w led g e , is  th e  fu lf i l lm e n t of th e  s o -  
c a l le d  r e q u ir e m e n t  o f u n i ta r i ty .

T h e  r e q u ir e m e n t  o f u n i ta r i ty  c o n s i s t s  o f th e  fo llow ing :
1) th e  su m  of th e  p ro b a b i l i t i e s  of a l l  p o s s ib le  p r o c e s s e s  sh o u ld  b e  un ity ;
2) p r o c e s s e s  w ith  d i f fe re n t  in i t i a l  o r  f in a l  s t a t e s  sh o u ld  no t i n t e r f e r e  

w ith  e a c h  o th e r .
In  th e  f o r m a l is m  of th e  q u an tu m  th e o ry  of f ie ld s  th e  r e a l i ty  of su c h  a 

p h y s ic a l  q u a n ti ty  a s  th e  e n e rg y  o f th e  s y s te m  is  a ls o  c lo s e ly  r e la t e d  to  the 
r e q u ir e m e n t  o f u n i ta r i ty .

A r e q u ir e m e n t  o f u n i ta r i ty  fo r m u la te d  d i r e c t ly  fo r  e x p e r im e n ta l ly  o b 
s e r v e d  q u a n t i t ie s  is  a p p a re n t ly  an  e s s e n t i a l  c o n d itio n  fo r  an y  p h y s ic a l  th e o ry  
a n d  c a n  s c a r c e ly  b e  e v a d e d . U n i ta r i ty  m e a n s , ro u g h ly  s p e a k in g , th a t  no 
p h y s ic a l  o b je c t  ca n  v a n is h  w ith o u t t r a c e .  If, fo r  in s ta n c e ,  a  jt-m e s o n  d e 
c a y s  an d  v a n is h e s ,  a  n -m e s o n  an d  a  n e u tr in o  w ill  a p p e a r  in i t s  p la c e . U n 
fo r tu n a te ly  so  f a r  in  no know n v a r ia n t  o f n o n lo c a l  th e o ry  h a s  fu lf i l lm e n t of 
th e  r e q u ir e m e n t  o f u n i ta r i ty  b e e n  p ro v e d . F u r th e r m o r e ,  in  n e a r ly  a l l  th e  
e x a m p le s  o f n o n lo c a l t h e o r ie s  know n to  u s  th e r e  w e re  n e g a tiv e  p ro b a b il i t ie s ,  
w h ich  i s  o b v io u s ly  u n s a t i s f a c to r y .

T o  c o n c lu d e  th is  b r i e f  s k e tc h  o f th e  p ro b le m s  a s s o c ia te d  w ith  th e  f i r s t  
g ro u p  o f d i f f ic u lt ie s  ( th e  p ro b le m  o f th e  e l im in a t io n  o f in f in i tie s ) ,  m en tio n  
sh o u ld  b e  m a d e  o f an  a t te m p t  to c i r c u m v e n t  th e s e  d if f ic u lt ie s  -  th e  s o - c a l le d  
m e th o d  of d i s p e r s io n  r e la t io n s .  T h is  is  n o t th e  p r o p e r  p la c e  to  la u n c h  in to  a 
d e s c r ip t io n  o f th e  e s s e n c e  of th is  m e th o d . I w il l  m e r e ly  m e n tio n  th a t  i ts  
fu n d a m e n ta l  id e a  i s  th e  c o n s t ru c t io n  o f a  th e o ry  in  w h ich  o n ly  e x p e r im e n ta l ly  
o b s e r v a b le  q u a n t i t ie s ,  th e  a m p li tu d e s  o f th e  p r o b a b i l i t i e s  fo r  v a r io u s  p r o c 
e s s e s ,  w il l  o c c u r .  T h e  a d v a n ta g e  of su c h  an  a p p r o a c h  is ,  in  p a r t i c u la r .
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th a t  th e  d if f ic u lt ie s  a s s o c ia t e d  w ith  c a u s a l i ty  a n d  u n i ta r i ty  a r e  t r i v i a l l y  
a b s e n t.  A t p r e s e n t  th is  m e th o d , w h ich  h a s  b e e n  d e v e lo p e d  a lo n g  new  l in e s  
by M a n d e ls ta m , is  b e in g  a c t iv e ly  p u rs u e d  by m an y  th e o r e t ic ia n s .

U n fo rtu n a te ly , th e  a p p l ic a t io n  of th e  d i s p e r s io n  r e la t io n s  m e th o d  is  r u n 
n in g  in to  g r e a t  f o r m a l  d i f f ic u lt ie s :  so  f a r  it  h a s  n o t b e e n  p o s s ib le  to  w r ite  
down a  c o m p le te  s y s te m  of e q u a tio n s  e v e n  fo r  th e  s im p le s t  ty p e s  o f i n t e r 
a c t io n s .

A ll th e  a b o v e -m e n tio n e d  a t te m p ts  to  c i r c u m v e n t  th e  d i f f ic u lt ie s  in v o lv e d  
in  th e  in f in i tie s  s h a r e  on e  t r a i t  in  c o m m o n  -  th e  d i f f ic u lt ie s  o f  th e  s e c o n d  
g ro u p  (i. e . , th e  im p o s s ib i l i ty  of d e s c r ib in g  th e  s p e c tr u m  o f e le m e n ta r y  
p a r t i c le s )  a r e  p r e s e n t  in  th em  to th e  s a m e  d e g r e e  a s  in  th e  o r th o d o x  q u a n 
tu m  th e o ry  o f f ie ld s .

A t th e  p r e s e n t  t im e  a b o u t th i r ty  " lo n g - l iv e d "  e le m e n ta r y  p a r t i c le s  a r e  
k now n* . In a  c e r t a in  s e n s e  s ix te e n  o f th e  p a r t i c le s  a r e  t r u ly  d i s s im i l a r  in 
th e i r  p r o p e r t i e s ,  s in c e  fo u r te e n  h av e  " tw in s "  ( a n t ip a r t i c l e s ) .  T h e s e  s i x 
te e n  p a r t i c le s  d is p la y  an  a s to n is h in g  g ro u p in g  by m a s s ,  a n d  th e  p r o p e r t i e s  
of p a r t i c le s  h av in g  c lo s e  m a s s e s  a r e  v e r y  s i m i l a r .  E v e n  m o re  a m a z in g  is  
th e  s im i l a r i ty  of th e  w e ak  in te r a c t io n s  r e s p o n s ib le  fo r  th e  d e c a y  of th e  
p a r t i c le s .  T h e s e  an d  c e r t a in  o th e r  ( s e e  below ) r e g u la r i t i e s  a r e  o fte n  c a l le d  
th e  s y m m e try  p r o p e r t ie s  of e le m e n ta ry  p a r t i c le s .  Up t i l l  now it  h a s  no t 
b e e n  p o s s ib le  to  e s ta b l i s h  th e  n a tu r e  o f th e s e  s y m m e tr y  p r o p e r t i e s .  In 
o th e r  w o rd s , we a r e  n o t a b le  to  p r e d ic t  th e  p r o p e r t i e s  o f e le m e n ta r y  p a r t i 
c le s  b a s in g  o u r s e lv e s  e x c lu s iv e ly  on th e o r e t ic a l  c o n s id e r a t io n s :  T h e  lo c a l  
an d  n o n lo c a l th e o r ie s ,  a s  w e ll a s  th e  m eth o d  o f d i s p e r s io n  r e la t io n s  in  i t s  
p r e s e n t  fo rm , r e q u ir e  th e  in t ro d u c t io n  of m a s s ,  s p in  ( p r o p e r  a n g u la r  m o 
m en tu m ) an d  o th e r  c h a r a c t e r i s t i c s  a s  g iv en  p a r a m e t e r s .

N a tu r a l ly , th e  fo llo w in g  q u e s tio n  a r i s e s :  a r e  th e  d i f f ic u lt ie s  o f th e  f i r s t  
an d  se c o n d  g ro u p  r e la te d ,  o r  a r e  th ey  to  a  c o n s id e r a b le  e x te n t in d e p e n d e n t?  
T h e r e  is  no a g r e e m e n t  on th is  p o in t . M any p h y s ic i s t s  a p p a r e n t ly  a d h e r e  
to  th e  v iew  th a t  th e s e  two g ro u p s  o f p ro b le m  a r e  r e la t e d  in ro u g h ly  th e  
s a m e  d e g r e e  a s  a r e  a l l  th in g s  in  g e n e r a l  in  th e  u n iv e r s e .  It i s  c o n s id e r e d  
l ik e ly  th a t th e  d if f ic u lt ie s  of th e  in f in i t ie s  c a n  b e  e l im in a te d  w ith o u t s u b 
s ta n t ia l  p r o g r e s s  h a v in g  b e e n  m a d e  in  th e  u n d e r s ta n d in g  o f th e  o r ig in  o f th e  
s y m m e try  p r o p e r t i e s .  T h is  i s  a  p e r f e c t ly  le g i t im a te  s ta n d p o in t , bu t 
no t n e c e s s a r i l y  th e  on ly  p o s s ib le  o n e . A n o th e r  p o s s ib il i ty  is  th a t  th e  d i f f i 
c u l t ie s  in  th e  two g ro u p s  a r e  in t im a te ly  r e la te d .  In  o th e r  w o r d s ,  th e r e  
e x is t s  on ly  on e  th e o ry  f r e e  f ro m  in f in i t ie s  -  p r e c i s e ly  th e  on e  w h ich  a u to 
m a t ic a lly  p r e d ic t s  th e  o b s e r v e d  s y m m e t r i e s .

If on e  ta k e s  th is  p o in t o f v iew  a s  a  w o rk in g  h y p o th e s is ,  th e  s e a r c h  fo r  
a  new th e o ry  b e c o m e s  c lo s e ly  r e la t e d  to  th e  p ro b le m  o f c h a n g in g  o u r  id e a s  
c o n c e rn in g  s p a c e  an d  t im e  in  th e  m ic ro w o r ld .  T h is  is  b e c a u s e  th e  s y m m e 
t r i e s  of s p a c e - t im e  a r e  th e  o r ig in  of th e  s y m m e t r i e s  o f th e  o b je c ts  o f th e  
q u an tu m  th e o ry  of f ie ld s ,  an d  a t  th e  s a m e  t im e  th e  s t r u c t u r e  o f s p a c e  a t  
s m a l l  d is ta n c e s  p la y s  a  v e r y  im p o r ta n t  r o le  in  th e  p ro b le m  o f e l im in a t io n  
of th e  in f in i t ie s .  O ne of th e  w a y s o f c h a n g in g  o u r  id e a s  c o n c e rn in g  s p a c e -  
t im e  in  m ic r o r e g io n s  is  th e  id e a  o f q u a n tiz in g  s p a c e .

The completely stable particles are tile photon, neutrino, electron and proton. The remaining particles 
are unstable, but their lifetimes are large compared with the times characteristic of processes of particle 
creation in collisions.
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T h e  sc o p e  o f th is  a r t i c l e  d o e s  n o t p e r m i t  o u r  l i s t in g  a l l  w o rk s  on th e  
q u a n t iz a t io n  of s p a c e  an d  t im e , a lth o u g h  th e i r  n u m b e r  is  r e la t iv e ly  s m a l l .  
T h e  m o s t  im p o r ta n t  o f th e s e  is  S n y d e r 's  w o rk  (1947). H is  b a s ic  id e a  is  
th a t  th e  s p a c e  c o o r d in a te s  c a n  a s s u m e  on ly  a  d i s c r e t e  s e r i e s  o f v a lu e s :
*.y. i -- ±  ±  2/0 . . .  an d  so  on, w h e re  /„ is  a  c e r t a in  e le m e n ta r y  len g th .
W hat is  th e  p h y s ic a l  m e a n in g  o f th is  a s s e r t io n ,  an d  w ha t is  th e  f o r m a l is m  
c o r r e s p o n d in g  to  th is  id e a ?  T h e s e  q u e s t io n s  a r e  b e s t  a n s w e re d  by d ra w in g  
a  p a r a l l e l  b e tw e e n  q u a n tu m  m e c h a n ic s  an d  c l a s s i c a l  p h y s ic s .

It is  w e ll  know n th a t  th e  fo u n d a tio n  of q u an tu m  m e c h a n ic s  is  th e  s o - c a l le d  
u n c e r ta in ty  p r in c ip le s .  T h e i r  m e a n in g  r e s id e s  in  th e  fa c t  th a t  th e r e  e x is t  
p h y s ic a l  q u a n t i t i e s  w h ich  c a n n o t s im u l ta n e o u s ly  be  m e a s u r e d  a c c u r a te ly .  
E x a m p le s  o f s u c h  q u a n t i t ie s  a r e  th e  c o o r d in a te  an d  th e  m o m e n ta , th e  c o m 
p o n e n ts  o f th e  a n g u la r  m o m e n tu m , an d  so  on . T h is  c i r c u m s ta n c e  is  r e 
f le c te d  in  th e  a p p a r a tu s  o f th e  th e o ry  in  th e  fa c t  th a t  th e  p ro d u c t  of two p h y s 
i c a l  q u a n t i t i e s  b e c o m e s  n o n c o m m u ta tiv e . F o r  e x a m p le , the c o m p o n e n ts  
Mx, M„, Mr o f th e  a n g u la r  m o m e n tu m  o b ey  th e  r e la t io n  MZMV — MVMX =  hy — 1 Mt, 
w h e re  h is  th e  q u an tu m  c o n s ta n t .  F r o m  th e s e  r e la t io n s  it  fo llo w s th a t  the 
v a lu e s  o f th e  c o m p o n e n t o f th e  a n g u la r  m o m e n tu m  o b s e r v e d  in e x p e r im e n t  
c a n  o n ly  b e  in te g r a l  o r  h a l f - i n te g r a l ,  i. e. , M, s a y , is  0, ±h,  +2h an d  so  
on, o r  ±hi2,±'dl2h  an d  so  on. In  th e  m o d e rn  lo c a l  q u an tu m  th e o ry  of f ie ld s  
th e  s p a c e  c o o r d in a te s  x, y, z o f a  p a r t i c le  c o m m u te  am o n g  th e m s e lv e s ,  i. e . , 
c a n  b e  m e a s u r e d  s im u l ta n e o u s ly  w ith  p e r f e c t  a c c u ra c y . S n y d e r su g g e s te d  
th a t  th e  s p a c e  c o o r d in a te s  o f a  p a r t i c le  do not c o m m u te  am o n g  th e m s e lv e s  
a n d  th a t  th e y  o b ey  a  r e la t io n  of th e  s a m e  ty p e  a s  th a t  w r it te n  down ab o v e 
f o r  th e  a n g u la r  m o m e n tu m , bu t w ith  l0 s u b s t i tu te d  fo r  h (w h e re  l0 is  a  c e r 
ta in  e le m e n ta r y  le n g th , w h ich  h a s  th e  m e a n in g  of th e  m in im a l d is ta n c e s  
a d m is s ib le  in  th e  th e o ry ) . If w e s e t  /„ =  0 w e o b ta in  th e  o r d in a r y  th e o ry ,  
in  w h ich  th e  c o o r d in a te s  o f th e  p a r t i c le  c o m m u te  a m o n g  th e m s e lv e s .  A s 
th e  c o m m u ta t io n  r e la t io n s  f o r i ,  y, z a r e  id e n t ic a l  w ith  th o se  fo r  th e  c o m 
p o n e n ts  o f th e  a n g u la r  m o m e n tu m , it is  e v id e n t th a t  th e  s p e c tr u m  o f p o s s ib le  
v a lu e s  o f th e  c o o r d in a te s  is  a ls o  d i s c r e t e .  S in c e  t im e  an d  th e  s p a c e  c o o r d 
in a te s ,  a c c o rd in g  to  th e  th e o ry  o f r e la t iv i ty ,  e n t e r  in to  a l l  f o r m u la e  s y m m e t
r i c a l ly  (w ith  o n ly  one d if fe re n c e ,  n a m e ly  th a t  t im e  b e h a v e s  a s  a  s p a t ia l  
c o o r d in a te  m u l tip l ie d  by  th e  im a g in a ry  u n it, i. e . , by y  — 1), c o m m u ta tio n  
r e la t io n s  a n a lo g o u s  to  th e  a b o v e  (b u t w ith o u t th e  im a g in a ry  u n it in th e  r ig h t  
s id e  o f th e  e q u a tio n , w h ich  g iv e s  t im e  a  co n tin u o u s  s p e c tr u m  o f v a lu e s  if 
th e  s p a c e  c o o r d in a te s  a r e  d i s c r e t e )  h o ld  b e tw e e n  t im e  an d  th e  s p a c e  c o o r d i 
n a te s  in  S n y d e r 's  th e o ry .

T h e  im p o r ta n t  a c h ie v e m e n t  o f S n y d e r is  th a t  he d e m o n s tra te d  th e  p o s s i 
b i l i ty  o f c o n s t r u c t in g  a  r e l a t iv i s t i c a l l y - in v a r i a n t  a p p a ra tu s  w ith  a  d i s c r e t e  
s p e c tr u m  o f v a lu e s  o f th e  c o o r d in a te s .  T h e  p h y s ic a l  m e a n in g  of S n y d e r 's  
id e a  is  th a t , in  a c c o r d a n c e  w ith  th e  ab o v e , i t  is  im p o s s ib le  to  m e a s u r e  
s im u l ta n e o u s ly  an d  a c c u r a t e ly  a l l  th r e e  s p a c e  c o o r d in a te s  of a  p a r t i c le  
( ju s t  a s  in  o r d in a r y  q u a n tu m  m e c h a n ic s  i t  is  im p o s s ib le  to  d e te rm in e  s i 
m u lta n e o u s ly  th e  v a lu e s  o f a l l  c o m p o n e n ts  o f th e  a n g u la r  m o m e n tu m ). M e a s 
u re m e n t  o f on e  c o o r d in a te ,  x, s a y , " h a m p e r s "  th e  a c c u r a te  m e a s u r e m e n t  
o f th e  c o o r d in a te s  y a n d  z. In th is  s e n s e  S n y d e r 's  th e o ry  is  n o n lo c a l  s in c e  

i t s  fu n d a m e n ta l  p o s tu la te  is  th a t  i t  i s  im p o s s ib le  to  lo c a liz e  a  p a r t i c le  ( s in c e  
o n e  c a n n o t a c c u r a t e ly  m e a s u r e  a l l  th r e e  s p a c e  c o o r d in a te s  o f th e  p a r t i c le  
a t  a  g iv en  in s ta n t  o f t im e ) .
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S n y d e r 's  id e a  w a s no t d e v e lo p e d  f u r th e r  fo r  a  f a i r ly  lo n g  t im e . R e c e n tly  
a n u m b e r  of in te r e s t in g  r e s u l t s  a lo n g  th e s e  l in e s  w a s  o b ta in e d  by  Yu. A. 
G o l'fa n d  an d  V. G. K a d y sh e v sk ii. H o w e v er , th e  p o s s ib i l i t i e s  o f th e  th e o ry  
b a s e d  on S n y d e r 's  id e a  re m a in  u n c le a r .  F i r s t  of a l l  it  m u s t b e  m e n tio n e d  
th a t  the d i s c r e t e  S n y d e r s p a c e  d o e s  no t, a p p a re n t ly ,  le a d  to  th e  r e q u ir e d  
s y m m e try  p r o p e r t ie s .  In th is  r e s p e c t  th e  t r a n s i t io n  f r o m  c o n tin u o u s  to 
d i s c r e t e  s p a c e  in t ro d u c e s  l i t t l e  th a t  i s  new . T h e  in v e s t ig a t io n  o f th e  o th e r  
p ro b le m s  ( in f in i t ie s ,  th e  p ro b le m s  of u n i ta r i ty )  h a s  no t b e e n  c o m p le te d  a s  
y e t.

E v en  m o re  r a d ic a l  th an  S n y d e r 's  h y p o th e s is  is  th e  id e a  o f a  f in i te  s p a c e -  
t im e  p ro p o s e d  by C o ish  (1959). A c c o rd in g  to  th is  id e a , w h ich  s e e m s  p e r 
fe c tly  a b s u r d  a t  f i r s t  g la n c e , s p a c e  an d  t im e  in th e  m ic ro w o r ld  a r e  d e s 
c r ib e d  not even  by a  d i s c r e t e ,  bu t by  a  f i n i t e  s e t  (in  p a r t i c u la r ,  th is  
m e a n s  th a t  s p a c e  c o n s i s t s  of a  l a r g e  b u t f i n i t e  n u m b e r  of p o in ts ) .  W hat 
is  a t t r a c t i v e  in  th is  h y p o th e s is ?  F i r s t ,  in su c h  a  th e o ry  in f in i t ie s  a r e  t r i v 
ia l ly  a b s e n t, a s  a l l  in te g r a ls  p a s s  o v e r  in to  f in ite  s u m s . S eco n d ly , th e  
v e r y  fa c t  o f th e  f in i te n e s s  of th e  n u m b e r  of p o in ts  le a d s  to  th e  a p p e a r a n c e  
of a  w hole s e r i e s  of new  s y m m e try  p r o p e r t i e s  of s p a c e - t im e ;  it  is  r e m a r k 
a b le , fu r th e r ,  th a t  the s y m m e try  p r o p e r t i e s  o f e le m e n ta r y  p a r t i c le s  th a t  
a r e  g e n e ra te d  by th is  a r e  id e n t ic a l  w ith  th e  m o s t  im p o r ta n t  s y m m e tr y  p r o p 
e r t i e s  o b s e r v e d  e x p e r im e n ta l ly .

It w as n o ted  e a r l i e r  th a t  th e  p r o p e r t i e s  of s p a c e  c o n d itio n  a  s e r i e s  of 
p h y s ic a l  r e g u la r i t i e s  ev e n  in th e  lo c a l  th e o ry . T h u s  th e  la w s  of c o n s e r v a 
tio n  of m o m en tu m  an d  e n e rg y  ow e th e i r  e x is te n c e  to  th e  h o m o g e n e ity  of 
s p a c e  an d  t im e  (i. e . , to th e  fa c t  th a t  th e  in te r n a l  p r o p e r t i e s  of p h y s ic a l  o b 
j e c ts  do no t ch a n g e  w hen b o d ie s  a r e  t r a n s f e r r e d  f ro m  o n e  p o in t in  s p a c e  to  
a n o th e r ,  and  th e  p h y s ic a l  la w s  do no t c h a n g e  th e i r  fo r m  w ith  t im e ) .  C o n 
s e r v a t io n  o f a n g u la r  m o m en tu m  an d , t h e r e f o r e ,  th e  a p p e a ra n c e  in  p a r t i c le s  
of su c h  a  c h a r a c t e r i s t i c  a s  sp in  (p r o p e r  a n g u la r  m o m e n tu m ), o r ig in a te s  in 
th e  is o tr o p y  o f s p a c e  ( in v a r ia n c e  o f th e  in te r n a l  p r o p e r t i e s  o f p h y s ic a l  b o d ie s  
u n d e r  r o ta t io n s  in  sp a c e ) .

In e le m e n ta ry  p a r t ic le  p h y s ic s ,  a s  n o te d  e a r l i e r ,  s e v e r a l  o f th e  s y m m e 
t r i e s  an d  c o n s e rv a t io n  la w s  o b s e r v e d  ca n n o t b e  e x p la in e d  by  th e  s y m m e t r i e s  
o f th e  o r d in a r y  s p a c e - t im e  c o n tin u u m . F i r s t  an d  f o r e m o s t  am o n g  th e s e  
a r e :

a) th e  q u a n tiz a tio n  o f e le c t r i c  c h a rg e  ( th e  c h a r g e s  o f a l l  p a r t i c le s  a r e  
m u l tip le s  of th e  e le m e n ta ry  c h a rg e  of th e  e le c tro n ) ;

b) the e x is te n c e  an d  c o n s e rv a t io n  o f th e  s o - c a l l e d  b a r y o n  c h a r g e  (ow ing  
to  w h ich  d e c a y  of a  p ro to n  in to  a  p o s i tr o n  an d  pho to n , f o r  e x a m p le , d o e s  n o t 
ta k e  p la c e );

c) th e  e x is te n c e  and  c o n s e rv a t io n  o f le p to n  c h a r g e s  (ow ing  to  w h ich  th e  
d e c a y  of th e  n -m e s o n  in to  an  e le c t r o n  an d  a  pho ton  is ,  a p p a re n t ly ,  fo rb id d e n );

d) th e  law  of s o - c a l le d  c o m b in e d  p a r i ty  (L . D. L an d a u ) a c c o rd in g  to 
w h ich  th e  m i r r o r  r e f le c tio n  of a  p a r t i c le  i s  i t s  a n t ip a r t i c le  ( th is  law  w a s  
e s ta b l i s h e d  e x p e r im e n ta l ly  in  th e  b e ta - d e c a y  o f th e  n e u tro n , a to m ic  n u c le i  
an d  th e  j i-m e so n );

e) th e  r e m a r k a b le  u n iv e r s a l i ty  of th e  fo rm  o f w e ak  in te r a c t io n s  r e s p o n s i 
b le  f o r  the d ec ay  o f p a r t i c le s  (w h ich  c o n s i s t s  of th e  fa c t  th a t , a s  a p p a re n t ly  
in d ic a te d  by e x p e r im e n ts ,  th e y  a r e  a l l  v e c to r s ) .
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A s sh o w n  in  th e  a b o v e -m e n t io n e d  w o rk  by  C o ish  an d  in  a w o rk  by  the 
a u th o r  (19 6 0 ), th e  s y m m e t r i e s  l i s t e d  a b o v e  a p p e a r  a u to m a t ic a lly  in th e  
th e o ry  e x c lu s iv e ly  due to  th e  f i n i t e n e s s  o f s p a c e .  It i s  a ls o  im p o r ta n t  
to  n o te  th a t  th e  e x p r e s s io n s  o b ta in e d  in  th e  th e o ry  w ith  f in i te  s p a c e  fo r  
th e  v a r io u s  k in d s  of q u a n t i t i e s  h av e  fo r m a l ly  th e  fo rm  re q u ir e d  by E in s te in 's  
s p e c ia l  th e o ry  o f r e la t iv i ty .  In p r in c ip le  th is  m a k e s  i t  p o s s ib le  to  g u a r a n te e  
th e  r e la t iv i s t i c  in v a r ia n c e  of th e  th e o ry  " in  th e  la r g e " .

A t th e  s a m e  t im e  i t  i s  s ig n if ic a n t  th a t  i t  i s  i m p o s s i b l e  to  in tro d u c e  
m e t r i c  r e la t io n s  ( i. e . , th e  c o n c e p t o f d i s ta n c e )  in  f in ite  s p a c e .  O w ing to 
th is  in a  c e r t a in  s e n s e  th e  p ro b le m  of " f a s t e r - t h a n - l i g h t "  s ig n a ls  d o e s  not 
e x is t ,  s in c e  th e r e  i s  no p o s s ib il i ty  o f in tro d u c in g  s u c h  a  c o n c e p t a s  the  
v e lo c ity  of a  s ig n a l .  In o th e r  w o r d s ,  in th e  s c h e m e  u n d e r  c o n s id e r a t io n  it 
i s  a s s u m e d  th a t  th e  c o n c e p t o f le n g th , i. e . , o f d is ta n c e  b e tw e e n  tw o p o in ts , 
l o s e s  a l l  m e a n in g  in  th e  m ic ro w o r ld .  T h is  c i r c u m s ta n c e  is  a ls o  a t t r a c t iv e ;  
i t  i s  w o r th  s t r e s s i n g  th a t  su c h  a  r e s u l t  c a n n o t b e  o b ta in e d  in  th e  co n tin u o u s  
s p a c e - t im e  m a n ifo ld .

I th in k  i t  w ou ld  b e  a p p r o p r ia te  to  q u o te  R ie m a n n  in  th is  c o n n e c tio n : "T h e  
p ro b le m  o f w h e th e r  th e  a s s u m p tio n s  o f g e o m e tr y  a r e  v a lid  dow n to in f in ite ly  
s m a l l  d i s ta n c e s  is  c lo s e ly  r e la te d  to  th e  p ro b le m  o f th e  i n t r in s ic  c a u s e  o f 
th e  a p p e a r a n c e  o f m e t r i c  r e la t io n s  in  s p a c e .  T h is  p ro b le m , c l e a r ly ,  a ls o  
b e lo n g s  to  th e  r e a lm  o f th e  s tu d y  o f s p a c e ,  and  in c o n s id e r in g  it on e  sh o u ld  
b e a r  in  m in d  o u r  e a r l i e r  r e m a r k ,  n a m e ly  th a t  in th e  c a s e  o f th e  d i s c r e t e  
m a n ifo ld  th e  p r in c ip le  o f m e t r i c  r e la t io n s  h a s  b e e n  in c o rp o r a te d  in  th e  v e r y  
c o n c e p t o f th is  m a n ifo ld  w h e re a s  in  th e  c a s e  o f th e  co n tin u o u s  m an ifo ld  it 
m u s t  be  lo o k ed  fo r  e l s e w h e re .  H en ce  e i t h e r  th e  u n d e r ly in g  r e a l i ty  w h ich  
g iv e s  r i s e  to  th e  c o n c e p tio n  of s p a c e  c o n s t i tu te s  a d i s c r e t e  m a n ifo ld , o r  one 
m u s t  t r y  to  e x p la in  th e  a p p e a ra n c e  o f m e t r i c  r e la t io n s  by s o m e th in g  e x t e r n a l — 
th e  f o r c e s  o f c o n s t r a in t  to  w h ich  th e  r e a l  e n ti ty  is  s u b je c t" * .

We know th a t  th e  th o u g h t e x p r e s s e d  in  th e  c o n c lu d in g  w o rk s  of th is  b r i l 
l ia n t  s ta te m e n t  h a s  b e e n  r e a l iz e d  in  m a c ro p h y s ic s  in  th e  g e n e r a l  th e o ry  of 
r e la t iv i t y .  P e r h a p s  th e  f i r s t  p o s s ib il i ty  in d ic a te d  by R ie m a n n , d i s c r e t e  
s p a c e ,  i s  a l s o  fa te d  to  b e  r e a l iz e d ,  bu t th is  t im e  in  th e  re g io n  of p h e n o m 
e n a  of th e  m ic ro w o r ld .

E a r l i e r  it  w a s  n o ted  in  c o n n e c tio n  w ith  S n y d e r 's  id e a  th a t  th e  d i s c r e t e 
n e s s  o f s p a c e  im p lie s  th e  im p o s s ib i l i ty  of lo c a liz in g  p a r t i c le s .  T h e  t r a n s i 
tio n  f ro m  a  d i s c r e t e  b u t in f in i te  m a n ifo ld  to a  f in ite  on e  m ay  be  re d u c e d , 
f i r s t ,  to  th e  fa c t  th a t  th e  fu n c tio n s  c o n s id e r e d  on  th e  d i s c r e t e  m a n ifo ld  
a r e  p e r io d ic .  In th is  s e n s e  th e  c o n c e p tio n  o f f in ite  s p a c e  is  no " c r a z i e r "  
th an  S n y d e r 's  id e a  o f a  d i s c r e t e  b u t in f in ite  s p a c e .  A t th e  s a m e  t im e  th e  
e s s e n t i a l  d i f f e re n c e  b e tw e e n  th e  c o n c e p tio n  o f f in ite  s p a c e  an d  S n y d e r 's  
th e o ry  i s  th a t  in  th e  l a t t e r  th e  p o s s ib il i ty  of e x a c t  m e a s u r e m e n t  o f an y  one of 
th e  c o o r d in a te s  is  a d m it te d ,  w h e re a s  th e  im p o s s ib i l i ty  of a t ta c h in g  th e  m e t 
r i c  to  e v e n  a  o n e - d im e n s io n a l  f in i te  s p a c e  im p lie s  th e  im p o s s ib i l i ty  of a b 
s o lu te ly  a c c u r a t e  m e a s u r e m e n t  o f an y  m ic r o p a r t i c l e  c o o r d in a te  in g e n e ra l .

T h u s  in  a  th e o ry  w ith  f in ite  s p a c e ,  in f in i t ie s  a r e  a b s e n t  an d  a  s e r i e s  o f 
new  s y m m e tr y  p r o p e r t i e s  c o r re s p o n d in g  to th e  e x p e r im e n ta l ly  o b s e r v e d  
p r o p e r t i e s  o f e le m e n ta r y  p a r t i c le s  a p p e a r  a u to m a t ic a lly .  H o w e v er, p r o s 
p e c ts  fo r  f u r th e r  d e v e lo p m e n t o f th is  th e o ry  a r e  s t i l l  c o m p le te ly  u n c le a r .  
F i r s t  o f a l l  th e  d y n a m ic a l  p r in c ip le s  w h ich  c o n s t i tu te  th e  m a in  c o r e  o f an y
• Quoted from the collection of articles entitled "Ob osnovaniyakh geometrii" (Foundations of Geometry), 

pp. 323- 324. Moscow. 1956.
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th e o ry  of e le m e n ta ry  p a r t i c le s  h av e  n o t b e e n  f o r m u la te d  (a n d  th is  is  no 
e a sy  ta sk ) . T h e  p o s s ib il i ty  is  n o t to  b e  e x c lu d e d  th a t  in  fo r m u la tin g  th e m  
w e w ill m e e t s o m e  of th e  " t r a d i t io n a l"  d i f f ic u lt ie s  (su c h  a s  th e  p ro b le m  of 
u n i ta r i ty )  w h ich  p ro v e d  c a ta s t r o p h ic  fo r  o th e r  th e o r i e s .

It is  e v id e n t fro m  o u r  d is c u s s io n  th a t  i t  is  v e r y  d if f ic u lt  to  s a y  to d ay  
w ha t p a th  th e  d e v e lo p m e n t of e le m e n ta r y  p a r t i c le  th e o ry  w ill  ta k e . F r o m  
th e  m e th o d o lo g ic a l  s ta n d p o in t  th e  p ro b le m  o f th e  th e o ry  o f e le m e n ta r y  p a r 
t i c le s  is  so m e w h a t r e m in is c e n t  of th e  s i tu a t io n  in  w h ich  p h y s ic i s t s  found 
t h e m s e lv e s  w hen c r e a t in g  q u an tu m  m e c h a n ic s :  th e  la w s  o p e r a t iv e  in  th e  
m ic ro w o r ld  a r e  dev o id  of m a c ro s c o p ic  v i s u a l iz a b i l i ty ,  a n d  th e r e f o r e  i t  is  
v e r y  d iff ic u lt  to " g u e s s "  th e  f i r s t  p r in c ip le s  o f th e  th e o ry  on  th e  b a s i s  
of th e  e x p e r im e n ta l  m a te r ia l .  A t th e  t im e  q u an tu m  m e c h a n ic s  c a m e  
in to  b e in g , h o w e v e r, p h y s ic i s t s  h e ld  w ith in  th e i r  g r a s p  c l e a r - c u t  e x 
p e r im e n ta l  d a ta  in q u a l i ta t iv e  c o n tra d ic t io n  w ith  th e  id e a s  o f c l a s s i c a l  
m e c h a n ic s  an d  e le c tro d y n a m ic s  ( d i s c r e t e n e s s  of th e  a to m ic  e n e rg y  le v e ls ) .  
In th is  s e n s e  th e  s i tu a t io n  in  e le m e n ta r y  p a r t i c le  p h y s ic s  is  e s s e n t i a l l y  d i f 
f e re n t .  D e sp ite  th e  w e a lth  an d  d iv e r s i ty  o f e x p e r im e n ta l  fa c ts  in  th is  f ie ld , 
no d i r e c t  c o n tra d ic t io n  w ith  th e  o r d in a r y  lo c a l  q u a n tu m  th e o ry  o f f ie ld s  
ca n  b e  p e r c e iv e d  so  f a r .  T h e r e f o r e  it  is  s t i l l  n o t c l e a r  w h e th e r  a  r e v is io n  
of o u r  s p a c e - t im e  id e a s  in  th e  s m a l l  is  a t  a l l  n e c e s s a r y ,  o r  w h e th e r  th e  
r e q u ir e d  c o m p le te n e s s  an d  lo g ic a l  c o n s is te n c y  o f th e  th e o ry  c a n  b e  a t ta in e d  
w ith o u t p ro fo u n d ly  a l t e r in g  th e  fo u n d a tio n s .

It is  im p o r ta n t  to  s t r e s s ,  in an y  e v e n t, th a t  th e  in v e s t ig a t io n s  c o n n e c te d  
w ith  th e  c o n c e p tio n  o f f in ite  s p a c e  a r e  s t i l l  a t  th e  o p e n in g  s ta g e  an d  th e r e  
is  s t i l l  v e r y  f a r  to  go t i l l  th e  c r e a t io n  o f a  th e o ry  th e  q u a l i ta t iv e  c o n c lu s io n s  
of w h ich  ca n  b e  c o m p a re d  w ith  e x p e r im e n ta l  d a ta . A t th e  s a m e  t im e  we 
sh o u ld  no t b e  in t im id a te d  by th e  n o v e lty  an d  u n u s u a ln e s s  of th e  i n i t i a l  id e a , 
a s  th e  h i s to r i c a l  d e v e lo p m e n t o f p h y s ic s  o v e r  th e  l a s t  f if ty  y e a r s  h a s  tau g h t 
u s  no t to c o n s id e r  im p o s s ib le  th a t  w h ich  in  r e a l i ty  i s  m e r e ly  u n f a m i l ia r .
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T H E  P R O B L E M  O F  S PA C E  AND T IM E  IN E L E M E N T A R Y  
P A R T IC L E  PHYSICS

R. A.  A ro n o v

T h e  p ro b le m  o f s p a c e  an d  t im e  o c c u p ie s  a  c e n t r a l  p o s itio n  am o n g  the 
p h i lo so p h ic a l  p r o b le m s  o f th e  p h y s ic s  of e le m e n ta ry  p a r t i c le s .  M any of the 
d i f f ic u lt ie s  fa c in g  e le m e n ta r y  p a r t i c le  p h y s ic s  a r e  r e la te d  to th is  p ro b le m .

J .  P . V ig ie r  h a s  p o in te d  o u t th e  e x is te n c e  of two o p p o s ite  c o n c e p tio n s  in 
e le m e n ta r y  p a r t i c le  p h y s ic s :  ty p e  "A " th e o r ie s  an d  ty p e  "B "  th e o r ie s .  *
In ty p e  "A " th e o r ie s  e le m e n ta r y  p a r t i c le s  a r e  p o in ts  an d  th e i r  in te rn a l"  
p r o p e r t i e s  a r e  d e s c r ib e d  in  an  a b s t r a c t  iso to p ic  s p a c e  w h ich  d if f e r s  in i ts  
m e t r i c  p r o p e r t i e s  f ro m  o r d in a r y  s p a c e  an d  t im e . In ty p e  "B "  th e o r ie s  
e le m e n ta r y  p a r t i c le s  a r e  e x te n d e d  an d  s p a c e  and  t im e  " in s id e "  e le m e n ta ry  
p a r t i c le s  do n o t d i f f e r  in t h e i r  m e t r ic  p r o p e r t i e s  fro m  o r d in a r y  s p a c e  and  
t im e , b u t new  f o r m s  o f m o tio n  o f m a t t e r  q u a l i ta t iv e ly  d if fe re n t  fro m  the  
i n te r a c t io n s  b e tw e e n  e le m e n ta r y  p a r t i c le s  e x is t  " in s id e "  th e  e le m e n ta ry  
p a r t i c le s .

E a c h  c o n c e p tio n  h a s  a d v a n ta g e s  an d  d is a d v a n ta g e s .  T h e  a d v a n ta g e  of 
th e  f i r s t  c o n c e p tio n  is  th a t  it  a s s u m e s  q u a l i ta t iv e ly  d if fe re n t  s p a t ia l  p r o p e r 
t i e s  (th o u g h  in an  a b s t r a c t  i s o to p ic  s p a c e ) . T h a t o f th e  s e c o n d  co n c e p tio n  
is  th a t  it  a s s u m e s  q u a l i ta t iv e ly  d if fe re n t  i n te r a c t io n s  an d  th e  s p a t ia l  e x te n 
s io n  o f e le m e n ta r y  p a r t i c le s ,  now a l r e a d y  p ro v e d  by  n u m e ro u s  e x p e r im e n ts .

A d e fe c t  w h ich  th e  two c o n c e p tio n s  s h a r e  is  the fo llo w in g  s p u r io u s  d i le m 
m a: th e  p r o p e r t i e s  o f e le m e n ta r y  p a r t i c le s  a r e  due e i th e r  to  th e  p e c u l ia r i 
t i e s  o f th e  in te r a c t io n s  o r  to  th e  p r o p e r t i e s  o f s p a c e  an d  t im e . In ty p e  "B " 
th e o r ie s  th e  p r o p e r t i e s  o f e le m e n ta r y  p a r t i c le s  a r e  c o n d itio n e d  by a  s p e c if -  
i f  i n te r a c t io n  a t a  d e e p e r  le v e l  o f m a t t e r  in th e  s u b -m ic ro w o r ld .  B ut how 
e v e r  m u ch  th e  in te r a c t io n s  o f th e  s u b -m ic ro w o r ld  d if fe r  f ro m  th o se  known 
to u s , th e  m e t r ic  of s p a c e  an d  t im e  r e m a in s  th e  s a m e . In ty p e  "A " th e o r ie s  
th is  s p u r io u s  d i le m m a  a r i s e s  ow ing  to  th e  c o n c e p t of e le m e n ta ry  p a r t i c le s  
a s  p o in ts  an d  an  e r r o n e o u s  i n te r p r e ta t io n  o f N o e th e r 's  th e o re m . T h e  c o n 
c e p t o f e le m e n ta r y  p a r t i c le s  a s  p o in ts  n e c e s s a r i l y  g iv e s  r i s e  to  i l lu s io n  No. 1, 
th a t  s p a c e  an d  t im e  a c t  a s  r e c e p ta c l e s  o f m a t t e r  an d  th a t  th ey  a r e  in d e p e n d 
e n t o f i t s  in te r a c t io n s .  E r r o n e o u s  i n te r p r e ta t io n  o f N o e th e r 's  th e o re m * *

• See V ig ie r ,  J.P. Nekotorye metodologicheskie voprosy teorii elementarnykh chastits (Certain Meth
odological Problems of the Theory of Klementary Particles). Voprosy filosofii. No. 3, p. 119. 1961.

•• Noether's theorem deals with the fact that the laws of conservation in the motion of a material system arc 
closely related to its properties and to the properties of space and lime. In view of this they can be de
rived theoretically from each other. But one cannot tell, from the mere fact that these properties are re
lated to each other and can be derived theoretically from each other, which arc the determining ones and 
which the determined in objective reality. In Noether's theorem itself there is nothing which tells us 
whether any kind of subordination is at all present between these properties. Nor, therefore, can one de
rive from Noether's theorem the conclusion which is drawn from it in theoretical physics.
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g iv e s  r i s e  to i l lu s io n  No. 2, th a t  th e  p r o p e r t i e s  o f s p a c e  an d  t im e  c o n d it io n  
th e  p r o p e r t i e s  of m o tio n  an d  in te r a c t io n  o f m a te r ia l  o b je c ts :  " A ll  p h e n o m 
en a  ta k in g  p la c e  in  s p a c e  an d  t im e  m u s t,  so  to  s p e a k , a d ju s t  to  th e s e  
f o r m s  of e x is te n c e  of m a t t e r " * .

In o n e  w ay o r  o th e r ,  s p a c e  an d  t im e  do no t d e p e n d  on th e  i n te r a c t io n s  
o f m a te r ia l  o b je c ts  bo th  in  ty p e  "A " th e o r ie s  a n d  in ty p e  "B "  th e o r i e s .  T h is  
s ta te m e n t ,  a s  is  e a s y  to  show , is  no t p u re ly  p h y s ic a l ,  b u t g o e s  b ey o n d  th e  
l im i t s  o f p h y s ic s  in to  th e  r e a lm  o f p h ilo so p h y . I ts  m e th o d o lo g ic a l  u n so u n d 
n e s s  is  o b v io u s . A nd y e t  th e o r e t ic ia n s  a d h e r in g  to  bo th  a p p r o a c h e s  le a n  
on i t  to  a  s u b s ta n t ia l  d e g r e e ,  bo th  in a t te m p ts  to e x p la in  new  f a c ts  an d  in  the 
s e a r c h  fo r  th e  fu tu re  th e o ry  of e le m e n ta r y  p a r t i c le s .  W e w ill i l l u s t r a t e  
th is  w ith  th e  s i tu a t io n  w h ich  a r o s e  in p h y s ic s  in c o n n e c tio n  w ith  p a r i ty  n o n 
c o n s e rv a t io n  in w eak  in te r a c t io n s .

T h e  s tu p ify in g  im p r e s s io n  w h ich  th e  d is c o v e r y  of p a r i ty  n o n c o n s e rv a t io n  
in w e ak  in te r a c t io n s  m a d e  on p h y s ic i s t s  w a s  in  la r g e  p a r t  due to  th e  b a s ic  
p r e m is e  o f th e  t h e o r e t ic ia n s ,  th a t  s p a c e  an d  t im e  do no t d e p e n d  on th e  i n 
te r a c t io n s  of m a te r ia l  o b je c ts  an d  c o n d itio n  th e  p r o p e r t i e s  o f th e s e  i n t e r 
a c t io n s  (p a r i ty  c o n s e rv a t io n  w a s d e r iv e d  d i r e c t ly  f ro m  th e  h o m o g e n e ity  an d  
i s o tr o p y  of s p a c e )* * . T h e  s a m e  b a s ic  p r e m is e  led  to th e  a p p e a r a n c e  o f 
two c o m p e tin g  a t te m p ts  to  e x p la in  p a r i ty  n o n c o n s e rv a t io n , th e  h y p o th e s is  
of I. S. S h a p iro  (a n is o tro p y  o f s p a c e  in th e  s m a l l )  an d  th e  h y p o th e s is  of L . D. 
L an d a u  an d  L e e  an d  Y ang ( c o n s e rv a tio n  o f " c o m b in e d  p a r i ty " ) .  T h e  f o r m e r  
a t t r i b u t e s  p a r i ty  n o n c o n s e rv a t io n  to  th e  a s y m m e tr y  o f s p a c e  an d  th e  l a t t e r  
to  th e  a s y m m e tr y  of e le m e n ta r y  p a r t i c le s .  T h e  h y p o th e s is  of L a n d a u  and  
L e e  an d  Y ang  s te m s  d i r e c t ly  f r o m  th e  id e a  th a t  th e  p r o p e r t i e s  of s p a c e  a r e  
id e n t ic a l  in an y  o f i t s  p a r ts  a n d  in an y  in te r a c t io n ,  an d  a l s o  th a t  th e  p r o p 
e r t i e s  o f s p a c e  c o n d itio n  th e  p r o p e r t i e s  o f in te r a c t io n s .  T h e r e f o r e ,  a c 
c o rd in g  to th is  h y p o th e s is , p a r i ty  sh o u ld  not b e  c o n s e rv e d  in  an y  i n t e r a c 
tio n , an d  in  an y  in te ra c t io n  th e  m i r r o r  r e f le c tio n  o f a  p a r t i c le  s h o u ld  b e  an  
a n t ip a r t ic le .  And y e t  p a r i ty  is  n o t c o n s e rv e d  o n ly  in  w e ak  in t e r a c t io n s ,  b u t 
is  c o n s e rv e d  in n u c le a r  an d  e le c t ro m a g n e tic  i n te r a c t io n s ,  an d  th e  m i r r o r  
r e f le c tio n  o f a  p a r t i c le  h e r e  is  th e  p a r t i c le  an d  not th e  a n t ip a r t i c le .  T h u s  a 
c o n tra d ic t io n  r e s u l t s .

It is  e v id e n c e  th a t  th e  b a s ic  p r e m is e s  a r e  e r r o n e o u s ,  th a t  s p a c e  c a n n o t 
c o n d itio n  th e  p r o p e r t i e s  o f in te r a c t io n s  an d  b e  id e n t ic a l  in  a l l  i t s  p a r t s  an d  
in a l l  in te r a c t io n s .  O n c e th e  h y p o th e s is  o f L an d a u  an d  L e e  a n d  Y ang  a r e  
f r e e d  fro m  th e s e  s e e m in g ly  o b v io u s  b a s ic  p r e m is e s ,  th e  c o n t ra d ic t io n  is  
re m o v e d . O ne th en  fin d s  th a t  th e  h y p o th e s is  o f c o n s e r v a t io n  o f c o m b in e d  
p a r i ty  d o e s  not a t  a l l  e x c lu d e  S h a p i r o 's  id e a , an d  th a t  e s s e n t i a l l y  i t  c o n 
s i s t s  of th e  fo llow ing : s p a c e  is  m i r r o r  s y m m e tr ic  w h e r e v e r  s y m m e tr y  
w ith  r e s p e c t  to  c h a rg e  c o n ju g a tio n  h o ld s , an d  m i r r o r  a s y m m e t r i c  w h e r e v e r  
s y m m e try  w ith  r e s p e c t  to  c h a r g e  c o n ju g a tio n  is  a b s e n t.  T h a t is ,  th i s  h y 
p o th e s is  is  in  r e a l i ty  e v id e n c e  o f th e  e x is te n c e  o f a  d e f in ite  d e p e n d e n c e  of 
th e  p r o p e r t i e s  of s p a c e  on th e  p r o p e r t i e s  o f m a te r ia l  in t e r a c t io n s .  A n a ly 
s i s  of an y  o th e r  f a c ts  an d  id e a s  in  m o d e rn  p h y s ic s  s u g g e s t s  th e  s a m e  th in g * * * . 
T h is  a n a ly s i s  r e v e a l s  th e  f a ls e n e s s  of th e  b a s ic  p r e m is e s  o f th e o r e t ic a l

* S o ro k in ,  V. S. Zakon sokhraneniya dvizheniya i mera dvizheniya v fizike (Law of Conservation of
Motion and of the Measure of Motion in Physics). UFN, Vol. UX, No. 2, p. 329. 1956.
See Sa la m . A. Elementamye chastitsy (Elementary Particles). UFN, Vol. LXXIV, No. 1, p. 157. 1961. 

*•* See "Nekotorye voprosy filosofii" (Some Problems of Philosophy), No. 1, p. 44. Kishinev. 1959; "Fizika
v shkolc" (Physics in the School Curriculum), No. 3. p. 11. 1961.
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p h y s ic s ,  n a m e ly  th a t  s p a c e  a n d  t im e  do no t d ep e n d  on th e  in te r a c t io n s  of 
m a te r ia l  o b je c ts ,  an d  th e r e f o r e  th e r e  e x is t s  a  d ile m m a : the p r o p e r t i e s  of 
e le m e n ta r y  p a r t i c le s  a r e  due e i t h e r  to  th e  p e c u l ia r i t ie s  o f th e  in te r a c t io n s ,  
o r  to  th e  p r o p e r t i e s  of s p a c e  an d  t im e . No su c h  d ile m m a  e x i s t s .  T h e  p r o p 
e r t i e s  o f e le m e n ta r y  p a r t i c le s  a r e  due bo th  to  th e  p e c u l ia r i t i e s  of the m a 
t e r i a l  in te r a c t io n s  an d  to th e  p r o p e r t i e s  o f s p a c e  an d  t im e , b e c a u s e  the 
p e c u l ia r i t i e s  o f m a te r ia l  i n te r a c t io n s  an d  th e  p r o p e r t i e s  o f s p a c e  an d  t im e  
a r e  i n t e r r e l a t e d .  S p ace  a n d  t im e  a r e  an  a t t r i b u t e  of m a t t e r  an d  c a n n o t be 
id e n t ic a l  in  a l l  t h e i r  p a r t s  an d  in  a l l  i n te r a c t io n s .  Such  is  th e  c o n c lu s io n  
w h ich  fo llo w s  f r o m  a n a ly s i s  o f m o d e rn  p h y s ic s ,  and  su c h  is  th e  d i a le c t ic a l -  
m a t e r ia l i s t i c  c o n c e p tio n  o f th e  in te ra c t io n  of s p a c e ,  t im e  an d  th e  m o tio n  
of m a t t e r .

It o p e n s  up fa v o ra b le  p o s s ib i l i t i e s  fo r  th e  f u r th e r  d e v e lo p m e n t of e le m e n 
t a r y  p a r t i c le  p h y s ic s ,  in c lu d in g  th e  p o s s ib il i ty  of s y n th e s is  of the two o p 
p o s in g  c o n c e p tio n s :  ty p e  "A " th e o r ie s  an d  ty p e  "B "  th e o r ie s .  O b v io u s ly , 
th is  d o e s  no t im p ly  a  r e tu r n  to  c l a s s i c a l  id e a s  c o n c e rn in g  s p a c e  an d  t im e  
o r  r e ta in in g  th e  id e a s  c o n c e rn in g  e le m e n ta r y  p a r t i c le s  a s  p o in t p a r t i c le s .  
T h e  c o n tra d ic t io n  b e tw e e n  ty p e  "A " th e o r ie s  an d  ty p e  "B "  th e o r ie s  c a n  be 
r e s o lv e d  on ly  on th e  b a s i s  o f th e  id e a  th a t  "m o tio n  is  th e  e s s e n c e  of t im e  
a n d  s p a c e " * ,  th a t  q u a l i ta t iv e ly  d i f fe re n t  in te r a c t io n s  c o n d itio n  q u a l i ta t iv e ly  
d if f e r e n t  p r o p e r t i e s  o f s p a c e  an d  t im e .

T h is  a p p r o a c h  is  a s s o c ia t e d  w ith  th e  id e a  of th e  e x is te n c e  o f s p a c e - t im e  
b o u n d a r ie s ,  w ith  th e  id e a  o f th e  d is c o n tin u ity  of s p a c e  an d  t im e . It h a s  a l l  
th e  a d v a n ta g e s  o f th e  ty p e  "A " a n d  ty p e  "B "  th e o r ie s  in  e le m e n ta r y  p a r t i 
c le  p h y s ic s ,  an d  la c k s  t h e i r  d e f e c ts .  I t  e v e n  s a t i s f ie d  B o h r 's  h u m o ro u s  
c r i t e r i o n ,  s in c e  i t  in v o lv e s  r e je c t io n  o f th e  c l a s s i c a l  c o n c e p t o f th e  c o n t in 
u u m . T r u e ,  th e  h y p o th e s is  o f  th e  d is c o n t in u ity  o f s p a c e  and  t im e  m e e ts  
w ith  a  n u m b e r  o f m a th e m a tic a l  an d  p h y s ic a l  d i f f ic u lt ie s .  H o w e v er, th e  
h i s to r y  o f th e  d e v e lo p m e n t o f th is  h y p o th e s is  f ro m  R ie m a n n 's  t im e  to  th e  
p r e s e n t  sh o w s th a t  th e s e  d i f f ic u lt ie s  a r e  n o t in s u rm o u n ta b le * * . A t the 
s a m e  t im e  i t  i s  b e c o m in g  in c r e a s in g ly  o b v io u s  th a t  th e  o u tlo o k  fo r  f u r th e r  
d e v e lo p m e n t o f th e o r ie s  b a s e d  on th e  s p a c e - t im e  c o n c e p ts  o f th e  th e o ry  of 
r e la t iv i t y  is  u n p ro m is in g . T h is  w a s p o in te d  o u t by  E in s te in .  " I  a m  i n 
c r e a s in g ly  in c lin e d  to  b e l ie v e ,  " h e  w r o te ,  " th a t  f u r th e r  p r o g r e s s  w ith  th e  
th e o ry  o f th e  c o n tin u u m  is  im p o s s ib le ,  a s  th e  R ie m a n n  m e t r ic  s u g g e s ts  
i t s e l f  h e r e  a s  th e  o n ly  n a tu r a l  c o n c e p t" * * * .

T h e  a t te m p t  to  s im p ly  b a n is h  s p a c e  an d  t im e  c o o r d in a te s  fro m  th e  th e o ry  
a n d  p a s s  o v e r  to  m o m e n tu m  s p a c e  is  l ik e w is e  of no h e lp , a s  m o m e n tu m  
s p a c e  is  r e la t e d  to  o r d in a r y  s p a c e .

O ne o f th e  a t te m p ts  to  d e v e lo p  a  h y p o th e s is  o f th e  d is c o n tin u ity  of s p a c e  
a n d  t im e  is  th e  id e a  o f a  f in i te  s p a c e - t im e ,  r e c e n t ly  in t ro d u c e d  b y H .R . C o ish  
an d  I. S. S h a p iro . T h e  id e a  i t s e l f ,  w ith  i t s  g r e a t  o r ig in a l i ty ,  an d  th e  r e s u l t s  
to  w h ic h  i t  l e a d s  a r e  o f u n d o u b ted  i n t e r e s t .  A p u re ly  d i s c r e t e  m o d e l is  
c o n s id e r e d .  S p ace  c o n s i s t s  o f a  f in i te  n u m b e r  of p o in ts .  In  i t  t h e r e  i s  a  m in i 
m a l  le n g th  A nd th e r e  a r e  no d i s ta n c e s  s m a l l e r  th an  /0. O ne fin d s  th a t  
th e  know n s y m m e tr y  p r o p e r t i e s  o f s p a c e  an d  t im e  an d  of th e  e le m e n ta r y  
p a r t i c le s  a r e  r e a l i z e d  in  th is  s p a c e .  O f c o u r s e ,  th is  is  s t i l l  no t a  c o m p le te

• L e n in , V. I. Sochineniya (Collected Works). Vol. 38, p.253.
** See A ro n o v , R. A. O gipoteze preryvnosti prostranstva i vremeni (A Hypothesis of the Discontinuity of 

Space and Time). Voprosy filosofii. No. 3. 1957.
•••  Quoted from the article by L. In fe ld , in: Albert Einstein, Philosopher-Scientist, "The Library of 

Living Philosophers (Evanston, III. 1949).
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p h y s ic a l  th e o ry . T h e  d y n a m ic a l  p r in c ip le s  h av e  y e t  to  b e  fo r m u la te d .  In 
it t h e r e  is  no t on ly  m u ch  th a t  is  u n u su a l — m u ch  is  s im p ly  u n in te l l ig ib le .
L e t u s  ta k e  th e  fo llo w in g  e x a m p le . A s w a s  c l e a r ly  d e m o n s t r a te d  by  V. G. 
K a d y sh e v sk ii* , an  a u x i l i a ry  s p a c e  R o f a  f in i te  n u m b e r  o f p o in ts  is  c o n 
s t r u c te d  in  th e  th e o ry . F r o m  th is  s p a c e  th e  t r a n s i t io n  i s  e f fe c te d  to  th e  
r e a l  s p a c e  R', w h ich  is  a ls o  a s s u m e d  to  b e  a  s p a c e  o f a  f in i te  n u m b e r  o f 
e le m e n ts ,  w ith  a  m in im a l le n g th  lB. T h is  t r a n s i t i o n  is  e f fe c te d  in  s u c h  a  
w ay th a t  I =  zl„, w h e re  z is  in f in ite ly  la r g e .  In o r d e r  fo r  I to  b e  f in i te  i t  is  
n e c e s s a r y  th a t  l0 be  z e ro .  B u t w ha t d o e s  th e  fa c t  th a t  th e  m in im a l  le n g th  
o f th e  s p a c e  R e q u a ls  z e ro  m e a n ?  It is  a s s u m e d  th a t  th is  m e a n s  th a t  th e  
s p a c e  R is  co n tin u o u s . T h is  w ould  r e a l ly  h av e  b e e n  th e  c a s e  if  th e  s e t  of 
p o in ts  in the  s p a c e  R had  b e e n  of th e  p o w e r of th e  c o n tin u u m . B u t in  r e a l i ty  
i t  is  f in ite  o r ,  a t  b e s t ,  d e n u m e ra b le .  T h u s , in  th is  th e o ry  m u c h  re m a in s  
u n c le a r .

B ut ev e n  th is  is  n o t th e  m o s t  im p o r ta n t  p o in t. T h e  m o s t im p o r ta n t  p o in t 
is  th a t  th is  is  a  p u re ly  d i s c r e t e  m o d e l in w h ich  th e  q u a l i ta t iv e ly  d i f fe re n t  
m e t r ic  p r o p e r t ie s  o f s p a c e  an d  t im e  in  th e  s u b - m ic r o w o r ld  a r e  i n t e r p r e t e d  
a s  an  a b s e n c e  of m e t r i c a l  p r o p e r t i e s .  T h e  h y p o th e s is  o f C o ish  an d  S h a p iro  
is  d i r e c t ly  a f f i l ia te d  to  th e  id e a s  o f R ie m a n n . T h e r e in  l i e s  i t s  s t r e n g th  a s  
w e ll a s  i t s  w e a k n e s s . R ie m a n n  c o n s id e r e d  tw o m u tu a lly  e x c lu s iv e  p o s s i 
b i l i t i e s  - t h e  p u re ly  c o n tin u o u s  an d  th e  p u re ly  d i s c r e t e  m o d e l, an d  d e m o n 
s t r a t e d  th a t  in  th e  f o r m e r  c a s e  th e  m e t r ic  p r o p e r t i e s  o f s p a c e  a r e  d e t e r 
m in e d  by  m a te r ia l  i n te r a c t io n s  an d  " in  th e  c a s e  o f th e  d i s c r e t e  m a n ifo ld  the 
p r in c ip le  o f m e t r ic  r e la t io n s  is  in c o rp o r a te d  in  th e  v e r y  c o n c e p t o f th is  
m a n ifo ld "* * . B ut in  r e a l i ty  bo th  th e  m e t r i c  p r o p e r t i e s  o f s p a c e  an d  i ts  d i s 
c r e t e n e s s  a r e  c o n d itio n e d  by th e  s p e c if ic  m a te r ia l  i n te r a c t io n s  o f th e  s u b -  
m ic ro w o r ld ,  and  th e r e f o r e  to  th em  ca n n o t c o r r e s p o n d  a  p u re ly  d i s c r e t e  
m o d e l. T h is  is  why th e  id e a  of a  f in ite  s p a c e - t im e ,  w h ich  r e s t s  on th is  
s e c o n d  p o s s ib il i ty ,  m u s t be  c o n s id e r e d  on ly  a s  a  f i r s t  s te p  to w a rd  th e  fu tu re  
s y n th e s is  o f th e  tw o p o s s ib i l i t i e s .

T h e  h y p o th e s is  of th e  d is c o n tin u ity  of s p a c e  an d  t im e  is  b a s e d  on th e  fa c t  
th a t in  th e  w o r ld  t h e r e  e x is t  q u a l i ta t iv e ly  d i s s im i l a r  ty p e s  o f i n te r a c t io n .  
A ll a r e  in te rw o v e n  in  a  c o m p le x  p a t te r n .  H o w e v e r , th e r e  e x is t  s p a c e - t im e  
re g io n s  in  w h ich  on e  o r  g iv en  ty p e  of in te r a c t io n  is  th e  d e te rm in in g  o n e . 
O u ts id e  th is  re g io n  i t  p la y s  a  s e c o n d a ry  a c c e s s o r y  r o le  an d  a  d i f f e r e n t  ty p e  
of in te ra c t io n  is  d o m in a n t. T h u s , a c c o rd in g  to  th e  h y p o th e s is  o f th e  d i s 
co n tin u ity  of s p a c e  an d  t im e , th e  b o u n d a ry  s e p a r a t in g  th e  re g io n  in  w h ich  
e le c tro m a g n e tic  in te r a c t io n s  a r e  d o m in a n t fro m  th a t  in  w h ich  n u c le a r  i n t e r 
a c t io n s  a r e  d o m in an t o c c u r s  a t  d is ta n c e s  o f th e  o r d e r  o f 10“ 13 -  1 0 -14cm ; 
th e  lo w e r b o u n d a ry  of th e  re g io n  of s t r o n g  in te r a c t io n s ,  w h ich  s e p a r a t e s  
it  f ro m  th e  re g io n  in  w h ich  w eak  in te r a c t io n s  a r e  d o m in a n t, l i e s  a t  d i s 
ta n c e s  of th e  o r d e r  o f 10 -17c m . B eyond  th is  b o u n d a ry  w e a k  in te r a c t io n s ,  
w h ich  d if fe r  e s s e n t ia l ly  f ro m  th e  o th e r  ty p e s  o f in te ra c t io n , c o n d it io n  q u a l i 
ta t iv e ly  d if fe re n t  p r o p e r t i e s  o f th e  s p a c e  an d  t im e  (m e t r ic  p r o p e r t i e s ,  
s y m m e try  p r o p e r t i e s  an d  so  on), i. e . , h e r e ,  a s  M. A . M a rk o v  r e m a r k s ,
" a  fu n d a m e n ta lly  new  w o r ld  of p h y s ic a l  p h e n o m e n a  is  r e v e a le d .  . . w e a r e  
d e a lin g  w ith  a  f u r th e r  c h a n g e  o f o u r  id e a s  c o n c e rn in g  s p a c e  a n d  t im e , in  
th a t  i n te r p r e ta t io n  o f th e s e  id e a s  w h ich  w a s fo r m e d  in  th e  p r o c e s s  o f

See K ad y sh ev sk i i , V. G. K teorii diskretnogo prostranstva i vremeni (A Theory of Discrete Space and
Time). DAN. Vol. 136, No. 1. 196J 

•• R ie m a n n , B. Sochineniya (Collected Works). Moscow-Leningrad, 1948, p.29l.
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m a c r o s c o p ic  h u m an  a c t iv i ty  an d  w h ich  b e c o m e s  u n s u i ta b le  in  th e  o th e r  r e 
g io n  o f p h y s ic a l  p h e n o m e n a " * .

A nd t h e r e f o r e  th e  m in im a l  le n g th  Z0 is  a  s p a t ia l  b o u n d a ry  in  th e  m ic r o  - 
w o r ld  s e p a r a t i n g  q u a l i ta t iv e ly  d i s s im i l a r  s p a c e - t im e  r e g io n s .  E x t r a p o la 
tio n  o f c l a s s i c a l  id e a s  on  s p a c e  an d  t im e  to  d i s ta n c e s  s m a l l e r  th a n  la is  i n 
a d m is s ib le  n o t b e c a u s e  t h e r e  a r e  no d i s ta n c e s  o r  t im e  in te r v a ls  th e r e  bu t 
b e c a u s e  b ey o n d  th is  b o u n d a ry  s p a c e  an d  t im e  h a v e  q u a l i ta t iv e ly  d if fe re n t  
p r o p e r t i e s .

T h u s  th e  b a s ic  p r e m is e  o f m o d e rn  e le m e n ta ry  p a r t i c le  p h y s ic s  — 
th a t  th e  p r o p e r t i e s  o f s p a c e  and  t im e  do not d ep e n d  on th e  i n t e r a c 
t io n s  o f m a te r ia l  o b je c ts  —an d  th e  d i le m m a  w h ich  fo llo w s  fro m  it — th e  p r o p 
e r t i e s  o f e le m e n ta r y  p a r t i c le s  a r e  due e i t h e r  to  th e  p e c u l ia r i t i e s  o f i n t e r 
a c t io n s  o r  to  th e  p r o p e r t i e s  o f s p a c e  an d  t im e  — a r e  no t a d e q u a te  to  r e a l i ty  
an d  t h e r e f o r e  c a n n o t a s s i s t  in  th e  f u r th e r  s u c c e s s f u l  d e v e lo p m e n t of e le m e n 
t a r y  p a r t i c le  p h y s ic s .  I t  is  o u r  ow n p ro fo u n d  c o n v ic tio n  th a t  f u r th e r  s u c c e s s 
fu l d e v e lo p m e n t o f e le m e n ta r y  p a r t i c le  p h y s ic s  is  p o s s ib le  o n ly  if  b a s e d  on 
a  d i a l e c t ic a l - m a t e r i a l i s t i c  c o n c e p tio n  of th e  i n t e r r e l a t i o n  o f s p a c e ,  t im e  
an d  th e  m o tio n  of m a t t e r  an d  on  th e  h y p o th e s is  o f th e  d is c o n tin u ity  of sp a c e  
an d  t im e .

• M a rk o v . M. A. Giperony i K-Mezony (Hyperons and A-Mesons). p. 301. Moscow. 1958.
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PART IV

CAUSALITY AND REGULARITY

QUANTUM  PH Y SICS AND T H E  T R A N S M U T A B IL IT Y  
O F  E L E M E N T A R Y  P A R T IC L E S

M .E . O m e l 'y a n o v sk i i

If on e  a s s u m e s  th a t  th e  q u a l i ta t iv e  d iv e r s i ty  an d  c h a n g e a b il i ty  o f th e  
p h e n o m e n a  o f th e  o b s e r v a b le  w o r ld  a r e  n o t i l lu s o r y ,  c o g n it io n  o f th e  o b 
s e r v a b le  w o r ld  sh o u ld  p re s u p p o s e  m o tio n  o f th e  s u b s ta n c e  w h ic h  i s  i t s  
b a s e .  T h is  a p p l ie s  e q u a lly  w e ll  to  c o n tin u o u s  s u b s ta n c e  (the  m a t e r ia l  
e le m e n ts  o f th e  Io n ian  th in k e r s ,  th e  m a t t e r  o f A r is to t l e ,  th e  m a t t e r  of 
D e s c a r te s ,  th e  e th e r  an d  f ie ld  of c l a s s i c a l  p h y s ic s )  an d  d i s c r e t e  s u b s ta n c e  
(the  a to m s  o f th e  a n c ie n ts ,  N e w to n 's  h y p o th e t ic a l  s im p le  p e r f e c t ly  r ig id  
p a r t i c le s ,  th e  m a te r ia l  p o in ts  of H e r tz ) .  In a n c ie n t  a to m is m  th e  d iv e r s i t y  
an d  c h a n g e  o f th e  o b s e r v a b le  w a s  e x p la in e d  by  th e  fu s io n  o f m o v in g  " i n 
d iv i s ib le s "  an d  d e c o m p o s it io n  of b o d ie s  in to  th e  o r ig in a l  p a r t i c l e s .  O n 
th e  o th e r  hand , th e  e v id e n t r e p e t i t io n s  an d  r e la t iv e  c o n s ta n c y  in  n a tu r e  
w ould  be im p o s s ib le  if  b o d ie s  c o n s i s te d  o f an  in f in i te  n u m b e r  o f i n f in i te s 
im a l  p a r t s .

T h u s  a n c ie n t  a to m is t i c s  a l r e a d y  saw  m o tio n  a s  an  in s e p a r a b le  p r o p e r ty  
o f m a t t e r ,  a lth o u g h  i t  t r e a t e d  m o tio n  — a s  w e ll  a s  m a t t e r  — o n e - s id e d ly  fro m  
a  s ta n d p o in t  m o s t  c o n c r e te ly  e x p r e s s e d  in  th e  m e c h a n ic a l  v ie w s  o f c l a s s 
ic a l  p h y s ic s .

T h e  d e v e lo p m e n t o f c l a s s i c a l  p h y s ic s ,  d e s p i te  a d d i t io n s  an d  in n o v a tio n s , 
d id  n o t a l t e r  th e  m e c h a n is t ic  v iew  o f m o tio n  o f th e  a n c ie n t  a t o m is t s .  N e w 
ton  w a s  a  s u p p o r te r  o f a n c ie n t  a to m is m , a n d  in  p e r f e c t in g  th e  c o n c e p t o f 
p a r t i c le s  c o m p o s in g  a  body he d id  n o t go b ey o n d  th e  m e c h a n is t ic  v iew  of 
m o tio n . I t m ig h t s e e m  th a t  th e  d is c o v e r y  o f th e  law  o f c o n s e r v a t io n  o f 
e n e rg y  an d  th e  c r e a t io n  o f c l a s s i c a l  f ie ld  th e o ry  an d  s t a t i s t i c a l  p h y s ic s  
co u ld  d e s t r o y  th e  id e a  th a t  in v a r ia b le  an d  f o r e v e r  s p e c if ie d  p a r t i c l e s  m o v 
in g  in  s p a c e  a r e  th e  fo u n d a tio n s  o f th e  u n iv e r s e .  H o w e v e r , th e  p h y s i c i s t s  
who d is c o v e r e d  th e  law  o f c o n s e rv a t io n  o f e n e rg y  an d  c r e a t e d  th e  c l a s s i c a l  
th e o ry  o f f ie ld s  an d  s t a t i s t i c a l  p h y s ic s  th o u g h t o th e r w is e .  T h e  v ie w s  h e ld  
by th e  g r e a t  p h y s ic i s t s  o f th e  n in e te e n th  c e n tu ry  (H e lm h o ltz , M ax w ell,
G ib b s , B o ltz m a n n  an d  o th e r s )  r e s p o n s ib le  fo r  th e  c l a s s i c a l  p e r io d  o f d e 
v e lo p m e n t o f p h y s ic a l  s c ie n c e  a r e  w e ll  know n; th e s e  v ie w s  w e re  a lo n g  th e  
l in e s  of c l a s s i c a l  a to m is m .

A t th e  s a m e  t im e  i t  m u s t  b e  re c o g n iz e d  th a t  s u c h  a  s i tu a t io n  w a s  u n 
a v o id a b le :  th e  c l a s s i c a l  p e r io d  o f p h y s ic s  d id  n o t y e t  h av e  th e  e x p e r im e n 
ta l  m a te r ia l  r e q u ir e d  to  r e s t a t e  th e  p ro b le m  o f th e  m o tio n  w h ic h  ta k e s  
p la c e  a t  th e  fo u n d a tio n s  o f m a t t e r  in  a  s p i r i t  c o m p le te ly  d i f f e r e n t  f ro m  
th e  m e c h a n is t ic  t r a d i t io n .  T h is  m a t e r ia l  w a s  g a th e r e d  m u c h  l a t e r .  O n 
th e  b a s i s  o f e x p e r im e n ta l  d a ta  of w h ich  no on e  in th e  n in e te e n th  c e n tu ry
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h ad  e v e n  d re a m e d , th e  th e o ry  o f r e la t iv i t y  an d  th e  d e v e lo p m e n t of q u an tu m  
th e o ry  p r e p a r e d  th e  n e c e s s a r y  p r e r e q u i s i t e s  f o r  a  so lu tio n  o f th is  p ro b le m  
w h ic h  te n d s  to w a rd  th e  id e a  o f th e  t r a n s m u ta b i l i ty  o f e le m e n ta r y  p a r t i c le s .

A th e o ry  o f th e  d e v e lo p m e n t o f m a t t e r  in  c o r re s p o n d e n c e  w ith  the e x 
p e r im e n ta l  d a ta  on  th e  t r a n s m u ta b i l i ty  o f e le m e n ta r y  p a r t i c le s  h a s  long  
b e e n  w o rk e d  o u t by p h ilo so p h y . A d v a n ced  p h ilo so p h y , w h ich  h a s  a lw a y s  
p ro v id e d  n a tu r a l  s c ie n c e  w ith  le a d in g  id e a s  ( a to m is t ic  v iew , c o n s e rv a t io n  
o f m o tio n  an d  m a t t e r  o f D e s c a r te s ,  L o m o n o so v , e t  a l . ,  K a n t 's  n e b u la r  
h y p o th e s is ,  an d  so  on ), now , in  d ia le c t ic a l  m a te r ia l i s m ,  p ro v id e s  s c ie n c e  
w ith  a  c o n c e p t o f d e v e lo p m e n t in  i t s  m o s t  p ro fo u n d  an d  c o m p le te  fo r m .

F i r s t  o f a l l ,  th e  fo llo w in g  tw o f e a tu r e s  o f th e  d ia le c t ic a l  v iew  o f m o tio n  
an d  th e  d e v e lo p m e n t o f m a t t e r  m u s t  b e  s t r e s s e d .

F i r s t l y ,  m o tio n , th e  d e v e lo p m e n t o f p h e n o m e n a  an d  p r o c e s s e s  in  th e  
w o r ld , i s  a  s t r u g g le  o f o p p o s i te s ,  th e  d iv is io n  o f a  u n ity  in to  m u tu a lly  e x 
c lu s iv e  o p p o s i te s  an d  th e i r  r e c ip r o c a l  r e la t io n .  L e n in  in  h is  f r a g m e n t  
"O n th e  q u e s tio n  o f d i a l e c t ic s "  (K v o p ro s u  o d ia le k tik e )  d e f in e d  th e  s p l i t 
t in g  o f a  s in g le  w h o le  an d  th e  c o g n itio n  of i t s  c o n t r a d ic to r y  p a r t s  a s  th e  
e s s e n c e  o f d i a l e c t ic s .  E a c h  c o n t r a d ic to r y  a s p e c t  o f a  u n it  d e v e lo p s  in to  
i t s  ow n o p p o s ite , an d  th e  o p p o s i te s  m e r g e  in to  e a c h  o th e r ;  th is  r e s o lv e s  
th e  c o n tra d ic t io n  in  q u e s tio n , g iv in g  r i s e  to  a  new  p h en o m e n o n , th e  p r o c 
e s s  w ith  th e  c o n t ra d ic t io n  in h e r e n t  in  i t .  W ith o u t th e  un io n  of o p p o s ite s  
t h e r e  i s  no d e v e lo p in g  p h en o m e n o n , no p r o c e s s ;  w ith o u t th e  s t r u g g le  of 
o p p o s i te s  th e r e  i s  no d e v e lo p m e n t, no t r a n s f o r m a t io n  o f th e  g iv e n  p h e n o m 
en o n  in to  a  new  o n e .

S eco n d ly , d e v e lo p m e n t a s  u n ity  o f o p p o s i te s  im p lie s  th a t  th e  u n ity  of 
o p p o s i te s  i s  r e la t iv e ,  w h e r e a s  th e  s t r u g g le  o f o p p o s i te s  i s  a b s o lu te .

T h e  d i a le c t ic a l  c o n c e p tio n  o f th e  d e v e lo p m e n t o f p h e n o m e n a  i s  c o m p a t
ib le  n e i th e r  w ith  s u b je c t iv i s m , w h ich  t r a n s f o r m s  th e  w o r ld  in to  a  c h a o s  of 
e m p ty  c h a n g e s , n o r  w ith  m e ta p h y s ic a l  id eo lo g y  in  g e n e ra l ,  w h ich  p e r p e tu 
a t e s  c o n s ta n c y  an d  r e s t  in  so m e  fo r m  o r  o th e r .

D o e s th e  d i a le c t ic a l  c o n c e p tio n  o f d e v e lo p m e n t c o v e r  th e  d a ta  on th e  
t r a n s m u ta b i l i ty  o f th e  e le m e n ta r y  p a r t i c le s  w h ich , a c c o rd in g  to  th e  id e a s  
o f m o d e rn  p h y s ic s ,  l ie  a t  th e  fo u n d a tio n  o f know n m a t t e r ?  T h e  fo llo w in g  
d i s c u s s io n  w ill  be e n t i r e ly  d e v o te d  to  th is  q u e s tio n .

O n c e  m o r e  w e s t r e s s  th a t , a c c o rd in g  to  th e  e x p e r im e n ta l  d a ta  o f p r e s e n t -  
d ay  p h y s ic s ,  t r a n s m u ta b i l i ty  i s  a n  e s s e n t i a l  p r o p e r ty  o f e le m e n ta r y  p a r t i 
c l e s .  M otion  i s  th e  m e a n s  o f e x is te n c e  o f m a t te r ;  f u r th e r ,  m o tio n  i s  no t 
o n ly  c h a n g e  o f p o s i tio n  b u t a ls o  c h a n g e  o f q u a li ty  — th e  e x p e r im e n ta l  d a ta  
on e le m e n ta r y  p a r t i c le s  p ro v id e  a  s u r p r is in g ly  c o n c lu s iv e  c o n f ir m a t io n  of 
th i s  c r u c i a l  p ro p o s i t io n  of d ia le c t ic a l  m a te r ia l i s m  an d  endow  i t  w ith  new 
c o n te n t.

S uch  e le m e n ta r y  p a r t i c le s  a s ,  s a y , p h o to n s  c a n  be  c r e a t e d  in  q u an tu m  
t r a n s i t i o n s  in  a to m s , in  th e  a c c e le r a t e d  m o tio n  o f c h a rg e d  p a r t i c le s ,  in  
th e  d e c a y  of th e  jt- m e s o n  an d  c e r t a in  o th e r  p a r t i c le s ,  in  th e  a n n ih ila t io n  
o f e l e c t r o n s  w ith  p o s i t r o n s  an d , in  g e n e ra l ,  o f p a r t i c le s  w ith  t h e i r  a n t i 
p a r t i c l e s .  T h e y  c a n  a l s o  be  a b s o r b e d , o r  " d i s a p p e a r " ,  in  in te r a c t io n s  
w ith  m o le c u le s ,  a to m s  an d  n u c le i;  th e y  ca n  be  s c a t t e r e d  by o th e r  p a r t i c le s  
a n d  fo r m  s o - c a l l e d  p a i r s  ( e le c t r o n - p o s i t r o n ) .  P h o to n s  th e m s e lv e s  e x is t  
o n ly  in  m o tio n  a t  th e  sp e e d  o f l ig h t; t h e i r  " s to p p in g "  m e a n s  th e i r  a b s o r p 
t io n  o r  t r a n s f o r m a t io n .

A ll o th e r  e le m e n ta r y  p a r t i c le s  a r e  l ik e w is e  c a p a b le  o f t r a n s f o r m a t io n  
an d  in d e e d  do t r a n s m u te  in to  e a c h  o th e r  u n d e r  a p p r o p r ia te  c o n d it io n s ;
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th is  h a s  b ee n  p ro v e d  e x p e r im e n ta l ly ,  b u t we w ill  n o t q u o te  th e  d a ta --. W e 
w ill on ly  m e n tio n  two p o in ts  w h ich  h av e  a  b e a r in g  on th e  d i s c o v e r y  o f th e  
law  of u n iv e r s a l  t r a n s m u ta b i l i ty  of e le m e n ta r y  p a r t i c l e s .  F i r s t l y ,  th is  
law  in i t s  p a r t i c u la r  fo rm  w a s  e s s e n t ia l ly  c o n ta in e d  in  D i r a c 's  th e o ry ,  
w h ich  gav e  a  s y n th e s i s  o f q u an tu m  an d  r e la t iv i s t i c  id e a s  fo r  th e  e l e c t r o n .  
S eco n d ly , th e  s t a r t i n g  p o in t o f th e  e x p e r im e n ta l  d e m o n s t r a tio n  of th is  law  
w a s th e  d is c o v e r y  o f th e  p o s i tr o n  (1932) an d  i t s  c o n c lu s io n  th e  d i s c o v e r y  
of the a n t ip ro to n  (1955). T h e  d is c o v e r y  o f th e  p o s i tr o n  le d  to  th e  d is c o v e r y  
of th e  t r a n s f o r m a t io n  of th e  e le c t r o n - p o s i t r o n  p a i r  in to  p h o to n s  a n d  b a c k .
T h e d is c o v e r y  o f th e  a n tip ro to n  (and l a t e r  the a n tin e u tro n )  o v e r th r e w  th e  
a s s u m p tio n , v/h ich  had  a  c e r t a in  fo u n d a tio n  (s m a c k in g  o f c l a s s i c a l  a to m is m ) , 
th a t th e  e x is t in g  h eav y  e le m e n ta ry  p a r t i c le s  (p ro to n  an d  o th e r s )  a lw a y s  r e 
m a in  h ea v y  p a r t i c le s  an d  c a n n o t t r a n s f o r m  in to  l i g h te r  p a r t i c l e s  (and  c o n 
v e r s e ly  lig h t  p a r t i c le s  a lw a y s  r e m a in  lig h t p a r t i c le s ) .

T ra n s m u ta b il i ty  i s  c h a r a c t e r i s t i c  o f a l l  know n e le m e n ta r y  p a r t i c l e s ,  th e  
t r a n s f o r m a t io n s  o f w h ich  o bey  d e f in ite  la w s  o f c o n s e r v a t io n .  I t i s  a s s e r t e d  
th a t  th e  la w s  o f c o n s e rv a t io n  l im i t  th e  p o s s ib i l i t i e s  o f t r a n s f o r m a t io n  of 
e le m e n ta ry  p a r t i c le s .  In  p r a c t i c e  th is  a s s e r t io n  s t r e s s e s  th e  fa c t  th a t  the 
t r a n s f o r m a t io n s  o f e le m e n ta r y  p a r t i c le s  in to  o n e  a n o th e r  a r e  no t th e  c h a o s  
o f a l l  p o s s ib le  t r a n s f o r m a t io n s  b u t r e g u l a r  t r a n s f o r m a t io n s .

T h e  la w s  of c o n s e rv a t io n  e n s u r e  t r a n s f o r m a t io n s  o f e l e m e n ta r y  p a r t i c l e s  
a g r e e in g  w ith  th e i r  g e n e r a l  and  s p e c if ic  n a tu r e .  We a r e  le d  to  c o n c lu d e  th a t 
th e  t r a n s f o r m a t io n  o f e le m e n ta ry  p a r t i c le s  an d  th e  c o n s e r v a t io n  in  th i s  p r o c 
e s s  o f d e f in ite  q u a n t i t ie s  a r e  two a s p e c ts  o f o n e  an d  th e  s a m e  th in g . In th e  
la w s  o f c o n s e rv a t io n , s o m e  o f w h ich  w e re  d is c o v e r e d  lo n g  b e f o re  m o d e rn  
p h y s ic s ,  we s e e  th a t  w h ich  is  c o n s ta n t ,  th a t  w h ich  is  c o n s e rv e d  in  th e  t r a n s 
f o r m a t io n s .  B e fo re  a t te m p tin g  a  c l o s e r  look  a t  th e  r e la t io n s h ip  b e tw e e n  
c o n s e rv a t io n  an d  t r a n s m u ta t io n  in  e le m e n ta ry  p a r t i c le  p h y s ic s ,  w e w ill  c o n 
s id e r  th is  q u e s tio n  in  a  h i s to r i c a l  p e r s p e c t iv e .

T h e  no tio n  o f c h a n g e  (in b o d ie s )  b a s e d  upon th e  fu s io n  an d  s e p a r a t io n  of 
d i s c r e t e  p r im a r y  p a r t i c le s  p r e s u p p o s e s  th e  c o n s e rv a t io n  o f th e  n u m b e r  of 
su c h  p a r t i c le s  (they  ca n  o n ly  ch a n g e  th e i r  c o n f ig u ra tio n  an d  r e la t io n s h ip  
w ith  e a c h  o th e r ) .  In k e e p in g  w ith  th is  v iew , c o n s e rv a t io n  o f m a t t e r  in  i t s  
t r a n s f o r m a t io n s  w a s c o n c e iv e d  u l t im a te ly  a s  th e  c o n s e rv a t io n  o f th e  n u m b e r  
o f su c h  p a r t i c le s ,  i . e . ,  th e  d e v e lo p m e n t o f u n c r e a ta b le  an d  in d e s t r u c t ib le  
m a t t e r  w a s  re d u c e d  to  th e  m o tio n  (b e h a v io r)  of d i s c r e t e  p r im a r y  p a r t i c l e s .

T h is  m e c h a n is t ic  v iew  o f th e  d e v e lo p m e n t of m a t t e r ,  d o m in a n t in  c l a s s i 
c a l  p h y s ic s ,  co u ld  no t be  sh a k e n  by q u an tu m  m e c h a n ic s .  It w a s  p o s s ib le  to 
a s s u m e  th a t  fu n d a m e n ta l  p a r t i c le s  (the  fo rm  an d  n u m b e r  o f w h ich , a c c o r d 
in g  to q u a n tu m -m e c h a n ic a l  id e a s ,  do n o t ch a n g e) m o v e in  a c c o r d a n c e  w ith  
th e  la w s  o f q u an tu m  m e c h a n ic s  (su c h  m e c h a n is t ic  id e a s  in  th e  " q u a n tu m "  
m a n n e r  a r e  c u r r e n t  in  th e  m o d e rn  p h i lo so p h ic a l  l i t e r a t u r e  a b r o a d ) .

T h e  m e c h a n is t ic  v iew  o f th e  d e v e lo p m e n t o f m a t t e r  le d  to  a  m e c h a n is t ic  
t r e a tm e n t  o f su c h  a  fu n d a m e n ta l  c o n s e rv a t io n  law  a s  th a t  o f e n e rg y . H e lm 
h o ltz , who s h a r e s  th e  h o n o r o f d is c o v e r in g  th is  law  w ith  M a y e r  a n d  J o u le ,  
t r e a t e d  th e  law  of c o n s e rv a t io n  an d  t r a n s f o r m a t io n  o f e n e rg y , in  th e  s p i r i t  •

• See M arkov , M. A. O sovremennoi forme atomizma ( The Modern Form of Atomism). Voprosy filosofii. 
No. 3 and 4, I960; T am m , I.E. Sovremennoe sostoyanic problemy elementarnykh chastits (Present State 
of the Problem of Elementary Particles). Vestnik AN SSSR, No. 10, I960; T e r l e t s k i i ,  Ya.P. Vzaimo- 
prevrashchaemost' elementarnykh chastits (Transmutability of elementary particles), in a collection en
titled "Filosofskie voprosy sovremennoi fiziki" (Philosophical Problems of Modern Physics). Moscow, 1959.
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of m e c h a n is t ic s ,  a s  (in  p a r t i c u la r )  p ro o f  o f th e  re d u c ib i l i ty  of a l l  p h y s ic a l  
p r o c e s s e s  to  m e c h a n ic a l  m o tio n . E n g e ls  c r i t i c a l ly  a n a ly z e d  th is  m e c h a n 
i s t i c  t r e a tm e n t  o f th e  law . He id e n t i f ie d  th e  t r a n s m u ta b i l i ty  o f f o r m s  of 
m o tio n  a s  th e  e s s e n c e  o f th e  d is c o v e r y  o f M a y e r, J o u le  an d  H e lm h o ltz  and  
c o m b in e d  th e  la w s  o f c o n s e rv a t io n  o f e n e rg y  an d  m a t t e r  in to  a  w h o le . T h e s e  
i d e a s  o f E n g e ls  found a p p l ic a t io n  in  th e  p h y s ic s  of the  p r e s e n t  e r a .

In  m o d e rn  p h y s ic s  — e s p e c ia l ly  in  c o n n e c tio n  w ith  the d is c o v e r y  o f th e  
t r a n s m u ta b i l i ty  o f e le m e n ta r y  p a r t i c le s  — the  c o n s e rv a t io n  la w s  o f c l a s s i 
c a l  p h y s ic s  w e re  e n r ic h e d  in  c o n te n t an d  a s s u m e d  c e r t a in  new  a s p e c ts ;  a l 
so , new  c o n s e rv a t io n  la w s  w e re  d is c o v e r e d . T h e  new c o n tr ib u t io n  of m o d 
e r n  p h y s ic s  to  th e  u n d e r s ta n d in g  of th e  la w s  o f c o n s e rv a t io n  c o n s i s t s  of the  
fo llo w in g : i n v a r ia b il i ty ,  c o n s ta n c y  o r  c o n s e rv a t io n  is  now c o n s id e r e d  in 
o rg a n ic  r e la t io n  to  th e  d e v e lo p m e n t o f m a t t e r ,  an d  th is  d e v e lo p m e n t is  u n 
d e r s to o d  a s  a  t r a n s f o r m a t io n  o f th e  v a r io u s  f o r m s  of m a t t e r  in to  e a c h  o th e r  
(m o d e rn  p h y s ic s  d o e s  n o t fu r n is h  an y  e v id e n c e  fo r  th e  id e a  th a t  p h y s ic a l  
c h a n g e s  a r e  r e d u c ib le  to  th e  m o tio n  o f c e r t a in  p e r p e tu a l  c o n s ta n t  e le m e n ts ) .

A c c o rd in g  to  m o d e rn  id e a s  th e  i n te r a c t io n s  o f e le m e n ta r y  p a r t i c le s  obey  
th e  fo llo w in g  c o n s e rv a t io n  la w s , w h ich  fa ll  in to  two c l a s s e s .

E x a c t  c o n s e r v a t i o n  l a w s ,  w h ich  in c lu d e : th e  la w s  o f c o n s e r v a 
t io n  o f e n e rg y , m o m e n tu m  an d  a n g u la r  m o m e n tu m , e l e c t r i c  an d  n u c le a r  
c h a r g e  a n d  le p to n  n u m b e r , an d  c o n s e rv a t io n  of c o m b in e d  p a r i ty .  T h e s e  
la w s  a r e  v a lid  in  a l l  in te r a c t io n s  o f e le m e n ta r y  p a r t i c le s  (s tro n g , e l e c t r o 
m a g n e tic  an d  w eak) an d  a r e  n o t v io la te d  in  an y  o f th e s e ;  th is  i s  why th ey  
a r e  c a l le d  e x a c t .

I n e x a c t ,  o r  a p p r o x i m a t e ,  c o n s e r v a t i o n  l a w s ,  w h ich  i n 
c lu d e : th e  la w s  o f c o n s e rv a t io n  o f p a r i t y  an d  s t r a n g e n e s s  (v io la te d  in  w eak  
in te r a c t io n s )  an d  th e  law  o f  c o n s e rv a t io n  of is o to p ic  sp in  (v io la te d  in  w eak  
an d  e le c t r o m a g n e t ic  in te r a c t io n s ) .

T h e  d e v e lo p m e n t o f  m o d e rn  p h y s ic s  sh o w s th a t  c o n s e rv a t io n  la w s  a r e  
n o t a b s o lu te .  E a c h  o f th e s e ,  a s  i s  b e c o m in g  m o re  and  m o re  c l e a r ,  i s  v a lid  
n o t g e n e r a l ly  b u t r a th e r  u n d e r  c e r t a in  c o n d it io n s  th e  d e te rm in a t io n  o f w h ich  
im p l ie s  c o g n it io n  o f a  new  le v e l  o f d e v e lo p m e n t o f m a t t e r  an d  o f th e  la w s  
b e lo n g in g  to  th is  l e v e l .  T h e r e f o r e  th e  la w s  o f c o n s e rv a t io n  ch a n g e  in  c o n 
te n t  an d  fo r m , b e c o m in g  m o re  s p e c if ic  an d  p ro fo u n d ; l ik e w is e , th e  c l a s s  
to  w h ich  th e y  b e lo n g  a ls o  c h a n g e s .

T h u s  b e f o re  ta k in g  on  i t s  p r e s e n t  fo rm  th e  law  o f c o n s e rv a t io n  o f n u c le a r  
c h a r g e  u n d e rw e n t c e r t a in  m o d if ic a t io n s .  T h is  law , w h ich  s a y s  th a t  the 
t r a n s m u ta t io n  o f th e  n u c le o n s  w h ich  c o n s t i tu te  th e  a to m ic  n u c le u s  in to  l e p 
to n s  an d  p h o to n s  i s  im p o s s ib le ,  had  th e  fo llo w in g  fo rm : in  p a r t i c le  t r a n s 
fo r m a t io n s  th e  n u m b e r  o f p ro to n s  r e m a in s  c o n s ta n t  b e f o re  an d  a f te r  i n t e r 
a c t io n , o r ,  s y m b o lic a l ly .

=  const.

A f te r  th e  d is c o v e r y  o f th e  n e u tro n , th e  a n t ip a r t i c le s  an d  th e  h y p e ro n s  (and 
o f t h e i r  d e c a y  re a c t io n s ) ,  th e  law  o f c o n s e rv a t io n  o f n u c le a r  c h a rg e  a s 
s u m e d  i t s  p r e s e n t  fo rm :

Np +  Nn +  N„ +  Nz +  Ns — +  N ~ +  N-z+ N?  +  Af )=const,

w h e re  N d e n o te s  th e  n u m b e r  o f p a r t i c le s ,  an d  p,  n, A e tc .  th e  p ro to n , 
n e u tro n , v a r io u s  h y p e ro n s  an d  c o r r e s p o n d in g ly  t h e i r  a n t ip a r t i c le s .
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L e t u s  c o n s id e r  y e t  a n o th e r  e x a m p le . T h e  la w s  o f c o n s e rv a t io n  o f 
e n e rg y  an d  m o m e n tu m , w h ich  in  c l a s s i c a l  p h y s ic s  le d , so  to  sp e a k , s e p a 
r a te  l iv e s ,  m e rg e d  to g e th e r  in  th e  th e o ry  o f r e la t iv i ty ,  a s s u m in g  new  f a c 
e t s  an d  ch a n g in g  in to  a  law  b r o a d e r  th a n  th e  c l a s s i c a l  o n e s .  T h e  c o n c e p ts  
o f e n e rg y  an d  m o m e n tu m  c h a n g ed  c o r re s p o n d in g ly :  th ey  e m e rg e d  f ro m  
th e i r  " c l a s s i c a l "  in d e p e n d e n c e  to  fo rm  tw o in te r n a l ly  r e la t e d  a s p e c t s  o f 
th e  s a m e  e s s e n c e  (m a th e m a tic a l ly  e x p r e s s e d  in  th e  c o n c e p t o f th e  f o u r 
d im e n s io n a l  e n e rg y -m o m e n tu m  v e c to r ) .  T h e  r e s t  m a s s ,  a  c o n c e p t u n 
know n to  c l a s s i c a l  p h y s ic s ,  m a d e  i t s  a p p e a ra n c e  an d  i s  now o f g r e a t  s i g 
n if ic a n c e  in  th e  th e o ry  o f e le m e n ta r y  p a r t i c le s .  C o rre s p o n d in g ly ,  m a s s  
an d  e n e rg y  p ro v e d  o r g a n ic a l ly  r e la te d  to e a c h  o th e r ,  w h ich  le d  to  i m p o r 
ta n t  t h e o r e t ic a l  an d  p r a c t i c a l  c o n c lu s io n s .

In  v iew  o f th e  id e a s  e x p r e s s e d  ab o v e , th e  law  o f c o n s e rv a t io n  o f p a r i ty  
i s  o f s p e c ia l  i n t e r e s t .  T h e  q u an tu m  c o n c e p t o f p a r i t y  i s  in s e p a r a b le  f ro m  
th e  p r in c ip le  o f m i r r o r  s y m m e try ,  on w h ich  we s h a l l  d w e ll fo r  a  w h ile  l a t e r .  
T h e  law  o f p a r i t y  c o n s e rv a t io n  w a s  c o n s id e r e d  an  e x a c t  law  u n t i l  th e  e x 
p e r im e n ts  p ro p o s e d  by L e e  an d  Y ang . T h e  v io la tio n  o f th is  law  in  w e ak  
in te r a c t io n s  g av e  r i s e  to  s e r io u s  d i f f ic u lt ie s .  A tte m p ts  a t  r e s o lv in g  th e s e  
le d  to  L . D. L a n d a u 's  h y p o th e s is  an d  to a  new  e x a c t  c o n s e rv a t io n  law , th a t  
o f c o m b in e d  p a r i ty .

S k ip p in g  a h e a d  fo r  a  m o m e n t w e m ig h t s t a t e  th a t  e v e ry  c o n s e rv a t io n  law  
c u r r e n t ly  know n to  be  e x a c t  m a y  ch a n g e  (and  w ill  c h a n g e  u n d e r  a p p r o p r ia te  
c o n d itio n s )  in to  an  a p p ro x im a te  o n e , bu t th is  w ill  be  th e  p r e r e q u i s i t e  an d  
g ro u n d s  fo r  d is c o v e r in g  a  new , b r o a d e r  an d  m o r e  s p e c if ic  e x a c t  law . T h a t 
is ,  th e  d if fe re n c e  b e tw e e n  th e  c o n c e p ts  of e x a c t  an d  a p p r o x im a te  c o n s e r v a 
tio n  la w s  is  r e la t iv e  an d  th e s e  la w s  a r e  r e la t e d  by t r a n s i t i o n s .  I t  c o u ld  no t 
be o th e rw is e ,  a s  th e  v a r io u s  c o n s e rv a t io n  la w s  d is c o v e r e d  by m a n  a r e  a c 
tu a l ly  th e  v a r io u s  m a n ife s ta t io n s  o f a  u n iv e r s a l  law  o f c o n s e rv a t io n  o f m a t 
t e r  an d  m o tio n .

T h e  c o n s e rv a t io n  la w s  w h ich  a r e  o b ey e d  by th e  t r a n s f o r m a t io n s  o f e l e 
m e n ta r y  p a r t i c le s  e x p r e s s  th e  u n c r e a ta b il i ty  an d  in d e s t r u c t ib i l i ty  ( c o n s e r v a 
tion ) of e v e r -d e v e lo p in g  m a t t e r  a t  th e  d e e p e s t  le v e l  now know n. T h e  u n 
c r e a t a b i l i t y  an d  in d e s t r u c t ib i l i ty  of d e v e lo p in g  m a t t e r  i s  o n e  o f th e  p r e 
c o n d it io n s  fo r  i t s  o b je c tiv i ty  an d  r e a l i ty ;  th e r e f o r e  th e  c o n s e rv a t io n  la w s  
d is c o v e r e d  an d  to  be d is c o v e r e d  by n a tu r a l  s c ie n c e  re p e a te d ly  c o n f ir m  th e  
o b je c tiv e  r e a l i ty  o f th e  d ev e lo p in g  w o r ld , an d  in  tu rn  n a tu r a l  s c ie n c e ,  a s  
i t  b r in g s  the  c o n s e rv a t io n  la w s  to  lig h t, r e s t s  upon re c o g n i t io n  o f th e  o b 
je c tiv e  r e a l i ty  of th e  d ev e lo p in g  w o r ld , i . e . ,  on th e  r e c o g n i t io n  th a t  an  e x 
t e r n a l  w o r ld  e x is t s  an d  d e v e lo p s  in d e p e n d e n tly  o f h u m an  u n d e r s ta n d in g .

M o d ern  p h y s ic s  d id  n o t co n f in e  i t s e l f  to  s tu d y in g  th e  c o n n e c tio n  b e tw e e n  
c o n s e rv a t io n  an d  t r a n s f o r m a t io n  a s  a p p lie d  to  fu n d a m e n ta l  p a r t i c l e s .  In  i t s  
c o n c e p ts  and  p r o p o s i t io n s  p e r ta in in g  to  th e  t r a n s f o r m a t io n s  an d  in te r a c t io n s  
of e le m e n ta ry  p a r t i c le s ,  it  sh e d  lig h t on th e  b a s i s  o f th is  un io n  an d  d i s c o v 
e r e d  a  m u tu a lly  d e te rm in a n t  c o n n e c tio n  b e tw e e n  th e  c o n s e rv a t io n  la w s  an d  
th e  s o - c a l le d  s y m m e try  p r in c ip le s .  M any fo r m s  o f s y m m e tr y  had  b e e n  d i s 
c o v e re d  by c l a s s i c a l  p h y s ic s  ( c e r ta in  o f th e s e  w e re  know n e v e n  b e f o re  th e  
e x is te n c e  of s c ie n c e )  w h e re , h o w e v e r, th ey  o fte n  d id  n o t p la y  a  s ig n if ic a n t  
r o le  in  th e  s tu d y  o f p h e n o m e n a  an d  t h e i r  la w s . In m o d e rn  p h y s ic s ,  on th e  
o th e r  hand , no t o n ly  w e re  p re v io u s ly  unknow n f o r m s  o f s y m m e tr y  d i s c o v 
e r e d ,  bu t it  w a s found th a t  t h e r e  w a s a  c lo s e  c o n n e c tio n  b e tw e e n  s y m m e 
t r i e s  an d  c o n s e rv a t io n  la w s , an d  th a t  th e  f o r m e r  w e re  o f g r e a t  s ig n if ic a n c e  
in  p h y s ic a l  th e o ry .  In th e  s y m m e try  p r in c ip le s  o f m o d e rn  p h y s ic s  (and  of
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e le m e n ta r y  p a r t i c le  th e o ry ) , if  one a p p r o a c h e s  th e m  f ro m  th e  p h i lo 
s o p h ic a l  s ta n d p o in t , th e  p ro fo u n d  t r u th  o f L e n in 's  w o rd s  is  c l e a r ly  s e e n : 
" D ia le c t ic s  in  i t s  p r o p e r  s e n s e  is  th e  s tu d y  of c o n tra d ic t io n  in  th e  v e r y  
e s s e n c e  o f  o b j e c t s :  no t o n ly  a r e  a p p e a r a n c e s  t r a n s i t o r y ,  m o b ile , 
f lu id , d e m a r c a te d  o n ly  by  c o n v e n tio n a l b o u n d a r ie s ,  b u t th e  e s s e n c e  of 
th in g s  i s  so  a s  w e ll" * .

T h e  s y m m e t r i e s  in  e le m e n ta r y  p a r t i c le  th e o ry  a r e  p r e c i s e ly  th e  " c o n 
t r a d i c t i o n s  in  th e  v e r y  e s s e n c e  o f o b je c ts " ,  " t r a n s l a t e d "  in to  th e  lan g u a g e  
o f m o d e rn  p h y s ic s ;  th e s e  w e s h a l l  now c o n s id e r .

A bove i t  w a s  n o ted  th a t  c o n s e rv a t io n  la w s  an d  s y m m e try  p r in c ip le s  a r e  
r e la t e d .  A d e f in ite  s y m m e tr y  e n ta i l s  a  d e f in ite  c o n s e rv a t io n  law ; a  g iv en  
c o n s e r v a t io n  law  le a d s  to  a  c o r re s p o n d in g  s y m m e try ;  o r ,  i f  a  d e f in ite  
s y m m e tr y  p r in c ip le  i s  know n, i t  m u s t  le a d  to  a  d e f in ite  c o n s e rv a t io n  law  
a n d  v ic e  v e r s a ,  a l th o u g h  th e  p a th  c o n n e c tin g  s y m m e try  an d  c o n s e rv a t io n  
law  i s  n o t a lw a y s  s im p le ,  an d  to  find  th e  lin k  b e tw e e n  th em  r e q u i r e s  m u ch  
e x p e r im e n ta l  a n d  th e o r e t ic a l  w o rk . T h e  c o n n e c tio n  b e tw e e n  s y m m e try  
p r in c ip l e s  a n d  c o n s e rv a t io n  la w s  p o in ts  to  th e  d e e p e r  c o n te n t o f c o n s e r v a 
tio n  la w s  an d  d e te r m in e s  th e  g r e a t  h e u r is t i c  r o le  o f s y m m e try  p r in c ip le s  
in  th e  u n d e r s ta n d in g  o f la w s  o f n a tu r e .  L e t  u s  ta k e  a  c l o s e r  lo o k  a t  the 
p h ilo so p h ic a l  p r o b le m s  in v o lv ed  h e r e .

S y m m e tr ie s  in  n a tu r e  a r e  e x p r e s s e d  m a th e m a tic a l ly  by t r a n s f o r m a t io n s  
of th e  s p a c e  an d  t im e  c o o r d in a te s .  T h e  e q u a tio n s  w h ich  e x p r e s s  th e  la w s  
of n a tu r e  sh o u ld  b e  in v a r ia n t  u n d e r  su c h  t r a n s f o r m a t io n s .  T h e  in v a r ia n c e  
o f th e s e  e q u a tio n s  u n d e r  t r a n s f o r m a t io n s  o f a  g iv en  k ind  le a d s  to  a  g iv en  
c o n s e r v a t io n  la w . T h e  s y m m e t r i e s  an d  th e  r e la t io n s  b e tw e e n  th e m  known 
to  m o d e rn  p h y s ic s  do n o t e x h a u s t  th e  w e a lth  o f s y m m e t r i e s  an d  r e la t io n s  
p r e s e n t  in  n a tu r e .  L e t  u s  c o n s id e r  a  few  o f th e  m o s t im p o r ta n t  s y m m e 
t r i e s .

S y m m e t r i e s  o f  c l a s s i c a l  p h y s i c s .  In  c l a s s i c a l  m e c h a n ic s  
w e h a v e  th e  t r a n s f o r m a t io n s  o f d is p la c e m e n t ,  s h if t  o f th e  t im e  o r ig in ,  r o 
ta t io n , s p a c e  in v e r s io n , t im e  in v e rs io n  an d  th e  G a li le a n  t r a n s f o r m a t io n s .

T r a n s f o r m a t io n s  r e f l e c t  s y m m e tr ie s ;  fo r  e x a m p le , th e  t r a n s f o r m a t io n s  
o f s p a c e  in v e r s io n  r e f l e c t  th e  s y m m e try  o f r ig h t  an d  le f t , o r  m i r r o r  s y m 
m e t r y ;  th e  G a li le a n  t r a n s f o r m a t io n s  r e f l e c t  th e  s y m m e try  o f r e s t  an d  of 
u n ifo rm  r e c t i l i n e a r  m o tio n , a n d  so  o n . S y m m e tr ie s  le a d s  to  c o n s e rv a t io n  
la w s  (the  c o n s e rv e d  q u a n t i t i e s  a r e  th e  in v a r ia n ts  o f th e  c o r r e s p o n d in g  t r a n s 
f o r m a t io n s ) ;  th u s  th e  in v a r ia n c e  of p h y s ic a l  la w s  u n d e r  s p a t ia l  d i s p la c e 
m e n ts  le a d s  to  th e  law  o f c o n s e rv a t io n  o f m o m e n tu m , an d  th a t  u n d e r  t im e  
t r a n s l a t i o n  le a d s  to  th e  law  o f c o n s e rv a t io n  o f e n e rg y . E v e r y  s y m m e try  
d o e s  n o t le a d  to  a  c o n s e rv a t io n  law  in  c l a s s i c a l  p h y s ic s ,  e .g . ,  th e  s y m m e 
t r y  b e tw e e n  r ig h t  a n d  le f t . T h e  law  c o r re s p o n d in g  to  th is  s y m m e try  a p p e a r s  
in  q u a n tu m  th e o ry . I t  i s  th e  law  of p a r i t y  c o n s e rv a t io n .

S y m m e t r i e s  o f  t h e  t h e o r y  o f  r e l a t i v i t y .  T h is  th e o ry  d o e s  
n o t s im p ly  b o rr o w  th e  s y m m e tr y  p r in c ip l e s  o f c l a s s i c a l  p h y s ic s .  I t  i n t r o 
d u c e s  new  s y m m e t r i e s ,  o r  new  in v a r ia n c e s ,  c o r re s p o n d in g  to  r e g u la r i t i e s  
w h ic h  c a n n o t m a n i f e s t  t h e m s e lv e s  w ith in  th e  re g io n  o f a p p l ic a b i l i ty  o f c l a s 
s i c a l  t h e o r i e s .  A s  a  r e s u l t  in  th e  th e o ry  o f r e la t iv i ty  th e  c l a s s i c a l  s y m 
m e t r y  p r in c ip l e s  c h a n g e  a t  th e  c o r re s p o n d in g  p o in ts .  T h u s  th e  L o re n tz  
t r a n s f o r m a t io n s  e x p r e s s  n o t m e r e ly  th e  s y m m e tr y  b e tw e e n  r e s t  an d  u n i
fo rm  an d  r e c t i l i n e a r  m o tio n  (a s  do th e  G a li le a n  t r a n s f o r m a t io n s  in  c l a s s i -

* L e n in , V.I. Sochineniya (Collected Works), Vol. 38, p. 249.
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c a l  m e c h a n ic s ) , b u t a ls o  th e  s y m m e tr y  b e tw e e n  s p a c e  an d  t im e , w h ich  is  
fo re ig n  to  c l a s s i c a l  p h y s ic s .  In  th e  th e o ry  o f r e la t iv i t y  th e  p h y s ic a l  la w s  
a r e  in v a r ia n t  u n d e r  r o ta t io n s  o f fo u r - d im e n s io n a l  s p a c e - t im e  (th e  l a t t e r  
t r a n s f o r m a t io n s  d e c o m p o se  in to  s p a t ia l  r o ta t io n  an d  th e  L o re n tz  t r a n s 
fo r m a t io n s )  .

S y m m e t r i e s  o f  q u a n t u m  t h e o r y .  T h is  th e o ry  in t r o d u c e s  new  
s y m m e tr ie s  c o r re s p o n d in g  to the r e g u la r i t i e s  o f th e  m ic ro w o r ld  w h ich  i t  
d is c o v e r e d  an d  ab o u t w h ich  p re -q u a n tu m  p h y s ic s  c o u ld  n o t h a v e  a n y  id e a . 
Such  a r e  th e  s y m m e tr y  b e tw e e n  p a r t i c le  an d  w a v e , c h a r g e  s y m m e tr y ,  o r  
th e  s y m m e try  b e tw e e n  p a r t i c le s  an d  a n t ip a r t i c le s ,  an d  is o to p ic  sp in  i n 
v a r ia n c e .  M a n ife s ta t io n s  o f p ro fo u n d  s y m m e t r i e s  a r e  th e  la w s  o f c o n s e r 
v a tio n  o f n u c le a r  an d  le p to n  c h a r g e s  an d  th e  law  o f c o n s e r v a t io n  o f s t r a n g e 
n e s s .  Q u a n tu m  th e o ry  e v e n  s u b je c te d  th e  s y m m e tr y  p r in c ip l e s  o f p r e 
qu an tu m  p h y s ic s  to  p ro fo u n d  r e v is io n , a  r e m a r k a b le  e x a m p le  o f  w h ich  i s  
th e  new  id e a s  on s y m m e try  b e tw e e n  r ig h t  an d  le f t .

T h e  d is c o v e r y  o f th e  q u an tu m  s y m m e tr ie s  m e a n t th a t  p h y s ic s  b e g a n  to 
s tu d y  th e  c o n tra d ic t io n s  a t  th e  v e r y  fo u n d a tio n s  o f m a t t e r .  In  m o d e rn  p h y s 
ic a l  th e o ry  s y m m e tr ie s  h av e  a s s u m e d  c o n s id e r a b le  h e u r i s t i c  s ig n if ic a n c e  
an d  p la y  a  p a r t i c u la r ly  im p o r ta n t  ro le  in  i t s  d e v e lo p m e n t. S u ffice  i t  to  r e 
c a l l  th a t  th e  d i s c o v e r y  o f s y m m e try  b e tw e e n  p a r t i c le  an d  w av e d e te rm in e d , 
so  to  sp e a k , the p r in c ip a l  a x is  o f q u an tu m  id e a s :  i t  i s  w e ll  know n th a t  th e  
la w s  o f q u an tu m  m e c h a n ic s  a r e  in v a r ia n t  w ith  r e s p e c t  to  s y m m e tr y  b e tw e e n  
p a r t i c le s  an d  w a v e s , i . e . ,  q u an tu m  m e c h a n ic s  r e f l e c t s  th is  s y m m e tr y  ( ju s t  
a s  th e  th e o ry  o f r e la t iv i ty  r e f l e c t s  th e  s y m m e tr y  b e tw e e n  s p a c e  an d  t im e ) .  
A n a lo g o u s ly , th e  d is c o v e r y  of th e  p o s i t r o n  an d  o th e r  a n t ip a r t i c le s  w a s  a  c o n 
se q u e n c e  of th e  re c o g n it io n  o f th e  in v a r ia n c e  o f p h y s ic a l  la w s  u n d e r  L o re n tz  
t r a n s f o r m a t io n s  an d  w ith  r e s p e c t  to  s y m m e tr y  b e tw e e n  p a r t i c le  a n d  w a v e.

O f g r e a t  i n t e r e s t ,  h o w e v e r, i s  an  a p p r o a c h  to  th e  p ro b le m  o f s y m m e tr y  
w h ich  i s  e m e rg in g  m o re  an d  m o r e  c l e a r ly  in  m o d e rn  p h y s ic s  an d  w h ich , 
f ro m  th e  p h ilo so p h ic a l  s ta n d p o in t , b e c o m e s  c o m p le te ly  c l e a r  in  th e  l ig h t  
o f th e  d ia le c t ic a l  p r in c ip le  of c o n tra d ic t io n . In  th is  r e s p e c t  th e  d is c o v e r y  
o f p a r i t y  n o n c o n s e rv a tio n  an d  i t s  in te r p r e t a t i o n  p ro v id e  u s  w ith  th e  r e q u ir e d  
b e a r in g .

We w ill  no t go in to  d e ta il s  o f th e  q u an tu m  c o n c e p t o f p a r i t y .  I t  c h a r a c t e r 
iz e s  th e  ch a n g e  in  th e  w ave fu n c tio n  d e s c r ib in g  th e  s ta te  o f a  m ic r o p a r t i c l e  
upon m i r r o r  r e f le c tio n  o f th e  sp a c e  c o o r d in a te s  (th e  c o o r d in a te s  x, y, z a r e  
re p la c e d  by — x, —y, —z). T h e  p a r i ty  c o n c e p t m a k e s  i t  p o s s ib le  to  e x p r e s s  
m i r r o r  s y m m e try  m a th e m a tic a l ly  in  th e  fo r m  o f a  c o n s e r v a t io n  la w . D u r 
in g  th e  p e r io d  w hen q u an tu m  m e c h a n ic s  w a s  b e in g  d e v e lo p e d  i t  w a s  found 
th a t  th e  c o n c e p t of p a r i ty  i s  a  f r u it fu l  o n e , a n d  i t  w a s  d e m o n s t r a te d  th a t  
p a r i t y  c o n s e rv a t io n  i s  a  c o n s e q u e n c e  o f th e  in v a r ia n c e  o f th e  w av e e q u a tio n  
w ith  r e s p e c t  to r i g h t - l e f t  s y m m e try .  F o r  e v e ry  s t a t e  o f an  a to m ic  s y s te m  
on e c a n  d e te rm in e  th e  " m i r r o r  s t a t e "  w h ich  i s  r e la t e d  to  th e  f o r m e r  s ta te  
in  th e  s a m e  w ay a s  an y  o b je c t  i s  r e la t e d  to  i t s  ow n r e f le c tio n  in  a  m i r r o r .

T h e  law  o f c o n s e rv a t io n  o f p a r i ty ,  o r  c o r r e s p o n d in g ly  th e  p r in c ip le  o f 
m i r r o r  s y m m e try ,  h e ld  — so  i t  w a s  b e lie v e d  u n t i l  r e c e n t ly  — in  a l l  re g io n s  
o f th e  m a c r o -  an d  m ic ro w o r ld .  E x p e r im e n ta l  d a ta  on w e ak  in te r a c t io n s ,  
h o w e v e r, r a is e d  th e  p ro b le m  o f m i r r o r  s y m m e tr y  an e w . A s w a s  show n  by 
L ee  an d  Y ang, i t  fo llo w s  u n a m b ig u o u s ly  f ro m  th e  e x p e r im e n ts  on K - m e s o n s  
th a t  p a r i t y  i s  n o t c o n s e rv e d  in  w eak  in te r a c t io n s ,  i . e . ,  in  w e a k  in te r a c t io n s  
th e r e  is  an  a s y m m e tr y  b e tw e e n  r ig h t  an d  le f t .
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T h u s  th e  s i tu a t io n  w a s  th a t  th e  law  o f p a r i t y  c o n s e rv a t io n  o p e r a te d  in 
s t r o n g  a n d  e l e c t r o m a g n e tic  i n te r a c t io n s  b u t c e a s e d  to  o p e r a te  in  w e ak  i n 
t e r a c t io n s .  In  o th e r  w o r d s ,  i t  b e c a m e  n e c e s s a r y  to  a d m it  th a t  s p a c e  w a s  
u n ifo rm  an d  is o tr o p ic  an d  a t  th e  s a m e  t im e  a s y m m e tr ic  w ith  r e s p e c t  to 
r ig h t  an d  le f t .  T h e r e  w a s  no c o n s is te n c y .

A m ong  th e  p o s s ib le  w a y s o f s o lv in g  th e  d if f ic u lt ie s ,  th e  h y p o th e s is  in 
tro d u c e d  by L . D. L an d a u  an d , in d e p e n d e n tly , by  L e e  an d  Y ang is  o f g r e a t  
p h i lo s o p h ic a l  i n t e r e s t .

In  o r d e r  to  c o n s id e r  th is  h y p o th e s is  an d  i t s  c o n s e q u e n c e s ,  w h ich  a r e  
im p o r ta n t  f o r  th e  p ro b le m  o f s y m m e tr y  in  n a tu re ,  i t  w ill be n e c e s s a r y  to 
d w e ll on th e  q u e s tio n  o f th e  s y m m e try  b e tw e e n  p a r t i c le s  an d  a n t ip a r t i c le s .

I t w a s  o n c e  b e lie v e d  th a t  t h e r e  e x is te d  a  p ro n o u n c e d  a s y m m e tr y  b e tw e en  
p o s i t iv e  an d  n e g a tiv e  e le c t r i c i t y ,  n o t m a n ife s te d  in  e le c t ro m a g n e tic  p h e n o m 
e n a  b u t w ith  ro o ts  e x te n d in g  to  d ee p , a s  y e t  u n d is c o v e r e d  la w s  a f fe c tin g  
e l e m e n ta r y  p a r t i c le s .  T h e  f i r s t  d e c is iv e  blow  to  th is  b e l ie f  w a s th e  d i s 
c o v e ry  o f th e  p o s i tr o n ,  w h ich  i s  th e  d i r e c t  o p p o s ite  o f th e  n e g a tiv e  e le c t r o n .  
Now (a f te r  m a n y  th e o r e t ic a l  in v e s t ig a t io n s  an d  th e  d is c o v e r y  o f th e  a n t i 
p ro to n  an d  o th e r  a n t ip a r t i c le s )  th e  p r in c ip le  o f s y m m e try  b e tw e e n  p a r t i c le s  
a n d  a n t ip a r t i c le s ,  o r  p r in c ip le  o f in v a r ia n c e  u n d e r  c h a rg e  c o n ju g a tio n , h a s  
b e c o m e  on e o f th e  le a d in g  th e s e s  of th e  th e o ry  o f e le m e n ta r y  p a r t i c le s .

H o w e v e r , i t  b e c a m e  c l e a r  r e c e n t ly  th a t  th e  s i tu a t io n  w ith  r e g a r d  to  th e  
p r in c ip le  of c h a rg e  s y m m e try  i s  f a r  f ro m  s im p le ,  an d  th a t  in  a  c e r t a in  r e 
s p e c t  i t  i s  s i m i l a r  to  th e  s i tu a t io n  w h ich  p r e v a i le d  w ith  th e  p r in c ip le  o f m i r 
r o r  s y m m e try .  E x p e r im e n ts  on b e ta -d e c a y  h av e  show n  th a t  in  w e ak  i n t e r 
a c t io n s  n o t o n ly  p a r i t y  c o n s e rv a t io n  b u t ev e n  in v a r ia n c e  u n d e r  c h a rg e  c o n 
ju g a tio n  ( i .e . ,  th e  p r in c ip le  of s y m m e tr y  b e tw e en  p a r t i c le s  an d  a n t ip a r t ic le s )  
i s  v io la te d .  I t m ig h t a p p e a r  th a t  a  r e tu r n  to th e  o r ig in a l  id e a  o f a s y m m e tr y  
o f p o s i t iv e  an d  n e g a tiv e  e le c t r i c i t y ,  s u i ta b ly  m o d if ie d , m u s t  now ta k e  p la c e .

In  r e a l i ty  e v e ry th in g  h a s  tu rn e d  o u t d if f e re n t ly .  L a n d a u 's  h y p o th e s is  
h a s  p ro v id e d  a  d e e p e r  u n d e r s ta n d in g  o f s y m m e try  in  n a tu r e  th an  w a s  p o s s i 
b le  b e f o re .

In  s t r o n g  an d  e le c t r o m a g n e tic  in te r a c t io n s ,  a s  show n by e x p e r im e n ts ,  
s y m m e tr y  b e tw e e n  p a r t i c l e s  an d  a n t ip a r t i c le s  an d  s y m m e try  b e tw e e n  r ig h t  
a n d  le f t  a r e  in d e p e n d e n t of e a c h  o th e r ,  i . e .,  bo th  c h a rg e  an d  p a r i ty  a r e  c o n 
s e r v e d .  A s to  w e ak  in te r a c t io n s ,  L an d a u  s u g g e s te d  th a t  in  th e s e  i n t e r a c 
t io n s  th e  a b o v e -n a m e d  c o n s e rv a t io n  la w s  a r e  n o t o b ey e d  s e p a r a te ly ,  b u t 
th a t  a  law  c a l le d  th e  law  o f c o n s e rv a t io n  o f c o m b in e d  p a r i ty ,  i s  fu lf i l le d .
T h is  law  c o n s i s t s  o f th e  fo llo w in g : w ith  e v e ry  p a r t i c le  i s  a s s o c ia te d  an  
a n t ip a r t i c le  w ith  m i r r o r  s y m m e tr ic  s p a t ia l  p r o p e r t i e s ;  c o r re s p o n d in g ly  
th e  t r a n s f o r m a t io n s  o f c h a rg e  c o n ju g a tio n  an d  s p a c e  in v e r s io n  a r e  u n ite d  
in  a  new  t r a n s f o r m a t io n  c a l le d  by L an d a u  c o m b in e d  p a r i ty ;  p h y s ic a l  la w s  
a r e  in v a r ia n t  u n d e r  c o m b in e d  p a r i ty ,  i . e . ,  w ith  r e s p e c t  to  c h a rg e  an d  s i 
m u lta n e o u s ly  to  m i r r o r  s y m m e tr y .  T h u s  L a n d a u 's  h y p o th e s is  e x c lu d e s  
m i r r o r  a s y m m e tr y  o f s p a c e  a n d  c h a rg e  a s y m m e tr y  o f m a t te r ;  a t  th e  s a m e  
t im e , i t  d o e s  n o t p e r m i t  th e  c o n v e rs io n  o f m i r r o r  an d  c h a rg e  s y m m e try  
in to  a b s o lu te  p r in c ip l e s .

T h u s , e s s e n t ia l ly ,  L a n d a u 's  h y p o th e s is  s t a t e s  th e  p ro b le m  o f th e  s y m 
m e t r y  an d  in v a r ia n c e  o f th e  la w s  o f n a tu re  in  a  c o m p le te ly  new  w ay. T h o se  
s y m m e t r i e s  w h ich  s e e m e d  e x a c t  in  r e a l i ty  p ro v e d  to  be  a p p r o x im a te ;  a t  
th e  s a m e  t im e  a  new  e x a c t  s y m m e try ,  a  u n iq u e  un io n  of o ld  s y m m e tr ie s  
th a t  h ad  b e c o m e  a p p r o x im a te ,  w a s  d is c o v e r e d . O ne i s  led  to b e lie v e  th a t  
th e  d if fe re n c e  b e tw e e n  an  e x a c t  an d  an  a p p r o x im a te  s y m m e try ,  and
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c o r re s p o n d in g ly  b e tw e e n  e x a c t  an d  a p p r o x im a te  c o n s e rv a t io n  la w s , is  
in tro d u c e d  by o u r  r e f le c tio n  £ind h a s  no a b s o lu te  n a tu re :  a p p r o x im a te  an d  
e x a c t  s y m m e tr ie s  a r e  n o t s e p a r a te ,  j u s t  a s  th e  r e la t iv e  an d  th e  a b s o lu te  
a r e  no t in  d ia le c t ic s .

F ro m  th is  p o in t o f v iew  the  c o n c e p t o f s y m m e tr y  in  p h y s ic s ,  i s ,  so  to 
sp e a k , a  flu id  c o n c e p t. T h e  v a r io u s  s y m m e t r i e s  c e a s e  to  le a d  s e p a r a t iv e  
l iv e s ;  th ey  a r e  bound to g e th e r  by t r a n s i t io n s  an d  c o v e r ,  in  an  e v e r  m o re  
p ro fo u n d  an d  c o m p le te  m a n n e r ,  the p h e n o m e n a  an d  p r o c e s s e s  o f n a tu r e  
an d  th e i r  e s s e n c e  and  la w s . T h e  d is c o v e r y  of c o m b in e d  p a r i t y  is  an  i m 
p o r ta n t  s te p  to w a rd  th e  e s ta b l i s h m e n t  o f th e  u n iv e r s a l  an d  c o n c r e te  r e l a 
t io n sh ip  b e tw e en  s y m m e tr ie s  in  n a tu r e .  A m o r e  c o m p le te  so lu tio n  o f th is  
p ro b le m  by p h y s ic s  w ill  m a k e  it p o s s ib le  to  d e te r m in e , in  p a r t i c u la r ,  why 
c e r t a in  s y m m e tr ie s  a r e  of a  b r o a d e r  n a tu r e  th a n  o th e r s ,  why c e r t a in  s y m 
m e t r i e s  e x is t  in  p r e c i s e ly  so m e , an d  no t in  o th e r ,  i n te r a c t io n s ,  an d  so  
on — b r ie f ly ,  i t  w il l  m a k e  i t  p o s s ib le  to  c la r i f y  th e  f o r m s  o f s y m m e tr y  
m o re  c o m p le te ly  an d , in  g e n e ra l ,  to  so lv e  th e  p ro b le m  o f th e  c o r r e l a t i o n  
an d  h ie r a r c h y  o f s y m m e tr ie s .

In th e  p e r s p e c t iv e  o f w h a t w e h av e  b ee n  sa y in g , th e  fo llo w in g  p ro b le m  
i s  o f p h ilo so p h ic a l  in t e r e s t :  i s  a  r e a l ly  u n if ie d  p ic tu r e  o f m o v in g  m a t t e r  
e x p r e s s in g  both  th e  m ic ro w o r ld  an d  th e  v a s t  e x p a n s e s  o f th e  u n iv e r s e  p o s 
s ib le ?

F o r  d ia le c t ic a l  m a te r ia l is m  th e  a n s w e r  to  th is  q u e s tio n  c a n  o n ly  b e  in  
th e  a f f i r m a t iv e .  T h e  w o r ld  i s  one, an d  th e  t r u e  u n ity  o f th e  w o r ld  r e s id e s  
in  i t s  m a te r ia l i ty ;  th e  w o r ld , i . e . ,  m o v in g  m a t t e r ,  i s  c o g n iz a b le .  F ro m  
th e s e  a s s u m p tio n s  o f d ia le c t ic a l  m a te r ia l is m  it  fo llo w s  th a t  a  w o r ld  p ic tu r e  
e x p r e s s in g  e v e r-d e v e lo p in g  m a t t e r  is  p o s s ib le ,  an d  th a t  th is  p i c tu r e  m u s t  
in c lu d e  know ledge — p ro v id e d  su c h  k n o w led g e h a s  b e e n  o b ta in e d  — o f th e  
su b a to m ic  an d  a to m ic  w o r ld s ,  m a c ro w o r ld  an d  w o r ld  of c o s m ic  s c a le ,  a s  
th e s e  w o r ld s , d e s p ite  t h e i r  q u a l i ta t iv e  d i s s im i l a r i t y ,  a r e  u l t im a te ly  one 
an d  th e  s a m e  w o r ld  o f d e v e lo p in g  m a t t e r .

A s f a r  a s  in o rg a n ic  n a tu re  is  c o n c e rn e d , a t  v a r io u s  s ta g e s  in  i t s  h i s 
t o r i c a l  d e v e lo p m e n t p h y s ic s  in t ro d u c e d  th e  fu n d a m e n ta l  p h y s ic a l  th e o ry  
w h ich  w a s th e  m o s t a d v a n c e d  fo r  i t s  t im e  an d  w h ich , so  i t  a p p e a re d , w a s  
to  le a d  to  a  u n if ie d  p ic tu r e  of th e  w o r ld  a s  th en  know n. T h u s  th e  a c h i e v e 
m e n ts  of c l a s s i c a l  m e c h a n ic s  g av e  r i s e  to  th e  m e c h a n ic a l  p ic tu r e  o f th e  
w o r ld , a c c o rd in g  to  w h ich  n a tu r a l  p h e n o m e n a  w e re  re d u c e d  to  th e  m o tio n s  
by N e w to n 's  la w s  o f p e r p e tu a l ly  g iv en  p a r t i c le s  o f s u b s ta n c e .  T h e  a t te m p t  
to  u n d e r s ta n d  th e  w o r ld  in  t e r m s  of c l a s s i c a l  m e c h a n ic s ,  a s  th e  th e o r y  of 
r e la t iv i ty  an d  q u an tu m  th e o ry  h av e  p ro v e d , r e p r e s e n ts  a  r e la t iv e  t r u th  v a l 
id  o n ly  w ith in  d e f in ite  l im i t s .

T h e  s a m e  la c k  of s u c c e s s ,  an d  fo r  th e  s a m e  r e a s o n s ,  c h a r a c t e r i z e d  
th e  a t te m p t  to  c o n s t r u c t  a  u n ifie d  p ic tu r e  o f m o v in g  m a t t e r  b a s e d  on th e  
c l a s s i c a l  th e o ry  o f e le c t r o m a g n e ti s m .  T o d ay  th e  p ro b le m  i s  to  c r e a t e  a  
u n if ie d  th e o ry  o f m o v in g  m a t t e r  b a s e d  on  th e  th e o ry  o f r e la t iv i t y  an d  q u a n 
tu m  th e o ry . M en tio n  sh o u ld  be m a d e  o f th e  fo llo w in g  p h ilo so p h ic a l  a s p e c t  
o f th e  p ro b le m , on e  w h ich  a p p l ie s  to  a n y  s c ie n t i f i c  p ic tu r e  o f th e  w o r ld .

I t  i s  n o t p o s s ib le  to  h av e  a  s c ie n t i f ic  w o r ld  p ic tu r e  w h ich  r e m a in s  s ta b le  
an d  u n ch a n g in g  w ith  th e  p r o g r e s s  o f s c ie n c e  in  d e ta i l s  a s  w e ll  a s  fu n d a m e n 
ta l  t r a i t s .  T h e  m o d e rn  p h y s ic i s t  h a s , in  on e  w ay o r  th e  o th e r ,  a c c u s to m e d  
h im s e l f  to  th is  id e a ; fo r  th e  d ia le c t ic a l  m a t e r ia l i s t ,  i t  w a s  o b v io u s  f r o m  
th e  s t a r t .  W hen th e  e le c t ro m a g n e tic  p ic tu r e  o f th e  w o r ld  w a s  e s ta b l i s h in g  
i t s e l f  in  p h y s ic s  a b r o a d  in  th e  n in e te e n th  an d  tw e n tie th  c e n tu r i e s ,  L en in
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w r o te  th e  fo llo w in g  w o rd s  e x p r e s s in g  h is  d is a p p ro v a l  of th e  s p i r i t u a l i s t i c  
p h i lo s o p h e r  W a rd  who a t t r i b u t e d  to  m a te r ia l i s m  a  " m e c h a n ic a l"  w o r ld  p i c 
tu r e :  " I t  i s ,  o f c o u r s e ,  s h e e r  n o n s e n s e  to  s a y  th a t  m a te r ia l i s m  e v e r  m a in 
ta in e d  o r  n e c e s s a r i l y  p r o f e s s e d  a  " m e c h a n ic a l"  a n d  no t an  e le c t r o m a g n e tic  
o r  o th e r  im m e a s u r a b ly  m o re  c o m p le x , p ic tu r e  o f th e  w o r ld  o f m o v i n g  
m a t t e r " * .

P r e c i s e l y  s u c h  a  v a s t ly  m o re  c o m p le x  w o r ld  p i c tu r e ,  a s  c o m p a re d  w ith  
th e  m e c h a n ic a l  o r  e l e c t r o m a g n e tic  o n e , i s  th a t  c r e a t e d  in  m o d e rn  p h y s ic s .  
S in c e  i t  r e s t s  on  th e  a c h ie v e m e n ts  o f r e la t iv i s t i c  an d  q u an tu m  p h y s ic s ,  i t  
m a y  b e  c a l le d  th e  r e la t iv i s t i c  q u an tu m  p ic tu r e .

A t p r e s e n t  th is  p ic tu r e  is  o n ly  in  th e  p r o c e s s  o f b e c o m in g  e s ta b l i s h e d ,  
an d  i s  v e r y  f a r  f ro m  b e in g  th e  o r d e r ly  w h o le , th e  u n if ie d  c o n s i s te n t  p ic tu r e  
w h ich  th e  m e c h a n ic a l  w o r ld  p ic tu r e  w a s  in  i t s  t im e .  T h is  is  to  be a t t r ib u te d  
f i r s t l y  to  th e  a b s e n c e  so  f a r  o f a  u n if ie d  r e la t iv i s t i c  q u an tu m  th e o ry  o f e l e 
m e n ta r y  p a r t i c le s  f r e e  f ro m  in t e r n a l  c o n t r a d ic t io n s .  In s te a d  th e r e  a r e  
m a n y  th e o r i e s ,  e a c h  a p p ly in g  to  c e r t a in  f o r m s  o f p a r t i c le s  an d  th e i r  i n t e r 
a c t io n s  ( e .g . ,  q u a n tu m  e le c t r o d y n a m ic s ,  d e s p i te  th e  d if f ic u lt ie s  i t  c o n ta in s ,  
s o lv e s  th e  p r o b le m s  o f th e  in te r a c t io n  o f e l e c t r o n s  an d  p o s i t r o n s  w ith  p h o 
to n s ;  th e  m e s o n  th e o ry ,  u n r e la te d  to  q u an tu m  e le c t r o d y n a m ic s ,  in v e s t ig a te s  
th e  i n te r a c t io n  o f m e s o n s  w ith  n u c le o n s) . A d is c u s s io n  o f th e  d if f ic u lt ie s  
an d  c o n t r a d ic t io n s  in  m o d e rn  e le m e n ta r y  p a r t i c le  th e o ry  w ould  ta k e  u s  f a r  
f r o m  o u r  p r e s e n t  th e m e . L e t u s  m e r e ly  s t r e s s  th a t  th e  c r e a t io n  o f a  u n i
f ie d  r e la t iv i s t i c  q u an tu m  th e o ry  o f e le m e n ta r y  p a r t i c l e s  an d  a s s o c ia te d  
s c ie n t i f i c  w o r ld  p ic tu r e  w ill  b e  o f g r e a t  p r o g r e s s iv e  v a lu e , fo r  i t  w il l  m e a n  
th a t  a  new  s te p  h a s  b e e n  ta k e n  to w a rd  th e  c o g n itio n  o f th e  m a t e r ia l  w o r ld .

A m o n g  th e  a t te m p ts  a t  c r e a t in g  a  p ic tu r e  o f th e  w o r ld  a s  m o v in g  m a t t e r  
b a s e d  on q u an tu m  p h y s ic s ,  on e  w h ich  i s  o f g r e a t  p h ilo so p h ic a l  i n t e r e s t  i s  
th e  p r o g r a m  o f a  u n if ie d  th e o ry  o f  m a t t e r  (we a r e  th in k in g  m a in ly  of 
th e  p r o g r a m , a s  no c o m p l e t e  th e o ry  e x is t s  a s  y e t)  w h ich  w a s  p r o 
p o s e d  by H e is e n b e rg  an d  w h ich  ta k e s  in to  a c c o u n t, to  a  c e r t a in  e x te n t, the 
c o r r e s p o n d in g  w o rk s  o f D ira c ,  L o u is  de B ro g l ie  an d  o th e r  s c i e n t i s t s .

T h e  g r e a t  s u p e r io r i t y  o f th is  p r o g r a m  o v e r  th e  m e c h a n ic a l  an d  e l e c t r o 
m a g n e tic  w o r ld  p i c tu r e s ,  w h ic h  a r e  now p a r t  o f h i s to r y ,  i s  th a t  i t  i s  b a s e d  
on  th e  id e a  o f th e  t r a n s m u ta b i l i ty  of a l l  e le m e n ta r y  p a r t i c le s ,  an d  n o t on 
s o m e  c o n s ta n t  e le m e n t  o r  in v a r ia b le  s u b s ta n c e .  S in c e  f ro m  th e  s ta n d p o in t  
o f th i s  id e a , w h ich  r e s t s  on  e x p e r im e n ta l  d a ta , e le m e n ta r y  p a r t i c le s  r e p r e 
s e n t  a  u n if ie d  o r g a n ic a l ly  bound  w h o le , th e  fo u n d a tio n  o f a l l  p h y s ic a l  p h e n o m - 
e n a  m u s t  c o n s i s t  o f an  " U r m a te r i e "  o r  u n if ie d  f ie ld  th e  q u a n ta  o f w h ich  a r e  
e l e m e n ta r y  p a r t i c le s  of a l l  k in d s . T h is  f ie ld  i s  c h a r a c t e r i z e d  by a  s p in o r  
o p e r a to r  w av e fu n c tio n , an d  to  c o m b in a tio n s  of th e  l a t t e r  c o r r e s p o n d  e l e 
m e n ta r y  p a r t i c l e s .  T h is  f ie ld  i s  n o n l in e a r ,  i . e . ,  i t s  e q u a tio n  e x p r e s s e s  
th e  f a c t  th a t  th i s  fu n d a m e n ta l  f ie ld  i n t e r a c t s  no t w ith  o th e r  f ie ld s  b u t w ith  
i t s e l f  to  p ro d u c e  e le m e n ta r y  p a r t i c l e s .  T h u s  H e is e n b e r g 's  n o n l in e a r  fu n 
d a m e n ta l  f ie ld  i s  a  k ind  of i l lu s t r a t io n  o f E n g e ls ' p h ilo so p h ic a l  r e m a r k :  
" S p in o z a 's  s u b s t a n c e  i s  c a u s a  s u i  e x p r e s s e s  i n te r a c t io n  v e r y  w e ll"* * .

A c c o rd in g  to  H e is e n b e rg  th e  e q u a tio n  w h ich  e x p r e s s e s  th e  m o tio n  ( i n t e r 
a c tio n )  o f " U r m a te r i e "  sh o u ld  be i n v a r ia n t  u n d e r  a l l  th e  know n t r a n s f o r m a 
t io n s  w ith  w h ich  th e  th e o ry  of e le m e n ta r y  p a r t i c le s  d e a l s .  H av in g  found th is  
e q u a tio n , H e is e n b e rg  o b ta in e d  f r o m  i t  m a s s e s  o f e le m e n ta r y  p a r t i c l e s  an d

" L e n in ,  V.I. Sochineniya (Collected Works), p. 267, Vol. 14.
*• E n g e ls . Dialektika prirody (Dialectics of Nature). Moscow, p. 183, 1955.
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th e  e le m e n ta ry  e le c t r i c  c h a rg e  m o re  o r  l e s s  c lo s e  to t h e i r  e x p e r im e n ta l  
v a lu e s  a s  w e ll a s  o th e r  d a ta  on e le m e n ta r y  p a r t i c le s .

D e sp ite  the d e f in ite , c h ie f ly  q u a l i ta t iv e ,  p o s i t iv e  r e s u l t s  o f th e  th e o ry , 
th e  a t t i tu d e  of th e o r e t ic a l  p h y s ic i s t s  to w a rd  it, to  u s e  I . E .  T a m m 's  e x 
p r e s s io n ,  " f lu c tu a te s  to an  e x tre m e  d e g r e e " .  I t  i s  re c o g n iz e d  th a t  th e  
m a th e m a tic a l  fo u n d a tio n  of th is  th e o ry  is  f a r  fro m  s a t i s f a c to r y .  F u r t h e r 
m o re ,  th e  in d e fin ite  m e t r ic  in tro d u c e d  by H e is e n b e rg  an d  th e  a s s o c ia te d  
"n e g a tiv e  p r o b a b il i t i e s "  (they  a r e  in te n d e d  to  f r e e  th e  m o d e rn  th e o ry  of 
e le m e n ta ry  p a r t i c le s  fro m  d iv e rg e n c e s ,  i . e . ,  f ro m  th e  in f in i te  v a lu e s  fo r  
th e  m a s s ,  c h a rg e  an d  o th e r  e le m e n ta ry  p a r t i c le  c o n s ta n ts  p r e s e n t  in  th e  
th e o ry  in s te a d  of the  fin ite  v a lu e s  known fro m  e x p e r im e n t)  s t i l l  le a v e  c e r 
ta in  im p o r ta n t  p o in ts  p e r ta in in g  to  th is  p ro b le m  u n c le a r ,  a s  show n  by T a m m . 
F in a lly , B o h r 's  w e ll-k n o w n  s ta te m e n t  th a t  fo r  a  new  th e o ry  i t  i s  "n o t c r a z y  
en o u g h " th ro w s  the m e th o d o lo g ic a lly  w eak  p o in t of H e is e n b e r g 's  th e o ry  in to  
h igh  re l ie f .  In th e  g iv en  c a s e  B o h r s t r e s s e d  th a t  th e  id e a s  o f H e is e n b e r g 's  
th e o ry , the "n e g a tiv e  p r o b a b i l i t i e s " ,  fo r  e x a m p le , a r e  no t "w ild "  en o u g h  
to c o n s tru c t  a  t ru ly  new th e o ry .

H e is e n b e rg  h im se lf  s t a t e s  th a t h is  e q u a tio n  m ay  p o s s ib ly  c o r r e c t ly  e x 
p r e s s  th e  law  o f n a tu re  w hich  a p p l ie s  to  m a t t e r .  H o w e v er, he c o n tin u e s , 
th e r e  is  s t i l l  no f in a l  so lu tio n ; it w ill co m e  on ly  w ith  t im e , by e x a c t  m a th 
e m a tic a l  a n a ly s is  of the eq u a tio n  i t s e l f  an d  c o m p a r is o n  w ith  th e  e v e r - i n 
c r e a s in g  m a s s  of e x p e r im e n ta l  m a te r ia l* .

In o u r  op in io n  in  c r e a t in g  a  u n ifie d  th e o ry  o f m a t t e r  on e  sh o u ld , f i r s t l y ,  
c o n s id e r  the p o s s ib il i ty ,  am o n g  o th e r s ,  o f a  p ro fo u n d  r e v is io n  o f id e a s  on 
s y m m e try  an d  in v a r ia n c e  in  th e  s p i r i t  o f th e  c o n s id e r a t io n s  p r e s e n te d  a b o v e ; 
and , se c o n d ly , allow  o n e s e lf  to  be g u id ed  not on ly  by  th e  m e th o d o lo g ic a l  
p r in c ip le  (e x p la in in g  the w hole by m e a n s  o f i t s  p a r ts )  bu t a ls o  by  th e  d i a l e c 
t ic a l ly  r e la te d  p r in c ip le ,  e x p la in  th e  p a r t s  by m e a n s  o f th e  w h o le . In  p a r t i 
c u la r  one m u s t tak e  in to  a c c o u n t the p r e s e n c e  o f g r a v ita t io n a l  f i e ld s ,  w i th 
o u t w h ich  it i s  h a rd ly  p o s s ib le  to c o n s t ru c t  a  t r u ly  u n if ie d  th e o ry  o f m a t t e r  
in  th e  p r o p e r  s e n s e  of th e  w o rd .

It m u s t be a s s u m e d  th a t  the u n if ie d  th e o ry  o f m a t t e r  w ill  p o s i t iv e ly  so lv e  
th e  p ro b le m  of the  re v is io n  of s p a c e  an d  t im e  c o n c e p ts  w ith  a p p l ic a t io n  to 
th e  s c a le  of e le m e n ta ry  p a r t i c le s .  T h e  n ee d  fo r  su c h  re v is io n  i s  d ic ta te d  
bo th  by g e n e ra l  and  by p a r t i c u la r  c o n s id e r a t io n s ,  on w h ich  i t  w ould  b e  i n 
a p p r o p r ia te  to  dw ell in  the p r e s e n t  a r t i c l e .  T h e  p ro b le m  a r i s e s  o f th e  q u a n 
tiz a t io n  o f s p a c e  and  t im e , i . e . ,  o f the p o s s ib le  d i s c r e t e n e s s  o f s p a c e  and  
t im e . T h is  is  a  v e ry  o ld  p ro b le m  fro m  th e  p h i lo so p h ic a l  s ta n d p o in t . T h u s  
D e m o c r itu s  a s s ig n e d  an  a to m is tic  s t r u c t u r e  to s p a c e  an d  t im e  a s  w e ll  a s  to  
m o tio n : th e r e  e x is t  m in u te  p a r t s  of sp a c e  an d  t im e , a s  w e ll a s  d i s c r e t e  u n i ts  
of m o tio n , w h ich  a r e  not p e r c e p t ib le  to  th e  s e n s e s  an d  w h ich  a r e  c o n c e iv a b le  
on ly  th ro u g h  s c ie n t i f ic  th in k in g . T h e s e  id e a s  of D e m o c r i tu s  a r e  l i t t l e  know n 
to n a tu r a l is t s .

T h e  co n c e p tio n  of an  a b s t r a c t ,  p u re  d i s c r e t e n e s s  o f s p a c e ,  t im e  an d  m o 
tio n , a s  w e ll a s  th e  a b s t r a c t  a to m is tic  c o n c e p tio n  o f m a t t e r ,  f a i l s  to c o r r e 
spond  to the fa c ts ;  i t s  o n e - s id e d n e s s  w a s  o v e r c o m e  in  th e  h i s to r y  o f p h i l 
o so p h y  an d  n a tu r a l  s c ie n c e .  T h e  d ia le c t ic a l  m a t e r ia l i s t i c  p o in t o f v iew  on 
th e  q u e s tio n  of th e  c o n tin u ity  an d  d is c o n tin u ity  o f s p a c e  an d  t im e  i s  c o n c i s e 
ly  e x p r e s s e d  in  the fo llo w in g  w o rd s  of L en in : "M o tio n  is  th e  e s s e n c e  of 
s p a c e  an d  t im e . Tw o fu n d a m e n ta l  c o n c e p ts  e x p r e s s  th is  e s s e n c e :  ( in f in ite )

• See W. H e ise n b e rg . I’liysik imcl Philosophie, Siuugart, p. 159, 1959.
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c o n t in u i ty  (K o n tin u ita t)  a n d  " p u n c tu a l i ty "  (= d e n ia l  o f c o n tin u ity , d i s c o n 
t i n u i t y ) .  M otion  i s  th e  u n ity  o f c o n tin u ity  (of t im e  an d  s p a c e )  a n d  d is c o n t in 
u ity  (o f t im e  a n d  s p a c e ) .  M otion  is  a  c o n tra d ic t io n , a u n ity  of c o n t ra d ic t io n s " * .

P h ilo s o p h ic a lly  s p e a k in g , th e  v a r io u s  a p p r o a c h e s  to  a  so lu tio n  o f the 
p r o b le m  o f q u a n t iz a t io n  of s p a c e  an d  t im e  c a n n o t c i r c u m v e n t  th is  r e m a r k  
by  L e n in . T h u s  H e is e n b e rg  p o s tu la te s  a  th i r d  u n iv e r s a l  c o n s ta n t  (a s id e  
f r o m  P la n c k 's  c o n s ta n t  an d  th e  v e lo c ity  o f l ig h t, w h ich  a r e  a l r e a d y  know n), 
a  " fu n d a m e n ta l  le n g th "  of th e  o r d e r  of 10“ ^  cm  (c o m p a ra b le  to  the r a d iu s  
o f th e  l ig h te s t  a to m ic  n u c le u s)  in  a  re g io n  s m a l l e r  th an  w h ich  m o d e rn  q u a n 
tu m  f ie ld  th e o ry  i s  in a p p l ic a b le ,  i . e . ,  he p o s tu la te s  a  le n g th  d i s ta n c e s  s m a l l 
e r  th a n  w h ich  a r e  m e a n in g le s s .  H e is e n b e rg  in t ro d u c e s  th is  th i rd  u n iv e r s a l  
c o n s ta n t  fo r  c o n s id e r a t io n s  of d im e n s io n a l i ty  in  an  a t te m p t  to r e s o lv e  the 
d i f f ic u lt i e s  o f th e  d iv e rg e n c e s .

I t  i s  h a r d ly  p o s s ib le  to so lv e  th e  p ro b le m  of th e  fu n d a m e n ta l  le n g th  by 
a  p u r e ly  a to m is t ic  an d  f o r m a l  m e th o d . In  o u r  v iew , i t s  so lu tio n  r e q u ir e s  
th a t  th e  g e n e r a l  th e o ry  o f r e la t iv i ty  an d  q u an tu m  f ie ld  th e o ry  be jo in e d  to 
g e th e r ,  a s  th e  p ro b le m  o f th e  q u a n tiz a tio n  of ( r e a l )  s p a c e  an d  tim e  c a n n o t 
b e  s o lv e d  o u ts id e  of, an d  in d e p e n d e n tly  of, th e  p ro b le m  of th e  c o n tin u ity -  
d is c o n t in u ity  o f  m o v in g  m a t t e r .

• L en in , V.I. Sochineniya (Collected W orks), Vol. 38, p. 2!>3.
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T H E  D E V E L O P M E N T  O F  T H E  STU D Y  O F  E L E M E N T A R Y  
P A R T IC L E S  AS CO G N ITIO N  O F  IN C R E A SIN G L Y  

PRO FO U N D  R E G U L A R IT IE S  O F  T H E  M ICR O W O R LD

A. A. S okolov

O ne o f the fu n d a m e n ta l  p ro b le m s  o f th e  th e o ry  o f e l e m e n ta r y  p a r t i c l e s  
is  the s tu d y  of th e  r e a l  m ic ro w o r ld  an d , f i r s t  an d  f o r e m o s t ,  o f th e  s im p le s t  
f o r m s  o f p a r t i c le  m o tio n  w h ich , to a  c e r t a in  e x te n t, d e te r m in e  m o r e  c o m 
p le x  p h e n o m e n a  a s  w e ll.

A ll th e s e  q u e s tio n s  a r e  v e r y  in t im a te ly  r e la te d  to  g e n e r a l  p h i lo so p h ic a l  
p r o b le m s  c o n c e rn in g  th e  c o g n iz a b i l ity  of th e  w o r ld  a ro u n d  u s . T h e r e f o r e  
i t  i s  no t s u r p r i s in g  to  find  th a t  e v e ry  im p o r ta n t  d is c o v e r y  in  th e  r e a lm  of 
e le m e n ta ry  p a r t i c le  p h y s ic s  h a s  b ee n  th e  s u b je c t  o f m u c h  m e th o d o lo g ic a l  
d is c u s s io n .

I t i s  w e ll know n th a t  the  d e v e lo p m e n t o f c l a s s i c a l  p h y s ic s  to o k  p la c e  
u n d e r  th e  b a n n e r  o f th e  m e c h a n is t ic  w o r ld  o u tlo o k . T h e  m e c h a n is t ic  o u t 
lo o k  re a c h e d  i t s  m o s t  ad v a n c e d  s ta g e  of d e v e lo p m e n t in  th e  d o c tr in e  o f L a p 
la c e .  L a p la c e  m a in ta in e d  th a t  th e  d e v e lo p m e n t o f an y  p h e n o m e n o n  co u ld  
be p re d ic te d  u n iq u e ly  w ith  an y  a c c u ra c y , a t  l e a s t  in  p r in c ip le ,  by m e a n s  
o f th e  la w s  o f c l a s s i c a l  m e c h a n ic s .

I t  sh o u ld  be re m a r k e d  th a t, in  p r a c t i c e ,  th e  f i r s t  blow  to L a p la c e 's  id e a , 
d e l iv e r e d  by th e  s o - c a l le d  / / - th e o r e m  o f B o ltz m a n n , g o e s  b a c k  to  the  p e r io d  
w hen the m e c h a n is t ic  o u tlo o k  w a s p r e v a le n t .  A c c o rd in g  to th is  th e o re m  th e  
i r r e v e r s i b i l i t y  of p r o c e s s e s  in  th e  k in e tic  th e o ry  o f g a s e s  is  a  s p e c if ic  r e g 
u l a r i ty  o f a g g r e g a te s  of p a r t i c le s  an d  c a n  in  no w ay  be  e x p la in e d  c o m p le te ly  
on th e  b a s i s  of th e  law s  of e le m e n ta r y  m o tio n s  a lo n e . I t  sh o u ld  a l s o  be 
s t r e s s e d  th a t  e v e n  the s im p le s t  c la im  o f th e  m e c h a n is ts ,  a c c o rd in g  to  w h ich  
N e w to n 's  law s  a llo w , a s  it  w e re ,  u l t im a te  k n o w led g e o f th e  m o tio n  of ev e n  
th e  s im p le s t  p a r t i c le  and  M a x w e ll 's  e q u a tio n s  a llo w  u l t im a te  k n o w led g e  of 
th e  n a tu re  o f l ig h t, p ro v e d  e x a g g e ra te d .  T h e  d is c o v e r y  th a t  l ig h t  h a s  c o r 
p u s c u la r  a s  w e ll a s  w ave p r o p e r t i e s  an d  the e s ta b l i s h m e n t  in  h ig h -v e lo c ity  
m e c h a n ic s  o f a  q u a n ti ta t iv e  re la t io n s h ip  b e tw e e n  th e  two d i s s im i l a r  q u a n t i 
t i e s ,  m a s s  an d  e n e rg y , d e m o n s tra te d  th a t  the c l a s s i c a l  la w s  w e re  a p p l ic a b le  
on ly  w ith in  d e f in ite  l im i t s .  A ll th e s e  d i s c o v e r i e s  o b lig e d  m a n y  s c i e n t i s t s  
to  r e v is e  a g a in  t h e i r  p h ilo so p h ic a l  v ie w s  on th e  c o g n iz a b i l i ty  o f th e  e x t e r 
n a l w o r ld . U n fo rtu n a te ly , su c h  re v is io n  d o e s  n o t a lw a y s  le a d  e v e n  g r e a t  
s c i e n t i s t s  to p r o g r e s s iv e  c o n c lu s io n s .  F o r  e x a m p le , th e  r e s u l t s  o f th e  
p h y s ic a l  in v e s t ig a t io n s  o f E . M ach , a r e  ev e n  now p la y in g  an  e x c e p t io n a l ly  
im p o r ta n t  ro le  in , sa y , th e  s tu d y  of th e  m o tio n  o f b o d ie s  w ith  s u p e r s o n ic  
v e lo c i t i e s .  Y e t M ach  re g a r d e d  th e  l im i ta t io n s  o f th e  m e c h a n is t ic  w o r ld  
o u tlo o k  a s  an  e x p r e s s io n  o f th e  s u b je c t iv i ty  o f o u r  k n o w led g e  in  g e n e r a l
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( r e v iv a l  o f p o s i t iv i s m ) , an d  he d e n ie d  th e  e x is te n c e  o f an  o b je c tiv e  r e a l i ty  
b ey o n d  th e  r e a lm  o f s e n s o r y  e x p e r ie n c e .  T o g e th e r  w ith  O sw a ld  he fought 
t i l l  th e  en d  o f h is  l ife  a g a in s t  th e  a to m is tic  h y p o th e s is , w h ich  he re g a r d e d  
a s  a n  a r t i f i c i a l  c o n tr iv a n c e  in tro d u c e d  by s c i e n t i s t s  fo r  th e  s a k e  o f c o n v e n 
ie n c e  in  in te r p r e t i n g  p h e n o m e n a  in  th e  m ic ro w o r ld .

In p r e c i s e ly  th e  s a m e  w ay, th e  w e ll-k n o w n  F re n c h  m a th e m a tic ia n  an d  
p h i lo s o p h e r  H. P o in c a r e ,  who fo r m u la te d  m an y  of th e  p ro p o s i t io n s  of th e  
s p e c ia l  th e o ry  o f r e la t iv i t y  in d e p e n d e n tly  of an d  p r a c t i c a l l y  s im u l ta n e o u s ly  
w ith  E in s te in ,  r e g a r d e d  th e  d i s c o v e r y  of new , p r e v io u s ly  unknow n r e g u la r 
i t i e s  o f th e  m ic ro w o r ld  a s  a  " c r i s i s "  in  p h y s ic s .

A ll s u c h  e r r o n e o u s  m e th o d o lo g ic a l  c o n c lu s io n s  w e re  s u b je c te d  to  s e v e r e  
c r i t i c i s m  in L e n in 's  w e ll  know n " M a te r ia l is m  an d  E m p i r io - C r i t i c i s m "  (M a- 
t e r i a l i z m  i e m p i r io k r i t i t s i z m ) ,  in  w h ich  L en in  d e m o n s tra te d  th a t  th e  " c r i s i s "  
in  p h y s ic s  a r o s e  s im p ly  b e c a u s e  th e  s c i e n t i s t s  d id  no t know d ia le c t ic s .

O u r  kn o w led g e o f n a tu r e  — an d  n a tu re  e x i s t s  in d e p e n d e n tly  of th e  s u b je c t  — 
fo llo w s  an  a s y m p to t ic  a p p r o a c h  to th e  tru th ;  the a p p e a ra n c e  o f a  new th e o ry  
im p l ie s  a  f u r th e r  d e v e lo p m e n t, r a th e r  th an  th e  d o w n fall of th e  o ld  th e o ry , a 
d e v e lo p m e n t w h ich  p ro v id e s  an  in te r p r e t a t i o n  o f the f in e r  r e g u la r i t i e s  th a t 
s o m e t im e s  l ie  o u ts id e  th e  f ie ld  o f v is io n  o f th e  o ld  th e o ry .

L e n in 's  s ta te m e n t  c o n c e rn in g  th e  in e x h a u s t ib i l i ty  o f the e le c t r o n  a c tu a l ly  
p ro v e d  to  be th e  g u id in g  s t a r  w h ich  s e t  m o d e rn  p h y s ic s  on  th e  o n ly  c o r r e c t  
c o u r s e  o f d e v e lo p m e n t.

T h e  s o - c a l l e d  c o r re s p o n d e n c e  p r in c ip le  p la y s  an  im p o r ta n t  p a r t  in c o r 
r e c t  e v a lu a tio n  of th e  s c ie n t i f i c  s ig n if ic a n c e  o f p h y s ic a l  t h e o r ie s .  A c c o rd 
in g  to  th is  p r in c ip le  th e  fu n d a m e n ta l  r e s u l t s  o f th e  p re c e d in g  th e o ry  sh o u ld  
a s  a  r u le  fo llow  f ro m  th e  n e x t a t  so m e  l im it .

F o r  e x a m p le , f o r  h —> 0 th e  r e s u l t s  o f q u an tu m  m e c h a n ic s  sh o u ld  p a s s  
o v e r  in to  c l a s s i c a l  r e s u l t s .  L ik e w ise , fo r  p*-> 0 th e  r e s u l t s  o f th e  r e l a 
t iv is t i c  th e o ry  sh o u ld  p a s s  o v e r  in to  n o n r e la t iv i s t i c  o n e s .  We w ill  n o t be 
c o n c e rn e d  h e r e  w ith  th e  m an y  p o s s ib le  e x c e p tio n s  to  th is  ru le .  In an y  c a s e ,  
th e  c o r r e s p o n d e n c e  p r in c ip le  h e lp s  i l lu s t r a t e  th e  a s y m p to t ic  a p p r o a c h  o f the 
d e v e lo p m e n t of th e  th e o ry  o f e le m e n ta r y  p a r t i c le s  to  a  m o re  e x a c t  r e v e l a 
t io n  o f th e  o b je c tiv e  r e g u la r i t i e s  of th e  m ic ro w o r ld * .

W hen a  new  th e o ry  i s  b e in g  c r e a te d  an d  d o e s  n o t a s  y e t  a llo w  in v e s t ig a 
tio n  o f a l l  p h e n o m e n a , th e  c o r re s p o n d e n c e  p r in c ip le  ca n  s a fe ly  be u se d  to 
e x te n d  th e  r e s u l t s  o f th e  o ld  th e o ry  to  th e  new th e o ry .  T h u s , fo r  in s ta n c e ,  
B o h r 's  q u an tu m  th e o ry  m a d e  i t  p o s s ib le  to  c a lc u la te  o n ly  th e  fr e q u e n c y , 
b u t n o t th e  in te n s i ty ,  of r a d ia t io n .  T h e  l a t t e r  w a s  d e te rm in e d  by B o h r by 
e x te n s io n  o f th e  c l a s s i c a l  e x p r e s s io n  fo r  th e  in te n s i ty  of r a d ia t io n  to the 
q u a n tu m  re g io n , i . e . ,  w ith  th e  h e lp  of th e  c o r re s p o n d e n c e  p r in c ip le .

A c c o rd in g  to  th e  c l a s s i c a l  th e o ry ,  lig h t  sh o u ld  c o n s i s t  o f w a v es  an d  a  
b e a m  o f e l e c t r o n s  sh o u ld  c o n s i s t  o f p a r t i c le s  h av in g  a  d e f in ite  c h a rg e  an d  
m a s s .

S u b se q u e n tly , h o w e v e r, lig h t  w a s  found to  h av e  c o r p u s c u la r  p r o p e r t i e s  
( E in s t e in 's  th e o ry  o f p h o to n s) an d  a  b ea m  o f e le c t r o n s  w ave p r o p e r t i e s  (de 
B r o g l i e 's  w a v e s ) .

• See K u zn e tso v , I. V. Printsip sootveisiviya v sovremennoi fizike i ego filosofskoe znachenie (The 
Correspondence Principle in Modern Physics and Its Philosophical Significance). Moscow. 1948.
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W ith th e  a id  of th e  w ave e q u a tio n  S c h ro e d in g e r  w a s  a b le  to  e x p la in  not 
on ly  m an y  r e g u la r i t i e s  o f m o tio n  o f e le c t r o n s  in  th e  a to m , but e v e n  s u c h  
ty p ic a l  w ave p h e n o m e n a  a s  the  d if f r a c t io n  an d  i n t e r f e r e n c e  o f a n  e l e c t r o n  
b e a m . T o d ay  th e  d e v e lo p m e n t o f e le c t r o n  m ic ro s c o p y  h a s  ev e n  le d  to  th e  
c r e a t io n  of a  s p e c ia l  s c ie n c e ,  e le c t r o n  o p t ic s .

O ne of th e  c e n t r a l  p r o b le m s  o f q u an tu m  m e c h a n ic s  i s  to  e s t a b l i s h  th e  
c o n n e c tio n  b e tw e e n  the w ave and  the c o r p u s c u la r  p r o p e r t i e s  o f s u b s ta n c e .
In o u r  o p in io n  th is  c o n n e c tio n  ca n  be m o s t fu lly  e s ta b l i s h e d  w ith  th e  h e lp  
o f B o r n 's  s t a t i s t i c a l  in te r p r e ta t io n ,  th e  l a t e s t  d e v e lo p m e n t o f w h ich  i n 
v o lv e s  th e  in tro d u c tio n  o f th e  q u an tu m  e n s e m b le s  (w o rk s  o f D .I .  B lo k h in -  
ts e v *  and  K. V. N ik o l 'sk ii* * ) .

A c c o rd in g  to  th e  s t a t i s t i c a l  in te r p r e ta t io n ,  w e c a n  o b ta in  a  w a v e p i c tu r e  
fo r  a  q u an tu m  e n s e m b le , w h ich  m ay  be fo r m e d  e i t h e r  by m an y  p a r t i c l e s  
b e in g  s im u l ta n e o u s ly  in  th e  s a m e  s ta te  (e .g ., b e a m  o f n o n in te ra c t in g  e l e c 
t ro n s )  o r  in the r e p e t i t io n  o f th e  s a m e  q u an tu m  s ta te  w ith  i s o la te d  in d iv 
id u a l p a r t i c le s .

A p u re  (o r  c o h e re n t)  e n s e m b le  i s  a  s e t  o f s t a t e s  in  w h ich  w ave fu n c tio n s  
a r e  a d d e d  (p r in c ip le  o f s u p e r p o s it io n ) .  It e x p la in s  th e  in t e r f e r e n c e ,  an d  
a ls o  the  d if f r a c t io n , of de B ro g lie  w a v e s . In  th e  c a s e  o f a  m ix e d  ( in c o h e r 
e n t) e n s e m b le , w h ich  a ls o  h a s  a p p l ic a t io n  in c l a s s i c a l  s t a t i s t i c s  w hen  i n 
te n s i t ie s  e q u a l to  the  s q u a r e s  of th e  m o d u li o f th e  w av e fu n c tio n s  of th e  i n 
d iv id u a l s t a t e s  a r e  ad d e d  in d e p e n d e n tly , on e  o b ta in s  a  g a u s s ia n  d i s tr ib u tio n  
w ith  one m ax im u m  a t th e  c e n te r  w hen the e le c t r o n  b e a m  h i ts  th e  s c r e e n .

T h e  p o s s ib il i ty  of th e  fo r m a t io n  o f a  q u an tu m  e n s e m b le  upon re p e t i t io n  
of is o la te d  qu an tu m  s t a t e s  w a s c o n f ir m e d  by th e  e x p e r im e n ts  o f S .I .  
V av ilov***  an d  th o se  of L. J a n o s s y  w ith  f lu c tu a tio n s  o f in d iv id u a l q u a n ta , a s  
w e ll a s  by th e  e x p e r im e n ts  o f V. A. F a b r ik a n t  e t  a l .  w ith  th e  d i f f r a c t io n  of 
s u c c e s s iv e ly  e je c te d  e l e c t r o n s .  S in c e  in  th e  l a t t e r  e x p e r im e n ts  th e  a r r i v a l  
o f an  in d iv id u a l p a r t i c le  on th e  s c r e e n  p ro d u c e s  th e  im a g e  o f a  p o in t  r a th e r  
th an  a  d i f f r a c t io n  p ic tu re ,  th is  p o in t p r o v id e s  a  s ig n if ic a n t ly  m o r e  a c c u r a t e  
id e a  of th e  c o o r d in a te  an d  m o m e n tu m  o f th e  p a r t i c le  a t  th e  p a s t  in s ta n t  th an  
ca n  be o b ta in e d  fro m  q u a n tu m -m e c h a n ic a l  c a lc u la t io n s ,  i . e . ,  f r o m  H e is e n 
b e r g 's  u n c e r ta in ty  r e la t io n .

T o m ak e  o u r  p o in t c l e a r e r ,  l e t  u s  c o n s id e r  th e  fo llo w in g  i l lu s t r a t io n .  
G e n e ra lly  sp e a k in g , w h e th e r  o r  no t a  g iv en  ra d io a c t iv e  n u c le u s  w ill  d e c a y  
w ith in , sa y , an  h o u r c a n n o t be p r e d ic te d  u n iv o c a lly  w ith  the  h e lp  o f the 
q u an tu m  th e o ry  of f ie ld s .  H o w e v er, o n c e  ra d io a c t iv e  d e c a y  h a s  ta k e n  p la c e  
w e ca n  d e te rm in e  the l i f e t im e  of e a c h  d e c a y e d  n u c le u s  w ith  s ig n if ic a n t ly  
g r e a t e r  a c c u ra c y  th an  is  p o s s ib le  fro m  th e o r e t ic a l  c o n s id e r a t io n s .

A n a ly s is  of th e s e  p r o c e s s e s  s u g g e s ts ,  o f c o u r s e ,  th a t c a u s a l  c o n n e c 
tio n s  in th e  m ic ro w o r ld  a r e  co m p le x  r a th e r  th an  a b s e n t.  F u r th e r ,  f a r  fro m  
a l l  th e  c a u s a l  c o n n e c tio n s  a r e  r e v e a le d  by q u an tu m  m e c h a n ic s .

In c id e n ta lly , w e n o te  th a t th e  e le g a n c e  an d  in te g r i ty  o f L a p la c ia n  d e t e r 
m in is m  — w h ich  w ould s e e m  to a llo w  on e to d e te r m in e  to th e  en d  a l l  th e  
c a u s e s  o f a  g iv en  p h en o m e n o n  an d  to  id e n tify , if  o n ly  in  p r in c ip le ,  c a u s a l i ty

• See B lo k h in isev , D.I. Osnovy kvantovoi mekhaniki (Foundations of Quantum Mechanics), p. 54. 
Moscow. 1949.

•• See N ik o l 's k i i ,  K. V. Kvantovye protsessy (Quantum Processes), p. 35. Moscow. 1940.
“ * See V av ilo v , S.I. Mikrostruktura sveta (The Microstructure of Light). Moscow. 1950.
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w ith  u n iv o c a l p r e d ic ta b i l i ty  — h a s  a c tu a l ly  b e e n  s t r o n g ly  o v e r r a t e d  in view  
o f th e  r e s t r i c t e d  a p p l ic a b i l i ty  of c l a s s i c a l  m e c h a n ic s  i t s e l f .*

In  th is  c o n n e c tio n  le t  u s  r e c a l l  L e n in 's  r e m a r k  th a t  th e  fu n d a m e n ta l  
e p i s te m o lo g ic a l  p ro b le m  w h ich  d iv id e s  p h i lo so p h ic a l  t r e n d s  is  no t w h e th e r  
c a u s a l  c o n n e c t io n s  c a n  be  e x p r e s s e d  in  an  e x a c t  m a th e m a tic a l  fo r m u la  but 
r a th e r  w h e th e r  th e  s o u r c e  o f o u r  u n d e r s ta n d in g  o f th e  e x te r n a l  w o r ld  is  the  
p r o p e r ty  of o u r  m in d  o r  an  o b je c tiv e  r e g u la r i t y  of n a tu re .* *

We w ill  a t te m p t  to  a n a ly z e  th e  c a u s e s  w h ich , in  th e  m ic ro w o r ld ,  le a d  
to  r e g u la r i t i e s  w h ich  a r e  m o r e  c o m p le x  th a n  th o s e  in c l a s s i c a l  m e c h a n ic s .

It i s  w e ll  know n th a t  th e  s t a t i s t i c a l  r e g u la r i t i e s  o f c l a s s i c a l  p h y s ic s  a r e  
o b ta in e d  by a v e ra g in g  o v e r  th e  h id d en  p a r a m e t e r s ,  w h ich  in c lu d e , fo r  e x 
a m p le ,  th e  la w s  o f c l a s s i c a l  m e c h a n ic s  (d y n a m ic a l  r e g u la r i ty * * * )  th a t  d e 
t e r m in e  th e  m o tio n  o f  in d iv id u a l p a r t i c le s .

T h e  s t a t i s t i c a l  r e g u la r i t i e s  of q u an tu m  m e c h a n ic s ,  h o w e v e r, do no t r e s t  
on s i m i l a r  d y n a m ic a l  r e g u la r i t i e s ,  s in c e  the b e h a v io r  of an  in d iv id u a l e l e c 
t r o n  i s  d e te rm in e d  by th e  s a m e  w av e e q u a tio n s  a s  d e te r m in e  th e  b e h a v io r  
o f a  q u an tu m  e n s e m b le .

O ne o f th e  f i r s t  a t t e m p ts  to s u b s ta n t ia te  w a v e - p a r t ic le  d u a lis m , o r ,  m o re  
p r e c i s e ly ,  th e  u n c e r ta in ty  r e la t io n ,  is  a s s o c ia te d  w ith  th e  in t ro d u c t io n  o f the 
s o - c a l l e d  p r in c ip le  o f c o m p le m e n ta r i ty .  In th is  c o n n e c tio n  i t  sh o u ld  be r e 
m a rk e d  th a t th e  r e p r e s e n ta t iv e s  o f th e  C o p en h ag e n  sc h o o l — B o h r, H e is e n 
b e r g  an d  o th e r s  — g e n e r a l ly  c o n tr ib u te d  a  g r e a t  d e a l  to  th e  d e v e lo p m e n t of 
q u a n tu m  th e o ry . H o w e v er, th is  d o e s  no t a t  a l l  m e a n  th a t  a l l  o f t h e i r  m e th 
o d o lo g ic a l  v ie w s , in c lu d in g  th e  p r in c ip le  o f c o m p le m e n ta r i ty ,  m u s t  a ls o  be 
a d o p te d  in fu ll.

I t  fo llo w s  fro m  th e  u n c e r ta in ty  r e la t io n  th a t  o n e  c a n n o t p r e d ic t  a c c u r a t e 
ly  th e  c o o r d in a te  an d  m o m e n tu m  o f an  in d iv id u a l e le c t r o n  w ith  th e  h e lp  of 
q u a n tu m  m e c h a n ic s .  S u p p o r te r s  o f th e  c o m p le m e n ta r i ty  p r in c ip le  m a d e  
th e  f i r s t  a t t e m p t  to  j u s ti f y  th is  c o n c lu s io n  by re g a r d in g  i t  a s  th e  r e s u l t  o f 
th e  u n c o n tro l la b le ,  o r ,  m o re  p r e c i s e ly ,  n o n c o g n iz a b le  o p e r a t io n  o f th e  o b 
s e r v e r  (o r  o b s e r v a t io n a l  m e a n s )  on th e  e le c t r o n .

A c c o rd in g  to  th e  C o p en h ag e n  in te r p r e ta t io n ,  tw o c l a s s e s  o f e x p e r im e n 
ta l  d e v ic e s  e x is t .  O ne c l a s s  p e r m i t s  m e a s u r e m e n t  o f th e  s p a t ia l  c o o r d i 
n a te s  w ith  an y  a c c u r a c y ,  a n d  th e  se c o n d , m e a s u r e m e n t  o f th e  c o r r e s p o n d 
in g  m o m e n tu m  c o m p o n e n t. W hen an  o b s e r v e r  u s e s  th e  f i r s t  c l a s s  o f d e 
v ic e s  he e x e r t s  th e  u n c o n tro l la b le  p a r t  o f th e  in f lu e n c e  on th e  m o m e n tu m ; 
w hen he u s e s  th e  se c o n d  he e x e r t s  i t ,  in s te a d , on th e  c o o r d in a te .  T h e r e 
fo r e  i t  i s  a s  if t h e r e  e x is te d  a  c e r t a in  f in ite  l im i t  to  o u r  kn o w led g e o f th e  
m ic r o w o r ld .  T h is  p r o p o s i t io n  i s  e v e n  s e t  up a s  a  s p e c ia l  p r in c ip le ,  by e x 
a g g e r a t in g  w h ich  o n e  c o u ld  s a y  th a t  w hen th e  in s t r u m e n ts  v a n is h  th e  w ave 
r e g u la r i t i e s  of th e  m ic ro w o r ld  sh o u ld  a ls o ,  a s  i t  w e re ,  v a n is h .

T h u s  th e  p r in c ip le  o f c o m p le m e n ta r i ty  (i. e .,  th e  p r in c ip le  o f th e  l im i t  
o f c o g n iz a b il ity )  i s  an  e x p r e s s io n  n o t o f p h y s ic a l  r e g u la r i t i e s  b u t r a th e r  of

• See Born, M. Vorhersagbarkeit in der klassischen Mechanik, Zeitschrift fiir Physik 153, 372-378, 1958;
S v e c h n ik o v , G. A. Kategoriya prichinnosti v fizike (The Category of Causality in Physics), p.387.
Moscow. 1961.

•• See l.en in , V.I. Sochineniya (Collected Works), Vol. 14, pp. 146-147.
•••  Generally speaking even in the classical case dynamical regularities cannot fully explain all the statis

tical regularities, e.g ., the irreversibility of processes (Boltzmann's//-theorem).
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a  w o r ld  o u tlo o k  w h ich , g e n e ra l ly  sp e a k in g , i s  a p p l ic a b le  o n ly  to  th e  u n d e r 
s ta n d in g  of a  c e r ta in  s e t  o f p h e n o m e n a , an d  th a t  a l s o  w ith in  d e f in ite  l i m i t s - .  
F o r  in s ta n c e ,  th e  p e r f e c t ly  c o r r e c t  in fe r e n c e  w a s  d ra w n  f r o m  th e  c o m p le 
m e n ta r i ty  p r in c ip le  th a t  th e  s t a t i s t i c a l  r e g u la r i t i e s  o f q u a n tu m  m e c h a n ic s  
a r e  of a  s p e c ia l  n a tu re ,  an d  th a t , in  an y  c a s e ,  th e y  m u s t  no t be r e d u c e d  to 
d y n a m ic a l  r e g u la r i t i e s .  W ith  r e g a r d  to  th e  in t e r p r e t a t i o n  o f d i f f r a c t io n  of 
an  e le c t r o n  b ea m  a s  a  r e s u l t  o f th e  u n c o n tro l la b i l i ty  o f th e  i n te r a c t io n  b e 
tw een  m ic ro o b je c t  ( i . e . ,  e le c t r o n s )  an d  m a c r o in s t r u m e n t  ( i . e . ,  d i f f r a c t io n  
a p e r tu r e ) ,  a t  b e s t  th is  q u e s tio n  b e lo n g s  a m o n g  th o s e  q u e s t io n s  w h ich  a r e  
n o n c o g n iz a b le  in  p r in c ip le  on ly  a t  c e r t a in  s ta g e s  in  th e  d e v e lo p m e n t of 
s c ie n c e .

N o r ca n  one c la im  u n iv e r s a l i ty  by  r e f e r r i n g  to  von  N e u m a n n 's  th e o re m  
a s  to  th e  ju s ti f ic a t io n  fo r  n o n c o g n iz a b il ity  in  p r in c ip le ,  s in c e  th e  v a l id i ty  
of th is  th e o re m  h a s  tu rn e d  o u t to be r e s t r i c t e d  to  th e  re g io n  o f q u an tu m  
th e o ry  i t s e l f ,  to  w h ich , a s  to  an y  th e o ry , no a b s o lu te  s ig n if ic a n c e  c a n  be 
a t ta c h e d - * .  T h is  l a s t  p o in t i s  a p p a re n t ly  y e t  to be f in a lly  c o n c e d e d  by m a n y  
fo llo w e rs  of th e  C o p en h ag e n  in te r p r e ta t io n .

Now th a t  the f i r s t  m o re  o r  l e s s  r e l ia b le  e x p e r im e n ta l  d a ta  on  th e  s t r u c 
tu re  o f e le m e n ta ry  p a r t i c le s  an d  th e i r  i n te r a c t io n  w ith  th e  v ac u u m  f lu c tu 
a tio n s  hav e  a p p e a re d , the  a r t i f i c i a l  r e s t r i c t i o n s  p la c e d  upon  o u r  a b i l i ty  to 
c o g n iz e  th e  m ic ro w o r ld  by th e  p r in c ip le  o f c o m p le m e n ta r i ty  c a n n o t be  o f 
a s s i s t a n c e  in  th e  f u r th e r  d e v e lo p m e n t o f s c ie n c e .

In p r e c i s e ly  th e  s a m e  w ay  th e  m e c h a n is t ic  o u tlo o k , w h ich  p la y e d  a  c e r 
ta in  c o n s tru c t iv e  ro le  in  th e  d e v e lo p m e n t o f c l a s s i c a l  p h y s ic s  a t  o n e  t im e , 
u lt im a te ly  b eg a n  to  h a m p e r  th e  d e v e lo p m e n t o f m ic r o p h y s ic s  w hen  s e t  up 
a s  an  a b s o lu te .

A s re m a rk e d  e a r l i e r ,  w ith in  th e  f r a m e w o r k  o f q u an tu m  m e c h a n ic s  i t  is  
m o re  re a s o n a b le  to b a s e  o u r  n o tio n s  o f th e  w av e p r o p e r t i e s  o f p a r t i c l e s  on 
q u an tu m  e n s e m b le s .  T h e  l a t t e r  do n o t p ro v id e  a n  e x p la n a tio n  f o r  th e  s t a 
t i s t i c a l  n a tu re  o f q u an tu m  m e c h a n ic s ,  b u t th e y  do r e g a r d  th is  n a tu r e  ( a l 
though, so  f a r ,  fo rm a lly )  a s  th e  m a n ife s ta t io n  o f so m e  o b je c tiv e  r e g u l a r 
i t ie s  o f n a tu re ,  an d  th e y  do n o t fo rb id  s h if t in g  th e  f in i te  l im i t  o f c o g n itio n  
o f th e  m ic ro w o r ld  an d  o f in tro d u c in g  v a r io u s  h y p o th e s e s  w h ich  l ie  o u ts id e  
the e x is t in g  th e o ry  in  o r d e r  to e x p la in  th e  s t a t i s t i c a l  n a tu r e .

H e re  i t  m u s t l ik e w is e  b e  s t r e s s e d  th a t  o u r  k n o w led g e o f th e  e x te r n a l  
w o r ld  is  no t c o m p o se d  e x c lu s iv e ly  o f in s t r u m e n t  r e a d in g s .  M an i s  a ls o  
c a p a b le  o f ex te n d in g  th e  r e s u l t s  o f h is  o b s e r v a t io n s  in  a  t h e o r e t ic a l  w ay 
an d  e s ta b l is h in g  th e  r e la t io n s h ip  b e tw e e n  th e  v a r io u s  p h e n o m e n a . T h u s  i t  
i s  n o t s u r p r is in g  th a t  c e r t a in  p r o p e r t i e s  o f th e  a to m  w e re  know n to s c i e n 
t i s t s  long  b e fo re  th e i r  e x p e r im e n ta l  d is c o v e r y .

In th is  c o n n e c tio n  le t  u s  r e c a l l  th a t  e v e n  a s  g r e a t  a  th e o r e t ic ia n  a s  N ie ls  
B o h r c o u ld  be q u ic k  to d ra w  a  w ro n g  in fe r e n c e  b a s e d  on in s t r u m e n t  r e a d 
in g s  a lo n e ; fro m  h is  in v e s t ig a t io n  o f b e ta  d e c a y  he c o n c lu d e d  th a t  th e  law  
o f c o n s e rv a t io n  o f e n e rg y  m ay  be v io la te d  in  c e r t a in  m ic ro w o r ld  p h e n o m 
e n a . A s o p p o sed  to th is  v iew , w h ich  w a s  f a i r l y  w id e s p r e a d  in  i t s  t im e , 
P a u l i  d e m o n s tra te d ,  by a n a ly z in g  th e  p ro b le m  o f b e ta  d e c a y  f ro m  th e  m o r e  
g e n e ra l  s ta n d p o in t  o f q u an tu m  f ie ld  th e o ry ,  th a t  p a r t  o f th e  s e e m in g ly  lo s t

• See S oko lov , A.A., Yu. M. Los k u t o v, and I.M. T e rn o v . Kvantovaya mekhanlka (Quantum
Mechanics), p. 144. Moscow. 1962.

•• See M a n d e ls ta m , L.I. Polnoe sobranie trudov (Complete Works), Vol. V, pp.387, 397. Moscow.
1950.
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e n e rg y  w a s  re m o v e d  by s o m e  unknow n p a r t i c le  (a n tin e u tr in o )  no t d e te c ta b le  
by  th e  i n s t r u m e n t s  th e n  in  e x is te n c e .  It w a s  o n ly  r e c e n t ly  (o v e r  tw en ty  
y e a r s  a f te r  P a u l i 's  h y p o th e s is )  th a t  the  a n t in e u tr in o , i . e . ,  th e  p a r t i c le  
e m i t te d  in  th e  b e ta  d e c a y  o f a  n e u tro n , w a s  f in a lly  " c a u g h t"  w ith  th e  h e lp  
o f m o r e  a d v a n c e d  in s t r u m e n t s .

T h is  i s  f u r th e r  e v id e n c e  th a t  th e  o n ly  th in g s  w h ich  d ep e n d  on th e  o b s e r 
v e r  o r  o b s e r v a t io n a l  m e a n s  a r e  th e  r a te  o f a p p r o a c h  o f k n o w led g e to w a rd  
th e  t r u th  a n d  th e  fo r m  o f n o ta tio n  o f th e  r e g u la r i t i e s  c o g n iz e d  by u s .  In  
th e m s e lv e s  th e  r e g u la r i t i e s  o f th e  m ic ro w o r ld  c a n n o t d ep e n d  on su c h  f a c to r s .

I t i s  o u r  b e l ie f  th a t  th e  f u tu re  th e o ry  o f th e  m ic ro w o r ld  w ill no t be a b le  
to  r e d u c e  th e  la w s  o f c a u s a l i ty  to  a law  o f u n iv o c a l p r e d ic ta b i l i ty  lik e  th a t  of 
c l a s s i c a l  m e c h a n ic s .  H o w e v e r , o b je c tiv e  c a u s e s  of th e  m a n ife s ta t io n s  of 
s t a t i s t i c a l  r e g u la r i t i e s  in  th e  m ic ro w o r ld  w ill  d o u b t le s s  be found.

T h e  v a c u u m  is  b e g in n in g  to  p la y  an  im p o r ta n t  p a r t  in  th e  d e v e lo p m e n t 
o f th e  s c ie n c e  o f th e  m ic ro w o r ld .

O n th e  on e  h an d , g iv e n  an  e x c i ta t io n , th e  v ac u u m  p ro d u c e s  in te ra c t io n  
b e tw e e n  p a r t i c le s ,  th e re b y  g iv in g  r i s e  to  f ie ld s  ( e .g . ,  e l e c t r o s t a t i c ,  e l e c 
t r o n - p o s i t r o n ,  m e s o n ) . O n th e  o th e r  han d , th e  v ac u u m  is  a  s y s te m  w ith  
a n  u n l im ite d  n u m b e r  o f v i r t u a l  p a r t i c le s  fo rm in g  a  s p e c ia l  k ind  o f r e s e r 
v o i r  f r o m  w h ic h  r e a l  p a r t i c le s  a r e  " e x t r a c te d "  (e . g ., e le c t r o n - p o s i t r o n  
p a i r )  a n d  to  w h ich  th e y  " c o n v e r t"  a s  a  r e s u l t  o f a n n ih ila t io n .

A s p e c ia l  k ind  o f p o la r iz a t io n  of th e  v a c u u m , so m e w h a t r e m in is c e n t  of 
th e  p o la r iz a t io n  o f th e  d i e l e c t r i c  in  the p r e s e n c e  o f c h a r g e s  in  i t , ta k e s  
p la c e  n e a r  e le m e n ta r y  p a r t i c le s .

P o la r i z a t i o n  o f th e  e l e c t r o n - p o s i t r o n  v ac u u m  le a d s  to  a  s l ig h t  in c r e a s e  
(ro u g h ly  by  on e  th o u sa n d th )  of the m a g n e tic  m o m e n t o f th e  e le c t r o n .  V a c u 
um  t e r m s  (--r-m eson v ac u u m ) e x e r t  a  p a r t i c u la r ly  s t ro n g  in flu e n c e  on th e  
n u c le o n . T h u s  m o s t  o f th e  m a g n e tic  m o m e n t o f th e  n u c le o n  i s  due to  th e  
" m e s o n  c lo u d " ;  th e  d e n s i ty  d i s tr ib u tio n  n e a r  th e  n u c le o n  n o t o n ly  o f th e  
m a g n e tic  m o m e n t b u t a l s o  o f th e  e l e c t r i c  c h a rg e  h a s  a l r e a d y  b e e n  e s t a b 
l i s h e d  c o m p a r a t iv e ly  a c c u r a t e ly  in  e x p e r im e n ts  on th e  s c a t t e r in g  o f f a s t  
e l e c t r o n s  by  n u c le o n s  (H o fs ta d te r  an d  W ilso n ). T h e  ro o t  m e a n  s q u a r e  r a 
d iu s  o f th e  n u c le u s  w a s  found to  be  0 . 8 - 1 0 '^  c m .

I t  c o u ld  b e  th a t  w e do n o t y e t  h av e  en o u g h  e x p e r im e n ta l  d a ta  to  c o n s t r u c t  
a  th e o r y  w h ich  w ou ld  e x p la in  th e  s t a t i s t i c a l  c h a r a c t e r  o f th e  m o tio n  o f th e  
e l e c t r o n .  H o w e v e r , w e sh o u ld  s e e k  to s o lv e  th is  p ro b le m  r e g a r d l e s s  of 
th e  f a c t  th a t  th e  f i r s t  c o n c r e te  a t te m p ts  a lo n g  th e s e  l in e s  (in c lu d in g  th e  
p r in c ip le  of c o m p le m e n ta r i ty )  h av e  a r o u s e d  m an y  o b je c tio n s .  E v e n  if  on ly  
f r o m  f i r s t  e x p e r im e n ts ,  w e m u s t  a t te m p t  to  u n d e r s ta n d  th e  m e c h a n is m  of 
th e  g iv e n  p h en o m e n o n , r a th e r  th a n  s h ro u d  i t  h e lp le s s ly  in  a  m y s te r io u s  
v e i l  o f n o n c o g n iz a b il ity .

H e re  i t  s h o u ld  b e  r e c a l l e d  th a t  w h e r e a s  in  c l a s s i c a l  th e o ry  th e  m o tio n  
o f a  s e t  o f p a r t i c l e s  ( c la s s ic a l  s t a t i s t i c s )  i s  s tu d ie d  on th e  b a s i s  o f th e  m o 
tio n  o f in d iv id u a l p a r t i c l e s  (d y n a m ic a l  r e g u la r i ty ) ,  in  q u an tu m  m e c h a n ic s ,  
a s  o p p o se d  to  i t ,  th e  m o tio n  o f in d iv id u a l p a r t i c l e s  i s  ju d g e d  by  th a t  o f s t a 
t i s t i c a l  r e g u la r i t i e s .  W e a r e  o f th e  o p in io n  th a t  th e  key  to  th is  p ro b le m  
sh o u ld  b e  s o u g h t in  c a lc u la t io n  o f th e  e f fe c t  o f v a c u u m  f lu c tu a tio n s  on a  
r e a l  e le c t r o n .  W hen f lu c tu a tio n  im p a c ts  f r o m  th e  v ac u u m  a r e  ta k e n  in to  
a c c o u n t, e v e n  a  s in g le  e l e c t r o n  h a s  an  in f in i te  n u m b e r  o f d e g r e e s  o f f r e e 
d o m . T h e r e f o r e  in  th e  m ic ro w o r ld  on e  c a n  no lo n g e r  c h o o se , a s  one c a n  in
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c l a s s i c a l  m e c h a n ic s ,  a  c e r t a in  c lo s e d  s y s te m  c o n ta in in g  a  f in i te  n u m b e r  
of d e g r e e s  o f fr e e d o m  fo r  w h ich  e x a c t  c l a s s i c a l  e q u a t io n s  o f  m o tio n  ca n  
be fo r m u la te d .

A c o n s id e r a t io n  o f f lu c tu a tio n s  w a s  u s e d  by u s  to s tu d y  th e  fo llo w in g  
c o n c re te  p r o b le m s  o f q u an tu m  e le c t r o d y n a m ic s .

1. We in v e s t ig a te d  th e  pho ton  e m is s io n  by  a n  e le c t r o n  m o v in g  in  a  
m a g n e tic  f ie ld , e . g ., th e  m o tio n  of an  e le c t r o n  in  a s y n c h r o tr o n  w ith  an  
e n e rg y  o f th e  o r d e r  o f 1 B ev * .

In th is  c a s e  th e  e le c t r o n  sh o u ld  b eg in  to e m i t  h ig h -e n e rg y  l ig h t q u a n ta , 
th e  r e a c t io n  o f w h ich  on th e  e le c t r o n  sh o u ld  le a d  to  f lu c tu a tio n  e x c i ta t io n  
of b e ta tr o n  o s c i l l a t io n s  o f m a c ro s c o p ic  a m p li tu d e .  T h is  sh o u ld  r e s u l t  in 
th e  fo rm a tio n  o f a  s p e c ia l  kind  o f q u an tu m  " m a c r o a to m " * * , a  s i tu a t io n  s u b 
se q u e n tly  d e te c te d  in  h igh  p r e c i s io n  e x p e r im e n ts  by F . A . K o ro le v  an d  h is  
c o l le a g u e s * * * .

T h e  th e o ry  o f th is  p h e n o m e n o n  c a n  be c o n s t r u c te d  e i t h e r  w ith  th e  h e lp  
of q u an tu m  m e c h a n ic s  o r  w ith  the h elp  of c l a s s i c a l  th e o ry ,  p ro v id e d  th a t  
in  th e  l a t t e r  one ta k e s  in to  a c c o u n t th e  f lu c tu a tio n  im p u ls e s  r e c e iv e d  by th e  
e le c t r o n  fro m  th e  s t a t i s t i c a l ly  in d e p e n d e n t p h o to n s  e m it te d  by i t .

We a r e  in c lin e d  to  s e e  in  th e  id e n ti ty  o f th e  tw o m e th o d s  a  c o n n e c tio n  
b e tw e e n  q u an tu m  th e o ry  and  th e  th e o ry  of f lu c tu a tio n s ,  w h e re  th e  s o - c a l l e d  
M ark o v  c h a in s  ho ld . In th e  e x a m p le  g iv en  h e r e  th e  e l e c t r o n s  sh o u ld  b eg in  
to m o v e  a c c o rd in g  to  the la w s  o f q u an tu m  th e o ry  o w ing  to  th e  f lu c tu a tio n  
e f fe c t  upon th em  o f th e  a c tu a l ly  e m it te d  p h o to n s .

2. D e v elo p in g  W e lto n 's  id e a  fo r  th e  L am b  s h if t ,  on e  c a n  in c lu d e  in  th e  
c l a s s i c a l  eq u a tio n  fo r  th e  h a rm o n ic  o s c i l l a to r  f u r th e r  t e r m s  d e s c r ib in g  th e  
flu c tu a tio n  e f fe c t  o f th e  e le c tro m a g n e tic  v ac u u m  on i t .  T h e n  th e  c o o r d in a te  
an d  m o m en tu m  b e c o m e  o p e r a to r s  s a t i s fy in g  th e  u n c e r ta in ty  re la t io n .* * * *

W ith  th e  t r a n s i t io n  to  d i r e c t  in v e s t ig a t io n  o f e le m e n ta r y  p a r t i c le  s t r u c 
tu r e  in  p h y s ic s  an d  the a p p e a ra n c e  of th e  q u an tu m  th e o ry  o f f ie ld s ,  o n e  i s  
a g a in  led  to  c o n s id e r  th e  p ro b le m  o f w a v e - p a r t ic le  d u a l is m . T h e  l a t e s t  
e x p e r im e n ta l  d a ta  in d ic a te  th a t  an  e le m e n ta r y  p a r t i c le  h a s  a  c e n t e r  (the 
" c o r e "  fo r  th e  n u cleo n ) w h ich  i n t e r a c t s  w ith  th e  s u rr o u n d in g  v a c u u m  (H of- 
s ta d te r - W i ls o n  e x p e r im e n ts ) .

In  th is  r e s p e c t  th e  m o tio n  o f th e  e le c t r o n  sh o u ld  be r e m in i s c e n t  o f th e  
m o tio n  o f a  B ro w n ian  p a r t i c le  o r  th a t  o f an  o b je c t  f lo a tin g  in  th e  s e a .  T h e  
a c t io n  o f f lu c tu a tio n  im p a c ts  fro m  th e  w av e i s  p a r t i c u la r l y  p e r c e p t ib le  on 
m in u te  o b je c ts  (e. g ., a  s m a l l  b o a t) . T h e r e f o r e  w e c a n  e i t h e r  p r e d ic t  th e  
p ro b a b il i ty  fo r  th e  m o tio n  o f a  s in g le  b o a t, in  w h ich  c a s e  i t s  m o r e  e x a c t  
m o tio n  ca n  be  e s t im a te d  o n ly  fo r  the p r e v io u s  in s ta n t  in  t im e , o r  p r e d ic t

• See S oko lov , A. A. and I.M. T e rn o v . K kvaniovoi teorii svetyashcliegosya elektrona (The Quan
tum Theory of the Radiating Electron). ZhETF, Vol.25, p.698. 1953.

•* See Soko lov , A. A., D. D. Iv a n e n k o , and I.M. T e rn o v . O vozbuzhdenii makroskopicheskikh 
kolebanii kvantovymi fluktuatsiyami (Excitation of Macroscopic Oscillations by Quantum Fluctuations). 
DAN. Vol. I l l ,  p. 334. 1956.
See K oro lev , F.A., O. F. K u likov , and A.G. Ersov. Quantum Excitation and Radiational 
Damping of Electron Oscillations in Cyclic Accelerators. Nuovo Cimento, Vol. 18, p. 1033. 1960.

••• •  See Soko lov , A.A. and V.S. T u m an o v . Sootnosheniya neopredelennostei i teoriya fluktuatsii 
(The Uncertainty Relations and the Theory of Fluctuations). ZhETF, Vol. 30, p. 802. 1956; A. A. 
S ok o lo v . K teorii dvizheniya elektrona s ucheiom vakuumnykh fluktuatsii (Theory of Electron Mo
tion with Vacuum Fluctuations Taken into Account). "Nauchnye doklady vysshei shkoly (Filosofskie 
nauki)" (Scientific Reports of the Higher School—Philosophical Sciences). No. 1, p. 120. 1958.
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s t a t i s t i c a l ly  th e  m o tio n  o f m an y  b o a ts ,  w h ich  c a n  be  v e r if ie d  d i r e c t ly  by 
e x p e r im e n t .  An e x a c t  g ra p h  o f m o tio n  o b ta in e d  w ith  N ew to n ia n  m e c h a n ic s  
(d y n a m ic a l  r e g u la r i ty )  ca n  be p r e p a r e d  in  a d v a n c e  on ly  fo r  l a r g e  o b je c ts  
(e . g ., a  l a r g e  sh ip )  f o r  w h ich  th e  e f fe c ts  o f th e  f lu c tu a tio n  im p a c ts  fro m  
th e  w a v e s  a r e  c o m p e n sa te d  on th e  a v e r a g e .

T h u s  in  th e  v iew  w h ich  we h av e d e v e lo p e d , th e  w ave p r o p e r t i e s  o f an  
e l e c t r o n  b e a m  c a n  be r e g a r d e d  a s  th e  s t a t i s t i c a l  d i s p e r s io n  r e s u l t in g  fro m  
th e  a c t io n  o f v ac u u m  f lu c tu a tio n s  on th e  e l e c t r o n s .  T h is  d i s p e r s io n  is  m a n 
i f e s te d  in  v a r io u s  c o n c r e te  fo r m s , e . g . ,  in  th e  fo rm  o f d i f f r a c t io n , in  th e  
i n te r a c t io n  b e tw e e n  e l e c t r o n s  an d  m a c r o in s t r u m e n t s .

W hen f ix in g  th e  p o s i tio n  of an  e le c t r o n  the l a t t e r  sh o u ld  m a n ife s t  i t s e l f  
a s  a  c o r p u s c le  th e  c o o r d in a te  an d  m o m e n tu m  o f w h ich  ca n  be p r e d ic te d  on ly  
w ith  a  d e f in ite  p ro b a b il i ty  w h ich  b e c o m e s  a c e r t a in ty  o n ly  fo r  m a c r o p a r t i c l e s .  
T h is  i n t e r p r e t a t i o n  o f w a v e - p a r t ic le  d u a l is m , tho u g h  s t i l l  e x t r e m e ly  te n t a 
t iv e , i s ,  in  o u r  o p in io n , w o r th y  o f a t te n t io n . I t  i s  p o s s ib le  th a t  th e  key to 
th e  s o lu tio n  o f th e  p ro b le m  of w a v e - p a r t ic le  d u a lis m  w ill be found a s  a  r e 
s u l t  o f th e  d e v e lo p m e n t o f n o n l in e a r  t h e o r ie s  in  w h ich  th e  s t r u c t u r e  o f e l e m 
e n ta r y  p a r t i c le s  is  ta k e n  in to  a c c o u n t (de B ro g lie , V ig ie r , T e r l e t s k i i  e t  a l .) .

In  th is  c o n n e c tio n  i t  i s  p a r t i c u la r ly  im p o r ta n t  to  s t r e s s  th a t  e le m e n ta r y  
p a r t i c l e s  c a n  b e  r e la t e d  to e a c h  o th e r  an d  to th e  v ac u u m  n o t o n ly  by e l e c t r o 
m a g n e tic  i n te r a c t io n s  b u t a l s o  by th e  s o - c a l l e d  w e ak  an d  s t r o n g  in te r a c t io n s .  
E le c tr o m a g n e t ic  i n t e r a c t io n s  d e te r m in e  th e  b in d in g  o f e l e c t r o n s  in  th e  a to m , 
p h o to n  e m is s io n  by a to m s  an d  so  on . T h e i r  n a tu re  h a s  b e e n  w e ll  s tu d ie d .

W eak  in te r a c t io n s ,  w h ich  a r e  a p p r o x im a te ly  10 12 t im e s  w e a k e r  th an  
e le c t r o m a g n e t ic  i n t e r a c t io n s ,  g iv e  r i s e  to  th e  s p o n ta n e o u s  d e c a y  o f p a r t i 
c l e s ,  e . g ., b e ta  d e c a y . T h e i r  th e o ry  w a s  fo r  a  lo n g  t im e  o n ly  q u a l i ta t iv e ,  
an d  i t  i s  o n ly  v e r y  re c e n t ly ,  s u b s e q u e n t to  th e  d is c o v e r y  o f p a r i ty  n o n c o n 
s e r v a t io n ,  th a t  th e  m a n y  p h e n o m e n a  a s s o c ia te d  w ith  w e ak  in te r a c t io n s  w e re  
e x p la in e d  q u a n t i ta t iv e ly  a s  w e ll.

S tro n g  in te r a c t io n s ,  w h ich  a r e  n e a r ly  a  th o u sa n d  t im e s  s t r o n g e r  th an  
e le c t r o m a g n e t ic  i n t e r a c t io n s  a t  s m a l l  d i s ta n c e s ,  g iv e  r i s e ,  fo r  e x a m p le , 
to  th e  n u c le a r  f o r c e s .  So f a r  t h e r e  h a s  b e e n  no good q u a n t i ta t iv e  th e o ry  of 
th e s e  i n t e r a c t io n s .  In  p a r t  th is  i s  due to  th e  fa c t  th a t  in  th e  s tu d y  of s t ro n g  
in t e r a c t io n s  th e  p e r tu r b a t io n  m e th o d  ( i . e . ,  s e r i e s  e x p a n s io n  in  a  s m a l l  p a r a 
m e te r )  c a n n o t g e n e r a l ly  be u s e d . B ut th e  c r u c i a l  p o in t  in  o u r  o p in io n  is  th a t  
in  c o n s t ru c t in g  a  th e o ry  of s t ro n g ly  in te r a c t in g  p a r t i c le s  one c a n n o t s e p a r a te  
th e  in d iv id u a l p a r t i c l e s  f ro m  the v ac u u m .

T h e  v ac u u m  m a g n e tic  m o m e n t of th e  p ro to n  is  ro u g h ly  tw ic e  a s  l a r g e  a s  
th e  D ira c  m a g n e tic  m o m e n t, w h e r e a s  in  th e  c a s e  o f th e  e le c t r o n  i t  i s  a  th o u 
sa n d  t im e s  s m a l l e r  th an  th e  D ira c  m a g n e tic  m o m e n t. T h e r e f o r e  th e  ji- 
m e s o n s  s u rr o u n d in g  a  n u c le o n  o c c u r  in  so  e x c ite d  a  s ta te  th a t  th e  n u c le o n  
r e p r e s e n t s  so m e th in g  in t e r m e d ia te  b e tw e e n  a  r e a l  s t a t e  r e m in is c e n t  o f e l e c 
t r o n s  in  an  a to m  an d  a  v i r t u a l  s ta te  p ro d u c in g , s a y , v ac u u m  p o la r iz a t io n .

T h e  n e w ly - d is c o v e re d  r e s o n a n t  s t a t e s  of p a r t i c le s  (" re s o n o n s " )  a r e  of 
p a r t i c u l a r  i n t e r e s t  in  th is  r e s p e c t .  T h e s e  re s o n a n t  s t a t e s  a r e  p ro d u c e d  by 
s t r o n g  in te r a c t io n  an d  r e p r e s e n t  s p e c ia l  c o m b in a tio n s  o f e le m e n ta r y  p a r t i 
c l e s  an d  th e  v ac u u m  w h ich  d e c a y  ra p id ly  in to  tw o o r  th r e e  n - m e s o n s ,  in to  
a  n u c le o n  an d  a  J i-m e so n , in to  a  h y p e ro n  an d  a  n -m e s o n  an d  so  on.

In th is  c o n n e c tio n  one o f th e  m o s t  im p o r ta n t  p r o b le m s  o f th e  th e o ry  of 
s t r o n g  in t e r a c t io n s  is  to  c o n s t r u c t  a  u n if ie d  th e o ry  of f ie ld s  in  w h ich  th e  
p a r t i c l e s  m a y  be re g a r d e d  a s  e x c i te d  v a c u u m  s t a t e s .  T h e  p r o v is io n a l
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q u an tu m  th e o r ie s  of s t ro n g  in te r a c t io n s  f o r m u la te d  r e c e n t ly  fa l l  c h ie f ly  
in to  two c l a s s e s :  fie ld  an d  p h e n o m e n o lo g ic a l .

A m ong th e  fie ld  th e o r ie s  w e sh o u ld  m e n tio n  f i r s t  o f a l l  th e  n o n l in e a r  
w ave e q u a tio n s  (W. H e is e n b e rg  an d  D. D. Iv a n en k o ), f ro m  w h ic h  c e r t a in  
q u a l i ta t iv e  r e s u l t s ,  e .g . ,  th e  m a s s  s p e c tr u m  of s t ro n g ly  i n te r a c t in g  p a r 
t i c le s ,  h av e  b ee n  o b ta in e d . A c e r t a in  m e a s u r e  of s u c c e s s  w a s  a c h ie v e d  
w ith  the p h e n o m e n o lo g ic a l  th e o r ie s ,  e x a m p le s  b e in g  th e  t h e o r i e s  o f d i s 
p e r s io n  re la t io n s  (G o ld b e rg e r , N .N . B ogo lyubov  e t a l .)  an d  in  p a r t i c u l a r  
th e  th e o ry  of do u b le  d i s p e r s io n  r e la t io n s  (M a n d e ls ta m  e t  a l. ), in  w h ich  
c e r t a in  q u a l i ta t iv e  r e s u l t s  p e r ta in in g  to  th e  th e o ry  o f s c a t t e r in g  o f s t r o n g 
ly in te ra c t in g  p a r t i c le s  w e re  o b ta in e d  fro m  a  n u m b e r  o f g e n e r a l  p r in c ip l e s  
(c a u s a li ty , u n i ta r i ty  an d  so  on) w ith o u t th e  in t ro d u c t io n  o f a n y  s p e c if ic  fie ld  
in te ra c t io n  b e tw e en  p a r t i c le s .

F in a lly , h ig h ly  im p o r ta n t  r e s u l t s  w e re  o b ta in e d  v e r y  r e c e n t ly  in  th e  
th e o ry  of s t ro n g  in te r a c t io n s  b a s e d  on th e  s o - c a l l e d  R eg g e p o le s .  R e g g e 's  
th e o ry  r e p r e s e n ts  a  f u r th e r  d e v e lo p m e n t o f th e  th e o ry  o f p o te n t ia l  s c a t t e r 
ing  of o r d in a r y  q u an tu m  m e c h a n ic s .  R eg g e d e m o n s t r a te d  th a t  in  th e  th e o ry  
of p o te n tia l  s c a t te r in g  th e  p o le s  ca n  l ie  n o t o n ly  on th e  r e a l  a x i s  b u t a l s o  on 
th e  co m p lex  p la n e  of o r b i t a l  a n g u la r  m o m e n tu m . In p a r t i c u la r ,  upon a p p l i 
c a tio n  of th is  th e o ry  to  s t ro n g ly  in te r a c t in g  p a r t i c le s  (C hew , I. Y a. P o m e r -  
an c h u k  e t  a l .)  i t  w a s  show n th a t  th e  fo r m a t io n  o f r e s o n o n s  sh o u ld  c o r r e s p o n d  
to  th e  c a s e  w h e re  th e  p o le s  in  p o te n t ia l  s c a t t e r in g  l ie  in  th e  c o m p le x  o r b i t a l  
a n g u la r  m o m en tu m  p la n e .

U n fo rtu n a te ly  th e  la t e s t  e x p e r im e n ts  h av e  show n  th a t  R e g g e 's  th e o ry  
d o e s  no t g iv e  good a g r e e m e n t  w ith  e x p e r im e n t  w hen  p a r t i c le  s c a t t e r in g  i s  
s tu d ie d  in  th e  r e g io n  of v e r y  h igh  e n e r g ie s .

T h e q u e s tio n  of th e  re la t io n s h ip  b e tw e e n  th e  p r o p e r t i e s  o f a  p a r t i c le  an d  
th e  o b s e r v e r  w a s  r a is e d  anew  by th e  in t e r p r e t a t i o n  of th e  p h e n o m e n a  w h ich  
go by the n am e of p a r i ty  n o n c o n s e rv a tio n .

It i s  w e ll known th a t  d e f in ite  s y m m e try  la w s  c a n  b e  e s ta b l i s h e d  in  th e  
m o d e rn  ta b le  o f e le m e n ta ry  p a r t i c le s .  T h u s  s id e  by s id e  w ith  th e  e le c t r o n  
w e hav e the p o s i tr o n . T o g e th e r  w ith  th e  p ro to n  an d  n e u tro n  w e h a v e  a n t i -  
p ro to n s  and  a n t in e u tro n s ,  an d  so  fo r th .  H o w e v e r , o u r  w o r ld  i s  n o t s y m m e t 
r i c  w ith  r e s p e c t  to  th e  n u m b e r  o f p a r t i c le s  a n d  a n t ip a r t i c le s .  In  p a r t i c u l a r  
th e  a to m s  s u r r o u n d in g  u s  c o n s i s t  o f p ro to n s ,  n e u tro n s  an d  e l e c t r o n s .  U n 
d e r  t e r r e s t r i a l  c o n d it io n s  i t  i s  p o s s ib le  a r t i f i c i a l ly  to c r e a t e  a n t ia to m s  c o n 
s i s t in g  o f a n tip ro to n s ,  a n t in e u tro n s  an d  p o s i t r o n s  w h ich  c a n  e x is t  fo r  p r o 
lo n g ed  p e r io d s  on ly  in  is o la t io n  fro m  a to m s .

A t f i r s t  g la n c e  i t  m ig h t a p p e a r  th a t  e v e ry  p h y s ic a l  p h e n o m e n o n  w h ich  ta k e s  
p la c e  in  the i s o la te d  a n tiw o r ld  sh o u ld  b e  c o m p le te ly  id e n t ic a l  w ith  th e  c o r r e 
sp o n d in g  ph en o m e n o n  in  th e  w o r ld  ab o u t u s , s in c e ,  so  it  w ould  s e e m , th e  t r a n 
s i tio n  fro m  w o r ld  to  a n tiw o r ld , w h ich  r e d u c e s  to  r e p la c e m e n t  o f a l l  e l e c t r i c  an d  
n u c le o n ic  c h a rg e s  by th e i r  o p p o s i te s ,  c a n n o t a l t e r  th e  m a g n itu d e  o f th e  e l e c t r o 
m a g n e tic  an d  n u c le a r  f o r c e s  o p e r a t iv e  b e tw e e n  p a r t i c l e s .  In  p a r t i c u l a r  th e  
s p e c t r a l  l in e s  e m it te d  by h y d ro g e n  an d  a n tih y d ro g e n  sh o u ld  b e  c o m p le te ly  id e n 
t ic a l ,  an d  s p e c tr o s c o p is t s  sh o u ld  be u n a b le  no t o n ly  to  d i s t in g u is h  b e tw e e n  th e m  
b u t ev e n  to  in d ic a te  how th is  d is t in c tio n  c o u ld  be  d ra w n .

H o w e v er, in  p h e n o m e n a  a s s o c ia te d  w ith  w e a k  in te r a c t io n s  w h ic h  p ro d u c e , 
fo r  in s ta n c e ,  a n t in e u tro n  d e c a y , a  c e r t a in  a s y m m e tr y  c o m p a re d  w ith  n e u 
t ro n  d e c a y  sh o u ld  be o b s e r v e d . T h is  a s y m m e tr y  w a s  n a m e d  p a r i t y  n o n c o n 
s e r v a t io n  by L ee  an d  Y ang.
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T o  e x p la in  th e  p h e n o m e n a  o f p a r i t y  n o n c o n s e rv a tio n  a  c e r t a in  a s y m 
m e t r y ,  no t c o n tra d ic t in g  s o m e  g e n e r a l  r e q u ir e m e n ts  th a t  m u s t  be s a t i s 
f ie d  by an y  th e o ry  o f e le m e n ta r y  p a r t i c le s ,  m u s t  be in tro d u c e d  in to  the  
o r ig in a l  w a v e  e q u a tio n s  upon t r a n s i t io n  fro m  p a r t i c le s  to a n t ip a r t i c le s ,  
i . e . ,  fo r  th e  s o - c a l l e d  c h a rg e  c o n ju g a tio n  o r  C t r a n s f o r m a t io n .

A s y m m e try  u n d e r  c h a rg e  c o n ju g a tio n  ca n  be in tro d u c e d  by su p p o s in g , 
f o r  in s ta n c e ,  th a t  a  n e u tr in o  d i f f e r s  f ro m  an  a n t in e u tr in o  in h e l ic i ty .  It 
h a s  now b e e n  e s ta b l i s h e d  th a t  th e  n e u tr in o  is  l e f t - h a n d e d  o r ,  m o re  p r e 
c i s e ly ,  r e s e m b le s  a  le f t  p o la r iz e d  p h o to n , an d  th a t  th e  a n t in e u tr in o  is  
r ig h t-h a n d e d  ( v a r ia n t  o f th e  th e o ry  o f G e ll-M a n n  an d  F e y n m a n ).

N o n in v a r ia n c e  o f w ave e q u a tio n s  u n d e r  c h a rg e  c o n ju g a tio n  (e-> — t^>t\
C t r a n s f o r m a t io n )  is  a d m is s ib le  d n ly  in  c a s s e s  w h e re  i t  i s  c o m p e n sa te d  
e i t h e r  by s p a c e  in v e r s io n , i . e . ,  by t r a n s i t io n  f ro m  a  r ig h t-h a n d  s y s te m  
o f c o o r d in a te s  to a  le f t - h a n d  on e  (e->e, r->- — r, t -» /;  ^ - t r a n s f o r m a t io n ) ,  o r  
by t im e  r e v e r s a l .

I t  sh o u ld  be  re m a r k e d  th a t  s p a c e  in v e r s io n  is  an  o r d in a r y  g e o m e tr ic  
t r a n s f o r m a t io n  e a s i ly  p e r f o r m e d  by an y  o b s e r v e r .  A s to  t im e  r e v e r s a l ,  
no o b s e r v e r  ca n  r e a l l y  c a r r y  i t  o u t, a lth o u g h  fo r  th e  m o tio n  of f r e e  p a r 
t i c l e s  th e  c o r re s p o n d in g  w ave e q u a tio n s  a r e  in v a r ia n t  u n d e r  g e o m e tr ic  
t im e  r e v e r s a l  (<•-+ e,7  ->7, t -* —t).

If e m is s io n  is  ta k e n  in to  a c c o u n t, h o w e v e r, th e n  e v e n  in  th e  c l a s s i c a l  
c a s e  th e  th e o ry  b e c o m e s  a s y m m e t r i c  u n d e r  g e o m e tr ic  t im e  r e v e r s a l ,  a s  
in  th e  o r ig in a l  s o lu tio n  i t  i s  n e c e s s a r y  to ta k e  in to  a c c o u n t o n ly  th e  r e t a r d 
ed  p o te n t ia l s  w h ich , a f te r  th is  t r a n s f o r m a t io n ,  go o v e r  in to  a d v a n c e d  p o 
t e n t ia l s ,  ow ing  to w h ich  c a u s e  an d  e f fe c t  b e c o m e  in te rc h a n g e d . T h is  n o n - 
in v a r ia n c e  i s  a p p a re n t ly  due to  th e  fa c t  th a t  th e  p r o c e s s e s  w h ich  ta k e  p la c e  
in  th e  n a tu r e  s u r r o u n d in g  u s  a r e  g e n e r a l ly  s p e a k in g  n o t r e v e r s ib l e  in  t im e .

In  o r d e r  to  e v a d e  th is  d if f ic u lty  in  th e  c l a s s i c a l  c a s e ,  g e o m e tr ic  t im e  
r e v e r s a l  sh o u ld  be su p p le m e n te d  by th e  c o n d itio n  th a t  th e  new  r e ta r d e d  
s o lu tio n s  w h ich  c o r re s p o n d e d  to th e  a d v a n c e d  s o lu tio n s  in  th e  u n tra n s f o rm e d  
th e o ry  be  le f t  in  th e  t r a n s f o r m e d  e q u a tio n s .

In e x a c t ly  th e  s a m e  w ay  in  q u an tu m  th e o ry  th e  s ig n s  o f a l l  th e  te m p o ra l  
(i. e . ,  fo u r th )  c o m p o n e n ts  o f th e  v e c to r s  m u s t  be  r e v e r s e d  in  g e o m e tr ic  
t im e  r e v e r s a l ,  a s  a  r e s u l t  o f w h ich  p a r t i c le s  w ith  p o s i t iv e  e n e rg y  ta k e  on 
n e g a tiv e  e n e rg y .

In o r d e r  fo r  th e  s ig n  o f th e  e n e rg y  o f th e  p a r t i c le s ,  a s  w e ll  a s  th e i r  
p r o p e r t i e s ,  to  r e m a in  u n c h a n g e d  in  th is  p r o c e s s ,  g e o m e tr ic  t im e  r e v e r s a l  
(/ -* —t) m u s t  be s u p p le m e n te d  by a  s u b s t i tu t io n  o f th e  o p e r a to r s ;  th a t  i s ,  
th e  o p e r a to r  o f e le c t r o n  a n n ih ila t io n  m u s t  be r e p la c e d  by th e  o p e r a to r  of 
p o s i t r o n  c r e a t io n  an d  v ic e  v e r s a .  W e w ill  c a l l  g e o m e tr ic  t im e  r e v e r s a l  
s u p p le m e n te d  by th e  in d ic a te d  s u b s t i tu t io n  of o p e r a to r s  a  T t r a n s f o r m a 
tio n . It a c tu a l ly  c o r r e s p o n d s  to  S c h w in g e r , o r  s t ro n g , t im e  r e v e r s a l .

L e e  a n d  Y ang, a s  w e ll  a s  L . D. L an d a u , p ro p o s e d  th a t  th e  n o n in v a r ia n c e  
o f th e  e q u a tio n s  f o r  th e  p o la r iz e d  n e u tr in o  u n d e r  C t r a n s f o r m a t io n  be  c o m 
p e n s a te d  by n o n in v a r ia n c e  o f th e  e q u a tio n s  u n d e r  s p a c e  in v e r s io n .

T o  do th is  th e y  in t ro d u c e d  th e  s o - c a l le d  c o m b in e d  p a r i ty :

C =£ const, P const, CP =  const,

f r o m  w h ich  i t  fo llo w s  th a t  upon t r a n s i t io n  fro m  a  r ig h t-h a n d  s y s te m  o f c o 
o r d in a te s  to  a  l e f t - h a n d  on e  a  le f t - h a n d e d  n e u tr in o  sh o u ld  go o v e r  in to  a  
r ig h t-h a n d e d  o n e , i . e . ,  in to  a  v i r t u a l  s t a t e .
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T o m ak e  a r ig h t-h a n d e d  n e u tr in o  a g a in  r e a l  th ey  s u g g e s te d  c a r r y 
ing  ou t a n o th e r  C t r a n s f o r m a t io n ,  w ith  th e  r e s u l t  th a t  th e  n e u tr in o  w ou ld  
be t r a n s f o r m e d  in to  a  r e a l l y  e x is t in g  r ig h t-h a n d e d  a n t in e u t r in o . M o re  
p r e c i s e ly ,  fo r  a  C t r a n s f o r m a t io n  th e  c r e a t io n  o p e r a to r s  o f a  r ig h t-h a n d e d  
n e u tr in o  a r e  t r a n s f o r m e d  in to  th e  c r e a t io n  o p e r a to r s  o f a  r ig h t-h a n d e d  
a n tin e u tr in o .

T h ey  s u b s ta n t ia te d  th e  n o n in v a r ia n c e  o f th e  e q u a tio n s  f o r  th e  n e u tr in o  
u n d e r  the  P t r a n s f o r m a t io n  in  th e  fo llo w in g  w ay: f i r s t l y ,  th e y  to o k  the  
tw o -c o m p o n e n t W eyl e q u a tio n  w h ich  is  n o n in v a r ia n t  u n d e r  P t r a n s f o r m a 
tio n  fo r  th e  w ave eq u a tio n  o f th e  n e u tr in o , th e  m a s s  o f w h ich  i s  z e ro ;  
se c o n d ly , th ey  a s s u m e d  th a t  a  s in g le  m i r r o r  r e f le c tio n  o f th e  s c r e w  
w hich  c o n v e r ts  a le f t - h a n d  s c r e w  in to  a  r ig h t-h a n d  on e  c o m p le te ly  d e 
s c r ib e s  P t r a n s f o r m a t io n .

H o w e v er, th is  v iew  c o n ta in s  c e r t a in  in te r n a l  c o n t r a d ic t io n s .  In  r e a l 
ity  th e  c h o ic e  of a  r ig h t-h a n d  o r  l e f t - h a n d  s y s te m  o f c o o r d in a te s  d e 
p e n d s  e x c lu s iv e ly  on th e  w ill o f th e  o b s e r v e r ,  an d  th e r e f o r e  s p a c e  i n 
v e r s io n  c a n n o t in  any  w ay m o d ify  th e  r e a l  p r o p e r t i e s  o f e le m e n ta r y  
p a r t i c le s ,  e .g . ,  c a n n o t ch a n g e  r ig h t-h a n d e d  p a r t i c le s  in to  le f t - h a n d e d  
o n e s . In su c h  a t r a n s f o r m a t io n  on ly  th e  m a th e m a tic a l  d e s c r ip t io n  o f 
th e  o r ig in a l  h e lic i ty  c a n  c h a n g e .

We w ill  ta k e  th e  fo llo w in g  e x a m p le  to  i l l u s t r a t e  o u r  id e a . L e t u s  
s u p p o se  th a t o b s e r v e r s  a r e  fly in g  on a  p r o p e l l e r  a i r c r a f t  th e  p r o p e l l e r  
o f w h ich  d e s c r ib e s  a  r ig h t-h a n d  s c r e w  r e la t iv e  to  th e  v e lo c ity  (o r  m o 
m en tu m ) of the a i r c r a f t .  T h o se  who c h o o se  a  r ig h t-h a n d  s y s te m  of c o 
o r d in a te s  fo r  th e i r  in v e s t ig a t io n s  w ill  m a in ta in  th a t  th e  a n g u la r  v e lo c ity  
(a x ia l v e c to r ,  i . e . ,  th e  a n a lo g u e  of th e  p s e u d o v e c to r  7  o f sp in ) i s  p a r a l 
le l  to th e  v e lo c ity  of th e  a i r c r a f t  (p o la r  v e c to r ) .  T h e  o b s e r v e r s  w ho 
ch o o se  a  le f t - h a n d  s y s te m  o f c o o r d in a te s ,  i . e . ,  p e r f o r m  a  P t r a n s f o r 
m a tio n  fro m  th e  s ta n d p o in t  o f th e  o th e r  o b s e r v e r s ,  w il l  m a in ta in ,  w h ile  
d e s c r ib in g  th e  s a m e  h e l ic i ty ,  th a t  th e  a n g u la r  v e lo c ity  i s  a n t ip a r a l l e l  to  th e  
v e lo c ity  o f th e  a i r c r a f t ,  a lth o u g h  p h y s ic a l ly  th e  r e a l  p r o c e s s  w h ich  bo th  
g ro u p s  o f o b s e r v e r s  a r e  d e s c r ib in g  in  d i f fe re n t  m a th e m a tic a l  w a y s  i s  one 
and  th e  s a m e , i . e . ,  th e  r ig h t-h a n d  s c r e w  m o tio n  o f  a  p r o p e l l e r  (F ig u re  1).

In o r d e r  to  p re v e n t  th is  c o n tra d ic t io n  f ro m  a r i s in g  w e found  i t  n e c e s 
s a r y  to d e te rm in e , in e a c h  c o n c re te  so lu tio n  w ith  s p e c if ie d  h e l ic i ty ,  th e  
r e a l  ro ta t io n  to  w h ich  th is  so lu tio n  c o r re s p o n d e d , j u s t  a s  in  s tu d y in g  
c i r c u l a r  photon  p o la r iz a t io n  i t  i s  n e c e s s a r y  to  d e te r m in e  th e  c o r r e 
sp o n d in g  r o ta t io n s  fo r  th e  e l e c t r i c  f ie ld  s t r e n g th  v e c to r .

T h e  so lu tio n  o f th is  p ro b le m  w a s  f a c i l i t a te d  by th e  f a c t  th a t  th e  fo u r -  
c o m p o n e n t th e o ry  of lo n g itu d in a lly  p o la r iz e d  D ira c  p a r t i c le s  had  a l r e a d y  
b ee n  d ev e lo p ed  by u s  in  1945, i . e . ,  long  b e f o re  th e  d is c o v e r y  o f th e  p h e n 
o m e n a  o f p a r i ty  n o n c o n s e rv a t io n * .

S u b se q u e n tly  w e w e re  a ls o  a b le  to e s t a b l i s h  th e  law  o f v a r ia t io n  o f 
h e l ic i ty  u n d e r  L o re n tz  t r a n s f o r m a t io n s  an d  to show , in  p a r t i c u la r ,  th a t  
h e l ic i ty  d o e s  not ch a n g e  in  th is  p r o c e s s  if th e  r e s t  m a s s  o f th e  p a r t i 
c le s  i s  e x a c tly  z e ro .

• See Soko lov , A. A. On the Polarization of Electron Wave. Journal of Physics U.S.S.R., Vol. 9, 
p. 363. 194S.
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A f te r  th e  d is c o v e r y  o f  L e e  a n d  Y ang  o u r  r e s u l t s  w e re  im m e d ia te ly  a p 
p l ie d  to  th e  in v e s t ig a t io n  o f p a r i t y  n o n c o n s e rv a t io n * .

L e t  u s  f i r s t  o f a l l  c o n s id e r  th e  b e h a v io r  o f h e l ic i ty  u n d e r  P t r a n s f o r m a t io n . 
W ith  o n ly  o n e  m i r r o r  on e  c a n  d e s c r ib e  P t r a n s f o r m a t io n s  if  o n ly  p a r a l l e l  p o la r  
v e c to r s  (th e  m i r r o r  is  p la c e d  p e r p e n d ic u la r  to  th e s e  v e c to r s )  o r  o n ly  p a r a l l e l  

a x ia l  v e c to r s  (th e  m i r r o r  i s  p la c e d  p a r a l l e l  to 
th e s e  v e c to r s )  a r e  p r e s e n t .  In th e  p r e s e n c e  of 
p a r a l l e l  p o la r  an d  a x ia l  v e c to r s ,  i .e . ,  h e l ic i t i e s ,  
th e  P t r a n s f o r m a t io n  c a n  b e o b ta in e d  by r e f le c tio n  
in  two m i r r o r s  (one is  p la c e d  p e r p e n d ic u la r  an d  the 
o th e r  p a r a l l e l  to  th e  m o m e n tu m ). T h e n  in the P 
t r a n s f o r m a t io n  o n ly  th e  m a th e m a tic a l  fo rm  o f d e 
s c r ip t io n  o f th e  h e l ic i ty ,  bu t n o t th e  h e l ic i ty  i t s e l f ,  
is  c h a n g e d  (F ig u re  2). In  th is  s e n s e  w e ca n  a s s u m e

A s th e  w av e e q u a tio n  f o r  th e  fo u r  c o m p o n e n t p o 
l a r i z e d  n e u tr in o  is  n o t in v a r ia n t  u n d e r  S c h w in g e r 
t im e  r e v e r s a l  (t -* —t; th e  c r e a t io n  o p e r a to r s  of 
th e  le f t - h a n d e d  n e u tr in o  a r e  r e p la c e d  by the a n n i 
h ila t io n  o p e r a to r s  o f th e  le f t - h a n d e d  a n t in e u tr in o ) ,  
t h e r e f o r e  in  th is  th e o ry  n o n in v a r ia n c e  u n d e r  C 
t r a n s f o r m a t io n  i s  c o m p e n sa te d  by n o n in v a r ia n c e  
u n d e r  T t r a n s f o r m a t io n ,  i .e . ,

CT =  const.

T h e  jo in t  CT t r a n s f o r m a t io n  is  s o m e t im e s  c a l le d  w e ak , o r  W ig n e r, t im e  
r e v e r s a l .  In  W ig n e r t im e  th e  o p e r a to r s  o f p a r t i c le  a n n ih ila t io n  go o v e r  in to  
o p e r a t o r s  o f c r e a t io n  o f th e  s a m e  p a r t i c le s ,  an d  th e  v a lu e  o f the h e l ic i ty  d o es  
n o t c h a n g e .

C h a r a c t e r iz in g  th e  n e u tr in o  an d  th e  a n t in e u tr in o  by p a r a l l e l  m o m e n ta , and  
a t  th e  s a m e  t im e  by o p p o s ite  p o la r iz a t io n s ,  one ca n  show  th a t  a  s in g le  m i r r o r  
p la c e d  p e r p e n d ic u la r  to  th e  m o m e n tu m  w ill  d e s c r ib e  th e  T t r a n s f o r m a t io n  a nd  
a  m i r r o r  p la c e d  p a r a l l e l  to  th e  m o m e n tu m  th e  C t r a n s f o r m a t io n  (s e e  F ig u r e  2).

I t s h o u ld  b e  s t r e s s e d  th a t  th e  L e e  — Y ang — L an d a u  c o m b in e d  p a r i t y  r u l e s  o u t 
th e  a p p e a ra n c e  o f a n o th e r  fo rm  o f C a s y m m e tr y  p ro d u c e d  by th e  in t ro d u c tio n  
in to  th e  f o u r - f e r m io n  in te r a c t io n  {A —p s e u d o v e c to r  an d  V v e c to r )  of c o m p le x  
c o u p lin g  c o e f f ic ie n ts .  In  th e  l a t t e r  c a s e  o n e  o b ta in s  an  a d d i t io n a l  t e rm

i { G \ C v - C \ C A)C sn \P j> ~  1).

w h ich  i s  n o n in v a r ia n t  u n d e r  T t r a n s f o r m a t io n  an d  fo r  w h ich  th e  r ig h t-h a n d  
s y s te m  o f c o o r d in a te s  r e m a in s  r ig h t-h a n d e d  w h ile  th e  n e u tro n  sp in  s„ an d  
th e  m o m e n ta  o f th e  e l e c t r o n  pe an d  a n t in e u tr in o  p~ r e v e r s e  t h e i r  s ig n s
(*-*■—*. p — — p).

tJ*
FIGURE 1. Representation 
of right helicity in the right- 
hand "jr and left- hand I 1 
systems of coordinates:
7— axial spin vector; ~p —
Dolar momentum vector

See S o k o lo v , A. A. Nekotorye metodologicheskie voprosy teorii nesokhraneniya chetnosti (Certain 
Methodological Problems of the Theory of Parity Nonconservation). Voprosy filosofii. No. 10, p. 76. 1959; 
S o k o lo v , A.A. and M.M. K o le sn ik o v a . O rasseyanii poperechno-polyarizovannykh fermionov 
(Scattering of Cross-Polarized Fermions). ZhETF, Vol.38, p. 1778. I960; S ok o lo v , A. A. Uber das
Verhalten des Spins von Dirac — Teilchen bei Streuprozessen. Annalen der Physik (DDR), Vol.8, p.237. 
1961.

155



Initial helicity 
(right-hand system of coor

dinates; *,'»-/) 
Left-handed neutrino

-transformation 
(right-hand system of coor

dinates; $?• { ! • / )  
Right-handed neutrino

7-transformation 
(right-hand system of coor

dinates;
Right-handed neutrino

Mirror

P- transformation 7£-transform atlon
(left-hand  system of (right-hand system of

coordinates; -& •!)  coordinates;S/ - s '= - f )  
Left-handed neutrino

FIGURE 2. Representation of helicity changes in a neutrino in T, C and P transformations 
with the help of mirrors:

«,—helicity of neutrino; j~  — helicity of antineutrino; for the initial state

H o w ev er, in  the fo u r  c o m p o n e n t th e o ry  of th e  p o la r iz e d  n e u tr in o , th is  
is  q u ite  a d m is s ib le ,  s in c e  a c c o rd in g  to  th is  th e o ry  th e  l a t t e r  e x p r e s s io n ,  
a s  w e ll a s  the n e u tr in o  h e l ic i ty ,  i s  in v a r ia n t  no t o n ly  u n d e r  V t r a n s f o r m a 
tio n  b u t a ls o  u n d e r jo in t  CT t r a n s f o r m a t io n ,  w hen

s —► — s, p-* — p, (sp) =  const, G~*G .

T h u s  in th e  fo u r  c o m p o n e n t th e o ry  th e  c o u p lin g  c o e f f ic ie n ts  c a n  be no t 
on ly  re a l ,  a s  in the two c o m p o n e n t th e o ry , bu t a ls o  c o m p le x . In  th e  l a t t e r  
c a s e  th e  p h e n o m e n a  o f p a r i ty  n o n c o n s e rv a t io n  c a n  b e  o b s e r v e d  w ith o u t i n 
tro d u c in g  p a r t i c le s  of z e ro  r e s t  m a s s .

F u r th e r ,  in  the fo u r -c o m p o n e n t  th e o ry  in  a d d it io n  to  th e  so lu tio n  th a t  
th e  n e u tr in o  is  le f t-h a n d e d  (vL), an d  the a n t in e u tr in o  r ig h t-h a n d e d  (v r ) t h e r e  
sh o u ld  be a  s e c o n d  so lu tio n , n a m e ly  th e  n e u tr in o  i s  r ig h t-h a n d e d  (v r ) an d  
the  a n t in e u tr in o  le f t - h a n d e d  (vL).

S e le c tio n  of a  p a r t i c u la r  so lu tio n  c a n  be  e f fe c te d  w ith  th e  a id  o f a  
s p e c ia l  o p e r a to r  w h ich  ca n  be in c lu d e d  in  th e  i n te r a c t io n  e n e rg y * .

• See S oko lov , A. A. Elementarnye chastitsy (Elementary Panicles). Moscow. 1963; S o k o lo v , A. A.
On the Four Component Neutrino Theory. Physics Letters. Vol.3, p.211. 1963.
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R e c e n tly  a  s e c o n d  n e u tr in o  w a s  d is c o v e r e d , i . e . ,  i t  w a s p ro v e d  th a t a l 
tho u g h  r ig h t-h a n d e d  n e u t r in o s  (o r  a n t in e u tr in o s )  a r e  fo rm e d  w ith  the p '-  
m e s o n , a s  w e ll  a s  w ith  th e  e le c t r o n ,  th e y  a r e  n o t id e n t ic a l  (p * -m e so n s , no t 
p o s i t r o n s ,  a r e  fo rm e d  in  th e  a b s o r p tio n  o f a m uon  a n tin e u tr in o ) .*

T h e  r e s u l t s  o f th e  l a t e s t  e x p e r im e n ts  ca n  be m ad e  to fit  n a tu r a l ly  in  the 
fo u r  c o m p o n e n t th e o ry  by r e f e r r in g  the m uon  n e u tr in o  to  th e  se c o n d  ty p e  of 
s o lu tio n  (v), an d  v'L). F u r th e r ,  in t ro d u c in g  th e  c o n c e p t o f  le p to n  c h a rg e ,  w hich  
l ik e  th e  e l e c t r i c  c h a rg e ,  sh o u ld  b e  c o n s e rv e d  in  a l l  r e a c t io n s  w ith  e le m e n 
t a r y  p a r t i c le s ,  w e sh o u ld  a t t r i b u t e  to  p+, vL, v«, a  u n it le p to n  c h a rg e  (e. g ., 
p o s i t iv e )  an d  to e*. p‘,vB, \ L' i t s  o p p o s i te .  I t  th e n  b e c o m e s  u n d e r s ta n d a b le  th a t 
th e  d e c a y  p"-> e‘ +Y sh o u ld  be fo rb id d e n .

S hould  a l l  o f th is  u l t im a te ly  be c o n f ir m e d , th e  a p p l ic a b i l i ty  o f th e  two 
c o m p o n e n t th e o ry  n o n in v a r ia n t  u n d e r  s p a c e  in v e r s io n  w ill  b e  s e v e r e ly  r e 
s t r i c t e d .

In c o n c lu s io n  i t  sh o u ld  be  s t r e s s e d  th a t  m an y  s c i e n t i s t s  bo th  in  th is  c o u n 
t r y  an d  a b r o a d  a r e  b e in g  le d  to  th e  c o n c lu s io n  th a t  th e  r e g u la r i t i e s  o f the 
m ic ro w o r ld  d ep e n d  n e i th e r  on th e  in s t r u m e n t  n o r  on th e  o b s e r v e r ,  i . e . ,  
w h e th e r  c o n s c io u s ly  o r  s p o n ta n e o u s ly , th ey  a r e  ta k in g  th e  ro a d  o f d i a l e c 
t i c a l  m a te r ia l i s m .

B o h r h im s e l f  d w e lle d  w ith  i n c r e a s in g  fre q u e n c y  on th e  o b je c tiv i ty  of th e  
r e g u la r i t i e s  o f th e  m ic ro w o r ld  in  h is  l a s t  w o rk s , y e t  u n ti l  th e  v e r y  l a s t  m o 
m e n tu m  c o n tin u e d  to b e l ie v e  th a t  o u r  c o g n it io n  o f th e  m ic ro w o r ld  sh o u ld  in 
p r in c ip le  be l im ite d  by th e  p r i s m  o f th e  m a c ro in s tr u m e n t* * . T h e r e f o r e  we 
c a n n o t a g r e e  w ith  V .A . F o k  th a t  th e  on ly  p o in t on w h ich  th e  " C o p en h ag e n  
in t e r p r e t a t i o n "  i s  o p en  to  v a lid  c r i t i c i s m  a s  a  p o s i t iv i s t i c  v iew  is  th e  no t 
c o m p le te ly  s u c c e s s f u l  te rm in o lo g y  in t ro d u c e d  by B o h r ( e .g . ,  " u n c o n t r o l 
la b i l i ty  o f i n te r a c t io n " ,  id e n t i f ic a tio n  o f th e  p r in c ip le  o f c a u s a l i ty  in g e n e r 
a l  w ith  d e te r m in is m  o f th e  L a p la c ia n  ty p e , an d  so  o n )*** .

A c c o rd in g  to  th e  te a c h in g s  o f L en in , d e s p i te  th e  in e x h a u s t ib i l i ty  o f th e  
s im p le s t  p a r t i c le ,  e .g . ,  e le c t r o n ,  o u r  k n o w led g e h a s  an  o b je c tiv e  n a tu re  
w h ic h  a p p r o a c h e s  th e  a b s o lu te  t r u th  a s y m p to t ic a l ly .

T h u s  m o d e rn  s c ie n c e  c a n  r e c e iv e  c o r r e c t  g u id in g  p r in c ip le s  fo r  i t s  d e 
v e lo p m e n t o n ly  f r o m  d ia le c t ic a l  m a te r ia l i s m .

See S ch w arz , M. et al. Observation of High Energy Neutrino Reactions and the Existence of Two Kinds 
of Neutrinos. "Physical Review Letters", Vol. 9, p. 36. 1962; P o n te c o rv o , B.M. Eleklronnye i myu- 
onnye neitrino (Electron and Muon Neutrinos). ZhETF, Vol. 37, p. 1751. 1959.
See Bohr, N. The Unity of Human Knowledge, in "Essays 1958 - 1962 on Atomic Physics and Human 
Knowledge". Interscience Publishets. 1963.
See Fok, V.A. Ob interpretatsii kvantovoi mekhaniki (On the Interpretation of Quantum Mechanics), 
in a collection entitled "Filosofskie voprosy sovremennoi fiziki” (Philosophical Problems of Modern 
Physics). Moscow. 1959.
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AN EV A LU A TIO N  O F  T H E  SIG N IFIC A N C E  O F  S T A T IS T IC A L  
R E G U L A R IT IE S  IN E L E M E N T A R Y  P A R T IC L E  PH Y SIC S

Yu. V. Sachkov

M o d ern  q u an tu m  th e o ry , w h ich  is  th e  p r in c ip a l  t h e o r e t ic a l  to o l  o f e l e m 
e n ta ry  p a r t i c le  r e s e a r c h  a t  th e  p r e s e n t  s ta g e  an d  in  w h ich  a r e  e x p r e s s e d  
th e  la w s  an d  p r o p e r t i e s  of th e s e  " u n iv e r s a l  b r i c k s " ,  i s  fu n d a m e n ta l ly  s t a 
t i s t i c a l ,  i. e .,  the  c o n c e p t o f p ro b a b il i ty  is  a n  e s s e n t i a l  p a r t  o f i t .  In  q u a n 
tum  th e o ry  p h y s ic a l  s y s te m s  an d  th e i r  s t a t e s  a r e  c h a r a c t e r i z e d  by  th e  
p ro b a b il i ty  co n c e p t. T h is  c o n c e p t is  n e c e s s a r y  fo r  th e  c h a r a c t e r i z a t io n  
of the  in te rn a l  p r o p e r t i e s  o f m ic r o p a r t i c l e s  an d  o f t h e i r  in t e r a c t io n s .  T h e  
d e v e lo p m e n t of a  c o n s i s te n t  t r e a tm e n t  o f q u an tu m  p r o c e s s e s  is  in s e p a r a b ly  
lin k e d  to a th o ro u g h  a n a ly s i s  o f th e  n a tu re  o f s t a t i s t i c a l  r e g u la r i t i e s .  F ig 
u ra tiv e ly  sp e a k in g , n o tio n s  in v o lv in g  p ro b a b il i ty  c o n s t i tu te  th e  s k e le to n  of 
qu an tu m  th e o ry ; on  th is  s k e le to n  r e s t  th e  fo r m u la tio n  an d  s y n th e s i s  o f th e  
p h y s ic a l  id e a s  w h ich  c o n s t i tu te  th e  f le s h  an d  b lo o d  o f th e  th e o ry .

C o n c e p ts  in v o lv in g  s t a t i s t i c a l  r e g u la r i t i e s  h av e  le d  to a  new  p e r c e p t io n  
of the w o r ld  in s c ie n c e .  If p r e v io u s ly  s c ie n t i f i c  th in k in g  s t a r t e d  f r o m  th e  
n e c e s s i ty  of e s ta b l is h in g  o n e -o n e  c o r r e s p o n d e n c e s  b e tw e e n  e le m e n ta r y  
w o r ld  e v e n ts  an d  v iew ed  su c h  c o r r e s p o n d e n c e s  a s  th e  o n ly  n e c e s s a r y  o n e s , 
th e  in c u rs io n  o f th e  s p i r i t  o f p r o b a b il i ty  in to  p h y s ic s  s h a t t e r e d  th e  b e l ie f  in  
th is  p r in c ip le .  r 'u r  w o r ld  i s  in e x h a u s tib ly  r i c h  in  e v e n ts .  T h e s e  e v e n ts  
a r e  in f in ite ly  v a r ie d  and  m in u te ly  in te rw o v e n . In  s u c h  a  g r e a t  m u l ti tu d e  
of e v e n ts , c o u ld  n e c e s s i ty  be m a n ife s te d  o n ly  a s  o n e - o n e  c o r r e s p o n d e n c e s  
b e tw e e n  the  in i t i a l  e le m e n ta ry  e v e n ts ?  Is  no t th e  s ta te m e n t  " o n e - o n e  c o r 
re sp o n d e n c e  b e tw e en  su c h  e v e n ts  is  a n e c e s s i ty  o n ly  in  th e  s im p le s t  c a s e s "  
c lo s e r  to the t ru th ?

T h e  new v iew s  c o n c e rn in g  th e  n e c e s s i ty  w h ich  s c ie n c e  w a s  c a l le d  upon 
to c o m p re h e n d  b e c a m e  e s ta b l i s h e d .  New th in g s , a s  i s  w e ll know n, a r e  b o rn  
in  s t r u g g le  w ith  th e  o ld . T h e  b i r th  an d  c o n s o l id a t io n  o f s t a t i s t i c a l  r e g u l a r 
i t ie s  w a s a  c o m p lic a te d  an d  d if f ic u lt  p r o c e s s .  In  l a r g e  p a r t  th i s  w a s  due to 
th e  w id e s p r e a d  p re d o m in a n c e  of o u td a te d  id e a s  in  th a t  s c ie n c e  w h ich  is  
m e a n t to a s s i s t  in th e  c r e a t io n  an d  d e v e lo p m e n t o f s c ie n c e s  a n d  in  th e  e v o l 
u tio n  o f th e i r  s e l f -k n o w le d g e , n a m e ly  p h ilo so p h y , an d  to th e  e n s u in g  s t r u g g le  
b e tw e en  the o ld  an d  th e  new . In s u c h  s i tu a t io n s  th e  new  f r e q u e n t ly  e s t a b 
l i s h e s  i t s e l f  by m e a n s  o f an  e s p e c ia l ly  p ro n o u n c e d  r u p tu r e  o f th e  t i e s  lin k in g  
i t  to th e  p a s t  in  o r d e r  to g a in  f r e e d o m  of a c t io n . O n ly  in  th i s  w ay , a p p a r e n t 
ly , c a n  one a c c o u n t fo r  th e  f a c t  th a t  m an y  o f th e  le a d in g  s c i e n t i s t s  w ho la id  
th e  fo u n d a tio n s  o f q u an tu m  th e o ry  c a m e  up w ith  a  r e n u n c ia t io n  o f m a t e r i a l 
is m  an d  d e te rm in is m , w h ich  a r e  th e  s t a r t i n g  p o in ts  o f c l a s s i c a l  p h y s ic s  
an d  th e  fo u n d a tio n  o f fo u n d a tio n s  o f th e  th e o ry .  T h e  a n a r c h i c a l  w ay  o f s e l f -  
a s s e r t io n  h o w e v e r is  s e l f - d e s t r u c t iv e .  T h e  new  i s  a lw a y s  fa c e d  w ith  a
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s e r io u s  p ro b le m , th e  p ro b le m , so  to  sp e a k , of se lf -k n o w le d g e : who a r e  
yo u , w h a t c a n  you  do, o f w h a t u s e  a r e  y o u ?  T h e  new  c a n  im p o se  i t s e l f  
o n ly  a s  a  n e c e s s i ty ,  an d  th is  on e  b r in g s  a b o u t by a n a ly s i s  o f th e  r e g u la r  
c o n n e c tio n s  w ith  o n e 's  a n te c e d e n ts ,  o f th e  h i s to r i c a l  p r o c e s s  o f d e v e lo p 
m e n t .  O th e r w is e ,  s in c e  th e  p ro b le m  o f s e lf -k n o w le d g e  a lw a y s  a r i s e s  in 
so m e  fo r m  o r  o th e r ,  on e  c a n  s e e k  to e s ta b l i s h  o n e s e lf  s p u r io u s ly  by m e a n s  
o f o b s o le te  id e a s .  T h is  w a s  th e  c a s e  w ith  a  n u m b e r  o f p h y s ic i s t s  who so u g h t 
to  ju s t i f y  s t a t i s t i c a l  r e g u la r i t i e s  on th e  g ro u n d s  o f th e  o u td a te d  an d  s p u r io u s  
id e a s  o f p o s i t iv i s m .

T h e  m e a n s  by w h ich  s t a t i s t i c a l  r e g u la r i t i e s  ca n  be ju s ti f ie d  a r e  s t i l l  u n 
c l e a r  in  m an y  r e s p e c t s ,  a s  e v id e n c e d  by th e  k ee n  d e b a te  s u rro u n d in g  th e s e  
q u e s t io n s .  P e r h a p s ,  the  p r in c ip a l  p o s i t iv e  r e s u l t  o f th e s e  d is c u s s io n s  in 
m a t e r ia l i s t i c  c i r c l e s  h a s  b e e n  the r e c o g n it io n  th a t  s t a t i s t i c a l  r e g u la r i t i e s  
h av e  a  s p e c if ic ,  d i s t in c t  c h a r a c t e r ,  th a t  th ey  do n o t r e d u c e  to an y  fo rm  of 
d y n a m ic a l  r e g u la r i t y  of in d iv id u a l o b je c ts ,  an d  th a t  th e y  h av e  a  p r o p e r  o b 
je c t iv e  b a s i s .  H o w e v er, th e  " m o m e n ts "  of d ia le c t ic s  in  th e  ju s ti f ic a t io n  
o f s t a t i s t i c a l  r e g u la r i t i e s  s t i l l  r e m a in  u n c le a r  to  a  l a r g e  e x te n t. It i s  no t 
e v e n  c o m p le te ly  c l e a r  w h a t f o r m s  o f n e c e s s i ty  u n d e r lie  s t a t i s t i c a l  r e g u la r 
i t i e s .  T h e  g e n e r a l  c h a r a c t e r i z a t io n  o f th e  c l a s s  o f p ro b le m s  in  w h ich  th ey  
a r e  a p p l ic a b le  c a l ls  fo r  c l e a r e r  d e f in it io n . In  w h a t w ay  d id  th ey  a s s i s t  in 
the d e v e lo p m e n t o f a  th e o ry  o f c o g n it io n ?  T h e  p ro b le m s  a s s o c ia te d  w ith  
th e  j u s ti f ic a t io n  o f s t a t i s t i c a l  r e g u la r i t i e s  a r e  e s p e c ia l ly  a c u te  in  q uan tum  
th e o ry . In p a r t i c u la r ,  th e  fo llo w in g  p ro b le m  is  of in t e r e s t :  in  w h a t w ay 
d id  q u an tu m  th e o ry  a d v a n c e  id e a s  c o n c e rn in g  s t a t i s t i c a l  r e g u la r i t i e s  a s  
c o m p a re d  w ith  c l a s s i c a l  p h y s ic s ?  How c a n  on e  e x p la in  th e  fa c t  th a t  in  c l a s 
s i c a l  p h y s ic s  s t a t i s t i c a l  r e g u la r i t i e s  w e re  u se d  to e x p r e s s  th e  p r o p e r t i e s  
o f s e t s  (m a c ro s c o p ic  c h a r a c t e r i s t i c s ,  w h ich  in  t h e i r  v e r y  c o n te n t a r e  c h a r 
a c t e r i s t i c s  o f s e t s ) ,  w h ile  in  q u an tu m  p h y s ic s  th ey  a r e  u se d  p r im a r i l y  to 
c o g n iz e  th e  p r o p e r t i e s  an d  r e g u la r i t i e s  o f in d iv id u a l q u an tu m  p a r t i c le s ?  
S ta t is t i c a l  m e th o d s  o f r e s e a r c h  c o n tin u e  to  e v o lv e  in  th e  p r e s e n t  s ta g e  of 
d e v e lo p m e n t o f q u an tu m  th e o ry  a s  w e ll; in  th is  c o n n e c tio n  th e  a p p e a ra n c e  
o f n e g a tiv e  p r o b a b i l i t i e s  in  n o n l in e a r  q u an tu m  th e o r ie s  d e s e r v e s  a t te n tio n . 
M e th o d o lo g ic a lly  i t  i s  o f g r e a t  i n t e r e s t  to c o n s id e r  th e  g e n e ra l  c h a n g e s  in 
o u r  id e a s  c o n c e rn in g  s t a t i s t i c a l  r e g u la r i t i e s .

T h e  fo llo w in g  p o in t  a l s o  d e s e r v e s  m e n tio n . S ta t is t i c a l  id e a s ,  th e  c o r e  
o f w h ich  i s  th e  th e o ry  o f p ro b a b il i ty ,  a r e  f in d in g  v e r y  w id e s p r e a d  a p p l ic a 
t io n  in  m o d e rn  n a tu r a l  s c ie n c e  — b io lo g y , a s t ro n o m y , p h y s ic s ,  c y b e rn e t ic s  
a n d  so  o n . In  n a tu r a l  s c ie n c e ,  h o w e v e r, s t a t i s t i c a l  r e g u la r i t i e s  n e v e r  a p 
p e a r ,  so  to s p e a k , in  p u re  fo rm ; in s te a d  th ey  a lw a y s  a s s u m e  a  c e r t a in  m a 
t e r i a l  c o lo r in g . W h e n e v e r a  s t a t i s t i c a l  th e o ry  is  c o n s t r u c te d  i t  i s  th e  t ru ly  
s t a t i s t i c a l  c o n s id e r a t io n s  th a t  m a k e  i t  p o s s ib le  to fo r m u la te  th e  p r e c i s e  
s c ie n t i f i c  id e a  w h ich  i s  in  th e  fo r e f r o n t  o f th is  th e o ry .  In th is  r e s p e c t  q u a n 
tu m  th e o ry  c a n  h a r d ly  be a n  e x c e p tio n . F ro m  th e  m e th o d o lo g ic a l  s ta n d 
p o in t  i t  i s  t h e r e f o r e  v e r y  im p o r ta n t  to  s e e  w h ich  im p o r ta n t ,  t r u ly  q u a n ta l  
id e a s  p ro v e d  s u s c e p tib le  o f fo r m u la tio n  in  th e  la n g u a g e  o f s t a t i s t i c s .

In  th e  d i s c u s s io n s  c o n c e rn in g  th e  j u s ti f ic a t io n  o f s t a t i s t i c a l  r e g u la r i t i e s  
th e  p r o b le m s  w e re  n o t a lw a y s  c l e a r ly  s ta te d ;  s o m e t im e s ,  in  fa c t , p ro b le m s  
d i s s im i l a r  in  n a tu r e  w e re  c o n fu se d . Y e t th e  p r o b le m s  r a i s e d  in  th e s e  d i s 
c u s s io n s  w e re  v e r y  im p o r ta n t  o n e s :  th ey  c o n c e rn e d  th e  g e n e r a l  p r o s p e c ts  
f o r  th e  d e v e lo p m e n t o f  q u an tu m  th e o ry , an d , c h ie f ly , th e  fa te  o f s t a t i s t i c a l  
r e g u la r i t i e s  in  th e  f u r th e r  d e v e lo p m e n t o f th e  p h y s ic s  o f m ic r o p r o c e s s e s .  
P e r h a p s  th e  s h a r p e s t  d e b a te  w a s  on th e s e  p r o b le m s .  W ill p h y s ic s  d ev e lo p
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alo n g  th e  l in e s  of s t a t i s t i c s  an d  p r o b a b il i ty ?  W ill th e r e  be a  " r e v e r s io n "  
to  r e g u la r i t i e s  o f d y n a m ic a l  n a tu r e ?  O r  w ill  f u r th e r  so u n d in g  o f m ic r o -  
p r o c e s s e s  n e c e s s i ta te  new  m e th o d s  of r e s e a r c h ,  w h ich  w ill  le a d  to  th e  d e 
v e lo p m e n t o f new  f o r m s  of r e g u la r i t i e s  a s  y e t  unknow n to p h y s ic s ,  j u s t  a s  
th e  a p p lic a tio n  of s t a t i s t i c a l  an d  p r o b a b i l i s t i c  r e s e a r c h  m e th o d s  le d  to  th e  
d e v e lo p m e n t in  s c ie n c e  o f th e  id e a  o f s t a t i s t i c a l  r e g u la r i t i e s ?

T h e  m o s t  d iv e r s e  a n s w e r s  h av e  b e e n  p ro p o s e d  to  th e s e  q u e s t io n s .  W e ig h 
ty a r g u m e n ts  in d ic a te  th a t  th e  f u r th e r  d e v e lo p m e n t o f e le m e n ta r y  p a r t i c le  
th e o ry  w ill ta k e  p la c e  on a  s t a t i s t i c a l  fo u n d a tio n . T h e  f o r e m o s t  e v id e n c e  
fo r  th is  i s  th e  fa c t  th a t  m o d e rn  e le m e n ta r y  p a r t i c le  r e s e a r c h  i s  b a s e d  on 
th e  q u an tu m  th e o ry  o f f ie ld s .  A t th e  s a m e  t im e  i t  i s  f a i r l y  w id e ly  b e lie v e d  
th a t  p h y s ic s  is  d e s tin e d  to u n d e rg o  a  p e c u l ia r  r e tu r n  to  d y n a m ic a l  r e g u la r 
i t ie s .  Such  c o n s id e r a t io n s  h av e  b ee n  s ta te d  p e r s i s t e n t l y  by th e  r e p r e s e n 
ta t iv e s  o f th e  c a u s a l  i n t e r p r e ta t io n  o f q u an tu m  th e o ry , a s  i t  i s  c a l le d .  I t  
sh o u ld  be m e n tio n e d  e s p e c ia l ly  th a t  s u c h  v ie w s  w e re  c o n s ta n t ly  a n d  v e r y  
d e f in ite ly  h e ld  by A lb e r t  E in s te in .  "O ne a r r i v e s  a t  v e r y  im p la u s ib le  th e o 
r e t i c a l  c o n c e p tio n s , if  one a t te m p ts  to  m a in ta in  th e  th e s i s  th a t  th e  s t a t i s t i 
c a l  q u an tu m  th e o ry  is  in  p r in c ip le  c a p a b le  of p ro d u c in g  a  c o m p le te  d e s c r i p 
tio n  o f an  in d iv id u a l p h y s ic a l  s y s te m . On th e  o th e r  h and , th o s e  d i f f ic u lt ie s  
o f th e o r e t ic a l  i n t e r p r e ta t io n  d is a p p e a r ,  if  on e  v ie w s  th e  q u a n tu m - m e c h a n i 
c a l  d e s c r ip t io n  a s  th e  d e s c r ip t io n  o f e n s e m b le s  o f s y s te m s .

. . I am  co n v in c ed  th a t  e v e ry o n e  who w ill  ta k e  th e  t ro u b le  to  c a r r y  th ro u g h  
su c h  r e f le c tio n s  c o n s c ie n t io u s ly  w ill  find  h im s e lf  f in a lly  d r iv e n  to  th is  i n t e r 
p r e ta t io n  of q u a n tu m - th e o r e t ic a l  d e s c r ip t io n  (the  ^ - f u n c t io n  i s  to  b e  u n d e r 
s to o d  a s  th e  d e s c r ip t io n  n o t o f a  s in g le  s y s te m  b u t of an  e n s e m b le  o f s y s te m s .

". . . If  th e  s t a t i s t i c a l  q u an tu m  th e o ry  d o e s  n o t p r e te n d  to  d e s c r ib e  th e  i n 
d iv id u a l s y s te m  (and i t s  d e v e lo p m e n t in  t im e ) c o m p le te ly , i t  a p p e a r s  u n 
a v o id a b le  to  lo o k  e l s e w h e re  fo r  a  c o m p le te  d e s c r ip t io n  o f th e  in d iv id u a l s y s 
te m ; in  do ing  so  i t  w ould  be c l e a r  f ro m  the  v e r y  b e g in n in g  th a t  th e  e le m e n ts  
of su c h  a  d e s c r ip t io n  a r e  n o t c o n ta in e d  w ith in  th e  c o n c e p tu a l  s c h e m e  of th e  
s t a t i s t i c a l  q u an tu m  th e o ry . . . A ssu m in g  th e  s u c c e s s  o f e f f o r t s  to  a c c o m 
p l is h  a  c o m p le te  p h y s ic a l  d e s c r ip t io n , the s t a t i s t i c a l  q u an tu m  th e o ry  w ou ld , 
w ith in  th e  f r a m e w o r k  of fu tu re  p h y s ic s ,  ta k e  an  a p p r o x im a te ly  a n a lo g o u s  
p o s itio n  to  th e  s t a t i s t i c a l  m e c h a n ic s  w ith in  th e  f r a m e w o r k  o f c l a s s i c a l  m e 
c h a n ic s .  I a m  r a t h e r  f i r m l y  c o n v i n c e d  t h a t  t h e  d e v e l o p 
m e n t  o f  t h e o r e t i c a l  p h y s i c s  w i l l  b e  o f  t h i s  t y p e ;  b u t  t h e  
p a t h  w i l l  b e  l e n g t h y  a n d  d i f f i c u l t "  (o u r  e m p h a s is  — Y u.S . )*.

In th e  g e n e ra l  e v a lu a tio n  o f th e  p r o s p e c ts  o f d e v e lo p m e n t o f th e  p h y s ic s  
of m i c r o p r o c e s s e s  th e  o p in io n  i s  a l s o  s ta te d  th a t  th e  f u r th e r  d e v e lo p m e n t 
of p h y s ic s  w ill in v o lv e  th e  u t i l iz a t io n  o f new , " m o r e  p r o b a b i l i s t i c "  c o n c e p ts .  
No d e f in ite  c h o ic e  h a s  b e e n  m a d e , an d  p e r h a p s  a t  p r e s e n t  n one c a n  be m a d e  
w ith o u t r e s t r ic t in g  th e  f r a m e w o r k  an d  p o s s ib i l i t i e s  o f f u r th e r  r e s e a r c h .  
N e v e r th e le s s  th is  p ro b le m  a s  we s e e  i t  i s  w o r th  e x a m in in g  w ith  a  v iew  to  
d e te rm in in g  a s  c le a r ly  a s  p o s s ib le  w h a t th e  c h o ic e  o f a  g iv en  p a th  e n ta i l s  
an d  w ha t th e  l a t e s t  q u an tu m  th e o r i e s  c a n  te l l  u s  a b o u t s u c h  a  c h o ic e .

T h e  p r e s e n t  th e m e  o w e s i t s  e x is te n c e  to  th e  p r o b le m s  l i s t e d  a b o v e . O f 
c o u r s e ,  on ly  a  few of the  p ro b le m s  r a i s e d  c a n  be  c o v e re d  h e r e .

• A lb e rt  E in s te in .  "Remarks to the Essays Appearing in This Collective Volume", in "Albert Einstein: 
Philosopher-Scientist", ed. P. A. Schlipp Library of Living Philosophers, Inc., Reprinted in Harper Torch- 
books (Science Library), Harper and Brothers, New York.
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If w e re c o g n iz e  th a t  th e  c l a s s  of s t a t i s t i c a l  r e g u la r i t i e s  is  s p e c if ic ,  i t  
m e a n s  th a t , in  th e  g iv e n  c a s e ,  n e c e s s i t y  h a s  a  s p e c ia l  o b je c tiv e  fo u n d a tio n  
a s  w e ll  a s  s p e c ia l  f o r m s ,  th e  m e a n s  by  w h ich  i t  i s  e x p r e s s e d  in  s c ie n c e .
In  s t a t i s t i c a l  t h e o r i e s  th e s e  n e c e s s i t i e s  a r e  r e p r e s e n te d  by th e  d i s tr ib u tio n s  
o f ra n d o m  q u a n t i t i e s ,  by t h e i r  p ro b a b il i ty  d i s t r ib u t io n s .  K now ledge o f the 
d i s t r ib u t io n s  a n d  o f t h e i r  i n t e r r e l a t i o n s  an d  la w s  of d e v e lo p m e n t in  tim e  
f o r  a l l  ra n d o m  q u a n t i t i e s  o f th e  m a te r ia l  s y s te m  u n d e r  in v e s t ig a t io n  r e p r e 
s e n t s  c o m p le te  k n o w led g e  o f th is  s y s te m  w ith in  th e  f r a m e w o r k  of s t a t i s t i c a l  
th e o r y .  C o r re s p o n d in g ly ,  a  ty p ic a l ,  t r u ly  s t a t i s t i c a l  p ro b le m  c o n s i s t s  of 
th e  d e te rm in a t io n  o f c e r t a in  d is t r ib u t io n s  f ro m  o th e r  know n o n e s , w h ich  in 
c lu d e s  d e te r m in a t io n  of th e  v a r ia t io n  o f d is t r ib u t io n s  in  t im e . N ot w ith o u t 
r e a s o n  d id  N . W ie n e r  s u c c in c t ly  c h a r a c t e r i z e  s t a t i s t i c s  a s  th e  s c ie n c e  of 
d i s t r i b u t io n * .

P r o b a b i l i ty  th e o ry  is  th e  m a th e m a tic a l  a p p a r a tu s  o f s t a t i s t i c a l  t h e o r ie s .  
M o re  c o r r e c t ly ,  p ro b a b il i ty  th e o ry  c o n s t i tu te s  th e  f r a m e w o r k  by m e a n s  of 
w h ic h  th e  fu n d a m e n ta l  r a t io n a l  c o n te n t of th e  m a th e m a tic a l  c o n s t r u c t io n s  
o f s t a t i s t i c a l  t h e o r i e s  c a n  be  e x p o se d  an d  a  c o n s i s te n t  t r e a tm e n t  o f th e s e  
w o rk e d  o u t. T h e  c o n te n t o f p ro b a b il i ty  th e o ry  a ls o  c o r r e s p o n d s  to  th e  ab o v e 
d e f in it io n  o f s t a t i s t i c a l  r e g u la r i t i e s ,  s in c e  p r o b a b il i ty  th e o ry  ca n  be d e fin e d  
a s  th e  s c ie n c e  o f d is t r ib u t io n s  an d  o f t h e i r  g e n e r a l  p r o p e r t i e s ,  o f th o se  
q u a n t i t i e s  w h ic h  fo rm  d is t r ib u t io n s ,  an d  o f th o s e  g e n e r a l  c o n d it io n s  the 
fu lf i lm e n t  o f w h ic h  n e c e s s a r i l y  l e a d s  to  th e  e x is te n c e  o f d is t r ib u t io n s .

In s t a t i s t i c a l  th e o r i e s  th e  d i s tr ib u tio n  c a te g o r y  b e a r s  a  p r im a r y  c h a r a c 
t e r ,  i .  e . ,  c a n n o t b e  re d u c e d  to  o th e r  m o r e  fu n d a m e n ta l  c o n c e p ts  o f th e s e  
t h e o r i e s .  T h e  s p e c if ic  c h a r a c t e r  o f d is t r ib u t io n s  a s  s p e c ia l  n e c e s s i t i e s  
c a n n o t b e  b ro u g h t o u t by d e f in in g  th e  c o n c e p t o f d is tr ib u tio n  in  t e r m s  of th e  
c o n c e p t o f n e c e s s i ty .  C o n s id e r in g  th e  d e f in it io n  o f th e  c o n c e p t o f p r o b a b 
i l i ty ,  A .N . K o lm o g o ro v  s t a t e s  th a t  th is  c o n c e p t i s  n o t s u s c e p tib le  o f fo r m a l  
d e f in it io n  in  t e r m s  o f s im p le r  c o n c e p ts .  T h e  c l a s s i c a l  an d  fre q u e n c y  d e f i 
n i t io n s  o f p r o b a b il i ty  e x p r e s s  o n ly  c e r t a in  a s p e c t s  o f th is  c o n c e p t, a lth o u g h  
th e  l in k  w ith  f r e q u e n c y  to u c h e s  i t s  v e r y  e s s e n c e .  T h e  f u l l e r  c o n te n t o f th e  
c o n c e p t o f  p r o b a b il i ty  c a n  b e  u n c o v e re d  o n ly  g ra d u a l ly  in  th e  d ia le c t ic  p r o c 
e s s  o f c o g n it io n . E v e r y th in g  w e h av e  s a id  a b o u t p ro b a b il i ty  a p p l ie s  e q u a lly  
w e ll  to  th e  c o n c e p t o f d i s tr ib u tio n .

T h e  d is t r ib u t io n  c a te g o r y  i s  p r i m a r y  in  th e  t r e a tm e n t  of q u an tu m  th e o 
r i e s  a s  w e ll: th e  r e la t io n s h ip  b e tw e e n  q u an tu m  c o n c e p ts  an d  o b je c tiv e  r e a l 
i ty  c a n  b e  e x p la in e d  fu lly  a n d  d e e p ly  o n ly  on th e  b a s i s  o f th is  c a te g o ry . In 
th i s  c o n n e c tio n  w e m ig h t m e n tio n  a  v e r y  r e m a r k a b le  c i r c u m s ta n c e :  o n ly  
w hen  th e  c o n n e c tio n  b e tw e e n  th e  m a th e m a tic a l  a p p a r a tu s  o f th e  th e o ry  and  
th e  p ro b a b il i ty  d i s t r ib u t io n s  h ad  b e e n  c l a r i f i e d  w a s  i t  p o s s ib le  to  d e te rm in e  
th e  m e a n in g  o f n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s ,  w h ich  had  o r ig in a l ly  b ee n  
w o rk e d  o u t by  th e  m e th o d  o f th e  m a th e m a tic a l  h y p o th e s is .  M o d ern  t r e a t 
m e n ts  o f q u a n tu m  m e c h a n ic s  ( in te r p r e ta t io n  in  t e r m s  o f th e  c o n c e p t of " c o m 
p le m e n ta r i ty " ,  N . B o h r, W . H e is e n b e rg ;  c o n c e p t o f q u an tu m  e n s e m b le s ,
K. V. N ik o l 's k i i ,  D. I. B lo c k in ts e v  e t  a l. ; s ta n d p o in t  of r e a l i ty  o f q u an tu m  
s t a t e s ,  V. A. F o k  e t  a l .  ; c a u s a l  i n t e r p r e ta t io n  o f q u an tu m  th e o ry )  a r e  a ls o  
b a s e d  in  r e a l i ty  on  th e  c o n c e p t o f d i s t r ib u t io n  a s  a n e c e s s i ty  in q u an tu m  
th e o ry , a l th o u g h  th e y  e v a lu a te  th e  g e n e ra l  c o n d it io n s  o f i t s  fo r m a t io n  in 
d i f f e r e n t  w a y s.

• See W ie n e r , N. Cybernetics and Society (2nd ed. rev.). Garden City. N. Y., Doubleday. p. 199.
1954.
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O nce i t  is  m a in ta in e d  th a t  th e  n e c e s s i ty  e x p r e s s e d  in  s t a t i s t i c a l  r e g u 
l a r i t i e s  is  r e p r e s e n te d  by d i s tr ib u tio n s  an d  th e i r  i n t e r r e l a t i o n s ,  a  few  a d 
d itio n a l r e m a r k s  a r e  in  o r d e r .

O nce m o re ,  th e  t r u e  p ro b le m  of s t a t i s t i c a l  th e o r ie s  i s  th e  d e t e r m in a 
tio n  of c e r t a in  d is tr ib u tio n s  fro m  o th e r  know n o n e s , in c lu d in g  th e  v a r ia t io n  
of th e s e  d is tr ib u tio n s  in  t im e . T o  so lv e  th is  p ro b le m  w ith in  th e  f r a m e w o r k  
of th e  g iv en  th e o ry  i t  i s  n e c e s s a r y  to  know , a s id e  fro m  th e  fu n d a m e n ta l  
e q u a tio n s  of th e  th e o ry , th e  in i t i a l  d i s tr ib u tio n s  o f c e r t a in  ra n d o m  q u a n t i 
t i e s .  T h e s e  d is tr ib u tio n s  a r e  s p e c if ie d  on th e  b a s i s  o f e x p e r im e n t .  In  th is  
c o n n e c tio n  one m ig h t r e c e iv e  th e  im p r e s s io n  th a t  th e  in i t i a l  d is t r ib u t io n s  
a r e  s p e c if ie d  e x c lu s iv e ly  by m e a n s  of d i r e c t  s t a t i s t i c a l  t r e a tm e n t  o f m a s 
s iv e  e x p e r im e n ta l  m a te r ia l .  F a r  m o re  fr e q u e n t ly ,  h o w e v e r, th e  s i tu a t io n  
is  c o m p le te ly  d if fe re n t ,  a  p o in t f a i r ly  th o ro u g h ly  d i s c u s s e d  in  w o rk s  on 
p ro b a b il i ty  th e o ry * . In  p r a c t i c e  i t  i s  o n ly  in  th e  f i r s t  in c u rs io n  o f s t a t i s 
t ic a l  m e th o d s  o f r e s e a r c h  in to  a  new re g io n  o f n a tu r a l  p h e n o m e n a  th a t  one 
o ften  b e g in s  w ith  an  e m p i r ic a l  t r e a tm e n t  of m a s s iv e  e x p e r im e n ta l  m a te r ia l ,  
w h ich  s e r v e s  a s  th e  b a s i s  fo r  s p e c if ic a t io n  o f th e  in i t i a l  d i s t r ib u t io n s .  B ut 
h e r e  too tre m e n d o u s  d if f ic u lt ie s  a r i s e .  T h u s  in  o r d e r  to  s p e c ify  e m p i r i 
c a lly  e x a c tly  th e  d is tr ib u tio n  o f a  ra n d o m  q u a n ti ty  an d , th e r e f o r e ,  to  d e 
te c t  th e  c o n s ta n c y  of f r e q u e n c ie s  w ith  a n  a c c u r a c y  up to  a  c e r t a in  v e r y  s m a l l

q u a n tity  e, ru n s  of ro u g h ly  n =  ^  t r i a l s  a r e  r e q u ir e d .  A ss u m in g  th a t , in

a  c e r t a in  c o n c re te  c a s e ,  i t  is  n e c e s s a r y  to  d e te rm in e  s t a t i s t i c a l ly  a  p r o b 
a b il i ty  w ith  an  a c c u ra c y  of 0 .0 0 0 1 , th e  e x e c u tio n  o f a  n u m b e r  o f r u n s  of 
m e a s u r e m e n ts  of ab o u t 1 0 0 ,0 0 0 ,0 0 0  m e a s u r e m e n ts  p e r  ru n  is  r e q u ir e d .
I t i s  o b v io u s ly  v e r y  d if f ic u lt  to  m a k e  p r o g r e s s  in  th e  a p p l ic a t io n  o f s t a t i s 
t i c a l  r e s e a r c h  m e th o d s  w ith  e x p e r im e n ta l  s p e c if ic a t io n  o f th e  in i t i a l  d i s 
t r ib u t io n s .

F a r  m o re  fr e q u e n tly , in  r e s e a r c h  in to  n a tu r a l  p r o c e s s e s  p ro b a b il i ty  
d is tr ib u tio n s  a r e  in tro d u c e d  h y p o th e tic a lly  by in d i r e c t  m e a n s .  In  s t a t i s 
t ic a l  th e o r ie s  th e  p ro b a b il i ty  h y p o th e s is  is  u s u a l ly  in tro d u c e d  on  th e  b a s i s  
o f s y m m e try  c o n s id e r a t io n s ,  a s s u m p tio n s  c o n c e rn in g  th e  e q u a l lik e lih o o d  
of d e f in ite  o u tc o m e s  of the in v e s t ig a te d  p r o c e s s ,  c o n s id e r a t io n s  in v o lv in g  
the p r a c t i c a l  in d e p e n d e n c e  of in d iv id u a l ru n s  of e v e n ts , an d  so  on . U s u a l 
ly  the p ro b a b il i ty  h y p o th e s is  is  a ls o  v e r if ie d  by in d i r e c t  m e a n s  — on th e  
b a s i s  of id e n tity  b e tw e en  th e  p r in c ip a l  c o n c lu s io n s  d e r iv e d  f ro m  th e  th e o ry  
c o n c e rn in g  th e  p r o p e r t i e s  of p h y s ic a l  s y s te m s  an d  th e  e x p e r im e n ta l  d a ta .

In p h y s ic s , in  the s tu d y  of g a s e s ,  th e  su p p o s itio n  th a t  t h e r e  e x is t  p r o b 
a b i l i ty  d i s tr ib u tio n s  w a s in tro d u c e d  a s  a  h y p o th e s is  on th e  b a s i s  o f a s s u m p 
tio n s  c o n c e rn in g  a  " m o le c u la r  c h a o s" . T h e  id e n ti ty  b e tw e e n  th e  v a lu e s  of 
a  n u m b e r  of p h y s ic a l  m a c r o c h a r a c te r i s t i c s  ( p r e s s u r e ,  e n e rg y  an d  so  on) 
a s  c a lc u la te d  by s t a t i s t i c a l  m e th o d s  an d  th e i r  e x p e r im e n ta l  v a lu e s  c o n f i r m 
ed  th e  v a lid ity  of the p ro b a b il i ty  h y p o th e s is  in  th e  g iv en  c a s e .

In qu an tu m  th e o ry  p ro b a b il i ty  d i s tr ib u tio n s  a r e  o b ta in e d  by s p e c if ic a t io n  
of the w ave fu n c tio n s . In  th e  g e n e r a l  c a s e  th e  w av e fu n c tio n s  o f q u an tu m  
s y s te m s  a r e  o b ta in e d  a s  s o lu tio n s  of th e  c o r re s p o n d in g  e q u a t io n s  o f m o 
tio n  — w ave e q u a tio n s . In  o r d e r  to  sp e c ify  th e  w ave e q u a tio n  o f a  c e r t a in  
q u an tu m  s y s te m  i t  is  n e c e s s a r y  to  sp e c ify  i t s  e n e rg y  (H a m ilto n ia n ) .

• See, for example, K o lm o g o ro v , A. N. Teoriya veroyamostei (Probability Theory), in the collection 
entitled "Maiematika, ee soderzhanie, metody i znachenie" (Mathematics —its Contents, Methods and 
Significance). Vol.ll. Moscow. 1956.
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In  th e  q u an tu m  c a s e  a s  w e ll th e  id e n ti ty  o f c a lc u la te d  an d  th e  e x p e r im e n ta l  
c h a r a c t e r i s t i c s  o f q u an tu m  s y s te m s  is  e v id e n c e  of th e  v a lid ity  o f th e  p r o b 
a b i l i ty  h y p o th e s is .

T h a t  th is  m e th o d  o f s p e c ify in g  p ro b a b il i ty  d i s t r ib u t io n s  an d  v e r if y in g  
th e i r  v a l id i ty  (a s  d i s t in c t  f ro m  s p e c if ic a t io n  o f m a s s iv e  s t a t i s t i c a l ly  p r o c 
e s s e d  e x p e r im e n ta l  m a te r ia l )  i s  p o s s ib le  is  due to th e  fa c t  th a t  p r o b a b il i ty  
d i s t r ib u t io n s  an d  t h e i r  c h a r a c t e r  an d  v a lu e  a r e  la r g e ly  d e p e n d e n t on the 
p r o p e r t i e s  o f th e  m a te r ia l  s y s te m s  u n d e r  in v e s t ig a t io n . I t  i s  no t th e  p u re  
d i s t r ib u t io n s  t h e m s e lv e s ,  so  to s p e a k , th a t  a r e  o f s c ie n t i f i c  i n t e r e s t ,  bu t 
r a th e r  th e  d is t r ib u t io n s  in  in t im a te  n a tu r a l  r e la t io n  to  th e  v a r io u s  c h a r a c 
t e r i s t i c s  of th e  s y s te m s  an d , in e v ita b ly , to th e  p h y s ic a l  c h a r a c t e r i s t i c s  of 
th e  in d iv id u a l p h y s ic a l  s y s te m s .

It sh o u ld  be m e n tio n e d  th a t  w hen on e  s p e a k s  o f d is t r ib u t io n s  one h a s  in 
m in d  f i r s t  an d  f o r e m o s t  th e  d is t r ib u t io n s  o b s e r v e d  in  e x p e r im e n ta l  r e s u l t s  
o r ,  to  u se  th e  te rm in o lo g y  of p ro b a b il i ty  th e o ry ,  in  r u n s  o f t r i a l s .  T h e  m u 
tu a l  bond b e tw e e n  th e s e  d is t r ib u t io n s  an d  the in te r n a l  p r o p e r t i e s ,  c o m p o s i
tio n  an d  s t r u c t u r e  o f th e  o b je c ts  u n d e r  in v e s t ig a t io n  a r e  s o m e t im e s  le f t  in  
th e  s h a d e  o r  d i r e c t ly  d e n ie d . H o w e v er, th e  e x p e r ie n c e  o f d e v e lo p in g  s t a 
t i s t i c a l  th e o r ie s  sh o w s th a t  th e y  ca n  be u se d  s u c c e s s f u l ly  to  c o g n iz e  s e p a 
r a te  in d iv id u a l o b je c ts .  An e x c e l le n t  e x a m p le  o f th is  i s  n o n r e la t iv i s t i c  
q u a n tu m  m e c h a n ic s ,  the  th e o ry  o f th e  a to m .

How c a n  o n e  re c o n c i le  s u c h  fa c ts  w ith  th e  s ta te m e n t  th a t  s t a t i s t i c a l  r e g 
u l a r i t i e s  r e f l e c t  th e  p r o p e r t i e s  an d  i n t e r r e l a t i o n s  o f d is t r ib u t io n s .  F o r  an  
a n s w e r  to  th is  q u e s tio n  it  it n e c e s s a r y  to  a n a ly z e  th e  c h a r a c t e r  an d  p e c u l i 
a r i t i e s  o f  p ro b a b il i ty  d i s t r ib u t io n s .  F ro m  th e  g e n e ra l  p o in t o f v iew  it  i s  e v i 
d e n t th a t  p ro b a b il i ty  d i s t r ib u t io n s ,  t h e i r  c h a r a c t e r  an d  p e c u l ia r i t ie s  a r e  
l a r g e ly  du e  to  th e  p r o p e r t i e s  o f th e  m a te r ia l  s y s te m s  u n d e r  in v e s tig a tio n . An 
im p o r ta n t  p r o p e r ty  o f p ro b a b il i ty  d is t r ib u t io n s  is  th e  m u tu a l  in d e p e n d e n c e  
o f th e  e le m e n ts  w h ich  m a k e  up th e s e  d i s tr ib u tio n s .  In d e p e n d e n c e  m e a n s  th a t  
th e  s t a t e  o f e a c h  e le m e n t  in th e  d i s tr ib u tio n ,  i t s  p o s itio n  in  th e  d is tr ib u tio n , 
d o e s  n o t d ep e n d  on th e  s t a t e  o f th e  o th e r  e le m e n ts  o f th e  d i s t r ib u t io n ,  o r  th a t , 
in  an y  ru n  of t r i a l s ,  a g iv en  o u tc o m e  of p a r t  o f th e  t r i a l s  w ill no t a f fe c t  th e  
o u tc o m e  o f th e  r e m a in in g  t r i a l s .  F ro m  th i s  it  fo llo w s  th a t  d i s t r ib u t io n s  a r e  
l a r g e ly  c o n tro l le d  by  th e  s t r u c t u r e  an d  p r o p e r t i e s  o f  th e  in d iv id u a l o b je c ts  
u n d e r  in v e s t ig a t io n  an d  by  th e  r e g u la r i t i e s  o f t h e i r  m o tio n  u n d e r  d e f in ite  
c o n d it io n s . I t  i s  t h e r e f o r e  p e r f e c t ly  p o s s ib le  to  s tu d y , on th e  b a s i s  o f a 
s tu d y  o f  d i s t r ib u t io n s ,  th e  p r o p e r t i e s  o f th e  in d iv id u a l o b je c ts  p a r t ic ip a t in g  
in  th e  fo r m a t io n  o f th e  d i s tr ib u tio n s .

E v e n  in  th e  s im p le s t  c a s e s  in w h ich  p ro b a b il i ty  th e o ry  h a s  b e e n  a p p lie d  
(the  th ro w in g  o f c o in s  an d  d ice ) th e  c o n n e c tio n  b e tw e e n  d is t r ib u t io n s  and  
c e r t a in  in te r n a l  p r o p e r t i e s  o r  s t r u c t u r e  ( s y m m e try ,  h o m o g e n e ity )  o f the 
c o r r e s p o n d in g  o b je c t  is  c l e a r ly  v i s ib le .  T h e  ty p e  o f s t a t i s t i c s  is  d e t e r 
m in e d  by th e  in t e r n a l  p r o p e r t i e s  of th e  c o r r e s p o n d in g  o b je c ts ,  e le m e n ta ry  
p a r t i c le  sp in  in  th e  q u an tu m  re g io n . In  g e n e r a l  in  q u an tu m  th e o ry  th e  p r o b 
le m  o f s tu d y in g  th e  p r o p e r t i e s  o f in d iv id u a l q u an tu m  o b je c ts  r e c e iv e s  the  
l im e l ig h t .  T h e  d is t r ib u t io n s  th e m s e lv e s  a r e  f r e q u e n t ly  le f t  in  th e  sh a d e , 
a lth o u g h  th e y  a r e  n e c e s s a r y  fo r  a  t r u ly  p ro fo u n d  a n a ly s i s  o f th e  c o n te n t of 
q u a n tu m  th e o ry  an d  f o r  c o r r e l a t i n g  i t s  m a th e m a tic a l  a p p a r a tu s  w ith  r e a l i ty .

O ne m u s t  a d m it , h o w e v e r, th a t  in  m a n y  r e s p e c t s  i t  i s  s t i l l  n o t c l e a r  why 
i t  sh o u ld  be p o s s ib le  to  c h a r a c t e r i z e  in d iv id u a l o b je c ts  on the b a s i s  o f s t a 
t i s t i c a l ,  p r o b a b i l i s t i c  c o n c e p ts .  In o u r  o p in io n  th e  u s u a l  e x p la n a tio n s  of 
th i s  fa c t ,  th a t  in  th e  c a s e  o f s t a t i s t i c a l  t h e o r ie s  n o t o n ly  n e c e s s i ty  bu t a ls o
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ch a n c e  a r e  tak e n  in to  a c c o u n t o r  th a t  th e  p o te n t ia l  p o s s ib i l i t i e s  in  th e  b e 
h a v io r  o f th e  o b je c t  a r e  e x p r e s s e d  in  th e  t h e o r i e s ,  a r e  n o t s u f f ic ie n t .  P e r 
h a p s  i t  is  w o r th w h ile  to p r e s e n t  the fo llo w in g  c o n s id e r a t io n s .  In  c h a r a c t e r 
iz in g  an  o b je c t  by m e a n s  o f d i s tr ib u tio n s ,  s t a t i s t i c a l  th e o r i e s  c h a r a c t e r i z e  
it  a s  an  e le m e n t  o f a  d e f in ite  s e t ,  a s  a n  e le m e n t  of a  c e r t a i n  s t r u c t u r a l  s y s 
te m . In  the c a s e  o f d y n a m ic a l  r e g u la r i t i e s ,  an d  p r i m a r i l y  in  c l a s s i c a l  m e 
c h a n ic s , one w a s  r e s t r i c t e d  to c h a r a c t e r i z a t io n  of th e  o b je c t  w ith  r e s p e c t  
to  th e  c o n d it io n s  a s  a  w ho le . Now it i s  o b v io u s  th a t  th o s e  p r o p e r t i e s  w h ich  
c h a r a c t e r i z e  an  o b je c t  a s  th e  e le m e n t  o f a  c e r t a in  s t r u c t u r e  e x p r e s s  a  d e e p 
e r  e s s e n c e  o f th is  o b je c t  th an  th o se  p r o p e r t i e s  w h ich  c h a r a c t e r i z e  th e  o b 
j e c t  o u ts id e  of the s t r u c t u r a l  s y s te m s ,  w ith  r e s p e c t  to  c o n d it io n s  a s  a  w h o le . 
T h e l a t t e r  c a n  be c la r i f i e d  by e x a m p le s .  T h u s  th e  m o s t  c o m p le te  c h a r a c 
te r iz a t io n  o f a  c h e m ic a l  e le m e n t  is  o b ta in e d  by s p e c ify in g  i t s  p o s i tio n  in  
the  p e r io d ic  s y s te m , i . e . ,  on the b a s i s  of th e  r e g u la r i t i e s  o f th e  s y s te m  
and  a s  an  e le m e n t  of th is  s y s te m . A t p r e s e n t  in  b io lo g y  p a r t i c u la r  a t t e n 
tio n  is  p a id  to th e  s tu d y  of th e  c e ll;  in th is  s tu d y  th o s e  p r o p e r t i e s  w h ich  
e x e r c i s e  th e  g r e a t e s t  in f lu e n c e  on th e  l iv in g  body a s  a  w h o le  a r e ,  n a tu r a l ly ,  
re g a rd e d  a s  e s s e n t i a l  p r o p e r t i e s  of th e  c e l l ,  w h ile  th e  o th e r  p r o p e r t i e s  a r e  
l e s s  e s s e n t i a l .  F ro m  th e  b eg in n in g  th e  e le m e n ta r y  p a r t i c le  in  m o d e rn  p h y s 
ic s  i s  t r e a te d  a s  a  s t r u c t u r a l  e le m e n t  o f an  e n t i r e  fa m ily  o f e le m e n ta r y  p a r 
t i c l e s .  M a th e m a tic a l  o b je c ts  (and  f i r s t  an d  f o r e m o s t  n u m b e rs :  n a tu r a l ,  
r e a l ,  c o m p lex ) a r e  a ls o  re g a rd e d  a s  e le m e n ts  o f c o r re s p o n d in g  a b s t r a c t  
s t r u c t u r a l  s y s te m s .  A n a lo g o u s ly , in  s o c io lo g y  a  p e r s o n  i s  c h a r a c t e r i z e d ,  
" e v a lu a te d " , on th e  b a s i s  o f h is  e n t r y  an d  ro le  in  a  d e f in ite  " s t r u c t u r a l  
s y s te m " , a s  a  m e m b e r  o f a  fa m ily , a s  a  m e m b e r  o f a  c e r t a in  p ro d u c tiv e  
c o l le c t iv e ,  a c c o rd in g  to h is  m e m b e r s h ip  in  a  d e f in ite  s o c ia l  s t r a tu m  o r  
c l a s s ,  an d  so  fo r th .  A c h a r a c t e r i z a t io n  o f a  p e r s o n  n o t a s  th e  " e le m e n t  
o f a  c e r ta in  s t r u c tu r e " ,  i . e . ,  o u ts id e  o f s o c ia l  g ro u p s ,  i s  bound to  be  e x 
t r e m e ly  p o o r.

T h is  a p p r o a c h  to th e  t r e a tm e n t  o f s t a t i s t i c a l  r e g u la r i t i e s  sh o w s th a t  
they  a r e  m o re  fu n d a m e n ta l  th an  d y n a m ic a l  r e g u la r i t i e s .  A t th e  s a m e  t im e  
it sh o u ld  a ls o  be  re m a r k e d  th a t  a  s e t  o f p r o b a b i l i t i e s  r e p r e s e n ts  th e  s i m 
p le s t  d y n a m ic a l  s t r u c t u r a l  s y s te m  an d  th a t  m o r e  c o m p le x  s t r u c t u r e  s y s 
te m s , su ch  a s  s ta b le  d y n a m ic a l  g u id a n c e  s y s te m s  in  c y b e r n e t ic s ,  a r e  now 
b e in g  su b je c te d  to deep  m a th e m a tic a l  a n a ly s i s .

M e re  a n a ly s i s  o f th e  p r o b le m s  e n c o u n te re d  in  th e  s u b s ta n t ia t io n  o f s t a 
t i s t i c a l  r e g u la r i t i e s  i s  no t, h o w e v e r, s u f f ic ie n t  fo r  a  fu lly  s u b s ta n t ia te d  
a n s w e r  to  the q u e s tio n : w ill th e  f u r th e r  d e v e lo p m e n t o f th e  th e o ry  o f m i c r o 
p r o c e s s e s  be of the type  o f s t a t i s t i c s  an d  p ro b a b il i ty ,  o r  w ill  t h e r e  b e  a 
p e c u l ia r  " r e v e r s io n "  to  d y n a m ic a l  r e g u la r i t i e s ?

T h e  c h o ic e  and  ju s ti f ic a t io n  o f a  g iv e n  p a th  a r e  c o n d it io n e d  f i r s t  an d  
f o r e m o s t  by th e  n a tu re  o f th e  p ro b le m s  w h ich  th e  p h y s ic s  o f m i c r o p r o c e s s e s  
i s  a t  p r e s e n t  c a p a b le  of p o s in g  an d  so lv in g . W ithou t a n a ly s i s  o f t h e s e  a c tu a l  
p ro b le m s  an d  of the m e th o d s  u s e d  to so lv e  th e m , a n y  d i s c u s s io n  o f th e  fa te  
o f s t a t i s t i c s  in the p h y s ic s  of m ic r o p r o c e s s e s  i s  bound to  ta k e  on a  p u re ly  
s p e c u la tiv e , u n s u b s ta n t ia te d  c h a r a c t e r .

If  c o n c e p ts  o f p ro b a b il i ty  d i s tr ib u tio n s  m a k e  up th e  fo u n d a tio n  o f s t a t i s 
t i c a l  r e g u la r i t i e s ,  it  is  n a tu r a l  to  a s s u m e  th e  fo llo w in g : f i r s t l y ,  in  s t a t i s 
t i c a l  th e o r ie s  i t  i s  in  the la n g u a g e  o f p r o b a b il i ty  d i s t r ib u t io n s  o f p h y s ic a l  
q u a n t i t ie s  th a t  th e  s t a t e s  o f p h y s ic a l  s y s te m s  sh o u ld  b e  c h a r a c t e r i z e d  —
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an d  p r o b le m s  m a th e m a tic a l ly  s ta te d  an d  so lv e d ; s e c o n d ly , th e  fu n d a m e n 
ta l  e q u a t io n s  o f e v e ry  s t a t i s t i c a l  th e o ry  sh o u ld  e x p l ic i t ly  e x p r e s s  the la w s  
o f m u tu a l  c o n n e c tio n  b e tw e e n  th e  p r o b a b il i ty  d i s tr ib u tio n s  o f th e  c o r r e 
sp o n d in g  p h y s ic a l  q u a n t i t ie s ,  a s  w e ll  a s  th e  la w s  o f v a r ia t io n  o f th e s e  d i s 
t r ib u t io n s  in  t im e . A nd so  i t  i s  in  th e  e a r ly  s t a t i s t i c a l  t h e o r ie s  o f p h y s ic s .
In  th e  m a th e m a tic a l  a p p a r a tu s  o f q u an tu m  th e o r ie s ,  h o w e v e r, th e  fo r m u la 
tio n  o f p r o b le m s  i s  g iv en  no t in  th e  la n g u a g e  of p ro b a b il i ty  d i s tr ib u tio n s  but 
r a th e r  p r i m a r i l y  w ith  th e  h e lp  of w ave fu n c tio n s . In q u an tu m  th e o r ie s  p h y s 
i c a l  s y s te m s  an d  t h e i r  s t a t e s  a r e  c h a r a c t e r i z e d  in  th e  lan g u a g e  o f w ave fu n c 
t io n s ;  th e  fu n d a m e n ta l  e q u a tio n s  a r e  a ls o  fo r m u la te d  fo r  w ave fu n c tio n s . A t 
th e  s a m e  t im e  th e  w ave fu n c tio n s  a r e  f a i r ly  a b s t r a c t  m a th e m a tic a l  o b je c ts  
an d  v e r y  m an y  p e o p le  b e lie v e  th a t  th ey  h av e  no d i r e c t  p h y s ic a l  m e a n in g . H is 
to r i c a l l y  w ave fu n c tio n s  w e re  in t ro d u c e d  in to  q u an tu m  th e o ry  in  a  p u re ly  
f o r m a l  w ay an d  b e c a m e  e s ta b l i s h e d  in  p h y s ic s  on ly  w hen i t  p ro v e d  p o s s ib le  
to  l in k  th e m  to p ro b a b il i ty  d is tr ib u tio n s ;  th e  s q u a r e  o f th e  m o d u lu s  o f a 
w a v e fu n c tio n  in  a  c e r t a in  r e p r e s e n ta t io n  d e te r m in e s  th e  p ro b a b il i ty  of th e  
c o r r e s p o n d in g  p h y s ic a l  q u a n ti ty . In g e n e r a l  th e  lin k  b e tw e e n  w ave fu n c tio n s  
an d  p r o b a b i l i t i e s  j u s t i f ie s  th e i r  u ti l iz a t io n  in  q u an tu m  th e o ry ; i t  w a s  th e  e s 
ta b l i s h m e n t  o f th is  lin k , an d  n o th in g  e l s e ,  w h ich  m a d e  i t  p o s s ib le  to  endow  
th e  e n t i r e  m a th e m a tic a l  a p p a r a tu s  o f q u an tu m  m e c h a n ic s  w ith  a  p ro fo u n d  
r e a l  m e a n in g , an  a c h ie v e m e n t  w h ich  p o s td a te d  th e  d e v e lo p m e n t of q u an tu m  
m e c h a n ic s .

I t sh o u ld  a l s o  be  n o ted  th a t  t h e r e  e x is t  q u an tu m  s y s te m s  (" m ix e d " )  th e  
s t a t e s  o f w h ich  ca n n o t be r e p r e s e n te d  by w av e fu n c tio n s . In su c h  c a s e s  the 
s t a t e s  a r e  c h a r a c t e r i z e d  by th e  s o - c a l le d  d e n s ity  m a t r i c e s .  O n ce a g a in , 
th e  g u id in g  id e a  fo r  g ra s p in g  th e  p h y s ic a l  m e a n in g  of th is  c h a r a c te r iz a t io n  
i s  th a t  o f p ro b a b il i ty ,  an d  th e  d e n s ity  m a t r i c e s  th e m s e lv e s  a r e  e s s e n t ia l ly  
a  h ig h ly  d e v e lo p e d  s p e c ia l  m a th e m a tic a l  fo rm  o f c h a r a c t e r i z a t io n  of p r o b 
a b i l i ty  d i s t r ib u t io n s .

T h e  t r a n s i t i o n  f ro m  p r o b a b il i ty  d i s tr ib u tio n s  to  w ave fu n c tio n s  in  the  
c h a r a c t e r i z a t io n  o f th e  s t a t e s  o f p h y s ic a l  s y s te m s  c o n ta in s  th e  fu n d a m e n 
ta l ly  new  e le m e n t  in t ro d u c e d  by q u an tu m  th e o ry  in to  th e  id e a s  o f s t a t i s t i c a l  
r e g u la r i t i e s .  W h e re in  l i e s  th e  h e u r is t i c  s ig n if ic a n c e  o f th is  t r a n s i t io n ?

F i r s t  an d  fo r e m o s t,  th e  u s e  o f w ave fu n c tio n s  f o r  th e  c h a r a c t e r i z a t io n  
o f th e  s t a t e s  m a d e  it p o s s ib le  to  u n c o v e r  t h e o r e t ic a l ly  th e  w a v e - p a r t ic le  
n a tu r e  o f m ic r o o b je c t s  an d  to  r e la t e  i t  to  th e  e q u a tio n s  o f m o tio n . T h e 
p r e s e n c e  o f w av e p r o p e r t i e s  in  m ic r o o b je c t s  is  m a n ife s te d  in  th e  p h e n o m 
e n a  o f d i f f r a c t io n  an d  in t e r f e r e n c e  an d  is  e x p r e s s e d  th e o r e t ic a l ly  in  th e  
p r in c ip le  o f s u p e r p o s it io n .  D i r e c t  c h a r a c t e r i z a t io n  o f th e s e  v e r y  im p o r 
ta n t  p e c u l ia r i t i e s  o f m ic r o p r o c e s s e s  by p r o b a b il i ty  d i s tr ib u tio n s  i s  bound 
to  fa i l ,  a s  th e  s u p e r p o s it io n  o f p ro b a b il i ty  d i s tr ib u tio n s ,  w h ich  a r e  e v e r y 
w h e re  p o s i t iv e ,  c a n n o t e x p la in  th e  a p p e a ra n c e  o f i n t e r f e r e n c e  m in im a . 
C o n c e p ts  in v o lv in g  w ave fu n c tio n s  p ro v e d  to  be m o re  f le x ib le  fo r  e x p r e s s 
ing  th e  r e g u la r  r e la t io n s h ip s  b e tw e e n  th e  p ro b a b il i ty  d i s tr ib u tio n s  of q u a n 
t i t i e s  in  q u an tu m  th e o ry .

A s  q u an tu m  th e o ry  d e v e lo p e d  i t  b e c a m e  e v id e n t th a t  th e  c o n c e p t o f w ave 
fu n c tio n  co u ld  a l s o  s e r v e  a s  a  b a s i s  fo r  d e te c t in g  an d  e x p r e s s in g  o th e r  in 
t e r n a l  p r o p e r t i e s  o f m ic r o o b je c t s .  In th e  q u an tu m  th e o ry  o f f ie ld s  th e  c o n 
c e p t o f th e  e le m e n ta r y  p a r t i c le  p ro v e d  to  be fa i r ly  c lo s e ly  r e la te d  to th e  
c o n c e p t o f f ie ld . T h e  p a r t i c le  b eg a n  to  be t r e a t e d  a s  a  q u an tu m  o f a  d e f i 
n i te  f ie ld . T h e  p r o p e r t i e s  o f th e  v a r io u s  p a r t i c le s  w e re  e x p r e s s e d  in  te r m s  
o f th o s e  o f th e  c o r re s p o n d in g  f ie ld s ,  w h ich  a r e  c h a r a c t e r i z e d  m a th e m a tic a l ly
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by t r a n s f o r m a t io n  p r o p e r t i e s .  E v e ry  p a r t i c le  an d  th e  f ie ld  c o r r e s p o n d in g  
to  it  a r e  d e s c r ib e d  by a  w ave fu n c tio n , w h ich  h a s  a  d e f in ite  b e h a v io r  u n d e r  
t r a n s f o r m a t io n s  of th e  c o o r d in a te s  an d  t im e  (L o r e n tz  t r a n s f o r m a t io n s ,  d i s 
p la c e m e n ts ,  r o ta t io n s ,  m i r r o r  r e f le c tio n s  an d  in v e r s io n s ) . C o r r e s p o n d 
in g ly  th e  w ave fu n c tio n  ca n  be s c a la r ,  v e c to r ,  s p in o r ,  p s e u d o s c a la r ,  p s e u d o 
v e c to r ,  and  so  on . S in c e  i t  is  by m e a n s  of th e  w av e fu n c tio n s  th a t  the s t a t e s  
of th e  e le m e n ta ry  p a r t i c le s  a r e  c h a r a c t e r i z e d ,  the v e r y  n a m e s  o f th e  w av e 
fu n c tio n s  a r e  e v id e n c e  o f th e  c lo s e  c o n n e c tio n  b e tw e e n  th e  c h a r a c t e r i z a t io n s  
of th e  s t a t e s  of th e  p a r t i c le s  an d  th e i r  in te r n a l  p r o p e r t i e s .  T o  th is  o n e  m ig h t 
ad d  th a t  th e  t r a n s f o r m a t io n  c h a r a c t e r  o f th e  w ave fu n c tio n  is  u n iq u e ly  d e t e r 
m in ed  by th e  sp in  of th e  p a r t i c le  an d  by i t s  i n te r n a l  s p a t ia l  p a r i ty ,  w h ich  r e 
p r e s e n t  the in te r n a l  p r o p e r t i e s  o f e le m e n ta r y  p a r t i c le s .  We s h o u ld  a l s o  ad d  
th a t  th e  c h a r a c t e r  o f th e  w ave fu n c tio n  an d  th e  fo rm  o f  th e  c o r re s p o n d in g  
w ave e q u a tio n , w h ich  in  th e  g iv en  c a s e  is  the e q u a tio n  o f m o tio n , a r e  a ls o  
u n iq u e ly  re la te d ,  w h ich  is  c l e a r  in d ic a tio n  th a t  the  fo r m  o f th e  e q u a tio n  of 
m o tio n  is  co n d itio n e d  by the in te r n a l  p r o p e r t i e s  o f th e  e le m e n ta r y  p a r t i c l e s .

It fo llo w s fro m  w hat we h av e  b ee n  sa y in g  th a t  th e  t r a n s i t i o n  f r o m  th e  d i 
r e c t  c h a r a c t e r i z a t io n s  of p ro b a b il i ty  d i s tr ib u tio n s  to  w ave fu n c tio n s  m a d e  it 
p o s s ib le  to lin k  the law s  of m o tio n  to  d e f in ite  i n te r n a l  p r o p e r t i e s  o f th e  p h y s 
ic a l  o b je c ts  u n d e r  in v e s tig a tio n . A s a  r e s u l t  it  b e c a m e  p o s s ib le  to  s tu d y  
the p r o p e r t i e s  an d  la w s  of b e h a v io r  of in d iv id u a l m ic r o o b je c t s  on th e  b a s i s  
o f q u an tu m  th e o ry , th e  la w s  o f w h ich  a r e  in  p r in c ip le  s t a t i s t i c a l .

In o r d e r  to s e e  th is  p e c u l ia r i ty  o f th e  p r o b a b il i ty  m e th o d s  o f q u an tu m  
th e o ry  in  g r e a t e r  r e l ie f ,  l e t  u s  c o n s id e r  th e  h i s to r i c a l  d e v e lo p m e n t o f th e  
id e a s  w h ich  p h y s ic s  h a s  h e ld  c o n c e rn in g  th e  e le m e n ta r y  o b je c ts  w ith  w h ich  
it " p u ts  to g e th e r  the w o r ld " * . In  v iew  o f th e  g ro w in g  im p o r ta n c e  o f s y m 
m e try  la w s  in the s tu d y  o f p r o c e s s e s  o f in te r a c t io n  o f e le m e n ta r y  p a r t i c le s ,  
we w ill t r a c e  the d e v e lo p m e n t of p h y s ic a l  id e a s  c o n c e rn in g  th e  m o s t  e l e 
m e n ta r y  o b je c ts  f ro m  th e  s ta n d p o in t  of s y m m e try .

In c l a s s i c a l  p h y s ic s  id e a s  c o n c e rn in g  e le m e n ta r y  o b je c ts  w e re  d e v e l 
o ped  c h ie fly  on the  b a s i s  o f c l a s s i c a l  m e c h a n ic s .  T h e  f o r m s  o f th e s e  o b 
j e c t s  w e re  e x p r e s s e d  by m a te r ia l  p o in ts , h a r d  e la s t i c  s p h e r e ,  p a r t l y  i n 
e la s t ic  s p h e r e ,  e tc . T h e s e  o b je c ts  w e re  a l lo t te d  d e f in ite  c e n t r a l l y  s y m 
m e t r ic  f o r c e s ,  m a n ife s te d  in  in te r a c t io n s  b e tw e en  th e  o b je c ts ,  an d  th e i r  
s t a t e s  w e re  c h a r a c t e r i z e d  by two q u a n t i t ie s  — m o m e n tu m  an d  c o o r d in a te .
T h e  p r o p e r t i e s  of g a s e s ,  l iq u id s  and  s o lid  b o d ie s , i . e . ,  a g g r e g a te  s t a t e s  
o f m a t te r ,  w e re  e x p la in e d  in c l a s s i c a l  p h y s ic s  on th e  b a s i s  o f th e  p r o p e r t i e s  
of th e  o b je c ts  and  th e  c h a r a c t e r  o f t h e i r  in te r a c t io n s .

F ro m  th e  s ta n d p o in t  o f id e a s  of s y m m e try  it i s  im p o r ta n t  to  n o te  th a t  th e  
in te rn a l  p r o p e r t ie s  o f e le m e n ta ry  o b je c ts  in c l a s s i c a l  p h y s ic s  a r e  is o tr o p ic  
in c h a r a c t e r .  Such n o tio n s  ab o u t th e  in te rn a l  p r o p e r t i e s  o f e le m e n ta r y  o b je c ts  
w e re  v a lid  a t  l e a s t  un til th e  d e v e lo p m e n t o f e le c t r o d y n a m ic s ,  i .e . ,  f o r  a s  lo n g  
a s  th e  s tu d y  of f ie ld s  d id  not m a k e  i ts  a p p e a ra n c e  in p h y s ic s . It is  p r e c i s e ly  
su c h  o b je c ts  on e  u s u a lly  h a s  in m in d  w hen one s p e a k s  o f th e  e le m e n ta r y  o b 
je c t s  of c l a s s i c a l  p h y s ic s . T h e s e  o b je c ts  c o n ta in  no s p e c ia l  o r  p r iv i le g e d  
d i r e c t io n s  m a n ife s te d  in in te r a c t io n s .  In s t r u c tu r e  th e y  a r e  th e  s im p le s t  o b 
j e c ts  o f p h y s ic s  an d , c o r re s p o n d in g ly ,  th e  m o s t s y m m e tr ic .  A c c o rd in g  to  th e  
s tu d y  o f th e  s y m m e try  o f fin ite  o b je c ts ,  th e  m o s t s y m m e tr ic  m a te r ia l  f ig u re  
is  th e  s p h e r e .  I ts  s y m m e try  is  d e te rm in e d  by th e  g ro u p  oc/oo: m, w h ich  h a s

I'or a review of the development of these ideas see for instance the article of M ark o v , M. A. "O sovre-
niennoi lorme atomizma" (The Modern Form of Atomism). Voprosy filosofii. No. 3 and 4. 1960.
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th e  l a r g e s t  p o s s ib le  n u m b e r  o f s y m m e try  e le m e n ts :  an  in f in ite  n u m b e r  o f  a x e s  
o f s y m m e tr y  o f in f in ite  o r d e r  i n t e r s e c t in g  a t  on e  p o in t, th e  c e n t e r  o f s y m 
m e t r y ,  an d  an  in f in ite  n u m b e r  o f s y m m e tr y  p la n e s  p a s s in g  th ro u g h  th e  c e n t e r  
o f  s y m m e try * .

T h e  in t e r n a l  p r o p e r t i e s  an d  s t r u c t u r e  o f an  e le m e n ta ry  o b je c t  o f c l a s s i 
c a l  p h y s ic s  a r e ,  a s  i t  h a p p e n s , c h a r a c t e r i z e d  by s p h e r ic a l  s y m m e try :  the 
c h a n g e s  w h ich  w e re  a d m is s ib le  in  th e  fo rm  o f th is  o b je c t  d id  no t d e s t ro y  
i t s  in te r n a l  s y m m e tr y .

A s p h y s ic s  d e v e lo p e d  i t  w a s  d i s c o v e r e d  th a t  su c h  n o tio n s  of th e  e le m e n 
t a r y  o b je c ts  w e re  l im ite d .  T h e y  w e re  s u ff ic ie n t  so  long  a s  p h y s ic s ,  in 
s tu d y in g  p a r t i c le s  o f m a t t e r ,  co n f in e d  i t s e l f  to  p u re ly  c o r p u s c u la r  n o tio n s  
an d  to  id e a s  o f a c t io n  a t  a  d is ta n c e .  T h e  d e v e lo p m e n t o f th e  f ie ld  co n c ep t 
a s  a  new  fo rm  o f m a t t e r ,  an d  in  p a r t i c u la r  th e  fa c t o f ta k in g  th e  p r e s e n c e  
o f th e  f ie ld  in to  a c c o u n t in  th e  a n a ly s i s  of th e  in te r a c t io n  o f p a r t i c le s  of 
m a t t e r ,  le d  to  c h a n g e s  in  th e  v ie w s  h e ld  on  th e  i n te r n a l  s t r u c tu r e  o f the 
e le m e n ta r y  o b je c ts  o f p h y s ic s .  T h e s e  c h a n g e s  w e re  s u m m a r iz e d  m o s t fu l 
ly  in  th e  th e o ry  o f r e la t iv i t y .  A s fo llo w s  f ro m  th e  L o re n tz  t r a n s f o r m a t io n s ,  
th e  th e o ry  o f r e la t iv i ty  d is tin g u is h e d  on e  o f th e  c o o r d in a te  a x e s ,  the one 
a lo n g  th e  d i r e c t io n  o f m o tio n  o f th e  o b je c t.  C o r re s p o n d in g ly  th e  e le m e n 
t a r y  o b je c t  b e c a m e  a n is o t r o p ic  in  i t s  i n te r n a l  p r o p e r t i e s ,  an d  in the s p h e r 
i c a l  fo rm  w h ich  w a s  ad d u c e d  in  th e  d i s c u s s io n  o f th e  in te r n a l  s y m m e try  of 
th e  c l a s s i c a l  o b je c t  a  d e f in ite  d i re c t io n  w a s  s in g le d  ou t: in  th e  th e o ry  of 
r e la t iv i t y  th i s  s p h e r e  p ro v e d  to  be, so  to s p e a k , " c o m p r e s s e d "  in th e  d i 
re c t io n  o f m o tio n . T h e  s y m m e tr y  o f th e  " c o m p r e s s e d "  s p h e r e  is  r e p r e 
s e n te d  by th e  g ro u p  trr.co-m ( s o m e t im e s  c a l le d  c y l in d r ic a l  s y m m e try ) .  T h e  
p r e s e n c e  o f s u c h  in te r n a l  s t r u c tu r e  in  e le m e n ta r y  o b je c ts  is  tak e n  in to  a c 
c o u n t in  t r a n s f o r m a t io n s  o f th e  L o re n tz  g ro u p . T h e  t r a n s i t io n  fro m  s p h e r 
i c a l  to  c y l in d r ic a l  s y m m e tr y  in  th e  c o n s id e r a t io n  o f th e  in te r n a l  s t r u c tu r e  
o f th e  e le m e n ta r y  o b je c ts  o f p h y s ic s  m a r k s  th e  d is c o v e r y  an d  in c o rp o r a t io n  
o f th e  a s y m m e tr y  in  t h e i r  i n te r n a l  s t r u c tu r e ,  w h e re  by a s y m m e tr y  is  m e a n t, 
a s  u s u a l , th e  a b s e n c e  o f c e r t a in  e le m e n ts  o f s y m m e try .

Q u a n tu m  th e o ry  in t ro d u c e d  f u r th e r  c h a n g e s  in to  th e  p h y s ic a l  id e a s  c o n 
c e r n in g  e le m e n ta r y  o b je c ts .  T h e s e  c h a n g e s  a r e  r e la te d  f i r s t  an d  f o r e m o s t  
to  th e  in t ro d u c t io n  o f th e  c o n c e p ts  o f sp in  an d  p a r i t y  a s  in te r n a l  p r o p e r t i e s  
o f e le m e n ta r y  p a r t i c le s .  I t  w il l  b e  n e c e s s a r y  to  c o n c e n t ra te  on th e s e  p r o p 
e r t i e s  in a s m u c h  a s  th ey  d e te r m in e  th e  fo rm  o f th e  w ave fu n c tio n  a s  c h a r a c 
te r i z a t i o n  o f th e  s t a t e s  o f  p a r t i c l e s .  Spin an d  p a r i t y  e x p r e s s  th o s e  in te r n a l  
p r o p e r t i e s  o f p a r t i c le s  w h ich  a r e  of an  a n is o t r o p ic ,  i . e . ,  d i r e c te d ,  n a tu re .
A v e r y  s im p le ,  g ra p h ic  e x a m p le  of th is  i s  th e  f a c t  th a t  th e  e f fe c tiv e  c r o s s  
s e c tio n  o f s c a t t e r in g  o f p o la r iz e d  p h o to n s  on o r ie n te d  e le c t r o n s  d e p e n d s  on 
th e  m u tu a l  o r ie n ta t io n  o f th e  p h o to n  an d  e l e c t r o n  s p in s .

• Here, as usual, the symmetry groups are denoted by means of the principal symmetry elements which com
pletely determine the symmetry of the corresponding objects. The plane of symmetry is denoted by the 
letter «i, the axes of symmetry by numbers indicating the order of the axis, and the axis of infinite order 
by the symbol oc. If the axis of symmetry lies in the plane of symmetry, a dot is placed between the sym
bols denoting these elements of symmetry to indicate the parallelism of the two elements of symmetry (for 
instance, the symbol oo. m means that the axis of symmetry of infinite order lies in the plane of symmet
ry). If the axis of symmetry is perpendicular to the plane of symmetry, this circumstance is denoted by a 
colon. If two axes of symmetry intersect at an angle other than a right angle, this is indicated by placing 
a solidus between the symbols characterizing these axes of symmetry. (For greater detail concerning sym
metry see, for example, A.V. S h u b n ik o v . Simmetriya i antisininietriya konechnykh figur (The Sym
metry and Antisymmetry of Finite Figures). Moscow. 1951.)
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We w ill f i r s t  c o n s id e r  th e  in f lu e n c e  o f th e  sp in  on th e  i n te r n a l  s y m m e tr y  
o f e le m e n ta ry  p a r t i c le s  (p a r i ty  w ill n o t be tak e n  in to  a c c o u n t) . T h is  o r d e r  
o f t r e a tm e n t  c o r r e s p o n d s  to  th e  h i s to r i c a l  d e v e lo p m e n t o f o u r  k n o w led g e o f 
th e s e  p r o p e r t i e s  in q u an tu m  th e o ry . S in c e  a l l  o th e r  i n te r n a l  p r o p e r t i e s  of 
e le m e n ta ry  p a r t i c le s  h av e  a n  is o tr o p ic  c h a r a c t e r ,  i t  i s  n a tu r a l  to  a s s u m e  
th a t  a  c o n s id e r a t io n  o f sp in  w ill in t ro d u c e  a  d e f in ite  a s y m m e tr y  in to  s p h e r 
ic a l  s y m m e try ,  w h ich  e x p r e s s e s  th e  in te r n a l  s t r u c tu r e  o f o b je c ts  w ith  i s o 
t ro p ic  in te rn a l  p r o p e r t i e s .  T h e  sp in  o f an  e le m e n ta r y  p a r t i c le  is  i t s  i n t e r 
n a l a n g u la r  m o m e n tu m . H en ce  i t  fo llo w s  th a t  th e  s y m m e tr y  w h ich  c o r r e 
sp o n d s  to th e  in te r n a l  s t r u c tu r e  o f an  e le m e n ta r y  p a r t i c le  w hen the sp in  is  
tak e n  in to  a c c o u n t is  the s y m m e try  o f a  ro ta t in g  s p h e r e :  <x> : m (a x ia l  s y m 
m e try ) .  T h is  is  a ls o  show n by th e  fo llo w in g . T o  th e  sp in  o f a  p a r t i c le  is  
r e la te d  i t s  p r o p e r  m a g n e tic  m o m e n t, th e  m a g n itu d e  o f w h ich  is  p r o p o r t i o n 
a l  to the sp in . Now i t  i s  w e ll know n th a t  an  e le m e n ta r y  m a g n e t h a s  th e  s y m 
m e try  oo :m *. T h is  is  a ls o  show n by o th e r  f a c ts ,  in  p a r t i c u la r  by  th e  fa c t  
th a t  in  th e  i n t r in s ic  s y s te m  of r e f e r e n c e  th e  e le c t r o n ,  w ith  th e  sp in  ta k e n  
in to  ac c o u n t, a ls o  h a s  a x ia l  s y m m e try * * .

T h u s  the  in te r n a l  s t r u c tu r e  o f an  e le m e n ta ry  p a r t i c le  w ith  sp in  is  c h a r a c 
te r iz e d  by a x ia l  s y m m e try .  F ro m  th is  i t  fo llo w s  th a t  in th e  i n t r i n s ic  s y s te m  
of r e f e r e n c e  o f p a r t i c le s  th e  sp in  d e m a r c a te s  th e  a x is  of s y m m e tr y  but d o e s  
not d e m a rc a te  a  d e f in ite  d i re c t io n  a lo n g  th e  a x is  o f s y m m e tr y .  In tu it iv e ly , 
th is  is ,  in  fa c t , th e  fo rm  o f a  ro ta t in g  s p h e r e .  A t th e  s a m e  t im e  we m ig h t 
n o tic e  th a t  th e s e  d ire c t io n s  b e c o m e  d is tin g u is h a b le  in  th e  p r o c e s s  of i n t e r 
a c tio n . It i s  p e r h a p s  ow ing  to  th e  l a t t e r  c i r c u m s ta n c e  th a t  on e  c a n n o t o b 
ta in  a  c h a r a c te r iz a t io n  o f th e  m a g n e tic  m o m e n ts  o f p a r t i c le s  in  q u an tu m  
th e o ry  s ta r t in g  fro m  f r e e  f ie ld s :  su c h  c h a r a c t e r i z a t io n s  a r e  g iv en  o n ly  by 
th e  th e o ry  o f in te r a c t in g  f ie ld s .

T h e c o n c e p t of p a r i ty  s u p e r p o s e s  a d d it io n a l  a s y m m e tr y  on  th o s e  n o tio n s  
of in te r n a l  s y m m e try  of e le m e n ta ry  p a r t i c le s  w h ich  c o r r e s p o n d  to  ta k in g  
sp in  in to  a c c o u n t. A c c o rd in g  to  m o d e rn  v ie w s  on  p a r i ty ,  i t s  m e a n in g  is  
th a t  i t  in t ro d u c e s  a  d is tin c tio n  b e tw e en  r ig h t  an d  le f t .  C o n se q u e n tly , p a r i ty ,  
a s  i t  w e re , d e m a r c a te s  th e  a x is  o f s y m m e try ,  i . e . ,  m a k e s  i t  p o s s ib le  to  
d is tin g u is h  b e tw e en  one d i re c t io n  a lo n g  th e  a x is  an d  a n o th e r .  T h is  m e a n s  
th a t  in  o u r  c o n c e p tio n s  o f th e  in te r n a l  s t r u c t u r e  o f e le m e n ta r y  p a r t i c le s  
p a r i ty  l iq u id a te s  th e  p la n e  o f s y m m e try ,  an d  th a t  now th e  e le m e n ta r y  o b 
je c t  i s  c h a r a c te r iz e d  on ly  by a n  a x is  o f s y m m e try  of in f in ite  o r d e r .  Such  
s y m m e try  is  c h a r a c t e r i s t i c  o f a  ro ta t in g  s p h e r e  m o v in g  i n e r t i a l l y  in  th e  
d ire c t io n  o f th e  a x is  o f ro ta tio n .

W hat we h av e  sa id  ca n  be su m m e d  up in  th e  fo rm  o f a  c h a r t  ( s e e  n e x t pag e ).
O f c o u r s e ,  f a r  fro m  a l l  h i s to r i c a l  s e q u e n c e s  o f d a ta , r e s u l t s ,  s t a t e s  

and  so  fo r th  a r e  r e g u la r :  r e g u la r  r e la t io n s  a r e  u n d e r la in  by n e c e s s i ty .
T h e se q u e n c e  o f m o d if ic a tio n s  in  th e  p h y s ic a l  c o n c e p tio n  o f e le m e n ta r y  o b 
je c t s  e x p r e s s e d  in  th e  fo llow ing  sc h e m e  w ill a p p e a r  c o m p le te ly  r e g u la r ,  o r  
n e c e s s a r y ,  if:

1) one a d o p ts  the c o r re s p o n d e n c e  p r in c ip le ,  i . e . ,  a s s u m e s  th a t  k n o w 
le d g e  c o n c e rn in g  e le m e n ta ry  o b je c ts  d e v e lo p s  c o n s is te n t ly ;

2) one s t a r t s  fro m  th e  a s s u m p tio n  th a t  k n ow ledge e v o lv e s  f ro m  th e  a b 
s t r a c t  to th e  c o n c re te ,  i . e . ,  th a t  th e  e a r l i e s t  c o n c e p tio n  of e le m e n ta r y

• See, for example, S liu b n ik o v , A. V. Problema dissimmetril material'nykh ob'ektov (The Problem of
the Asymmeiry of Material Objects), p. 31, and the following pages. Moscow. 1961.

•• See Le vaslie v, A. E. Elemeniamye chastitsy (Elementary Particles) Pari I. p. 64. Kiev. 1960.
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o b je c ts  w a s th e  p o o r e s t  an d  th a t i t  w a s  e n r ic h e d  w ith  th e  d e v e lo p m e n t of 
k n o w led g e ;

3) on e  a s s u m e s ,  to fo llow  P i e r r e  C u r ie ,  th a t  it  is  n o t th e  p r e s e n c e  o f 
d e f in i te  s y m m e tr y  e le m e n ts  b u t t h e i r  a b s e n c e  — a s y m m e tr y  — w h ich  is  
m o r e  im p o r ta n t  f o r  a p h y s ic a l  p h e n o m e n o n , i . e . ,  th a t  a s y m m e tr y ,  r a th e r  
th an  s y m m e tr y ,  i s  th e  c a u s e  o f p h e n o m e n a * .

Development of ideas concerning the concept of elementary object in physics, 
in the light of ideas on symmetry

Physical theories
Characterization of the internal 

(structural) properties of 
elementary object

Symmetry groups 
reflecting inter

nal structure 
of object

Corresponding geo
metric form of 

elementary 
object

Theories of classical 
physics (before the 
development of 
electrodynamics)

Internal properties of object are 
isotropic. Object does not con
tain privileged directions which 
could be manifested in interac
tions. Object is the most struc
tureless in physics and corre
spondingly is the most symmet
ric with respect to its internal 
properties.

Sphere

Theory of relativity In the internal properties of ob
ject a direction corresponding to 
the direction of motion of the 
object is distinguished.

"Compressed " 
sphere

Quantum theory A new asymmetry is revealed in 
the internal properties of ele
mentary object, associated with:

a) spin oo :m Rotating 
"compressed" sphere

b) parity Rotating "compressed" 
sphere moving in- 
ertially in the direc
tion of axis of rotation

I t fo llo w s  fro m  w h a t we h av e  s a id  th a t  th e  d e v e lo p m e n t o f th e  c o n c e p tio n  
o f e le m e n ta r y  o b je c ts  in  p h y s ic s  m ig h t be c h a r a c t e r i z e d  a s  th e  g ra d u a l  d i s 
c o v e ry  o f a s y m m e tr y  in  th a t  g e o m e tr ic  fo rm  w h ich  e x p r e s s e s  th e  in te r n a l  
s t r u c t u r e  o f e le m e n ta r y  o b je c ts  an d  w h ich  o r ig in a t e s  in  c l a s s i c a l  p h y s ic s .  
T h e  m o d if ic a t io n s  in t ro d u c e d  by q u an tu m  th e o ry  in to  th e  c o n c e p tio n  o f the 
e le m e n ta r y  o b je c t  c o n s i s t  o f  a  r e c o g n i t io n  of the a n is o tro p y  o f th e  new  in 
te r n a l  p r o p e r t i e s  o f th e s e  o b je c ts ,  w h ich  c o n d itio n  th e  d i r e c te d  c h a r a c t e r  
o f t h e i r  in t e r a c t io n s .  T h e o r e t ic a l  e x p r e s s io n  o f th e  p r e s e n c e  o f d i r e c te d  
in te r n a l  p r o p e r t i e s  in  th e  e le m e n ta r y  o b je c ts  o f p h y s ic s  p ro v e d  p o s s ib le  
o n ly  on th e  b a s i s  o f s t a t i s t i c a l  r e g u la r i t i e s ,  w ith  th e  u se  o f w ave fu n c tio n s .

• See, on this question, L ev ash ev , A. E. Elementarnye cliastitsy (Elementary Panicles), Parti, p. 59.



In o th e r  w o rd s , s t a t i s t i c a l ,  p ro b a b i l i s t i c  m e th o d s  o f r e s e a r c h  a f fo rd e d  
th e  f i r s t  s e r io u s  p e n e tra t io n  o f th e  in te r n a l  s t r u c t u r e  o f e le m e n ta r y  o b je c ts .

T h e r e in  l i e s ,  g e n e ra l ly  s p e a k in g , th e  c h ie f  v a lu e  o f s t a t i s t i c a l  r e g u la r 
i t ie s .  T h is  e x p la in s  the e x c e p tio n a lly  w id e s p r e a d  u t i l i z a t io n  o r ,  o n e  m ig h t 
sa y , e m in e n t p o s itio n  o f  s t a t i s t i c a l  r e g u la r i t i e s  in m o d e rn  p h y s ic s ,  e s 
p e c ia l ly  a s  c o m p a re d  w ith  d y n a m ic a l  r e g u la r i t i e s .

In the m o d e rn  p h y s ic s  o f m ic r o p r o c e s s e s  the lin e , so  to sp e a k , le a d in g  
to the  re v e la t io n  o f the  s t r u c tu r e  of e le m e n ta ry  p a r t i c le s  is  fu n d a m e n ta l .
If q u an tu m  th e o ry  r e f le c te d ,  though in f a ir ly  g e n e r a l  fo rm , th e  w a v e - 
p a r t i c le  s t r u c tu r e  an d  a  n u m b e r  o f o th e r  i n te r n a l  p r o p e r t i e s  o f m ic r o -  
o b je c ts ,  th e  th e o ry  o f e le m e n ta ry  p a r t i c le s  is  fa c e d  w ith  th e  p ro b le m  o f 
p e n e tra t in g  y e t  m o re  d ee p ly  in to  the  s t r u c t u r e  o f m ic r o o b je c t s ,  u n c o v e r 
ing  new e le m e n ts  o f a s y m m e try  and  re f le c tin g  so  u n iv e r s a l  a  p r o p e r ty  of 
e le m e n ta ry  p a r t i c le s  a s  t h e i r  t r a n s m u ta b i l i ty .

In the  lig h t o f th e  c o n s id e r a t io n s  e x a m in e d  ab o v e , a c c o rd in g  to  w h ich  
th e  e v o lu tio n  of id e a s  c o n c e rn in g  th e  e le m e n ta r y  o b je c ts  o f p h y s ic s  co u ld  
be c h a r a c te r iz e d  in  b r ie f  a s  a  c o n s e c u tiv e  t r a n s i t io n  fro m  s y m m e tr y  to 
a s y m m e try ,  c e r ta in  in fe r e n c e s  m ay  be d ra w n  c o n c e rn in g  th e  n a tu r e  o f th e  
p ro b le m  w hich  m u s t be fa c e d  fo r  the f u r th e r  d e v e lo p m e n t o f th e  p h y s ic s  of 
m ic r o p r o c e s s e s .  T h is  p ro b le m  is  to  in t ro d u c e  a  new e le m e n t  o f a s y m m e t 
ry  in to  o u r  p r e s e n t  id e a s  c o n c e rn in g  th e  e le m e n ta r y  p a r t i c le ,  i . e . ,  i t  is  
n e c e s s a r y  to  d ro p  the  a s s u m p tio n  th a t  an  a x is  o f s y m m e tr y  o f in f in i te  o r d e r  
is  p r e s e n t  in  i t .  In o th e r  w o rd s , o u r  id e a  th a t  th e  s p h e r e  w ith  few e le m e n ts  
of s y m m e try ,  th e  fo rm  of w h ich  w a s  u s e d  to e x p r e s s  th e  in te r n a l  s y m m e tr y  
o f the e le m e n ta ry  p a r t ic le ,  h a s  a  u n ifo rm  s t r u c t u r e  w ill  h av e  to  be d ro p p e d .

T h e s y m m e try  g ro u p  oo is  th e  g ro u p  w h ich  is  th e  p o o r e s t  in  e le m e n ts  of 
s y m m e try  in  th e  s e r i e s  of s o - c a l le d  l im it in g  s y m m e tr y  g ro u p s .  It i s  t h e r e 
fo r e  p a r t i c u la r ly  d iff ic u lt  to s a y  to w h ich  new s y m m e try  g ro u p  w e w ill  a d 
v an c e , in  o u r  know ledge of th e  e le m e n ta ry  p a r t i c le ,  if  w e d i s r e g a r d  th e  a x is  
of s y m m e try  of in f in ite  o r d e r  in  c h a r a c t e r i z in g  i t s  i n te r n a l  p r o p e r t i e s .  T h e  
e a s ie s t  a n s w e r  i s ,  of c o u r s e ,  to  a s s u m e  th a t  th e  e x is  o f s y m m e tr y  o f i n 
fin ite  o r d e r  w ill be  re p la c e d  by a new  a x is  o f s y m m e tr y  th e  o r d e r  o f w h ich  
w ill be  a c e r ta in  fin ite  n u m b e r . In th is  c a s e  o u r  s p h e r e  — th e  fo rm  w hich  
w e u sed  to  c h a r a c t e r i z e  th e  in te rn a l  s y m m e try  o f th e  e le m e n ta r y  o b je c t  — 
w ill be  " s p l i t "  in to  a c e r t a in  n u m b e r  o f p a r ts .

At the s a m e  tim e , fro m  th e  g e n e r a l  p o in t o f v iew , m an y  o th e r  a s s u m p 
tio n s  m ig h t be p ro p o s e d . In  p a r t i c u la r  on e  co u ld  s a y  th a t  o u r  " s p h e r e "  is  
v e ry  s im i l a r  to the good o ld  c l a s s i c a l  a to m . In a s m u c h  a s  c l a s s i c a l  id e a s  
ab o u t th is  fo rm  — the a to m  — p ro v e d  e x h a u s te d  fro m  th e  s ta n d p o in t  o f th e  
s tu d y  of s y m m e try  a s  w e ll, in  the fu tu re ,  w hen u n c o v e r in g  new  s y m m e tr y  
p r o p e r t i e s  o f e le m e n ta ry  p a r t i c le s ,  one w ill  h av e  to  tu rn  to th e  fo r m  o f a  
d i f fe re n t  o b je c t, the fo rm  of th e  m o d e rn , q u an tu m  a to m . T h is  m e a n s  th a t  
the fo rm  of Ihe a to m  w ill g iv e  u s  c e r t a in  e x p l ic i t  c o n s id e r a t io n s  in  th e  f u r 
th e r  s tu d y  o f the s t r u c tu r e  of e le m e n ta ry  p a r t i c le s ,  j u s t  a s  th e  fo rm  o f th e  
s p h e r e  h e lp e d  u s , r ig h t up to  th e  p r e s e n t  t im e , in  fin d in g  th e  q u a n tu m  p r o p 
e r t i e s  of e le m e n ta ry  p a r t i c le s  an d  f i r s t  an d  fo r e m o s t  in  fin d in g  th e  m e a n in g  
of sp in  an d  p a r i ty .

W hat we h av e  s a id ,  of c o u r s e ,  b e lo n g s  to  th e  r e a lm  o f c o n je c tu re .  
W ithout s p e c ia l  p h y s ic a l in v e s t ig a t io n , a ll su c h  ju d g m e n ts  s e e m  h ig h ly
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u n c o n v in c in g . H o w e v e r , th e r e  c a n  b e  no d ou b t th a t  th e  p r in c ip a l  p ro b le m  in 
q u a n tu m  th e o ry  is  to u n c o v e r  th e  s t r u c t u r e  o f e le m e n ta ry  p a r t i c le s .  I t  is  
p r e c i s e ly  fro m  th e  s ta n d p o in t  of c o m p re h e n s io n  o f th e  s t r u c t u r e  th a t  i t  i s  
n e c e s s a r y  to u n d e r ta k e  an  e v a lu a tio n  of th e  a b o v e -m e n tio n e d  d is c u s s io n s  
o f th e  fa te  o f p r o b a b i l i s t i c  r e p r e s e n ta t io n s  in  th e  f u r th e r  d e v e lo p m e n t o f 
th e  p h y s ic s  o f m i c r o p r o c e s s e s .  Is  i t  p o s s ib le  to  p e n e t r a te  m o re  d ee p ly  in 
to  th e  s t r u c t u r e  — an d  o b ta in  th e  c o r re s p o n d in g  e q u a tio n s  o f m o tio n  — on th e  
b a s i s  o f id e a s  o f d y n a m ic a l  r e g u la r i t i e s ?  C o n s id e ra b le  d if f ic u lt ie s  s ta n d  
in  th e  w ay  o f an  a n s w e r  to  th is  q u e s tio n . H is to ry  know s of no su c h  e x a m 
p le s .  In p r a c t i c e  su c h  a  s ta te m e n t  o f th e  p ro b le m  is  g iv en  o n ly  in  w o rk s  
by r e p r e s e n ta t iv e s  o f th e  c a u s a l  i n t e r p r e ta t io n  o f q u an tu m  th e o ry .

It w a s  th e  s e a r c h  fo r  a  d y n a m ic a l  r e g u la r i ty  w h ich  led  th e  r e p r e s e n ta 
t iv e s  o f th is  t r e n d  to the n e c e s s i ty  o f u n ra v e l l in g  th e  s t r u c tu r e  of e le m e n 
t a r y  p a r t i c le s .  T h e  m o d e l of a  p a r t i c le  in  th e  g iv en  c a s e  i s  c o n s tru c te d  
p r i m a r i l y  on th e  b a s i s  o f id e a s  c o n c e rn in g  th e  r e la t iv i s t i c  d ro p . H e re  
a g a in , h o w e v e r, one m e e ts  p r o b le m s  o f c o lo s s a l  d iff ic u lty . How th e  s t a t e s  
o f p a r t i c le s  a r e  to be c h a r a c t e r i z e d  is  s t i l l  no t c l e a r .  F ro m  th e  g e n e ra l  
p o in t  o f v iew  on e m ig h t v e n tu re  to  su p p o se  th a t  the s t a t e s  o f p a r t i c le s  in  th e  
g iv en  c a s e  w ill no t be c h a r a c t e r i z e d  by w ave fu n c tio n s , a s  th e  m e a n in g  of 
th e  l a t t e r  i s  e x p r e s s e d  by m e a n s  o f p ro b a b il i ty  d i s t r ib u t io n s .  A t th e  s a m e  
t im e , a  new c h a r a c t e r i z a t io n  o f the s t a t e s  m u s t in c lu d e  in i t s e l f  d a ta  on the 
s t r u c t u r e  o f m ic r o o b je c t s  o b ta in e d  by w ave fu n c tio n s . In c a s e  su c h  in v e s t i 
g a tio n s  a r e  s u c c e s s fu l ,  th ey  w ill le a d  to  an  e v o lu tio n  in  th e  v e r y  co n c e p tio n  
o f d y n a m ic a l  r e g u la r i ty .

O ne c o u ld  su p p o se , a p p a re n t ly  w ith  good r e a s o n , th a t  th e  f u r th e r  d e v e l
o p m e n t o f th e  p h y s ic s  o f m ic r o p r o c e s s e s  w ill p ro c e e d  on a  s t a t i s t i c a l  b a s i s ,  
i . e . ,  id e a s  o f p ro b a b il i ty  an d  p ro b a b il i ty  d i s tr ib u tio n  w ill  r e m a in  p ro m in e n t .  
H o w e v er, th e  ta s k  o f p e n e tra t in g  f u r th e r  in to  th e  s t r u c t u r e  o f p a r t i c le s  r e 
q u i r e s  a  f u r th e r  d e v e lo p m e n t of th e  p r o b a b il i s t i c  id e a s  th e m s e lv e s .  P o s 
s ib ly  on e  w ill  h av e  to p a s s  f ro m  w ave fu n c tio n s  to y e t  m o re  a b s t r a c t  m a th e 
m a t ic a l  m e a n s  of c h a r a c t e r i z in g  th e  s t a t e s  o f p h y s ic a l  s y s te m s ,  m e a n s  
w h ich  w ill be ev e n  m o re  in t im a te ly  r e la te d  to  p ro b a b il i ty  d is t r ib u t io n s .  And 
th e s e  d is t r ib u t io n s ,  in v iew  o f von N e u m a n n 's  w e ll-k n o w n  th e o re m , w ill no t 
be  d i s tr ib u tio n s  o f q u a n tu m -m e c h a n ic a l  n a tu r e .  B ut i t  i s  p o s s ib le  th a t  the  
v e r y  fo u n d a tio n s  o f o u r  id e a s  c o n c e rn in g  p ro b a b il i ty  w ill u n d e rg o  m o d if ic a 
tio n  an d  e x p a n s io n , a  p r o s p e c t  m a d e  l ik e ly  by th e  in tro d u c tio n  o f n e g a tiv e  
p r o b a b i l i t i e s  in to  the n o n l in e a r  q u an tu m  th e o ry  o f f ie ld s .

H o w e v er , th e r e  c a n  be no doub t th a t  fu n d a m e n ta lly  new p ro b le m s  re q u ir e ,  
in  o r d e r  to be so lv e d , fu n d a m e n ta lly  new  m e th o d s  o f r e s e a r c h ,  w h ich  m ay  
fa il  to f i t  in to  th e  f r a m e w o r k  o f know n c l a s s e s  o f r e g u la r i t i e s  — d y n a m ic a l  
o r  s t a t i s t i c a l .  T h e r e f o r e  fo r  the m o s t q u a lif ie d  a n s w e r  to  th e  q u e s tio n  of 
th e  fa te  o f s t a t i s t i c s  on e  m u s t d w e ll e s p e c ia l ly  on a  c o n s id e r a t io n  of the 
m e th o d s  u se d  in  th o se  p r e s e n t - d a y  in v e s t ig a t io n s  w h ich  a r e  a im e d  a t  d e 
v e lo p in g  a  th e o ry  o f e le m e n ta ry  p a r t i c le s .  T o d ay  th e  p ro b le m  of d e v e lo p 
ing  su c h  a  th e o ry  re d u c e s  fu n d a m e n ta lly  to  th e  p ro b le m  o f d e v e lo p in g  a 
n a tu r a l  s y s te m  o f c l a s s i f ic a t io n  o f e le m e n ta r y  p a r t i c le s  b a se d  on o u r  know 
le d g e  o f t h e i r  s e v e r a l  i n te r n a l  p r o p e r t i e s ,  o r  of d e v e lo p in g  a  kind  of M e n d e 
le e v  s y s te m  fo r  e le m e n ta r y  p a r t i c le s .  T h e  d e v e lo p m e n t o f su c h  a  s y s te m  
w ould  m a k e  i t  p o s s ib le  to  e s ta b l i s h  th e  in te r n a l  in te rc o n n e c t io n s  of th e  v a r i 
o u s  p a r t i c le s ,  w ould  sh e d  lig h t on th e  n a tu re  o f th e  d i s c r e t e n e s s  o f m an y
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p a r t i c le  p r o p e r t i e s  (m a s s ,  c h a rg e ,  sp in  . . . ) ,  w ou ld  e n a b le  o n e  to  d ra w  
c e r t a in  d e f in ite  in f e r e n c e s  c o n c e rn in g  th e  n u m b e r  o f p a r t i c le s  an d , in  so  
doing , p e r h a p s  d iv id e  th em  in to , so  to sp e a k , " fu n d a m e n ta l"  an d  " d e r iv e d "  
p a r t i c le s ,  an d  so  on. A n u m b e r  of c l a s s i f ic a t io n  s c h e m e s  h a v e  a l r e a d y  
b ee n  p ro p o s e d  fo r  e le m e n ta ry  p a r t i c le s ,  bu t a l l  a r e  o f an  e s s e n t i a l l y  h y 
p o th e t ic a l  n a tu re * .

In d e v e lo p in g  c la s s i f ic a t io n  s c h e m e s  fo r  e le m e n ta r y  p a r t i c le s ,  th e  g e n 
e r a l  id e a s  of th e  q u an tu m  th e o ry  of f ie ld s  a r e  ta k e n  a s  p o in t o f d e p a r tu r e  
an d  u s e  i s  m a d e  o f d a ta  on in te r n a l  p r o p e r t i e s  o b ta in e d  fro m  th e  c h a r a c t e r 
iz a tio n  o f p a r t i c le s  by m e a n s  o f w ave fu n c tio n s . F ro m  th e  m e th o d o lo g ic a l  
p o in t o f v iew  i t  is  im p o r ta n t  to  n o te  th a t  in  th e s e  in v e s t ig a t io n s  w id e s p r e a d  
u s e  is  m ad e  of the m e th o d s  of g ro u p  th e o ry ,  w h ich  a r e  m o s t  c lo s e ly  an d  
m o s t d i re c t ly  r e la te d  to th e  m o d e rn  a p p r o a c h  to  th e  s y m m e tr y  o f m a te r ia l  
o b je c ts .  S in ce  u n ra v e l l in g  th e  s t r u c t u r e  o f e le m e n ta r y  p a r t i c l e s  in v o lv e s  
a  f u r th e r  u n ra v e l l in g  of a s y m m e tr y  in  t h e i r  i n te r n a l  p r o p e r t i e s ,  th e  u t i l i z a 
tio n  o f th e  m e th o d s  o f g ro u p  th e o ry  in  th e  p h y s ic s  o f e le m e n ta r y  p a r t i c l e s  
i s  v e r y  n e c e s s a r y .

T h e  u s e  o f g ro u p  th e o r e t ic a l  m e th o d s  in  th e  p h y s ic s  o f m ic r o p a r t i c l e s  
i s  b a s e d  f i r s t l y  on th e  fa c t  th a t th ey  a llo w  on e to  d e te r m in e  m an y  o f th e  p r o p 
e r t i e s  of qu an tu m  s y s te m s  w ith o u t s o lv in g  th e  fu n d a m e n ta l  e q u a t io n s .  In 
qu an tu m  p h y s ic s  d i r e c t  so lu tio n  of th e  fu n d a m e n ta l  e q u a tio n s  v e r y  o fte n  i n 
v o lv e s  c o lo s s a l  m a th e m a tic a l  d i f f ic u lt ie s ;  o c c a s io n a l ly  th e s e  e q u a tio n s  a r e  
no t e v e n  e x a c tly  know n. In su c h  c a s e s  th e  m e th o d s  o f g ro u p  th e o ry  p ro v e  
h igh ly  v a lu a b le  by f a c i l i ta t in g  c a lc u la t io n s  a n d  e n a b lin g  th e  e x p r e s s io n  of 
d e f in ite  p r o p e r t i e s  o f q u an tu m  s y s te m s .  In th is  c o n n e c tio n  i t  sh o u ld  be 
s t r e s s e d  th a t g ro u p  th e o r e t ic a l  m e th o d s  m a k e  i t  p o s s ib le  to  d i s t in g u is h  th e  
m o s t p ro fo u n d  in te r n a l  p r o p e r t i e s  o f q u an tu m  s y s te m s ,  p r o p e r t i e s  r e la t e d  
to  r e q u ir e m e n ts  o f in v a r ia n c e  an d  s y m m e try .

T h e  e v e r - in c r e a s in g  ro le  o f g ro u p  th e o r e t ic a l  m e th o d s  in  q u a n tu m  p h y s 
ic s  o f la te  h a s  su g g e s te d  th e  n ee d  fo r  a  r e v is io n  o f th e  fo u n d a tio n s  o f m o d 
e r n  qu an tu m  th e o ry  an d  o f i t s  id e a s  fro m  th e  s ta n d p o in t  o f g ro u p  th e o ry .
T h e  p r im a r y  a im  h e r e  i s  to e x a m in e  th e  p o s s ib i l i ty  o f o b ta in in g  t h e o r e t ic a l 
ly  qu an tu m  m e c h a n ic a l  o p e r a to r s  s t a r t i n g  fro m  th e  m o re  fu n d a m e n ta l  p r o 
p o s i tio n s  w h ich  ca n  be s tu d ie d  w ith  th e  a id  o f the m e th o d s  o f c o n tin u o u s  
g ro u p s .

W ithout e n te r in g  in to  th e  s u b s ta n c e  o f su c h  a s p i r a t io n s ,  f ro m  th e  e p i s t e 
m o lo g ic a l  s ta n d p o in t it  m u s t be r e m a r k e d  th a t su c h  a  re v is io n  o f th e  fo u n d a 
tio n s  o f qu an tu m  th e o ry  co u ld  p ro v e  u s e fu l  fo r  th e  c o n s t r u c t io n  o f a  m o re  
ev o lv e d  th e o ry  of m ic r o p r o c e s s e s .  T h e  h i s to r y  o f th e  d e v e lo p m e n t o f p h y s 
ic s  sh o w s th a t, o n ce  the  fo u n d a tio n s  o f a  new p h y s ic a l  th e o ry  h av e  b e e n  la id  
an d  i t s  fu n d a m e n ta l e q u a tio n s  o b ta in e d , o n e  o f th e  ta s k s  o f th is  th e o ry  c o n 
s i s t s  o f a c a re f u l  d e v e lo p m e n t o f i t s  m a th e m a tic a l  c o n s e q u e n c e s ,  a c c o m 
p a n ie d  by d ev e lo p m e n t o f th e  v a r io u s  m a th e m a tic a l  fo r m s  o f e x p r e s s in g  i ts  
r e g u la r i t i e s .  A s a r e s u l t  no t o n ly  d o e s  th e  c o n te n t of th e  g iv e n  th e o ry  s ta n d  
m o re  d ee p ly  re v e a le d , bu t th e  g ro u n d  is  p r e p a r e d  fo r  th e  d e v e lo p m e n t o f a 
new  th e o ry . T h u s  w ith o u t the w o rk  of su c h  m e n  a s  E u le r ,  L a g r a n g e  an d  
H a m ilto n  in c l a s s i c a l  m e c h a n ic s ,  who g av e  i t s  e q u a tio n s  new an d  m o r e  a b 
s t r a c t  fo r m s  of e x p r e s s io n , on e  c a n n o t c o n c e iv e  o f th e  a p p e a r a n c e  o f q u a n 
tum  m e c h a n ic s . T h is  is  c l e a r ly  s e e n  fro m  th e  fa c t  th a t  H a m ilto n ia n

Sec I v a n e n k o ,  D. and A . S t a r t s e v .  Klassifikatsiya elcnicntarnykh d iastits (Classification of Elem en
tary Particles). UI-'N, Vol. I.XXII, No. 4. I960.
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f o r m a l is m  p la y s  a  t r e m e n d o u s  r o le  in  th e  v e r y  s ta te m e n t  o f q u an tu m  
p r o b le m s .  A n a lo g o u s ly  o n e  m ig h t s u p p o se  th a t  th e  g ro u p  th e o r e t ic a l  a p 
p r o a c h  to th e  fo u n d a tio n s  o f q u an tu m  th e o ry  w ould  no t o n ly  d e e p e n  an d  e x 
p an d  o u r  k n o w led g e  o f q u an tu m  s y s t e m s ,  b u t w ould  p r e p a r e  th e  g ro u n d  fo r  
th e  d e v e lo p m e n t o f a  new  p h y s ic a l  th e o ry  o f m ic r o p r o c e s s e s .

S c h e m e s  o f c l a s s i f ic a t io n  b a s e d  on th e  th e o ry  o f g ro u p s  v iew  th e  a n a ly 
s i s  o f e le m e n ta r y  p a r t i c le s  f ro m  th e  s ta n d p o in t  o f r e v e a l in g  th e i r  in te r n a l  
s t r u c t u r e  a n d  m a k e  i t  p o s s ib le  to  e x p r e s s  the d e f in ite  a s y m m e tr y  in  th e  
s t r u c t u r e  o f th e  p a r t i c l e s .  If s u c c e s s f u l  th e s e  a t te m p ts  w ill  le a d  to  a  d e e p 
e n in g  o f o u r  g e n e r a l  id e a s  c o n c e rn in g  th e  r e g u la r i t i e s  of n a tu re ,  bu t i t  m u s t 
be b o rn e  in  m in d  th a t  m a n y  a u th o r s ,  in  t h e i r  a t t e m p ts  to  e v o lv e  a  c l a s s i f i 
c a t io n  o f p a r t i c le s ,  s e e k  to  r e f l e c t  th e  d y n a m ic a l  p ic tu r e  of t h e i r  i n t e r a c 
t io n s .

T o a n a ly z e  th e  n a tu re  o f th e  s t a t i s t i c a l  r e g u la r i t i e s  o f q u an tu m  th e o ry  
it i s  im p o r ta n t  to  c o n s id e r  th e  fo llo w in g  p ro b le m : w h ich  o f th e  p h y s ic a l  
id e a s  in  th is  th e o ry  co u ld  b e  f o r m u la te d  on th e  b a s i s  o f s t a t i s t i c a l ,  p r o b 
a b i l i s t i c  c o n c e p ts ?  S in c e  q u a n tu m  th e o r i e s  a r e  fu n d a m e n ta lly  s t a t i s t i c a l ,  
it  i s  n a tu r a l  to s u p p o se  th a t  su c h  id e a s  d e te rm in e  th e  n a tu r e  o f th e  e n t i r e  
q u a n tu m  th e o ry . W h e re in  l i e s  th e  " p iq u a n c y "  o f q u an tu m  th e o ry ?  And 
w h a t p r e c i s e ly  i s  i t s  r e la t io n  to  th e  s t a t i s t i c a l  c h a r a c t e r ?

W ith  th e  f i r s t  g la n c e  a t  th e  m a th e m a tic a l  a p p a r a tu s  o f q u an tu m  th e o r ie s  
on e  i s  a l r e a d y  s t r u c k  by th e  p r e s e n c e  in  th e m  o f a  new p h y s ic a l  q u a n ti ty , 
P la n c k 's  c o n s ta n t  h. T h e  in t ro d u c t io n  in to  p h y s ic s  o f P la n c k 's  c o n s ta n t  
m a rk e d  th e  b e g in n in g  o f th e  d e v e lo p m e n t o f q u an tu m  th e o r i e s .  T h is  q u a n 
ti ty  i s  a s s o c ia t e d  w ith  th e  m o s t  c h a r a c t e r i s t i c  s p e c if ic  t r a i t s  o f q u an tu m  
th e o r ie s ;  th is  fo llo w s  a l r e a d y  fro m  th e  fa c t  th a t , if  o n e  r e m o v e s  h f ro m  
th e  fu n d a m e n ta l  e q u a tio n s  o f q u an tu m  th e o r i e s  by  le t t in g  it  te n d  to  z e ro ,  
th e s e  e q u a tio n s  t r a n s f o r m  in to  th e  e q u a tio n s  o f c l a s s i c a l  p h y s ic s .  If one 
c o n s id e r s  th e  p o s i tio n  o f h in  q u an tu m  th e o r ie s  an d  th e  p ro m in e n t  ro le  the 
l a t t e r  p la y  in  m o d e rn  p h y s ic s ,  o n e  i s  p e r f e c t ly  ju s t i f ie d  in  c a l lin g  P la n c k 's  
c o n s ta n t ,  to g e th e r  w ith  O . D. K h v o l 'so n , th e  " r u l e r  o f m o d e rn  p h y s ic s " .

I t  i s  t h e r e f o r e  o f p a r t i c u la r  i n t e r e s t  to c o n s id e r  th e  q u e s tio n  o f th e  m e a n 
in g  o f P la n c k 's  c o n s ta n t  and  i t s  r e la t io n  to  th e  s t a t i s t i c a l  c h a r a c t e r  o f 
th e  r e g u la r i t i e s  o f q u an tu m  th e o r i e s .  T h is  i s  a l l  th e  m o re  n e c e s s a r y  a s  
P la n c k  in tro d u c e d  h is  c o n s ta n t  in to  p h y s ic s  w h ile  s o lv in g  th e  p ro b le m  o f 
th e r m a l  e m is s io n  on th e  b a s i s  o f s t a t i s t i c a l  m e th o d s , re ly in g  on th e  c o r r e 
sp o n d in g  w o rk s  o f L . B o ltz m a n n * .

T h e  in t ro d u c t io n  in to  p h y s ic s  o f P la n c k 's  c o n s ta n t  e n a b le d  th e  f o r m u la 
t io n  o f p h y s ic a l  e q u a tio n s  w h ich  w e re  s im p le  in fo rm  though  fu n d a m e n ta l  in 
c o n te n t an d  th e  u s e  o f w h ich , in  a s s o c ia t io n  w ith  c e r t a in  m a th e m a tic a l  d i s 
c ip l in e s  a l r e a d y  d e v e lo p e d  by th a t  t im e  ( th e o ry  o f w ave e q u a tio n s , th e o ry  
o f  o p e r a to r s ,  an d  o th e r s ) ,  led  to  th e  ra p id  d e v e lo p m e n t o f the q u an tu m  th e o 
r i e s .  T o  g r a s p  th e  c o n te n t of h i t  i s  t h e r e f o r e  n e c e s s a r y  to  a n a ly z e  th e  fu n 
d a m e n ta l  e q u a tio n s  in  w h ich  i t  w a s  b o rn . H is to r ic a l ly  th e  f i r s t  s u c h  e q u a 
tio n  i s  P la n c k 's  e q u a tio n  E =  ha>, w h e re  E i s  th e  e n e rg y  an d  to th e  fre q u e n c y .

In  a d d it io n  to  th is  e q u a tio n , th e  fu n d a m e n ta l  e q u a tio n s  w h ich  s p a r k e d  th e  
d e v e lo p m e n t o f th e  q u an tu m  th e o r i e s  in c lu d e  E in s t e in 's  e q u a tio n  fo r  th e  
• In this treatment of the problem of the meaning of h, the author is much indebted to L. de Broglie's arti

cle “Tainstvennaya postoyannaya k — velikoe oikrytie Maksa Planka" (The Mysterious Constant A—Max 
Planck’s Great Discovery). See de B ro g lie , L. Po tropam nauki (On the Paths of Science), pp. 139- 
146. Moscow. 1962.
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pho ton  m o m en tu m  ~p =  hk (p is  t h e  pho ton  m o m e n tu m  and  ~k th e  w av e v e c to r )  

and  de B r o g l i e 's  e q u a tio n  fo r  p a r t i c le s  o f  m a t t e r  p =  ^-(p i s  th e  m o m e n tu m  
an d  A th e  w a v e le n g th ). T h e s e  e q u a tio n s  fu r n is h  a  b a s i s  fo r  a n a ly z in g  th e  
c o n te n t o f th e  " r u l e r  of m o d e rn  p h y s ic s " .  I t  i s  u s e l e s s  to s e e k  f o r  the 
m e a n in g  o f th is  p h y s ic a l  q u a n ti ty  o u ts id e  o f th e s e  r e la t io n s ,  j u s t  a s  i t  is  
in g e n e r a l  u s e l e s s  to s e e k  th e  m e a n in g  o f an y  p h y s ic a l  q u a n ti ty  o u ts id e  of 
th e  fu n d a m e n ta l  r e la t io n s  in  w h ich  i t  a p p e a r s .

T h e  c o n te n t of th e s e  e q u a tio n s  is  th a t  th ey  e s ta b l i s h  th e  lin k  b e tw e e n  
th e  c o r p u s c u la r  an d  the w ave c h a r a c t e r i s t i c s  o f m a t t e r .  T h e  c h a r a c t e r 
is t i c s  in  the le f t - h a n d  s id e  of th e  eq u a tio n , th e  e n e rg y  E an d  th e  m o m e n tu m  
p, r e f e r  to  l i g h to r to  m a t t e r  a s  c o r p u s c le s ;  th e  q u a n t i t ie s  w, k an d  A, on th e  
o th e r  hand , a r e  w ave c h a r a c t e r i s t i c s .  T h e m e a n in g  o f h is  th a t  it e s t a b 
l i s h e s  th e  lin k  b e tw e en  the w ave an d  c o r p u s c u la r  c h a r a c t e r i s t i c s  o f m a t t e r  
and , e s p e c ia l ly ,  th a t  it  fo r m u la te s  th is  in  a  m a th e m a tic a l  la n g u a g e . It w a s 
th e  u ti l iz a t io n  o f th e s e  id e a s  c o n c e rn in g  th e  s y n th e s is  o f c o r p u s c u la r  an d  
w ave p r o p e r t i e s  o f m a t t e r  w h ich  led  to th e  ra p id  d e v e lo p m e n t o f q u an tu m  
c o n c e p ts . T h is  e v a lu a tio n  of th e  m e a n in g  of h is  in  c o m p le te  c o n f o rm ity  
w ith  th e  fa c t  th a t  w a v e - p a r t ic le  d u a lis m  is  th e  fu n d a m e n ta l  s p e c if ic  t r a i t  
o f qu an tu m  th e o r ie s .

It sh o u ld  be no ted , h o w e v e r, th a t  a  d if f e re n t  p o in t o f v iew  c o n c e rn in g  
the m ea n in g  of h, b a se d  on an  a n a ly s i s  of th is  c o n s ta n t  an d  on an  e v a lu a 
tio n  o f i t s  ro le  in th e  B o h r-S o m m e rfe ld  r u le s  o f q u a n tiz a tio n , w a s  w id e ly  
a d o p te d  in  th e  e a r l i e s t  p e r io d  o f d e v e lo p m e n t of q u an tu m  id e a s .  T h e  m e a n 
in g  o f th is  v iew  c o n c e rn in g  the c o n te n t of h i s  e m b o d ie d  in th e  s ta te m e n t  
th a t  h e s ta b l i s h e s  th e  p r e s e n c e  o f a to m is m , o r  of the q u a n tiz e d  c h a r a c t e r  
o f a c tio n , a s  a s p e c ia l  m e c h a n ic a l  q u a n ti ty . F u r th e r m o r e ,  in  s ta te m e n ts  
of th e  a to m is tic  c h a r a c t e r  of a c tio n  w a s s e e n  th e  fu n d a m e n ta l  s p e c if ic  t r a i t  
o f q u an tum  p r o c e s s e s ,  s in c e  the q u a n tity  h i s  th e  e m b o d im e n t o f th is  s p e c i 
fic  c h a r a c t e r .  T h is  v iew  c o n c e rn in g  the c o n te n t o f h w a s  s t r e s s e d  p r i m a r 
ily  by the p ro p o n e n ts  of the m a t r ix  v a r ia n t  o f q u an tu m  th e o ry .

O ne o f the ta s k s  o f q u an tu m  th e o ry  is  to d e te rm in e  th e  d i s c r e t e  i n te r n a l  
s t a t e s  of a to m ic  s y s te m s .  B e fo re  th e  in tro d u c tio n  of th e  c o n c e p t of w av e 
fu n c tio n  th e s e  d i s c r e t e  s t a t e s  w e re  d e te rm in e d  on the b a s i s  o f th e  s p e c ia l  
B o h r-S o m m e rfe ld  q u a n tiz a tio n  r u l e s .  T h e s e  q u a n tiz a tio n  r u le s  a r e  w r i t 
te n  in  the  fo rm

<|> pdq ■■= nh,

w h e re  q i s  the  c y c lic  c o o r d in a te  (the i n te g r a l  i s  tak e n  o v e r  a c lo s e d  p a th ), 
p the m o m en tu m  c o n ju g a te  to it, h P la n c k 's  c o n s ta n t  a n d  n a  p o s i t iv e  i n t e g e r .

T h e s e  r u le s  of q u a n tiz a tio n  in d ic a te  th a t  th e  p o s s ib le  d i s c r e t e  in te r n a l  
s ta t e s  of a to m ic  s y s te m s  a r e  su c h  th a t  the in d ic a te d  in te g r a l  is  e q u a l to  an  
in te g r a l  m u ltip le  o f h. A s h h a s  the d im e n s io n a l i ty  o f m e c h a n ic a l  a c tio n , 
th e  in fe r e n c e  is  d ra w n  f ro m  h e r e  th a t  h e s t a b l i s h e s  the d i s c r e t e n e s s  o f a c 
tio n  in  qu an tu m  p r o c e s s e s .  O w ing to  th e  v e r y  s m a l l  v a lu e  o f h th is  a to m 
is m  o f a c tio n  is  n o t a t  a l l  m a n ife s te d  in  th e  r e g io n  of m a c r o p r o c e s s e s .  In 
th e  re g io n  of m ic r o p r o c e s s e s ,  on th e  o th e r  han d , w hen a l l  th e  q u a n t i t i e s  
b e c o m e  v e r y  s m a l l ,  the a to m is tic  c h a r a c t e r  of a c tio n  b e c o m e s  c l e a r - c u t .

T h e  fo llo w in g  q u e s tio n  a r i s e s :  ca n  on e  in f e r  f ro m  th e  r e la t io n s  w h ich  
e x p r e s s  the B o h r-S o m m e rfe ld  r u le s  of q u a n tiz a tio n  th a t  th e  m e a n in g  o f h 
re d u c e s  to  e s ta b l is h in g  the  a to m is tic  c h a r a c t e r  o f a c t io n  a s  th e  fu n d a m e n 
ta l  s p e c if ic  t r a i t  o f q u an tu m  p r o c e s s e s ?  F o r  an  a n s w e r  to  th i s  q u e s tio n
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o n e  m u s t  e v a lu a te  the  ro le  an d  s ig n if ic a n c e  o f th e s e  r u l e s  o f q u a n tiz a tio n  
in  m o d e rn  q u an tu m  th e o ry .

T h e  B o h r -S o m m e rfe ld  q u an tu m  c o n d it io n s  w e re  in tro d u c e d  d u r in g  the 
s o lu tio n  o f th e  p ro b le m  o f the s t r u c t u r e  of th e  a to m : th ey  s e p a r a te d  the 
s ta b le ,  " n o n e m ittin g "  e le c t r o n  o r b i t s  in  th e  a to m  fro m  the  e n t i r e  s e t  o f 
c o n c e iv a b le  o r b i t s ,  i . e . ,  th o se  a d m it te d  by th e  la w s  o f c l a s s i c a l  m e c h a 
n ic s .  T h e s e  c o n d it io n s  w e re  in tro d u c e d  in to  p h y s ic s  a s  a p o s tu la te ,  and  
th e i r  m e a n in g  b eg a n  to  be c l a r i f i e d  on ly  w ith  the in t ro d u c t io n  in to  the th e o ry  
of th e  a to m  o f w ave r e p r e s e n ta t io n s .  F ro m  the  s ta n d p o in t  o f m o d e rn  id e a s , 
th e  p r e s e n c e  o f d i s c r e t e  in te r n a l  e n e rg y  s t a t e s  in a to m ic  s y s te m s ,  to w h ich  
is  l in k e d  th e  q u an tu m  c o n d itio n  c o n s id e r e d  a b o v e , i s  a c o n s e q u e n c e  o f w a v e- 
p a r t i c le  d u a lis m  an d  is  no t, in g e n e ra l ,  a fu n d a m e n ta l  s ig n  of q u an tu m  p r o c 
e s s e s ,  s in c e  no t a l l  m o tio n s  o f m ic r o p a r t i c l e s  a r e  q u a n tiz e d . T h e  p ro b le m  
o f q u a n tiz a tio n  is  now s o lv e d  by c o m p le te ly  d i f fe re n t  m e th o d s , p r im a r i l y  a s  
a  s e a r c h  fo r  p r o p e r  v a lu e s  of the o p e r a to r s .  A ll th is  m e a n s  th a t  th e  B o h r-  
S o m m e rfe ld  q u an tu m  c o n d it io n s  a r e  f a r  fro m  p la y in g  a  c e n t r a l  ro le  in th e  
a p p a r a tu s .o f  q u an tu m  th e o r i e s ;  th e y  ca n  b e  o f im p o r ta n c e  on ly  d u r in g  th e  
f i r s t  a p p l ic a t io n  o f q u an tu m  r e s e a r c h  m e th o d s  to new  re g io n s ,  w hen th e r e  
i s  no d e v e lo p e d  m a th e m a tic a l  f o r m a l is m  to be  a p p lie d  to th e  p r o b le m s  of 
q u a n t iz a t io n .

I t  i s  a ls o  im p o r ta n t  to n o te  th e  fo llo w in g . S ta te m e n ts  c la im in g  th a t  the 
m e a n in g  o f h i s  to e s ta b l i s h  th e  a to m is m  o f a c t io n  a r e  in l a r g e  p a r t  d e t e r 
m in e d  by th e  fa c t  th a t  th is  q u a n ti ty  r e a l ly  h a s  th e  d im e n s io n a l i ty  o f a c tio n . 
H o w e v e r , if  w e a n a ly z e  the c o n te n t o f a  g iv e n  p h y s ic a l  q u a n ti ty  o n ly  on the 
b a s i s  o f i t s  d im e n s io n a l i ty ,  d i s r e g a r d in g  th e  fu n d a m e n ta l  la w s  in w h ich  it 
a p p e a r s  in  p h y s ic s ,  w e w ill n e v e r  u n d e r s ta n d  w hy p h y s ic a l  q u a n t i t ie s  a s  
d i f f e re n t  in  n a tu re  a s  le n g th  a n d  c a p a c ity  hav e  th e  s a m e  d im e n s io n a l i ty .  
F u r th e r ,  if  w e s e e k  to  g r a s p  th e  e s s e n c e  o f p h y s ic a l  q u a n t i t ie s  by c o n s id e r 
in g  o n ly  t h e i r  d im e n s io n a l i ty ,  we w ill n e v e r  be a b le  to  u n d e r s ta n d  th e  c o n 
te n t  o f su c h  q u a n t i t ie s  a s  e l e c t r i c  c h a rg e ,  th e  d im e n s io n a l i ty  o f w h ich , in 
th e  CG SE s y s te m , h a s  th e  fo rm  IA/v* L‘:' 7"1), w h e re  M i s  th e  m a s s ,  L the 
le n g th  an d  T th e  t im e .

F in a l ly ,  s ta te m e n ts  th a t  the a to m is t ic  c h a r a c t e r  o f a c tio n  is  th e  fu n d a 
m e n ta l  s p e c if ic  t r a i t  o f q u an tu m  p r o c e s s e s  a r e  a ls o  c o lo re d  by a c e r t a in  
m e c h a n is t ic  tin g e : in  th is  c a s e  q u an tu m  p r o c e s s e s  a r e  a c tu a l ly  t r e a t e d
a s  o r d in a r y  m e c h a n ic a l  p r o c e s s e s ,  the o n ly  d if fe re n c e  b e in g  th a t  in  the 
q u a n tu m  c a s e  c e r t a in  m e c h a n ic a l  q u a n t i t ie s ,  an d  p r im a r i l y  a c tio n , h av e  
a  d is c o n tin u o u s  c h a r a c t e r .  T h e  B o h r-S o m m e rfe ld  th e o ry  o f th e  a to m  a c 
tu a lly  b o re  th e  im p r in t  o f su c h  v ie w s . T h e  s p e c if ic  c h a r a c t e r  o f q u an tu m  
p r o c e s s e s  i s ,  h o w e v e r, m o re  c o m p le x , an d  s in c e  h e x p r e s s e s  th is  s p e c i 
fic  c h a r a c t e r  i t s  m e a n in g  i s  m o r e  c o m p le x  th a n  m ig h t be in f e r r e d  fro m  i t s  
d im e n s io n a l i ty .

C o n s id e r in g  th e  q u e s tio n  of th e  m e a n in g  o f P la n c k 's  c o n s ta n t  in  the  a r 
t i c le  m e n tio n e d  a b o v e , de B ro g l ie  a r r i v e s  a t  th e  fo llo w in g  s ta te m e n t :
" . . .  S ta r t in g  fro m  192 3 -1 9 2 4  th e  d e v e lo p m e n t o f w av e m e c h a n ic s  d e m o n 
s t r a t e d  v e ry  c l e a r ly  th a t  th e  t r u e  m e a n in g  o f th e  c o n s ta n t  h i s  th a t  it  a c t s  
a s  a  c o n n e c tin g  l in k  b e tw e e n  th e  c o r p u s c u la r  an d  th e  w ave a s p e c ts  o f e l e 
m e n ta r y  u n i ts  o f m a t t e r  and  r a d ia t io n " * .  T h is  d e v e lo p m e n t of qu an tu m  
c o n c e p ts ,  c o n tin u e s  de B ro g lie , le d  to a  re v is io n  o f th e  c o n te n t o f the r u le s  
o f q u a n tiz a tio n  on th e  b a s i s  of w h ich , in  th e  e a r l i e s t  p e r io d  of d e v e lo p m e n t

• De B ro g lie , L. Po iropam nauki (On ilie I'ailis of Science), p. J42.
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of q u an tu m  th e o ry  o f th e  a to m , i t  w a s i n f e r r e d  th a t  P la n c k 's  c o n s ta n t  e x 
p r e s s e d  the a to m is m  o f a c tio n . "T h e  r e a l  m e th o d  o f q u a n t iz a t io n  v a lid  in  
th e  g e n e r a l  c a s e  . . .  ", w r i te s  de B ro g lie , " c o n s i s t s  o f d e te r m in in g  th e  
f r e q u e n c ie s  of s ta n d in g  w a v es  an d  is  c o m p le te ly  u n r e la te d  to  th e  e x is te n c e  
o f d i s c r e t e  q u a n ta  in  a c tio n " * . De B ro g l ie  a ls o  n o te s  th a t  now , w hen g iv in g  
an  e x p o s it io n  o f q u an tu m  th e o ry , the te n d e n c y  i s  to  l im i t  o n e s e lf  to  " a  s t a t e 
m e n t o f th e  ro le  th a t  P la n c k 's  c o n s ta n t  p la y s ,  an d  no a t te m p t  i s  m a d e  to  
u n d e r s ta n d  i ts  s ig n if ic a n c e " * * .

W hat i s  th e  re la t io n s h ip  b e tw e en  P la n c k 's  c o n s ta n t ,  o r  i t s  c o n te n t, an d  
the s t a t i s t i c a l  c h a r a c t e r  o f the  r e g u la r i t i e s  o f q u an tu m  th e o r y ?  F i r s t  o f a l l  
it  m u s t be n o ted  th a t  the in d e p e n d e n t e x p e r im e n ta l  d e te rm in a t io n , o r  c a l 
c u la tio n , of th is  c o n s ta n t  i s  b a s e d  on s t a t i s t i c a l  d a ta . D i r e c t  e x p e r im e n ta l  
d e te rm in a t io n  o f P la n c k 's  c o n s ta n t  r e q u i r e s  th e  a p p l ic a t io n  o f th e  a b o v e -  
m e n tio n e d  r e la t io n s  o f P la n c k , E in s te in  an d  de B ro g l ie .  T h e s e  r e la t io n s  
c o n ta in  w ave c h a r a c t e r i s t i c s ,  w a v e le n g th  an d  f re q u e n c y , th e  d i r e c t  d e t e r 
m in a tio n  o f w hich  by e x p e r im e n t  is  a lw a y s  c a r r i e d  o u t fro m  in t e r f e r e n c e  p a t 
t e r n s .  In th e  q u an tu m  c a s e  i n t e r f e r e n c e  p a t t e r n s  a r e  a lw a y s  fo r m e d  a s  
s t a t i s t i c a l  d is tr ib u tio n s  of m ic r o o b je c t s .

T h e  fa c t  th a t  th e  in d e p e n d e n t e x p e r im e n ta l  d e te rm in a t io n  o f k i s  b a s e d  
on s t a t i s t i c a l  d a ta  in d ic a te s  th e  e x is te n c e  o f a  p ro fo u n d  lin k  b e tw e e n  th is  
c o n s ta n t and  p r o p e r ly  s t a t i s t i c a l ,  p r o b a b i l i s t i c  c o n c e p ts .  P e r h a p s  th e s e  
e x p e r im e n ts  w ould h av e  b ee n  c o m p le te ly  s u f f ic ie n t  to  p ro v e  th a t  th e  l in k  
e s ta b l i s h e d  by h b e tw e en  th e  c o r p u s c u la r  an d  w av e c h a r a c t e r i s t i c s  w a s  fu n 
d a m e n ta lly  s t a t i s t i c a l ,  had  it b ee n  im p o s s ib le  to  r e f e r  th e  w a v e c h a r a c t e r 
i s t i c s  X and  (o to  in d iv id u a l o b je c ts .  H o w e v e r , X an d  cu a r e  n o t o n ly  c h a r a c 
t e r i s t i c s  of d is tr ib u tio n s  a s  a  w h o le , b u t a l s o  im p o r ta n t  c h a r a c t e r i s t i c s  of 
in d iv id u a l o b je c ts .  T h e r e f o r e  fo r  a  c o n s i s te n t  e v a lu a tio n  o f th e  r e la t io n s h ip  
b e tw e e n  h an d  s t a t i s t i c a l  c o n c e p ts  o n e  is  c o m p e lle d  to  c l a r i f y  th e  p ro b le m  
o f th e  n a tu re  of th e  w ave p r o p e r t i e s  o f in d iv id u a l q u an tu m  o b je c ts .

T h e  w ave c h a r a c t e r i s t i c s  u s e d  to  d e s c r ib e  an  in d iv id u a l m ic r o o b je c t  — 
w a v e le n g th  an d  f r e q u e n c y  — a r e ,  s t r i c t l y  sp e a k in g , th e  c h a r a c t e r i s t i c s  of 
an  in f in ite  p la n e  w a v e . T h is  u t i l iz a t io n  o f th e  c h a r a c t e r i s t i c s  is  b a s e d  on 
t r e a t in g  m ic ro o b je c ts  a s  the q u a n ta  o f c e r t a in  f ie ld s .  T h e  p la n e  w a v e  is  
th e  qu an tu m  of the c o r re s p o n d in g  f ie ld . W a v e le n g th  i s  th e  c h a r a c t e r i s t i c  
o f i t s  s t r u c tu r e ,  an d , t h e r e f o r e ,  i t  i s  th e  s t r u c t u r a l  c h a r a c t e r i s t i c  o f th e  
m ic ro o b je c t  a s  f ie ld  q u a n tu m . W ith o u t th e  f ie ld  c o n c e p t i t  i s  im p o s s ib le  
to  s a y  a n y th in g  a t  p r e s e n t  c o n c e rn in g  th e  w a v e le n g th  o f an  in d iv id u a l p a r t i 
c le .  R e g a rd in g  th e  w ave p r o p e r t i e s  o f an  in d iv id u a l m ic r o o b je c t ,  a l l  o n e  
ca n  sa y  i s  th a t  th e y  a r e  c h a r a c t e r i z e d  in  t e r m s  of th e  w a v e le n g th  (o r  f r e 
q uency) in h e re n t  to  th e  m ic ro o b je c t  an d  th a t  th e y  a r e  r e s p o n s ib le  fo r  th e  
r e m a r k a b le  in te r f e r e n c e  o f the m ic r o o b je c t  w ith  i t s  ow n s e l f  a n d  e n s u in g  
q u an tu m  r e g u la r i t i e s .  T h e s e  p r o p e r t i e s  a r e  s tu d ie d  f r o m  th e  d i s t r ib u t io n s  
o b s e r v e d  a s  a  r e s u l t  o f in te r a c t io n s ,  a n d  n o t f ro m  id e a s  c o n c e rn in g  th e  
s t r u c tu r e  of th e  m ic ro o b je c t ;  th ey  a r e ,  so  to  s p e a k , s tu d ie d  f r o m  th e  o u t 
s id e  r a th e r  than  fro m  th e  in s id e .  In o th e r  w o r d s , th e  m e c h a n is m  by  w h ich  
c o r p u s c u la r  an d  w ave p r o p e r t i e s  a r e  lin k e d  in  th e  in d iv id u a l m ic r o o b je c t  
r e m a in s  e s s e n t ia l ly  h id d en .

T h e  h ig h ly  s c h e m a tic  c o n s id e r a t io n s  put fo r w a r d  ab o v e  sh o u ld , in 
o u r  o p in io n , p ro v e  th a t u n d e r ly in g  th e  fu n d a m e n ta l  p h y s ic a l  id e a  of

• Ibid., p. 143.
•• Ibid., p. 144.
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q u a n tu m  th e o ry  — th e  id e a  o f a s y n th e s i s  o f c o r p u s c u la r  and  w ave c o n c e p ts  
o f th e  s t r u c t u r e  o f m a t t e r  — th e  c o n c e p t o f p ro b a b il i ty  d i s t r ib u t io n s ,  i. e. , 
th a t P la n c k 's  c o n s ta n t  i s  r e la te d  in  a  s ig n if ic a n t  w ay to th e  s t a t i s t i c a l  c h a r 
a c t e r  o f th e  r e g u la r i t i e s  of q u an tu m  th e o ry : w h e r e v e r  on e  fin d s  P la n c k 's  
c o n s ta n t  on e  a l s o  fin d s  s t a t i s t i c s .

I t sh o u ld  a ls o  be  ad d e d  th a t  th e  m e a n in g  o f P la n c k 's  c o n s ta n t  is  a p p a r e n t 
ly  v e r y  c lo s e ly  l in k e d  to  th e  c o n c e p t o f sp in  a s  a  s p e c ia l  in te r n a l  p r o p e r ty  
o f e le m e n ta r y  p a r t i c le s .  T h is  i s  show n by th e  fa c t  th a t  th e  sp in  is  m e a s 
u r e d  in  u n i ts  o f P la n c k 's  c o n s ta n t .

It i s  n a tu r a l  to  s u p p o se  th a t  w hen p h y s ic s  w ill  h av e  p e n e t ra te d  y e t  m o re  
d e e p ly  in to  th e  s t r u c t u r e  o f m ic r o o b je c t s  o u r  p r e s e n t  id e a s  o f a  s y n th e s is  
o f w av e an d  c o r p u s c u la r  p r o p e r t i e s  o f m ic r o o b je c t s  w ill  r e c e iv e  a  new  and  
m o r e  p ro fo u n d  e x p r e s s io n .  If th is  i s  th e  c a s e  on e  m a y  b e  a b le  to c a lc u la te  
P la n c k 's  c o n s ta n t th e o r e t ic a l ly  fro m  c e r t a in  new  p h y s ic a l  c o n s id e r a t io n s .
It a l s o  m e a n s  th a t  P la n c k 's  c o n s ta n t  h a s  a  r e la t iv e  c h a r a c t e r  an d  is  no t a 
u n iv e r s a l  c o n s ta n t  g u a r a n te e d  fro m  r e s t r ic t io n s  in f u r th e r  in v e s t ig a t io n s  
in to  m ic r o p r o c e s s e s ,  a s  is  now a s s u m e d  in  the o v e rw h e lm in g  m a jo r i ty  of 
c a s e s .  O n ly  in  a  few w o rk s  is  th e  n o n a b so lu te  c h a r a c t e r  o f P la n c k 's  c o n 
s ta n t  m e n tio n e d . In p a r t i c u la r ,  de B ro g lie  h o p e s  th a t  a  d e v e lo p m e n t of 
id e a s  o f c a u s a l  i n t e r p r e ta t io n  of q u an tu m  th e o ry , b a s e d  upon u t i l iz a t io n  of 
n o n l in e a r  e q u a tio n s , w ill le a d  to r e v e la t io n  o f th e  c o n te n t o f P la n c k 's  c o n 
s ta n t .  L e t  u s  q u o te  in  th is  c o n n e c tio n  th e  co n c lu d in g  w o rd s  o f de B r o g l ie 's  
a r t i c le :  " . . .  O f c o u r s e ,  th e  t r u e  m e a n in g  o f P la n c k 's  c o n s ta n t  c a n n o t be 
d e te rm in e d  b e f o re  a f i rm ly  b a s e d  g e n e ra l  th e o ry  o f e le m e n ta r y  p a r t i c le s  
is  c o n s t r u c te d ;  th is  th e o ry  w ill n e c e s s a r i l y  re v e a l  th e  d e e p e r  m e a n in g  
o f th e  w a v e - p a r t ic le  d u a l is m . I ts  c o n s tru c t io n  w ill ,  o f c o u r s e ,  be lo n g  and  
in v o lv e d , fo r  th e  n o n l in e a r  e q u a tio n s  a r e  an  unhandy  m a th e m a tic a l  i n s t r u 
m e n t, an d  a  d e s c r ip t io n  o f the v a r io u s  k in d s  o f p a r t i c le s  m u s t e n a b le  th e  
p r e d ic t io n  o f a w ide v a r ie ty  o f c h a r a c t e r i s t i c s  (m a s s ,  c h a rg e ,  sp in  an d  so  
o n ). B ut s o o n e r  o r  l a t e r  a l l  th e s e  d if f ic u lt ie s  w ill be o v e r c o m e  an d  the 
r e a l  m e a n in g  o f th e  c o n s ta n t  h w ill d o u b tle s s  b e c o m e  c l e a r ,  an d  th e  t ru ly  
a m a z in g  c h a r a c t e r  o f M ax P la n c k 's  g r e a t  d is c o v e r y  w ill b e c o m e  ev e n  m o re  
e v id e n t th an  it i s  to d ay . In d e ed , fiv e  y e a r s  b e f o re  the  b i r th  of q u an tu m  th e 
o ry  o f lig h t, w hen  no one co u ld  e v e n  h av e  s u p p o se d  th e  e x is te n c e  o f th e  w a v e- 
p a r t i c le  d u a lis m , th is  g r e a t  p h y s ic i s t ,  w o rk in g  on th e  v e r y  s p e c ia l  p ro b le m  
o f b la c k -b o d y  ra d ia t io n , r e a l iz e d  th e  n e c e s s i ty  o f in t ro d u c in g  in to  p h y s ic s  
th is  u n iv e r s a l  and  fu n d a m e n ta l  c o n s ta n t h , w h ich  e x p r e s s e s  in n a tu re  
th e  a l l i a n c e  o f w a v e s  and  p a r t i c le s  and  is  d o u b t le s s  th e  k e y - s to n e  of 
th e  e d if ic e  o f o u r  id e a s  c o n c e rn in g  m a t t e r  and  ra d ia t io n  on a m i c r o 
p h y s ic a l  s c a le " * .

T h u s  th e  s p e c if ic  c h a r a c t e r  o f q u an tu m  p r o c e s s e s  is  em b o d ie d  f i r s t  and  
f o r e m o s t  in  the  e x is te n c e  o f P la n c k 's  c o n s ta n t .  E r e c te d  on id e a s  o f s t a t i s 
t i c s  an d  p ro b a b il i ty ,  it a p p e a r s  b e f o re  the in v e s t ig a to r  s u r r o u n d e d  by the 
a u r a  o f an  a l l - p o w e r f u l  r u l e r ;  th e  g l i t t e r  o f i t s  r e p u ta t io n  an d  the s c a n t i 
n e s s  o f o u r  in fo rm a tio n  p re v e n t  u s  fro m  c l e a r ly  d i s c e r n in g  i t s  fo rm . Y et 
it c o n ta in s  w ith in  i t s e l f  m y s te r io u s  f e a tu r e s  th e  re v e la t io n  o f w hich  could  
lo w e r  it f ro m  i ts  p r e s e n t  p e d e s ta l  o f u n iv e r s a l i ty .

I’o iropani naiiki (On the Paths of Science), p. 146.
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S ta t is t i c a l  r e g u la r i t i e s  in tro d u c e d  in to  p h y s ic s  th e  c o n c e p tio n  o f a  new  
fo rm  o f n e c e s s i ty  u n d e r la in  by p ro b a b il i ty  d is t r ib u t io n s .  In c o m b in a tio n  
w ith  the  new e x p e r im e n ta l  d a ta , s t a t i s t i c a l  m e th o d s  o f r e s e a r c h  e n a b le d  
the fo rm u la tio n  o f r a d ic a l ly  new p h y s ic a l  id e a s ,  th e  q u an tu m  id e a s ,  th e  
m o s t c o m p le te  an d  c o n s i s te n t  e x p r e s s io n  o f w h ich  is  th e  q u an tu m  th e o ry  
of f ie ld s , the  th e o ry  o f in te r a c t io n  o f e le m e n ta r y  p a r t i c l e s .  Q u a n tu m  id e a s  
w e re  r e s p o n s ib le  fo r  th e  f i r s t  s u c c e s s f u l  b re a k th ro u g h  o f s c ie n c e  in to  th e  
re g io n  of m ic r o p r o c e s s e s .

T h e  p h y s ic s  o f m ic r o p r o c e s s e s  h a s  now re a c h e d  a  new  b o u n d a ry  a n d  a 
q u a l i ta t iv e  m o d if ic a tio n  i s  o n ce  m o re  a w a ite d . W hat is  e x p e c te d  i s  th e  d e 
v e lo p m e n t o f a , so  to  sp e a k , p r o p e r  th e o ry  o f e le m e n ta r y  p a r t i c le s ,  th e  
ta s k  of w h ich  w ould  b e  to  e x p la in  the m a s s  s p e c tr u m  o f p a r t i c le s ,  s p e c if ic  
in te r a c t io n  c o n s ta n ts ,  th e  e s s e n c e  o f the p r o c e s s  of p a r t i c le  t r a n s m u ta t io n ,  
an d  so  fo r th .  A t the s a m e  t im e  i t  i s  o f te n  p o in te d  o u t ju s t i f ia b ly  th a t  w e 
a r e  s t i l l  f a r  fro m  know ing w hat w e w ish  to  o b ta in  f ro m  th e  new  th e o ry .  So 
m an y  p ro b le m s  a r e  o fte n  pul b e f o re  th is  fu tu re  th e o ry  th a t  to  so lv e  th e m  
in  a  s in g le  th e o ry , a s  M. A . M ark o v  pu t it ,  "w ou ld  m e a n  to  d i s c o v e r  the  
e x h a u s tiv e  th e o ry  o f m a t te r .  It w ould m e a n  th a t  th e  U n iv e r s a l  T h e o ry , 
o r  s im p ly  th e  'T h e o r y ',  had b ee n  fo und"* . W hen d is c u s s in g  th e  q u e s tio n  
o f a  new  th e o ry  it  i s  u s u a lly  r e m a r k e d  th a t  th is  th e o ry  w ill  be b a s e d  on th e  
in tro d u c tio n  of a  ra d ic a l ly  new an d  h ig h ly  o r ig in a l  p h y s ic a l  id e a  w h ich  is  
bound to jo lt  and  o v e r tu r n  a c c e p te d  p h y s ic a l  n o tio n s . S uch  v ie w s  ta k e  th e  
e x p e r ie n c e  o f th e  d e v e lo p m e n t o f p h y s ic s  in to  c o n s id e r a t io n  an d  a r e  su m m e d  
up in  N. B o h r 's  fa m o u s  r e m a r k  a b o u t th e  " c r a z y "  id e a . A t p r e s e n t  n o th in g  
d e f in ite  ca n  be s a id  c o n c e rn in g  su c h  an  id e a . F ro m  th e  g e n e r a l  p o in t  o f 
v iew , h o w e v er, on e  m ig h t t r y  to s u g g e s t  so m e  o f th e  p r e r e q u i s i t e s  f o r  the 
b i r th  o f th is  " c r a z y "  id e a .

T a k in g  in to  c o n s id e r a t io n  th e  e x p e r ie n c e  o f q u an tu m  th e o ry , o n e  m ig h t 
s a y  th a t  th e  m o s t  r a d ic a l  c h a n g e s  w ill be in t ro d u c e d  in  p h y s ic s  if  th e  new  
th e o ry  up h o ld s  th e  id e a  o f a  new  fo rm  o f n e c e s s i ty .  Q u a n tu m  th e o ry  e s t a b 
l ish e d  p r o b a b il i s t i c  n e c e s s i ty  in  p h y s ic s .  T h e  id e a  o f p r o b a b il i ty  p ro v id e s  
th e  b a s i s  fo r  s e e k in g  the o b je c tiv e  c o n te n t o f q u an tu m  th e o ry  a n d  a t  th e  s a m e  
t im e  fo r  ap p ly in g  a  d ev e lo p ed  m a th e m a tic a l  a p p a r a tu s  to  q u an tu m  p r o b le m s .  
H o w e v er, w e m u s t  s t r e s s  th a t  th e  g ro u n d w o rk  o f th e  s tu d y  o f p ro b a b il i ty  
w a s la id  long  b e f o re  the  a p p e a ra n c e  o f q u an tu m  th e o ry .

By an a lo g y  w ith  th e  d e v e lo p m e n t of q u an tu m  th e o ry , r e m e m b e r in g  th a t 
m o d e rn  p h y s ic s  is  d ev e lo p in g  by th e  m eth o d  o f m a th e m a tic a l  h y p o th e s is ,  
one m ig h t c o n je c tu re  th a t  th e  fo u n d a tio n s  o f su c h  a  " s k e l e t a l "  m a th e m a ti 
c a l  th e o ry  hav e  b ee n  la id  by now . O n th e  on e  h and , th is  " s k e l e t a l "  th e o ry  
w ill  e n a b le  the fo rm u la tio n , w ith in  i t s  f r a m e w o r k , o f th e  " c r a z y "  id e a , 
an d  i t s  c o n c e p ts  w ill a c t  a s  th e  g u id in g  th re a d  in  th e  p ro b le m  of th e  t r e a t 
m en t o f th e  new p h y s ic a l  th e o ry .  O n th e  o th e r  hand , th e  " s k e l e t a l "  th e o ry  
w ill m ak e  i t  p o s s ib le  to a p p ly  the  a d v a n c e d  a p p a r a tu s  o f m o d e rn  m a th e 
m a t ic s  to new p ro b le m s . F o r  it  sh o u ld  be r e c a l l e d  th a t th e  p r in c ip a l  fo rm  
of e x p r e s s io n  o f r e g u la r i t i e s  in  p h y s ic s  is  m a th e m a tic s ;  it i s  p r e c i s e ly  in 
m o d e rn  m a th e m a tic s  th a t  th e  new f o r m s  o f e x p r e s s io n  o f th e  new  r e g u l a r 
i t ie s  o f th e  m a te r ia l  w o r ld  sh o u ld  be so u g h t.
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C A U SA LITY  AND D ETER M IN ISM  IN QUANTUM  T H EO RY  

G. A. S vech n ik o v

T h e  d i s c o v e r y  an d  s tu d y  o f th e  a to m , e le c t r o n ,  p ro to n  and  o th e r  m i c r o 
p a r t i c le s  w h ich  to g e th e r  c o n s t i tu te  w ha t we now c a l l  th e  " m ic ro w o r ld "  
n e c e s s a r i l y  r a i s e d  a  n u m b e r  of p h i lo so p h ic a l  p ro b le m s . T h e  m o s t im p o r 
ta n t  of t h e s e  p r o b le m s  c o n c e r n s  th e  c o n n e c tio n  b e tw e e n  th e  s y s te m  of p h i lo 
s o p h ic a l  c a t e g o r i e s  d ra w n  up on th e  b a s i s  of o r d in a r y  m a c ro s c o p ic  id e a s  
an d  th e  s y s te m  o f c o n c e p ts  r e q u ir e d  f o r  a d e q u a te  e x p r e s s io n  o f m i c r o - 
w o r ld  p h e n o m e n a . C an  th e  s y s te m  of, so  th e  sp e a k , m a c ro s c o p ic  p h i lo s o 
p h ic a l  c a t e g o r i e s  b e  a p p lie d  in i t s  e n t i r e ty  to  th e  r e g io n  of c o g n itio n  o f th e  
m ic ro w o r ld ?  And if  c o r r e c t io n s  a r e  r e q u ir e d ,  w hat is  t h e i r  n a tu r e ?

In th e  p r e s e n t  a r t i c l e  an  a t te m p t  is  m a d e  to  e lu c id a te  th e  s p e c if ic  t r a i t s  
o f c a u s a l  r e la t io n s  in  m ic r o p h y s ic s ;  w hat new  e le m e n ts  h a s  q u an tu m  
p h y s ic s  c o n tr ib u te d  to  o u r  o r d in a r y  id e a s  c o n c e rn in g  c a u s a l i ty ,  and  w hat is  
th e  p a r t  p la y e d  by th e  p r in c ip le  o f c a u s a l i ty  in th e  in v e s t ig a t io n  o f m ic r o -  
p r o c e s s e s  ?

T h e  c o n c e p t o f c a u s a l i ty  is  u se d  a m b ig u o u s ly  in o u r  p h y s ic a l  and  p h i lo 
s o p h ic a l  l i t e r a t u r e .  T h is  g iv e s  r i s e  to  m isu n d e rs ta n d in g s  an d  d i f f ic u lt ie s  
w h ich , in d i s c u s s io n s  o f th e  p ro b le m  o f c a u s a l i ty ,  o c c a s io n a l ly  tu rn  in to  a 
s e m a n t ic  a rg u m e n t .  I t  w ould  t h e r e f o r e  b e  v e r y  u se fu l, b e f o re  tu rn in g  to  
a d is c u s s io n  o f th e  p ro b le m , to  d e f in e  th e  c o n c e p ts  o f c a u s a l i ty  and  d e t e r 
m in is m  an d  c l a r i f y  th e  r e la t io n s h ip  b e tw e e n  th em * .

In  th e  p h i lo so p h ic a l  l i t e r a t u r e  th e  c o n c e p t o f c a u s a l i ty  i s  c h ie f ly  u se d  in 
th e  s e n s e  of a l in k  b e tw e e n  c a u s e  an d  e f fe c t.

In  o th e r  c a s e s  th e  c o n c e p t o f c a u s a l i ty  is  id e n tif ie d  w ith  th e  n e c e s s a r y  
c o n n e c tio n  b e tw e e n  th e  s t a t e s  o f a s y s te m , w h e re  th e  in i tia l  s ta te  of th e  
s y s te m  n e c e s s a r i l y  d e te r m in e s  i t s  s t a t e  a t  an y  su b s e q u e n t in s ta n t  in  t im e . 
T h is  i n t e r p r e t a t i o n  o f c a u s a l i ty  is  u s u a l ly  c a l le d  c l a s s i c a l  d e te r m in is m .

In  so m e  c a s e s ,  an d  e s p e c ia l ly  in th e  p h y s ic a l  l i t e r a t u r e ,  th e  p r in c ip le  
o f c a u s a l i ty  is  id e n tif ie d  w ith  th e  p o s s ib il i ty  in  p r in c ip le  o f p re d ic t in g  w ith  
a b s o lu te  a c c u r a c y  th e  fu tu re  s t a t e  o f a  s y s te m  if i t s  s ta te  is  know n a t  so m e

• In the Marxist literature a great deal of work has been done in recent years on the investigation of the 
concept of causality in physics: see Om e 1' y a no vsk i i , M.E. Filosofskie voprosy kvantovoi mekhaniki 
(Philosophical Problems of Quantum Mechanics). Moscow. 1956; the collections of essays entitled "Pro- 
blema prichinnosti v sovremennoi fizike" (The Problem of Causality in Modern Physics). Moscow, i960; 
Z ic h ,  O. , I. M alek  and L. T o n d l .  K metodologii experimentalnich ved. Praha. 1959; P o 1 i k a ro w , A. 
Zum physikalischen Kausalgesetz. Wissenschaftliche Zeitschrift der llumboldt-Universitat, R. XI, Berlin, 
1962, and others.
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g iv en  in s ta n t  in t im e . T h is  v iew  of c a u s a l i ty  is  c a l le d ,  so m e w h a t in a c c u 
ra te ly ,  L a p la c ia n  d e te rm in is m * .

T he c o n c e p t of c a u s a l i ty  is  a ls o  u se d  in a s e n s e  w h ich  m ig h t b e  c a l le d  
m a th e m a tic a l  d e te r m in is m .  By th e  l a t t e r  i s  m e a n t th e  c a s e  w h e re  a d i f 
f e r e n t ia l  eq u a tio n  ( o r d in a r y  o r  p a r t ia l )  e x p r e s s in g  s o m e  fo rm  o f b e h a v io r  
of a p h y s ic a l  s y s te m  h a s ,  f o r  d e f in ite  in i tia l  and  b o u n d a ry  c o n d i t io n s ,  one 
s in g le  so lu tio n * * .

L e t u s e x a m in e  th e  c o n n e c tio n  b e tw e e n  th e s e  v ie w s . In  i t s  p ro fo u n d  
e s s e n c e  th e  c a te g o ry  o f c a u s a l i ty  e x p r e s s e s  th e  s e l f - a c t i v e n e s s  of m a t t e r ,  
th e  a b i l i ty  of m a te r ia l  th in g s  and  p h en o m e n a  to  g e n e r a te  o th e r  th in g s  and 
p h en o m e n a . C a u se  is  th e  a c t iv e  o r ig in  w h ich  g e n e r a te s  th e  g iv en  th in g  o r  
ph en o m en o n . C a u se  ca n  e i t h e r  h av e  th e  c h a r a c t e r  o f an  e x te r n a l  in f lu e n c e  
r e f r a c te d  th ro u g h  th e  in te rn a l  n a tu re  o f th e  th in g  u n d e rg o in g  th i s  in f lu e n c e , 
o r  hav e  th e  c h a r a c t e r  o f an  in te ra c t io n  b e tw e e n  p a r t s  w h ich  p ro d u c e s  a 
c h a n g e  in  th e  th in g  th e  w ho le . T he p r in c ip le  o f c a u s a l i ty  c o n s i s t s  o f th e  
s ta te m e n t  th a t  a l l  p h en o m e n a  o f a c tu a l  r e a l i ty  h a v e  a  c a u s e .

T h e f in ite  r a te  o f p ro p a g a tio n  of in f lu e n c e s  in  s p a c e  (n o t e x c e e d in g  th e  
v e lo c ity  of lig h t)  and  th e  im p o s s ib i l i ty  o f in f lu e n c in g  a l r e a d y  c o m p le te d  
p h en o m e n a  a r e  id e a s  w h ich  a r e  o f c o n s id e r a b le  im p o r ta n c e  f o r  u n d e r s ta n d 
ing  c a u s a l i ty  in p h y s ic s .

A c a u s a l  r e la t io n  m u s t b e  d is tin g u is h e d  f ro m  a  r e la t io n  b e tw e e n  s ta te s * * * .  
If  th e  c a te g o ry  o f c a u s a l i ty  e x p r e s s e s  th e  r e la t io n s h ip  and  in te r a c t io n  b e 
tw een  d if fe re n t  th in g s  o r  p a r ts ,  th e  r e la t io n  b e tw e e n  s t a t e s  e x p r e s s e s  th e  
r e la t io n s h ip  b e tw e e n  d i f fe re n t  s t a t e s  o f th e  s a m e  th in g . If  th e  c o n c e p t of 
c a u s e  e x p r e s s e s  th e  s o u r c e  of m o tio n  an d  c h a n g e  o f a  th in g , th e  r e la t io n  
b e tw e e n  s t a t e s  e x p r e s s e s  th e  r e s u l t  of m o tio n  and  ch a n g e . T h e  c a te g o ry  o f 
c a u s e  s e r v e s  to  e x p la in  p h e n o m e n a , th e  r e la t io n  b e tw e e n  s t a t e s  to  d e s c r ib e  
th e  r e s u l t  o f m o tio n . T h e s e  c o n c e p ts ,  though  d is t in c t ,  a r e  o r g a n ic a l ly  c o n 
n e c te d  w ith  e a c h  o th e r .

T o a  d e f in ite  c a u s e  a c t in g  upon a th in g  c o r r e s p o n d s  a d e f in ite  r e la t io n  
b e tw e e n  th e  s t a t e s  of th e  th in g , an d , c o n v e rs e ly ,  a  d e f in ite  r e la t io n  b e tw e e n  
th e  s ta t e s  of th e  th in g  p r e s u p p o s e s  a d e f in ite  c a u s e .  In th e  r e la t io n  b e tw e e n  
s t a t e s  is  m a n ife s te d  th e  c h a r a c t e r  o f th e  c a u s a l  r e la t io n ,  an d , c o n v e r s e ly ,  
th e  c a u s a l  r e la t io n  d e te r m in e s  th e  c h a r a c t e r  o f th e  r e la t io n  b e tw e e n  s t a t e s .  
C h a n g e s  in th e  th in g  an d , t h e r e f o r e ,  th e  r e la t io n  b e tw e e n  i ts  s t a t e s ,  a r e  
d e te rm in e d  in th e  g e n e ra l  c a s e  bo th  by  th e  n a tu re  o f th e  e x te rn a l  in f lu e n c e s  
an d  by th e  in te rn a l  n a tu re  o f th e  th ing . T h e r e f o r e  in  th e  g e n e r a l  c a s e  th e  
r e la t io n  b e tw e en  s t a t e s  is  bo th  n e c e s s a r y  and  ra n d o m .

C la s s ic a l  d e te r m in is m  i s  a p a r t i c u la r  c a s e  o f th e  r e la t io n  b e tw e e n  
s t a t e s ,  w h e re  th is  r e la t io n  h a s  a n e c e s s a r y  c h a r a c t e r ,  and  is  p o s s ib le  o n ly  
w hen th e  s y s te m  d o e s  not u n d e rg o  e x te r n a l  in f lu e n c e s ,  i. e. , in th e  c a s e  of

• This view of Laplacian determinism is historically inaccurate. Laplace himself delimited the problems 
of objectivity and cognizability of causal relations. See E i l 's h te in .E .  l.aplas, Engel's i nashi sovre- 
menniki (Laplace, Engels and our Contemporaries). "Sludia Eilozoficzne. Izbrannye stat’i, 1957-1960", 
No. 1, pp.'17-63. 1962; S v e c h n ik o v , G.A. Kategoriya prichinnosti v flzike (The Category of
Causality in Physics). Moscow, pp. 129-138. 1961.

** The use of the concept of causality in the sense of mathematical determinism in theoretical physics was 
pointed out by V.A. I-ok in an article entitled "Critique £pisl£mologique de theories r£centes" (La 
Pensfie, No. 91, p. 13. 1960).
For greater detail see: S v e c h n ik o v , G.A. Kategoriya prichinnosti v fizike (The Category of Causality 
in Physics), pp. 86-105; K ra je w sk i, W. Problem kategorii ontologicznych przychyny i skutku.
Studia filozoficzne, No. 5(26), pp.3-19. 1961.

180



i s o la te d ,  c lo s e d  s y s te m s * . S in c e  th e r e  a r e  no a b s o lu te ly  is o la te d  s y s te m s  
in  n a tu r e ,  th e  c o n c e p t o f c l a s s i c a l  d e te r m in is m  is  a l im it in g , a b s t r a c t  
c o n c e p t a p p l ic a b le  on ly  i n s o f a r  a s  a s y s te m  c a n  b e  re g a r d e d  in a c e r t a in  
r e s p e c t  a s  r e la t iv e ly  is o la te d .

L a p la c ia n  d e te r m in is m  (in  i t s  u s u a l  v iew ) e x p r e s s e s  th e  id e a l of a b s o lu te  
k n o w led g e , w h e re  a b s o lu te ly  e x a c t  k n o w led g e of th e  in itia l  s ta te  o f a c l a s 
s i c a l l y  d e te rm in e d  s y s te m  an d  o f th e  law  of c h a n g e  o f i t s  s t a t e s  p e r m i t  
a b s o lu te ly  e x a c t  p r e d ic t io n s  o f th e  fu tu re .

In c l a s s i c a l  m e c h a n ic s  an d  M a x w e ll 's  e le c t r o d y n a m ic s  L a p la c ia n  d e t e r 
m in is m  is  id e n tic a l  w ith  m a th e m a tic a l  d e te r m in is m ,  s in c e  th e  e q u a tio n s  
of N ew ton and  M ax w ell e n a b le  u n iv o c a l p re d ic t io n  of th e  fu tu re  s ta te  o f th e  
c o r r e s p o n d in g  s y s te m , p ro v id e d  i ts  p r e s e n t  s ta te  and  th e  f o r c e s  o r  s o u r c e s  
of c u r r e n t s  and  e l e c t r i c  c h a r g e s  a r e  known.

In q u an tu m  m e c h a n ic s  m a th e m a tic a l  d e te r m in is m  d i f f e r s  fro m  L a p la c ia n  
d e te r m in is m .  S c h r o e d in g e r 's  e q u a tio n , w h ich  e x p r e s s e s  th e  b e h a v io r  of 
a q u an tu m  m e c h a n ic a l  s y s te m , h a s  a u n iq u e  s o lu tio n  fo r  s p e c if ie d  in itia l  
c o n d it io n s . H o w e v e r , one c a n n o t, in th e  g e n e ra l  c a s e ,  m a k e  u n iv o ca l p r e 
d ic t io n s  c o n c e rn in g  th e  fu tu re  of th is  s y s te m  on th e  b a s i s  o f t h i s  so lu tio n .

In th e  re g io n  o f th e  q u an tu m  th e o ry  of f ie ld s ,  m ic r o p r o c e s s e s  a r e  e x 
p r e s s e d  not by a fu n c tio n  b u t by  a f ie ld  o p e r a to r  w h ich  s a t i s f i e s  d e f in ite  
fie ld  e q u a tio n s .

T h e  e q u a tio n s  o f q u an tu m  f ie ld  th e o ry  c o n s i s t  o f a s y s te m  of an  in fin ite  
n u m b e r  o f d i f f e r e n t ia l  e q u a tio n s  w h ich  m o d e rn  m a th e m a tic s  h a s  so  f a r  b ee n  
u n a b le  to  s o lv e . It h a s  not e v e n  b e e n  p ro v e d  th a t  su c h  a  s y s te m  o f d i f f e r e n 
t ia l  e q u a tio n s  h a s  a s o lu tio n .

T h e  fie ld  o p e r a to r s  w h ich  s a t i s f y  th e  e q u a tio n s  o f th e  q u an tu m  th e o ry  o f 
f ie ld s ,  lik e  S c h r o e d in g e r 's  w ave fu n c tio n , e x p r e s s  th e  p ro b a b il i ty  o f c e r t a in  
p r o c e s s e s  fo r  s p e c if ie d  c o n d it io n s . T h u s  e v e n  if th e  f ie ld  e q u a tio n s  s a t i s 
fie d  by  th e  f ie ld  o p e r a to r s  had  a u n iq u e  s o lu tio n  f o r  s p e c if ie d  in i t ia l  c o n d i
t io n s ,  w e w ould not b e  a b le  to  m a k e  u n iv o ca l p r e d ic t io n s  c o n c e rn in g  th e  
b e h a v io r  o f th e  q u a n tiz e d  f ie ld  ( p a r t i c l e s )  on th e  b a s i s  of th i s  s o lu tio n . If 
m a th e m a tic a l  d e te r m in is m  d o e s  in d ee d  ho ld  in q u an tu m  f ie ld  th e o ry ,  th e n , 
a s  in q u an tu m  m e c h a n ic s ,  it  d o e s  not g e n e ra l ly  c o in c id e  w ith  L a p la c ia n  
d e te r m in is m .

An im p o r ta n t  q u e s tio n  w hen  d i s c u s s in g  c a u s a l i ty  in q u an tu m  p h y s ic s  is  
th a t  o f th e  r e la t io n s h ip  b e tw e e n  n e c e s s i ty  and  c h a n c e , p o s s ib il i ty  an d  r e a l i ty  
a t  d i f f e r e n t  le v e ls  o f m a te r ia l  p r o c e s s e s .  I t  i s  e s s e n t ia l  f o r  u n d e r s ta n d in g  
th e  in te rc o n n e c t io n  o f d y n a m ic a l  and  s t a t i s t i c a l  la w s  in c l a s s i c a l  an d  q u a n 
tu m  p h y s ic s .

W e r e c a l l  th a t  n e c e s s i ty  i s  th a t  w h ich  is  d e te rm in e d  by th e  in te rn a l  n a 
tu r e ,  e s s e n c e ,  o f a n  o b je c t  an d  th e r e f o r e  ca n n o t b e  d i f fe re n t  fro m  w ha t it 
i s .  C h a n c e  is  th a t  w h ich  is  d e te rm in e d  not by  th e  in te rn a l  n a tu re  o f th e  o b 
j e c t  bu t by  so m e th in g  e x te r n a l  w ith  r e s p e c t  to  th i s  o b je c t  and  w h ich  t h e r e 
fo r e  n ee d  no t be.

T h a t w h ich  i s  ra n d o m  r e la t iv e  to  a g iv e n  s e t  o f th in g s  m a y  be  n e c e s s a r y  
r e la t iv e  to  a d i f f e r e n t ,  s u f f ic ie n t ly  b ro a d , s e t  o f th in g s . A n o th e r  im p o r ta n t  
f e a tu r e  of th e  d i a l e c t ic s  o f th e s e  c o n c e p ts  is  th a t  th e y  e x p r e s s  th e  un ion  o f 
th e  in te r n a l  an d  th e  e x te r n a l .
° An analysis of classical determinism may be found in: A u g u sty n ek  , Z. Determinizm fizyczny. Studia 

filozoficzne, No. 3(30), pp. 3-65. 1962.
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T he s ta te  o f an y  o b je c t, in th e  g e n e ra l  c a s e ,  i s  d e te r m in e d  b o th  by th e  
in te rn a l  n a tu re  o f th i s  o b je c t  and  by  th e  n a tu r e  of th e  e x te r n a l  in f lu e n c e s .
An e x te rn a l  in f lu e n c e  on an  o b je c t  i s  r e f r a c t e d  th ro u g h  i ts  in te r n a l  s t r u c 
tu r e ;  th e  in te rn a l  n a tu re  o f an  o b je c t  i s  m a n ife s te d  in i t s  i n te r a c t io n  w ith  
e x te rn a l  b o d ie s .

A ph en o m e n o n  is  n e c e s s a r y  in a sm u c h  a s  it i s  d e te r m in e d  by i ts  in te rn a l  
n a tu re .  A ph en o m e n o n  is  ra n d o m  in a sm u c h  a s  it i s  d e te rm in e d  by e x te r n a l  
in f lu e n c e s . B ut s in c e  th e  s a m e  ph en o m e n o n  is  d e te rm in e d  s im u lta n e o u s ly  
by th e  in te rn a l  n a tu re  of th e  o b je c t and  by e x te r n a l  in f lu e n c e s ,  i t  i s  s i m u l 
ta n e o u s ly  n e c e s s a r y  and  ra n d o m : n e c e s s a r y  b e c a u s e  it is  th e  m a n i f e s ta 
t io n  of th e  in te rn a l  n a tu re  of th in g s  and  ra n d o m  b e c a u s e  it i s  th e  e x p r e s s io n  
o f th e  n a tu re  o f e x te rn a l  in f lu e n c e s .

L e t u s  s e e  how th e  ro le  of c h a n c e  and  n e c e s s i ty  is  m o d if ie d  by  t r a n s i 
tio n  fro m  th e  m a c ro w o rld  to  th e  m ic ro w o r ld .

F i r s t  o f a l l ,  we n o te  th a t th e  r e la t iv e  ro le  o f c h a n c e  an d  n e c e s s i t y  c a n  
ch a n g e  e v e n  in th e  m a c ro s c o p ic  r e g io n , w hen one m o v e s  f ro m  on e s y s te m  
o f b o d ie s  to  a n o th e r ,  b r o a d e r  s y s te m  w hich  c o n ta in s  th e  f i r s t  a s  o n e  o f i t s  
p a r ts .  L e t  u s  su p p o se  th a t we a r e  in te r e s te d  in th e  m o tio n  o f a b u lle t .
T h is  m o tio n  is  n e c e s s a r y  in s o f a r  a s  it  is d e te rm in e d  by th e  in te r n a l  p r o p e r 
ty  o f m a in ta in in g  th e  v e lo c ity  and  d ir e c t io n  of m o tio n  im p a r te d  by  th e  
sh o o tin g  ( in e r t ia l  m o tio n ) . It is  ra n d o m  in s o f a r  a s  it d e p e n d s  on th e  i n 
f lu e n c e  of g u n p o w d e r g a s e s ,  th e  e a r t h 's  a t t r a c t i o n ,  th e  r e s i s t a n c e  o f  the 
a i r ,  e tc . If we c o n s id e r  the b r o a d e r  s y s te m  c o n ta in in g  b o th  gun an d  b u l le t ,  
in  th is  s y s te m  th e  r e la t iv e  ro le  of n e c e s s i ty  is  g r e a t e r ,  an d  th a t  of c h a n c e  
s m a l l e r ,  th a n  in th e  s y s te m  c o n ta in in g  on ly  th e  b u lle t . E v e ry  in flu e n c e  
e x te rn a l  fo r  th e  g u n -b u lle t  s y s te m  is  a ls o  e x te r n a l  fo r  th e  b u l le t ,  b u t no t 
e v e ry  in flu e n c e  e x te rn a l  f o r  th e  b u lle t  is  e x te rn a l  fo r  th e  b r o a d e r  s y s te m .
If we e x te n d  th e  s y s te m  to  in c lu d e  th e  b u l le t , gun , e a r th ,  a tm o s p h e r e  and  
a l l  b o d ie s  in th e  s o l a r  s y s te m , we o b ta in  a  s y s te m  w ith  r e f e r e n c e  to  w h ich  
th e  ro le  of c h a n c e  in th e  m o tio n  o f th e  b u l le t  is  n e g lig ib le , an d  i t s  m o tio n  
ca n  b e  r e g a rd e d  a s  n e c e s s a r y .

T he r e la t io n s h ip  b e tw e e n  n e c e s s i ty  and  c h a n c e  is  a ls o  m o d if ie d  by  t r a n s i 
tio n  f ro m  th e  m a c ro w o rld  to  th e  m ic ro w o r ld .

E v e r y  m ic r o p r o c e s s ,  g e n e ra l ly  sp e a k in g , r e p r e s e n ts  an  o rg a n ic  un ion  
o f m e c h a n ic a l , p h y s ic a l  and  o th e r  p h en o m e n a  w h ich  c a n n o t be  d e s t ro y e d  
w ith o u t d e s t ro y in g  th e  p r o c e s s  i ts e lf . F o r  p u rp o s e s  o f s tu d y , h o w e v e r , it 
is  s o m e t im e s  u se fu l to d is tin g u is h  s o m e  fo rm  o f m o tio n  and  a b s t r a c t  it 
fro m  th e  o th e r s .  L e t  u s  fo r  in s ta n c e  ta k e  th e  s p a t ia l  d i s p la c e m e n t  of 
m ic r o o b je c t s  and  s e p a r a te  it f ro m  a l l  th e  o th e r  fo r m s  o f c h a n g e .

It is  e a s ily  no ted  th a t  w hen one m o v e s  fro m  th e  le v e l  o f  m a c r o s c o p ic  
b o d ie s  to  th e  m o le c u la r  le v e l  th e  n u m b e r  o f ra n d o m  e x te r n a l  in f lu e n c e s  in 
th e  m e c h a n ic a l  m o tio n  o f th e  c o r r e s p o n d in g  o b je c ts  i n c r e a s e s  a s  c o m p a re d  
w ith  th e  n u m b e r  o f n e c e s s a r y  in te rn a l  f a c to r s .  In d e e d , e v e r y  in f lu e n c e  e x 
te r n a l  to , s a y , a f ly in g  b u l le t  is  e x te r n a l  a l s o  to  i t s  m o le c u le s ,  tho u g h  not 
e v e ry  in flu e n c e  e x te rn a l  to  th e  m o le c u le  is  e x te r n a l  to  th e  b u l le t . If a pu ff 
o f wind p ro d u c e s  a c h a n g e  in  th e  m o tio n  o f th e  b u l le t ,  th i s  c i r c u m s ta n c e  is  
r e f le c te d  in th e  m o tio n  of th e  m o le c u le  o f th is  b u lle t . I f  th e  g iv e n  m o le c u le ,  
on th e  o th e r  han d , c o l l id e s  w ith  a n e ig h b o r in g  m o le c u le ,  th i s  e f fe c t ,  tho u g h  
e x te rn a l  to  th e  m o le c u le , is  in te rn a l  and  n e c e s s a r y  w ith  r e f e r e n c e  to  th e  
b u l le t  a s  a w hole.

T h e s e t  o f e x te rn a l  r e la t io n s  w h ich  d e te r m in e  th e  m e c h a n ic a l  d i s p la c e 
m e n t o f an  a to m  is  l a r g e r  th a n  th e  c o r r e s p o n d in g  s e t  o f r e la t io n s  w h ich
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d e te r m in e  th e  m e c h a n ic a l  m o tio n  o f  a m o le c u le ;  th e  n u m b e r  o f e x te rn a l  
f a c to r s  w h ich  c o n d it io n  th e  d is p la c e m e n t  in s p a c e  o f e le m e n ta r y  p a r t i c le s  
i s  g r e a t e r  th a n  th e  n u m b e r  of e x te r n a l  f a c to r s  w h ich  c o n d itio n  th e  m o tio n  of 
m o le c u le s  an d  a to m s . A s on e  m o v e s  d e e p e r  in to  m a t t e r  th e  ro le  o f th e  
s e t  o f ra n d o m  f a c to r s  in th e  d e te r m in a t io n  o f th e  m e c h a n ic a l  fo rm  o f m o 
tio n  of th e  c o r re s p o n d in g  o b je c ts  in c r e a s e s .  T h e te n d e n c y  f o r  th e  n u m b e r  
of ra n d o m  f a c to r s  w h ich  a f fe c t  m e c h a n ic a l  m o tio n  to  in c r e a s e  a s  one 
m o v e s  f ro m  on e le v e l o f m a te r ia l  p r o c e s s e s  to  o th e r  d e e p e r  o n e s  is  r e 
f le c te d  in  th e  in c r e a s in g  ro le  of s t a t i s t i c a l  m e th o d s  in m ic ro p h y s ic s .  S ta 
t i s t i c a l  m e th o d s  p lay  a m o re  im p o r ta n t  ro le  in  m ic ro w o r ld  r e s e a r c h  th a n  
in  d e s c r ip t io n  o f th e  m o tio n  o f m a c ro s c o p ic  b o d ie s .

In th e  m a c ro s c o p ic  re g io n  it i s  p o s s ib le ,  u n d e r  c e r t a in  c o n d it io n s , to  
a b s t r a c t  o n e s e lf  fro m  th e  ra n d o m  in f lu e n c e s  on a  body  and  c o n s t r u c t  a d y 
n a m ic a l  th e o ry  o f i t s  m o tio n . In th e  m ic ro s c o p ic  r e g io n , h o w e v e r, ow ing  
to  th e  s m a l ln e s s  o f th e  o b je c ts  and  f in i te n e s s  o f th e  q u an tu m  of a c tio n  a b 
s t r a c t io n  fro m  ra n d o m  in f lu e n c e s  is  l e s s  fe a s ib le .  F o r  th is  r e a s o n , in 
o r d e r  to  e x p r e s s  th e  v a r ia t io n  o f th e  s ta te  of m ic r o o b je c t s  w h ich  a r e  s u b 
j e c t  to  th e  in f lu e n c e  o f a v a s t  n u m b e r  o f ra n d o m  p h en o m e n a , one h a s  r e 
c o u r s e  to  s t a t i s t i c a l  m e th o d s .

L e t  u s  now c o n s id e r  th e  ro le  o f e x te r n a l  f a c to r s  in  c o n d it io n in g  th e  
p h y s ic a l  p r o p e r t i e s  o f m a c r o -  and  m ic ro b o d ie s .  T hough th e  n u m b e r  of e x 
te r n a l  r e la t io n s  i n c r e a s e s  a s  o n e  m o v e s  f ro m  m a c ro s c o p ic  to  m ic ro s c o p ic  
o b je c ts ,  t h e i r  in f lu e n c e  on  th e  p h y s ic a l  p r o p e r t ie s  of th e s e  o b je c ts  d e c r e a s e s .

F o r  e x a m p le , a p ie c e  o f ic e  w hen h e a te d  to  0°C c h a n g e s  in to  w a te r ,  i. e .,  
in to  a d i f f e re n t  q u a l i ta t iv e  s t a t e ,  y e t  in  th is  p r o c e s s  th e  v e lo c ity  o f m e c h a 
n ic a l  m o tio n  of th e  m o le c u le s  in c r e a s e s  b u t s l ig h tly . A s u ff ic ie n t ly  l a r g e  
e x te r n a l  in f lu e n c e  c a n  b r e a k  up a  s to n e  in to  f r a g m e n ts ,  and  c o n v e r t  it  to  
d u s t ,  y e t  in  th i s  p r o c e s s  th e  m e c h a n ic a l  m o tio n  o f th e  m o le c u le s  d e c r e a s e s  
v e r y  s l ig h t ly .  T h e r e  a r e  m an y  o th e r  e x te rn a l  in f lu e n c e s  w h ich  c a n  t r a n s 
fo rm  th e  p h y s ic a l  p r o p e r t i e s  o f m a c ro s c o p ic  b o d ie s  w ith  c o m p a ra t iv e  e a s e  
b u t w h ich  do no t c h a n g e , o r  p r a c t ic a l ly  do not c h a n g e , th e  p h y s ic a l  p r o p e r 
t i e s  o f m o le c u le s .  T h e in te r n a l  s t r u c tu r e  of th e  m o le c u le  r e f r a c t s  th e  
e x te r n a l  in f lu e n c e s  so  s t ro n g ly  th a t  it  d o e s  no t a llo w  d i r e c t  in f lu e n c in g  of 
i t s  p h y s ic a l  and  c h e m ic a l  p r o p e r t ie s .

T h e  p h y s ic a l  p r o p e r t i e s  o f th e  a to m  a r e  a ls o  d e te rm in e d  by  th e  in te rn a l  
i n t e r a c t io n s  o f i t s  p a r t s  (n u c le u s  and  a to m ic  e le c t r o n s ) .  T h u s  th e  a to m 's  
a b i l i ty  to  e n t e r  in to  c h e m ic a l  c o m b in a tio n  w ith  o th e r  a to m s  is  du e  to  th e  
e l e c t r o n s  w h ich  o c c u p y  th e  o u t e r  e le c t r o n ic  s h e ll  o f th e  a to m . T h e a to m ic  
n u c le u s  is  a c o m p le x  p h y s ic a l  s y s te m  w hich  d o e s  not r e a d i ly  y ie ld  to e x 
t e r n a l  in f lu e n c e s . E v en  m o re  n e c e s s a r y  a r e  th e  p h y s ic a l  p r o p e r t i e s  of 
e le m e n ta r y  p a r t i c le s .  O ne c a n n o t b r e a k  dow n an  e le c t r o n  o r  p ro to n . V e ry  
s t r o n g  c o l l i s io n s  b e tw e e n  e le m e n ta r y  p a r t i c le s  r e s u l t  no t in  t h e i r  s p l i t t in g  
b u t in  th e  f o r m a t io n  o f new  p a r t i c le s ,  i. e. , t r a n s m u ta t io n .

T h e  p r o p e r t i e s  o f e le m e n ta r y  p a r t i c le s  — m a s s ,  c h a rg e ,  sp in  and  o th e r s  
— a r e  n e c e s s a r i l y  re la te d  to  th e  e x is te n c e  o f th e  p a r t i c le s  th e m s e lv e s .  
A lth o u g h  th e  m a s s  o f a  m a c ro s c o p ic  body ca n  be re d u c e d , w ith in  c e r ta in  
l i m i t s ,  w ith o u t a f fe c t in g  th e  q u a li ty  o f th e  body i t s e l f ,  one c a n n o t re d u c e  the 
r e s t  m a s s  o f an  e le m e n ta r y  p a r t i c le  w ith o u t d e s t ro y in g  i t s  q u a lity . M o r e 
o v e r ,  if  f o r  m a c ro s c o p ic  b o d ie s  ro ta t io n  ab o u t a p r o p e r  a x is  is  no t an  in 
s e p a r a b l e  p r o p e r ty ,  f o r  e le m e n ta ry  p a r t i c le s  th e  sp in  ca n  b e  n e i th e r  i n 
c r e a s e d  n o r  re d u c e d . S p in , l ik e  m a s s  and  c h a r g e ,  is  a  n e c e s s a r y  p r o p e r ty  
o f  e le m e n ta r y  p a r t i c le s .
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And so  a s  one m o v e s  fro m  th e  m a c ro w o r ld  to  th e  m ic ro w o r ld  on e  e n 
c o u n te r s  tw o o p p o s in g  te n d e n c ie s ;  on th e  on e  h an d , t h e r e  is  an  i n c r e a s e  in 
th e  n u m b e r  of ra n d o m  f a c to r s  d e te rm in in g  th e  m e c h a n ic a l  fo rm  o f m o tio n  
of th e  o b je c ts ;  on th e  o th e r  h and , t h e r e  is  an  i n c r e a s e  in th e  r o le  o f n e 
c e s s i t y  in c o n d it io n in g  th e  p h y s ic a l  fo rm  of m o tio n  of m a t te r .

T h e f i r s t  te n d e n c y  is  r e f le c te d  in th e  i n c r e a s e d  r o le  o f s t a t i s t i c a l  m e th 
ods fo r  d e s c r ip t io n  of th e  s p a t ia l  d i s p la c e m e n ts  of o b je c ts  a s  o n e  p e n e 
t r a t e s  m o re  and  m o re  d e e p ly  in to  m a t t e r ;  th e  o th e r  te n d e n c y  is  r e f le c te d  
by th e  in tro d u c tio n  in to  p h y s ic s  o f c o n s ta n ts  c h a r a c t e r i z in g  th e  n e c e s s a r y  
p r o p e r t i e s  o f m ic r o o b je c t s  — m a s s ,  c h a rg e ,  sp in , p r o p e r  m a g n e tic  m o m e n t 
and  o th e r  p r o p e r t i e s  o f e le m e n ta ry  p a r t i c le s .

T h e s e  te n d e n c ie s ,  though  d is t in c t ,  a f fe c t  e a c h  o th e r  m u tu a lly . T h e u s e  
of s t a t i s t i c a l  m e th o d s  is  ju s t i f ie d  by a d e f in ite  c o n c e p tio n  o f th e  in te rn a l  
p r o p e r t i e s  of o b je c ts ,  w ith o u t w h ich  th e  u t i l i z a t io n  o f s t a t i s t i c s  w ou ld  be 
im p o ss ib le .  In tu r n ,  th e  in te rn a l  p r o p e r t i e s  of o b je c ts  a r e  m a n ife s te d  in  
th e  b e h a v io r  of c o l le c t io n s  w h ich  a r e  d e s c r ib e d  by  m e a n s  o f s t a t i s t i c s .

F ro m  w hat w e h av e  sa id  c o n c e rn in g  th e  r e la t io n s h ip  b e tw e e n  c h a n c e  and  
n e c e s s i ty ,  one m ig h t e x p e c t th a t  e v e ry  fu tu re  th e o ry  e x p r e s s in g  th e  m e c h a n 
ic a l  d is p la c e m e n t  o f m ic r o o b je c t s  in s p a c e  and  t im e  w ill b e  s t a t i s t i c a l .  
H o w e v er, a th e o ry  w h ich  e x p r e s s e s  c e r t a in  p h y s ic a l  p r o p e r t i e s  o f o b je c ts  
in th e  m ic ro w o r ld  re g io n  m a y  a ls o  c o n ta in  la w s  o f th e  d y n a m ic a l  ty p e . T h e  
s im p le s t  e x a m p le s  of d y n a m ic a l  la w s  in e le m e n ta r y  p a r t i c le  p h y s ic s  a r e  
th e  la w s  o f c o n s e rv a t io n  o f sp in , c h a r g e ,  and  so  on. If  we know , f o r  
e x a m p le , th a t  th e  sp in  of a g iv en  p a r t i c le  a t  a c e r t a in  in s ta n t  is  1 /2 ,  we ca n  
sa y  th a t  it  w ill b e  1 /2  a t  an y  s u b s e q u e n t in s ta n t  in t im e .

T h e th e o ry  of m ic r o p r o c e s s e s  r e p r e s e n ts  a s p e c if ic  fu s io n  o f s t a t i s t i c a l  
and  d y n a m ic a l  la w s . T a k e n  s e p a r a te ly  n e i th e r  ty p e  o f law  is  s u f f ic ie n t  to  
e x p r e s s  th e  p r o c e s s e s  s tu d ie d  in  e le m e n ta r y  p a r t i c le  p h y s ic s .  I t  i s  o n ly  
w hen ta k e n  to g e th e r  th a t  s t a t i s t i c a l  an d  d y n a m ic a l  la w s  g iv e , w ith in  th e  
f r a m e w o r k  o f th e  c o r r e s p o n d in g  th e o ry ,  a c o m p le te  d e s c r ip t io n  o f th e  p h e 
n o m en a  of th e  m ic ro w o r ld .

A v e r y  im p o r ta n t  t a s k  o f s c ie n c e  is  to  p r e d ic t  th e  fu tu re . To d e te r m in e  
th e  b e h a v io r  o f a  g iv en  o b je c t  in  th e  fu tu re ,  it is  im p o r ta n t  to  know  th e  
p o s s ib i l i t i e s  fo r  i t s  b e h a v io r  and  th e  c o n d it io n s  fo r  th e  c o n v e rs io n  o f th e s e  
p o s s ib i l i t i e s  in to  r e a l i ty .  E v e r y  s c ie n c e ,  in  s o m e  fo rm  o r  o th e r ,  e x p r e s 
s e s  th e  r e la t io n s h ip  b e tw e e n  p o s s ib il i ty  and  r e a l i ty  in  th e  c o r r e s p o n d in g  
re g io n  of th e  r e a l  w o r ld .

It is  w e ll know n th a t  fo r  a m a te r ia l  p o in t in  c l a s s i c a l  m e c h a n ic s  a l l  su c h  
m e c h a n ic a l  m o tio n s  a s  a r e  c o m p a tib le  w ith  i t s  c o n s t r a in ts  a r e  r e g a r d e d  
a s  k in e m a t ic a lly  p o s s ib le .  F o r  a f r e e  m a te r ia l  p o in t w h ich  d o e s  not h av e  
c o n s t r a in ts  upon i t s  m o tio n , an y  d is p la c e m e n t  o f an y  v e lo c ity  is  p o s s ib le .  
B ut a s  so o n  a s  th e  m a te r ia l  p o in t i s  c o r r e l a te d  w ith  d e f in ite  e x te r n a l  i n 
f lu e n c e s ,  ou t o f th e  e n t i r e  s e t  o f k in e m a tic  ( a b s t r a c t )  p o s s ib i l i t i e s  o n ly  on e  
t r a n s f o r m s  in to  a t r u e  p o s s ib il i ty ,  a l l  th e  o th e r  a b s t r a c t  p o s s ib i l i t i e s  c o n 
v e r t in g  in to  t r u e  im p o s s ib i l i t i e s .  T h is  t r u e  p o s s ib il i ty  o f m o tio n  o f th e  
m e c h a n ic a l  s y s te m  is  a c tu a l ly  r e a l iz e d .  H o w e v er, a s  lo n g  a s  th e  f o r c e s  
a c t in g  upon a m e c h a n ic a l  s y s te m  h av e  no t b e e n  s p e c if ie d ,  w e c a n  o n ly  s p e a k  
o f a b s t r a c t  p o s s ib i l i t i e s  c o m p a tib le  w ith  th e  r e la t io n s  o f th e  s y s te m .

T h e t r u e  p o s s ib il i ty  o f a m e c h a n ic a l  s y s te m  is  id e n t ic a l  w ith  i t s  r e a l  
m o tio n , and  th e r e f o r e  in c l a s s i c a l  m e c h a n ic s  t r u e  p o s s ib il i ty  an d  r e a l i ty
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a r e  no t d i s t in g u is h a b le .  A b s t r a c t  k in e m a t ic  p o s s ib il i ty ,  g e n e ra l ly  s p e a k in g , 
d i f f e r s  f r o m  t r u e  p o s s ib il i ty  an d , th e r e f o r e ,  f ro m  r e a l i ty .  T h is  d i s t in c tio n  
b e tw e e n  k in e m a t ic a lly  p o s s ib le  d i s p la c e m e n ts  an d  re a l  m o tio n  is  e x p r e s s e d  
in  th e  d 'A le m b e r t - L a g r a n g e  an d  G a u s s ia n  v a r ia t io n a l  d i f f e re n t ia l  p r in c ip le s .

A ny on e of an  in f in ite  s e t  o f k in e m a t ic a lly  p o s s ib le  m o tio n s  o f a c l a s s i c a l  
s y s te m  c a n  b e c o m e  a t r u e  p o s s ib il i ty  w hen th e  s y s te m  is  c o r r e l a te d  w ith  
d e f in i te  e x te r n a l  c o n d it io n s . T o  fix ed  e x te r n a l  c o n d it io n s  c o r r e s p o n d s  one 
an d  o n ly  on e  t r u e  p o s s ib il i ty  o f m o tio n  of th e  m e c h a n ic a l  s y s te m , a p o s s ib i l 
ity  w h ich  is  n e c e s s a r i l y  re a l iz e d .

A d if f e r e n t  s i tu a t io n  o b ta in s  in th e  r e g io n  o f q u an tu m  p h y s ic s .  T o  a 
g iv e n  m ic r o p a r t i c l e  w ith  s p e c if ie d  in i tia l  s ta te  o c c u r r in g  u n d e r  fixed  m a c r o 
s c o p ic  c o n d it io n s  c o r r e s p o n d s  an  e n s e m b le  o f t r u e  p o s s ib i l i t i e s ,  e a c h  of 
w h ich  m a y  b e  re a l iz e d  if  th e  in i t ia l  s ta te  and  m a c ro s c o p ic  c o n d it io n s  a r e  
r e p e a te d  a s u f f ic ie n t  n u m b e r  of t im e s .

B ut w h a t is  th i s  e n s e m b le ?
W e c a n  i l lu s t r a t e  th is  by th e  e x a m p le  of th e  d i f f r a c t io n  o f s u c c e s s iv e ly  

e je c te d  e le c t r o n s .  An e le c t r o n  w h ich  h a s  ju s t  le f t  a s o u r c e  o f e l e c t r o n s  h a s  
th e  p o s s ib i l i ty  of p ro d u c in g  a f la s h  a t  an y  p o in t o f th e  b r ig h t  r in g s  o f th e  
d if f r a c t io n  p ic tu r e .  T h e  s e t  of a l l  p o in ts  o f th e  s c r e e n  w h ich  m a y  b e  h it by 
th e  g iv en  e le c t r o n  fo r m s  a n  e n s e m b le  of p o s s ib le  h i ts  to  w h ich  c o r r e s p o n d s  
th e  e n s e m b le  o f p o s s ib le  m o tio n s  o f th e  e le c t r o n  ( i t  d o e s  not fo llow  th a t  th is  
m o tio n  i s  n e c e s s a r i l y  s i m i l a r  to  th e  m o tio n  o f a  m a te r ia l  p o in t in c l a s s i c a l  
m e c h a n ic s ) .

T h e  e n s e m b le  o f p o s s ib le  e le c t r o n  f la s h e s  is  e x p r e s s e d  in  q u an tu m  
m e c h a n ic s  by th e  w ave fu n c tio n . O nly  o n e  p o s s ib il i ty  i s  r e a l iz e d  in th e  m o 
tio n  of a s in g le  e le c t r o n :  th e  e le c t r o n  p ro d u c e s  a f la s h  a t  a s in g le  p o in t on 
th e  s c r e e n .  In  o r d e r  to  r e a l i z e  th e  e n t i r e  s e t  o f p o s s ib i l i t i e s  o f th e  g iv en  
e l e c t r o n  o n e  m u s t  e i t h e r  r e p e a t  th e  e x p e r im e n t  in d e f in ite ly  o r  s im u l ta n e o u s 
ly  r e p r o d u c e  an  u n lim ite d  n u m b e r  o f id e n t ic a l  e x p e r im e n ts .

W hy is  it, one w o n d e rs ,  th a t  f o r  a n  in d iv id u a l m ic r o p a r t i c l e  in a d e f in ite  
m a c r o s c o p ic  e n v iro n m e n t  th e r e  e x i s t s  an  e n s e m b le  o f t r u e  p o s s ib i l i t i e s ,  
e x p r e s s e d  w ith  th e  h e lp  o f s t a t i s t i c a l  m e th o d s  in q u an tu m  m e c h a n ic s ,  
w h e r e a s  f o r  a m e c h a n ic a l  o b je c t  in a d e f in ite  m a c ro s c o p ic  e n v iro n m e n t 
th e r e  is  on ly  on e  t r u e  p o s s ib il i ty ,  e x p r e s s e d ,  m o r e o v e r ,  in  th e  fo rm  of a 
d y n a m ic a l  la w ?

W hen  e x p la in in g  su c h  p e c u l ia r i t i e s  of m ic ro p h e n o m e n a  a s  th e  m o tio n  of 
s u c c e s s iv e ly  e je c te d  e l e c t r o n s  in a d i f f r a c t in g  d e v ic e , one c a n  m a k e  th e  
fo llo w in g  c o n je c tu r e s  f ro m  th e  m ic r o s c o p ic  p o in t o f v iew :

1) th e  c o n d it io n s  of m o tio n  an d  in i t ia l  s ta t e s  o f s u c c e s s iv e ly  e je c te d  
e l e c t r o n s  a r e  r ig o r o u s ly  id e n t ic a l;

2) th e  c o n d it io n s  o f m o tio n  of th e  e l e c t r o n s  a r e  d i f f e r e n t  b u t t h e i r  in i tia l  
s t a t e s  a r e  id e n t ic a l;

3) th e  in i t ia l  s t a t e s  o f s u c c e s s iv e ly  e je c te d  e l e c t r o n s  a r e  d i f f e r e n t  bu t 
t h e i r  c o n d i t io n s  o f m o tio n  a r e  id e n t ic a l;

4) b o th  th e  c o n d it io n s  o f m o tio n  o f th e  e l e c t r o n s  an d  t h e i r  in i t ia l  s t a t e s  
a r e  d i f fe re n t .

If  th e  f i r s t  c o n je c tu r e  is  c o r r e c t  it  w ould  m e a n  th a t  th e  e l e c t r o n s  h av e  
" f re e d o m  of w i l l" ,  " f r e e d o m  of c h o ic e " .  A b so lu te ly  id e n t ic a l  e le c t r o n s  
m o v in g  in  a b s o lu te ly  id e n t ic a l  c o n d it io n s  p ro d u c e  s p a r k s  a t  d i f f e re n t  p o in ts  
on th e  b r ig h t  b a n d s :  f ro m  th i s  it  sh o u ld  fo llow  n e c e s s a r i l y  th a t  th e  m o tio n  
o f an  e le c t r o n  is  a c a u s a l ,  o r ,  a t  an y  r a te ,  a c a u s a l  w ith in  c e r t a in  l im i t s .
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B ut is  it  ju s t i f ia b le  to  a s s u m e  th a t  s u c c e s s iv e ly  e je c te d  e l e c t r o n s  h av e  
a b s o lu te ly  id e n tic a l  in i t ia l  s t a t e s  and  e x te rn a l  c o n d i t io n s ?  T h e  a n s w e r  is  no.

M a c ro s c o p ic a l ly  id e n tic a l  e x te rn a l  c o n d it io n s  of e le c t r o n  m o tio n  m ay  
d i f f e r  f ro m  th e  m ic ro s c o p ic  p o in t of v iew . T h e m a c ro s c o p ic  e n v iro n m e n t  
of a m ic ro o b je c t  c a n  b e  re a l iz e d  in  th e  fo rm  of d i f f e re n t  c o m b in a t io n s  of 
m ic r o p r o c e s s e s  id e n tic a l  f ro m  th e  m a c ro s c o p ic  p o in t of v iew . To e v e ry  
d e f in ite  c o m b in a tio n  of m ic r o p r o c e s s e s  ta k in g  p la c e  w ith in  th e  g iv e n  m a c r o 
sc o p ic  e n v iro n m e n t c o r r e s p o n d s  a d e f in ite  t r u e  p o s s ib il i ty  of b e h a v io r  of th e  
m ic ro o b je c t .  T o th e  s e t  o f c o m b in a tio n s  of m ic r o p r o c e s s e s  w h ich  c a n  
p ro d u c e  th e  g iv en  m a c r o s i tu a t io n  c o r r e s p o n d s  a s e t  o f m o tio n s  o f th e  
m ic r o p a r t ic le .

B y c o n d it io n s  o f m o tio n  o f m ic r o p a r t i c l e s  sh o u ld  b e  u n d e r s to o d  not on ly  
th e  m a c ro s c o p ic  body  in i t s e l f ,  b u t a ls o  th e  z e r o - p o in t  v a c u u m  f lu c tu a tio n s  
o f th e  c o r re s p o n d in g  fie ld  (f ie ld s )* . It is  p o s s ib le  th a t  th e  d if f e r e n t  p o s s i 
b i l i t i e s  of m o tio n  o f p a r t i c le s  e x p r e s s e d  by th e  s t a t i s t i c a l  la w s  o f n o n r e la -  
t iv is t i c  q u an tu m  m e c h a n ic s  a r e  due p r e c i s e ly  to  th e  in te r a c t io n  b e tw e e n  
th e  m ic r o p a r t i c l e s  and  v ac u u m  f lu c tu a tio n s .

A tte m p ts  to  ju s ti f y  th is  a s s u m p tio n  m a y  b e  found in th e  w o rk s  o f  E. I. 
A d iro v ic h  and  M. I. P o d g o re ts k ii* * , A. A. Soko lov*** , K. D. S in e l 'n ik o v * * * *  
and  o th e r s .

A m a th e m a tic a l  c a lc u la t io n  c a r r i e d  ou t by A d iro v ic h  an d  P o d g o r e t s k i i  
sh o w s  th a t  even  c l a s s i c a l  s y s te m s  m a n ife s t  c e r t a in  q u an tu m  p r o p e r t i e s  in 
in te ra c t io n  w ith  z e r o - p o in t  e le c t ro m a g n e tic  f lu c tu a tio n s .  In p a r t i c u la r ,  
th e  in f lu e n c e  o f z e r o - p o in t  f lu c tu a tio n s  l e a d s  to  th e  a p p e a r a n c e ,  in c l a s s i c a l  
s y s te m s ,  o f a p ro b a b il i ty  d i s tr ib u tio n  of c o o r d in a te s  and  m o m e n ta  p a r t i a l l y  
id e n tic a l  w ith  th e  r e s u l t s  of q u an tu m  m e c h a n ic s .  T h is  c i r c u m s ta n c e  p e r 
m i ts  u s  to  su p p o se  th a t  th e  in te ra c t io n  o f m ic r o p a r t i c l e s  w ith  th e  v a c u u m  
flu c tu a tio n s  of th e  c o r r e s p o n d in g  f ie ld  r e a l ly  p la y s  a s u b s ta n t ia l  ro le  in  
th e  m ic ro w o r ld ,  a ro le  no t e x h a u s te d  by s m a l l  e f fe c ts  lik e  s h if ts  o f th e  
a to m ic  le v e ls .

Sokolov  and  T u m an o v  d e m o n s tra te d  th a t  th e  u n c e r ta in ty  r e la t io n  o f q u a n 
tu m  m e c h a n ic s  ca n  b e  r e c o v e r e d  by in c lu d in g  pho ton  v a c u u m  f lu c tu a tio n s  
and  P la n c k 's  fo rc e  o f ra d ia n t  f r ic t io n  in th e  e q u a tio n  of m o tio n  f o r  th e  
c l a s s i c a l  e le c t ro n . H o w e v er, th e s e  a t te m p ts  to  e x p la in  th e  s t a t i s t i c a l  
c h a r a c t e r  o f q u an tu m  m e c h a n ic s  a r e  h y p o th e tic a l  and  c a ll  fo r  f u r th e r  d i s 
c u s s io n .

I t is  a ls o  not ex c lu d ed  th a t  t h e r e  e x is t ,  w ith in  d e f in ite  l im i t s ,  v a r ia t io n s  
of th e  in itia l  s ta te  of th e  m ic r o s y s te m  to  w h ich  c o r r e s p o n d  a  s p e c ia l  s e t  
of p o s s ib le  m o tio n s  of th is  s y s te m .

• This was kindly pointed out to me by M.l. Podgoretskii.
•• A d iro v ic h , K.l. and M.l. Pod gore t sk i i . O vzaimodeistvii mikrosistem s nulevymi kolebaniyami 

elektromagnitnogo polya (The Interaction of Microsystems with Zero-Point fluctuations of the Electro
magnetic field). ZhETF, Vol. 26, No. 2, pp. 160-153. 1954.

••• S o k o lo v , A.A. and V.S. T u m a n o v . Sootnoshcniya neopredelennostci i tcoriya fluktuatsii
(Uncertainty Relations and the Theory of fluctuations). ZhETF, Vol. 30, p. 802. 1956. Sokolov,A .A . 
Vvedenie v kvantovuyu elektrodinamiku (Introduction to Quantum Electrodynamics), p. 190, Moscow. 
1958. S o k o lo v , A.A., Yu.M. Loskutov  and I.M. T e rn o v . Kvantovaya mekhanika (Quantum 
Mechanics), p. 143-146, Moscow. 1962.
S in e l 'n ik o v ,  K.l). O filosofskikh voprosakh sovremennoi fiziki (Philosophical Problems of Modern 
Physics), in a collection entitled: filosolskie voprosy sovremennoi fiziki (same title as article), 
pp. 7-26, Kiev. 1956.
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If th e s e  a s s u m p t io n s  a r e  c o r r e c t ,  th e n  to  a g iv en  m a c ro s c o p ic  e n v i r o n 
m e n t (w h ic h  c a n  b e  p ro d u c e d  by v a r io u s  c o m b in a tio n s  of m ic r o p r o c e s s e s ) ,  
upon v a r ia t io n  w ith in  d e f in i te  l im i t s  o f th e  in i tia l  s t a t e s  o f a m ic r o s y s te m , 
c o r r e s p o n d s  th e  e n s e m b le  of p o s s ib le  m o tio n s  o f th is  s y s te m  e x p r e s s e d  by 
th e  w ave fu n c tio n .

W hen th e  m ic r o s y s te m  m o v e s  o n ly  one p o s s ib il i ty  is  r e a l iz e d ,  th a t  w h ich  
c o r r e s p o n d s  to  th e  g iv en  in i tia l  s ta te  of th e  s y s te m  and  to  th e  c o m b in a tio n  
o f m ic r o p r o c e s s e s  (w h ich  c o n s t i tu te  th e  m a c ro s i tu a t io n )  e x is t in g  a t  th i s  
in s ta n t .

T o  ju s ti f y  th e s e  id e a s  on e  m u s t e x p r e s s  th e m  in th e  c o r r e s p o n d in g  
m a th e m a tic a l  fo r m . If a th e o ry  c o n s tru c te d  in th e  c o r re s p o n d in g  m a n n e r  
g iv e s  th e  s a m e  d is t r ib u t io n  of p o s s ib le  m o tio n s  o f th e  m ic r o s y s te m  a s  is  
g iv e n  by  m o d e rn  n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s ,  we w ill know th a t  th e  
a b o v e  c o n je c tu r e s  c o n c e rn in g  th e  r e la t io n s h ip  b e tw e e n  p o s s ib il i ty  and  
r e a l i ty  a r e  no t e x c lu d e d  f ro m  th e  q u an tu m  re g io n .

T o  e s ta b l i s h  th e  v a l id i ty  o f t h e s e  c o n je c tu r e s  i t  is  n e c e s s a r y  th a t  th e  new  
th e o ry  o f q u an tu m  p r o c e s s e s  c o n s t ru c te d  on t h e i r  b a s i s  e x p la in  o r  p r e d ic t  
e f fe c ts  no t e x p la in a b le  o r  p r e d ic ta b le  w ith in  th e  e x is t in g  th e o ry .

In q u an tu m  fie ld  th e o ry  a m ic r o s y s te m  w hich  o c c u r s  in  m a c r o s c o p ic a lly  
fix ed  c o n d it io n s , in a d d it io n  to  h av in g  th e  s e t  o f p o s s ib i l i t i e s  of th e  q u a n 
tu m  m e c h a n ic a l  s y s te m s ,  a l s o  h a s  th e  p o s s ib i l i t i e s  of t r a n s m u ta t io n  — 
c r e a t io n  an d  a n n ih i la t io n  — of p a r t i c le s .  T h e t r u e  p o s s ib i l i t i e s  o f p a r t i c le  
c r e a t io n  and  a n n ih i la t io n  a r e  e x p r e s s e d  w ith  th e  a id  of th e  m eth o d  o f sec o n d  
q u a n t iz a t io n , th e  e s s e n c e  o f w h ich  is  th a t  e le m e n ta ry  p a r t i c le s  a r e  t r e a t e d  
a s  q u a n ta  o f th e  c o r r e s p o n d in g  f ie ld s .  In  c o n f o rm ity  w ith  th e  p o s s ib il i ty  of 
t r a n s m u ta t io n  o f th e  e le m e n ta r y  p a r t i c le s ,  th e  w ave fu n c tio n s  of sec o n d  
q u a n tiz e d  f ie ld s  a s s u m e  th e  m e a n in g  of o p e r a to r s  an d  b r e a k  dow n in to  
o p e r a to r s  o f p a r t i c le  c r e a t io n  and  a n n ih ila t io n , b e tw e e n  w h ich  c o m m u ta tio n  
r e la t io n s  a r e  e s ta b l is h e d .

T h e  c o m m u ta tio n  r e la t io n s  e x p r e s s  tw o f a c ts :  f i r s t ,  th a t  if th e  p r o c e s s e s  
o f p a r t i c le  c r e a t io n  a r e  m u tu a lly  in d e p e n d e n t th en  th e  p r o c e s s e s  of 
p a r t i c le  a n n ih i la t io n  a r e  a l s o  in d e p e n d e n t; s e c o n d , th a t  th e  p r o c e s s e s  of 
a n t ip a r t i c le  c r e a t io n  an d  p a r t i c le  a n n ih i la t io n  a r e  n o t r e la te d  to  e a c h  o th e r ,  
j u s t  a s  th e  p r o c e s s e s  o f p a r t i c le  c r e a t io n  an d  a n t ip a r t i c le  a n n ih ila t io n  a r e  
u n re la te d .  T h e a n n ih i la t io n  of a p a r t i c le  a t  on e  s p a c e - t im e  p o in t and  i ts  
c r e a t io n ,  g e n e ra l ly ,  a t  a d i f f e re n t  p o in t, o r  v ic e  v e r s a ,  c a n  be r e la te d  to  
e a c h  o th e r .

T h u s  in c l a s s i c a l  m e c h a n ic s  th e  t r u e  p o s s ib il i ty  fo r  a m e c h a n ic a l  s y s 
te m  u n d e rg o in g  d e f in i te  e x te r n a l  in f lu e n c e s  is  id e n tic a l  w ith  th e  r e a l  m o 
tio n  an d  is  e x p r e s s e d  in  th e  fo rm  of a law  o f d y n a m ic a l  ty p e .

In n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s  a m ic r o s y s te m  o c c u r r in g  u n d e r  
d e f in i te  m a c r o s c o p ic  c o n d it io n s  h a s  a m u l tip l ic i ty  o f t r u e  p o s s ib i l i t i e s  e x 
p r e s s e d  s t a t i s t i c a l ly  by  m e a n s  o f th e  w ave fu n c tio n .

In  th e  q u an tu m  th e o ry  o f f ie ld s  a m ic r o s y s te m , in a d d it io n  to  h av in g  
th e s e  p o s s ib i l i t i e s ,  a l s o  h a s  th e  p o s s ib i l i t i e s  o f p a r t i c le  t r a n s m u ta t io n ,  e x 
p r e s s e d  by m e a n s  o f th e  c o r r e s p o n d in g  w ave o p e r a to r s .

T h e  fu n d a m e n ta l  e q u a tio n  of q u an tu m  m e c h a n ic s ,  S c h r o e d in g e r 's  e q u a 

tio n  (/fi - f  = H\p), m a k e s  it  p o s s ib le  to  d e te r m in e ,  on th e  b a s i s  o f kno w led g e 
o f th e  w ave fu n c tio n  a t  a  c e r t a in  in i t ia l  in s ta n t ,  th e  w ave fu n c tio n
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a t  e v e ry  fu tu re  in s ta n t . B u t s o lu tio n  of th e  w ave e q u a tio n  d o e s  not p e r m i t  
u n iv o c a l p re d ic t io n  o f th e  m o tio n  o f a m ic r o p a r t i c l e  in th e  fu tu re . It e x 
p r e s s e s  th e  v a r ia t io n  in  t im e  and  s p a c e  o f th e  t r u e  p o s s ib i l i t i e s  of m o tio n  
of an  in d iv id u a l m ic ro o b je c t  o c c u r r in g  u n d e r  m a c r o s c o p ic a l ly  fix ed  c o n d i 
t io n s . If in c l a s s i c a l  m e c h a n ic s  th e  b e h a v io r  of a s y s te m  is  e x p r e s s e d  
im m e d ia te ly  by m e a n s  o f q u a n t i t ie s  w h ich  u n iv o c a lly  d e te r m in e  th e  r e a l  s ta te  
o f th is  s y s te m , in  q u an tu m  m e c h a n ic s  th e  b e h a v io r  o f a m ic r o o b je c t  is  
c h a r a c t e r i z e d  m e d ia te ly  by  e x p r e s s in g  th e  r e g u la r i t i e s  o f  v a r ia t io n  
of th e  t r u e  p o s s ib i l i t i e s  o f th e  m ic ro o b je c t .  B u t we c a n  te l l  th e  a c tu a l  m o 
tio n  f ro m  th e  w ay in w h ich  th e s e  p o s s ib i l i t i e s  o f m o tio n  c h a n g e . S c h r o e -  
d in g e r 's  e q u a tio n  e x p r e s s e s ,  in a c o m p lic a te d  m e d ia te  fo rm , t h e o b je c t iv e  
r e g u la r  r e la t io n  b e tw e e n  th e  s t a t e s  o f th e  m ic r o p a r t i c l e s .

T h e fo rm  of e x p r e s s io n  of th e  r e la t io n  b e tw e e n  s t a t e s  in  q u a n tu m  m e 
c h a n ic s  is  su c h  th a t  w e ca n n o t, on i t s  b a s i s ,  ju d g e  u n iv o c a lly  th e  t r a n s i 
t io n  o f a p a r t i c le  fro m  one r e a l  s ta te  to  a n o th e r ;  we c a n n o t know  th e  p r o b 
a b i l i ty  th a t  s o m e  s t a t e  w ill " h a p p e n " . In  o r d e r  to d e c id e  w h e th e r  th e  r e l a 
t io n  b e tw e e n  th e  s t a t e s  o f q u an tu m  m e c h a n ic a l  o b je c ts  in th e  f in ite  p a r t  of 
th e  w o rld  is  d e te r m in a te  o r  n o t, it is  n e c e s s a r y  to  s o lv e  th e  p ro b le m  o f th e  
fo u n d a tio n s  of s t a t i s t i c a l  q u an tu m  m e c h a n ic s .  S in c e  th e  l a t t e r  p ro b le m  h a s  
no t b e e n  so lv e d  by m o d e rn  s c ie n c e ,  th e  p ro b le m  of d e t e r m in a t e n e s s  o f  th e  
s t a t e s  o f m ic r o s y s t e m s  r e m a in s  open .

B y e x p r e s s in g  th e  o b je c tiv e  r e la t io n s h ip  b e tw e e n  th e  s t a t e s  o f a p a r t i c le  
o r  s y s te m  o f in te ra c t in g  p a r t i c le s  in a c o m p lic a te d ,  m e d ia te  fo rm , S c h ro e -  
d in g e r 's  eq u a tio n  e x p r e s s e s  th e  o b je c tiv e  c a u s a l  r e la t io n s  w h ich  p ro d u c e  i ts  
m o tio n . T h e p ro b a b il i ty  o r  p o s s ib il i ty  of a g iv en  b e h a v io r  of an  o b je c t  in 
a g iv en  e n v iro n m e n t is  d e te rm in e d , a s  is  s t r e s s e d  by V. A. F o k , "b y  th e  
in te rn a l  p r o p e r t i e s  of th e  g iv en  in d iv id u a l o b je c t  an d  by  th e s e  e x te r n a l  c o n 
d i t io n s " ;  th e r e f o r e ,  th e  v a r ia t io n  in  t im e  o f th e  t r u e  p o s s ib i l i t i e s  o f a 
p a r t i c le  c h a r a c t e r i z e s  th e  v a r ia t io n  in  t im e  of th e  in te rn a l  p r o p e r t i e s  o f 
th is  p a r t i c le  and  of i ts  e x te rn a l  c o n d it io n s* . In  o th e r  w o r d s , if w e know  
th e  w ave fu n c tio n  we ca n  d e te r m in e  to so m e  e x te n t th e  v a r ia t io n  o f th e  b e 
h a v io r  of th e  m ic r o p a r t i c l e  fro m  its  in te rn a l  p r o p e r t i e s  an d  e x te r n a l  i n 
flu e n c e s .

A ny ch a n g e  e i t h e r  in  th e  e x te r n a l  in f lu e n c e s  a f fe c t in g  th e  p a r t i c le ,  in 
i ts  in te rn a l  s ta te  o r  in b o th  to g e th e r  is  r e f le c te d  in a m o d if ic a t io n  of th e  
w ave fu n c tio n , w h ich  in tu rn  e x p r e s s e s  th e  c h a n g e  in  th e  t r u e  p o s s ib i l i t i e s  
of th e  m ic r o p a r t ic le .  T h u s ,th e  m a th e m a tic a l  a p p a r a tu s  o f q u an tu m  m e c h a n 
ic s  a u to m a t ic a lly  a c c o u n ts  fo r  th e  d e p e n d e n c e  o f th e  t r u e  p o s s ib i l i t i e s  fo r  
a g iv en  b e h a v io r  on th e  m i c r o p a r t i c l e 's  in te rn a l  p r o p e r t i e s  an d  e x te r n a l  
in f lu e n c e s . In o th e r  w o rd s , by s p e c ify in g  th e  w ave fu n c tio n  S c h r o e d in g e r 's  
e q u a tio n  a u to m a t ic a lly  e x p r e s s e s ,  in  a c o m p le x , m e d ia te  fo rm , th e  c a u s a l  
r e la t io n s  w h ich  p ro d u c e  th e  m o tio n  of th e  m ic r o p a r t i c l e .

If  in c l a s s i c a l  m e c h a n ic s  th e  c o n n e c tio n  b e tw e e n  c a u s e  an d  e f fe c t  ( a c tio n )  
i s  e x p r e s s e d  im m e d ia te ly  in  t e r m s  o f th e  q u a n t i t ie s  w h ich  im m e d ia te ly  c h a r a c 
t e r i z e  th e  m e a s u r e  o f c a u s e  ( fo rc e )  and  th e  m e a s u r e  o f  e f fe c t  ( a c c e le r a t io n ) ,  in  
q u an tu m  m e c h a n ic s  o b je c tiv e  c a u s a l  r e la t io n s  a r e  e x p r e s s e d  s t a t i s t i c a l ly  
in t e r m s  o f th e  d e p e n d e n c e  o f th e  p ro b a b il i ty  f o r  a g iv e n  b e h a v io r  on th e  
m ic r o o b je c t 's  in te rn a l  p r o p e r t i e s  and  e x te r n a l  in f lu e n c e s . N ot o n ly  do th e  
s t a t i s t i c a l  m e th o d s  u se d  by q u an tu m  m e c h a n ic s  to  e x p r e s s  th e  m o tio n  of 
* Fok, V. A. Ob interpretatsii kvantovoi mekhaniki (Interpretation of Quantum Mechanics), in a collection 

entitled Filosofskie voprosy sovremennoi fiziki" (Philosophical Problems of Modern Physics). Moscow 
p. 172. 1959.



m i c r o p a r t i c l e s  no t d eny  th e  e x is te n c e  o f o b je c tiv e  c a u s a l  r e la t io n s  and  of 
r e g u la r i t i e s  o f l in k in g  of s ta t e s ;  th e y  a r e  e v e n  th e  e x p r e s s io n  of th e  e x i s 
te n c e  o f  su c h  re la t io n s .

In  q u a n tu m  f ie ld  th e o ry  th e  s ta te  o f e le m e n ta r y  p a r t i c le s  is  c h a r a c te r iz e d  
by  th e  s t a t e  o f th e  c o r r e s p o n d in g  f ie ld .

T h e  p ro b a b il i ty  o f a  g iv en  s ta te  o f th e  f ie ld  is  e x p r e s s e d  by th e  w ave 
fu n c tio n a l \f> [a], w h ich  is  a  g e n e r a l iz a t io n  o f th e  w ave fu n c tio n  o f n o n r e la t i -  
v i s t i c  q u an tu m  m e c h a n ic s .  O w ing to  th e  fa c t  th a t  th e  c o n c e p t of " id e n t ic a l  
in s ta n t  in  t im e "  is  no t r e la t iv i s t i c a l l y  in v a r ia n t ,  th e  s ta te  o f th e  fie ld  is  
c h a r a c t e r i z e d  by  th e  s ta te  o f a fie ld  on a s p a c e - l ik e  s u rf a c e * .

T h e fu n c tio n a l \|>|a| c h a r a c t e r i z e s  th e  p ro b a b il i ty  fo r  a g iv en  s ta te  o f th e  
q u an tu m  f ie ld  a t  p o in ts  on a  s p a c e - l ik e  s u r f a c e .  T h e m a g n itu d e  o f th is  
p ro b a b il i ty  is  p r o p o r tio n a l  to  th e  s q u a r e  o f th e  m o d u lu s  |\j>|3||* of th e  fu n c 
t io n a l  a t  p o in ts  on th e  g iv en  s u r f a c e .

T h e  fu n c tio n a l tp |o| s a t i s f i e s  a c e r t a in  e q u a tio n  w h ich , in th e  S c h ro e d in -  
g e r  r e p r e s e n ta t io n ,  h a s  th e  fo rm

w h e re  Hinl i s  th e  in te r a c t io n  H a m ilto n ia n .
T h is  e q u a tio n  e x p r e s s e s  th e  ch a n g e  in  th e  t r u e  p o s s ib i l i t i e s  o f th e  c o r 

re s p o n d in g  fie ld  s ta te  a s  on e  m o v e s  f ro m  one s u r f a c e  to  a n o th e r  in  a t im e -  
l ik e  d i r e c t io n .  I t i s  a l s o  a p p a re n t  f ro m  th i s  e q u a tio n  th a t  th e  p ro b a b il i ty  
f o r  a  g iv en  f ie ld  s ta te  on a  s p a c e - l ik e  s u r f a c e  d e p e n d s  on th e  c h a r a c t e r  of 
th e  fie ld  i t s e l f  ( fo rm  o f p a r t i c le )  and  th e  e x te rn a l  in f lu e n c e s . Any ch a n g e  
in  th e  fo r m  of p a r t i c le  o r  e x te rn a l  in f lu e n c e s  n e c e s s a r i l y  le a d s  to  a ch a n g e  
in  th e  p ro b a b il i ty  th a t  th e  c o r r e s p o n d in g  f ie ld  s ta te  w ill b e  r e a l iz e d .  T h is  
is  an  e x p r e s s io n  of th e  c a u s a l  d e p e n d e n c e  o f th e  b e h a v io r  of e le m e n ta ry  
p a r t i c le s  on t h e i r  in te rn a l  n a tu re  an d  e x te r n a l  in f lu e n c e s . I t  h a s  a m o re  
m e d ia te ,  a b s t r a c t  c h a r a c t e r  th a n  in  q u an tu m  m e c h a n ic s .

T h u s  w ith  i t s  m a th e m a tic a l  a p p a r a tu s  q u an tu m  p h y s ic s  d ev e lo p e d  new  
m e d ia tio n  f o r m s  o f e x p r e s s in g  th e  c a u s a l  r e la t io n s  o f m ic r o s y s te m s  and  th e  
r e la t io n s h ip  b e tw e e n  t h e i r  s t a t e s .  T h e s e  new  fo r m s  im m e d ia te ly  e x p r e s s  th e  
d e p e n d e n c e  o f th e  t r u e  p o s s ib i l i t i e s  o f a  m ic r o s y s te m  on i t s  in te rn a l  p r o 
p e r t i e s  and  e x te rn a l  in f lu e n c e s ,  a s  w e ll a s  th e  law  o f v a r ia t io n  o f th e s e  
p o s s ib i l i t i e s  f o r  a  g iv e n  e n v iro n m e n t in t im e

T h e  m o d e rn  th e o r y  o f e le m e n ta r y  p a r t i c le s  is  th e  q u an tu m  th e o ry  of 
f ie ld s ,  w h ich  is  th e  r e s u l t  o f g e n e ra l iz a t io n  of q u an tu m  m e c h a n ic s  on th e  
b a s i s  of th e  th e o ry  o f r e la t iv i ty .

T h e  q u an tu m  th e o ry  o f f ie ld s  i s  t a c i t ly  u n d e r la in  by  th e  id e a  th a t  th e  
i n te r a c t io n  o f p a r t i c le s  is  r e s p o n s ib le  fo r  p r o c e s s e s  in th e  m ic ro w o r ld  and 
th a t  th i s  in te r a c t io n  i s  c a r r i e d  by p h y s ic a l  f ie ld s  ( e le c t ro m a g n e t ic ,  m e so n , 
n e u tr in o , e tc .) .

T o  r e c o g n iz e  th a t  th e  in te r a c t io n  o f p a r t i c le s  o r  f ie ld s  is  r e s p o n s ib le  fo r  
th e  c o r r e s p o n d in g  p r o c e s s e s  in  the m ic ro w o r ld  is  to  re c o g n iz e  th e  c a u s a l  
o r ig in  o f th e s e  p r o c e s s e s * * .  In th i s  v iew  th e  c a u s e  w h ich  g iv e s  r i s e  to
* A space-like surface is the name given to a surface on which any two points are separated by a space

like interval.
•• Contrary to the claims of the positivists (E. Mach, M. Shlick, B. Russell et al.), this is evidence of the 

fruitfulness of applying the concept of cause as an active material agt.it which produces its effect in 
modern microphysics.
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m ic r o p r o c e s s e s  b e a r s  th e  c h a r a c t e r  no t o f a o n e - s id e d  in flu e n c e  o f one 
o b je c t  on a n o th e r ,  b u t of an  im m a n e n t in te r a c t io n  d e te rm in e d  by  th e  in te r n a l  
n a tu r e  o f th e  in te r a c t in g  p a r t i c le s .  T h e  c l a s s i c a l  id ea  of c a u s e - f o r c e  is  
g iv in g  w ay to  th e  id ea  o f th e  in te ra c t io n  a s  c a u s e  in  th e  re g io n  o f  e le m e n ta r y  
p a r t i c le  p h y s ic s .

T h e  e q u a tio n s  o f q u an tu m  fie ld  th e o ry  a r e  an  in f in ite  s y s te m  of p a r t i a l  
d i f f e r e n t ia l  e q u a tio n s . P h y s ic s  is  i n te r e s te d  p r im a r i l y  in  th o s e  s o lu tio n s  
of th e  s y s te m  w h ich  e x p r e s s  th e  p o s s ib il i ty  fo r  g iv en  p r o c e s s e s  g e n e ra te d  
by  fie ld  in te r a c t io n s .  H o w e v e r , a s  w e saw  e a r l i e r ,  m o d e rn  m a th e m a tic s  
c a n n o t e v e n  te l l  u s  in w ha t c a s e s  th is  s y s te m  h a s  a s o lu tio n  an d  in  w ha t 
c a s e s  it d o e s  no t.

F o r  th is  r e a s o n  th e  e q u a tio n s  o f q u an tu m  th e o ry  a r e  so lv e d  by an  a p p r o x 
im a te  m e th o d , th e  s o - c a l le d  p e r tu r b a t io n  th e o ry . In th i s  th e o ry  i t  i s  a s 
su m e d  th a t  qu an tu m  f ie ld s  c a n  b e  r e g a r d e d  a s  f r e e  and  n o n in te ra c t in g  in  
th e  z e r o e th  a p p ro x im a tio n . A so lu tio n  o f th is  s im p l i f ie d  p ro b le m  ( u n p e r 
tu rb e d  c a s e )  i s  o b ta in e d . T h e n ex t s te p  is  th e n  ta k e n . It is  a s s u m e d  th a t  
th e  f ie ld s  a r e ,  in a c e r t a in  r e s p e c t ,  w e ak ly  in te r a c t in g  in th e  f i r s t  a p p r o x i 
m a tio n , a s  r e f le c te d  in th e  fa c t  th a t  th e  t e r m s  e x p r e s s in g  th i s  i n te r a c t io n  
( p e r tu rb a t io n )  a r e  s m a l l  c o m p a re d  w ith  th e  t e r m s  of th e  f r e e  fie ld  eq u a tio n . 
T he c o r r e c t io n s  due to  th e  s m a l l  ch a n g e  in  th e  t e r m s  d ro p p e d  in  th e  z e r o e th  
a p p r o x im a tio n  a r e  c a lc u la te d  a p p r o x im a te ly .  T h u s  th e  f i r s t  a p p r o x im a tio n  
is  o b ta in e d , and  so  on.

T a c i tly  u n d e r ly in g  th e  p e r tu r b a t io n  m eth o d  is  th e  id e a  th a t  c a u s a l  
r e la t io n s  a r e  a d d it iv e , a s  r e f le c te d  in th e  fa c t  th a t  th e  e f fe c t  p ro d u c e d  by 
th e  su m  of th e  c a u s e s  is  eq u a l to  th e  su m  of th e  e f fe c ts  p ro d u c e d  s e p a r a t e ly  
by e a c h  c a u s e ,  and  th a t  s m a l l  c h a n g e s  in th e  c a u s e  g iv e  r i s e  to  a  s m a l l  
ch a n g e  in th e  e f fe c t  o r  c o n se q u e n c e . W hen th e s e  a s s u m p tio n s  a r e  no t m e t 
th e  lo g ic a l  fo u n d a tio n  fo r  th e  a p p lic a tio n  o f p e r tu r b a t io n  th e o ry  b r e a k s  dow n.

T h e  p e r tu r b a t io n  m eth o d  g iv e s  good r e s u l t s  in  q u an tu m  e le c t r o d y n a m ic s .  
H o w e v e r , a p a r a d o x ic a l  s i tu a t io n  a r i s e s  w h e re  th e  r e s u l t s  o b ta in e d  in  th e  
f i r s t  a p p ro x im a tio n  a g r e e  w ith  th e  e x p e r im e n ta l  d a ta , w h e re a s  th e  s u b s e 
q u en t a p p r o x im a tio n s  le a d  to  in f in ite ly  la r g e  v a lu e s  f o r  th e  m a s s  an d  e n e rg y  
o f th e  p a r t i c le ,  a s  w e ll a s  f o r  p ro b a b i l i t i e s  o f th e  g iv en  q u an tu m  p r o c e s s e s .  
A p ro c e d u re  of r e n o r m a l iz in g  th e  p a r t i c le  m a s s e s  an d  c h a r g e s  w a s  i n s t i 
tu te d  to  re m o v e  th e s e  d if f ic u lt ie s .  T h is  p ro c e d u re  is  founded  on s e p a r a t io n  
of th e  to ta l  e le c t r o n  m a s s  m in to  a  " b a r e "  m a s s  m0, w h ich  r e p r e s e n t s  th e  
m a s s  o f a f r e e  e l e c t r o n - p o s i t r o n  f ie ld  q u a n tu m , and  an  e l e c t r o m a g n e tic  
m a s s  6m ( th u s  m = m0 +  6m ). A n a lo g o u s ly  th e  e le c t r o n  c h a rg e  e i s  s e p a 
r a te d  in to  th e  b a r e  c h a rg e  e„ (o f th e  f r e e  e le c t ro n )  and  an  a d d i t io n a l  c h a rg e  
6c (due  to  i t s  in te ra c t io n  w ith  th e  fie ld ) . T h e b a r e  m a s s  an d  b a r e  c h a rg e  
o f th e  e le c t r o n  a r e  a t t r ib u te d  a s u b s ta n t ia l  n a tu re ,  s in c e  th e y  a r e  in h e re n t  
to  th e  e le c t r o n  " in  i t s e l f " ,  i r r e s p e c t iv e  o f i t s  re la t io n s h ip  w ith  o th e r  o b 
j e c ts .  T h e a d d it io n a l  m a s s  and  c h a rg e ,  on th e  o th e r  h an d , a r e  r e g a r d e d  
a s  th e  p ro d u c t o f th e  in te r a c t io n  o f th e  e le c t r o n  w ith  th e  c o r r e s p o n d in g  f ie ld . 
T h e s e  q u a n t i t ie s  e x p r e s s  th e  ch a n g e  in  th e  p r o p e r t i e s  o f th e  e l e c t r o n  in  th e  
p r o c e s s  o f i t s  r e la t io n s h ip  w ith  th e  o th e r  o b je c ts .

L e a v in g  a s id e  th e  q u e s tio n  o f w h e th e r  i t  i s  v a lid  to  d iv id e  th e  e le c t r o n  
m a s s  and  c h a rg e  in to  b a r e  an d  a d d it io n a l , we n o te  th a t  th e  m e th o d  o f r e 
n o rm a l iz a t io n  is  no t a c o n s i s te n t  p ro c e d u re .  O n th e  one h an d , i t  is  a s s u m e d  
d u r in g  th e  c a lc u la t io n s  th a t  th e  a d d it io n a l  q u a n t i t ie s  6m an d  6c a r e  s m a l l  
c o m p a re d  w ith  th e  to ta l  m a s s  m and  to ta l  c h a rg e  e. On th e  o th e r  h an d .
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a s  a r e s u l t  o f th e  c a lc u la t io n s  th e  e le c t r o m a g n e tic  m a s s  6m an d  a d d it io n a l  
c h a r g e  6e p ro v e  to  b e  in f in i te ly  l a r g e .  I t  i s  th e n  a s s u m e d  th a t  th e  a d d i 
t io n a l  q u a n t i t i e s  6m an d  6c sh o u ld , to g e th e r  w ith  th e  b a r e  m a s s  m0 and b a r e  
c h a r g e  e0, g iv e  th e  f in i te  to ta l  m a s s  (m =  m0+  6m) and to ta l  c h a rg e  (e = ru-(- 6c) 
o f th e  e le c t r o n .  T h e  v a lu e s  o f  th e  m a s s  m  an d  c h a r g e  e a r e  ta k e n  f ro m  
e x p e r im e n t .  S u b se q u e n tly  it  t u r n s  o u t th a t  in  th e  q u an tu m  th e o ry  o f f ie ld s  
th e  tw o  in f in i te  e x p r e s s io n s  f o r  th e  p r o b a b i l i t i e s  o f q u an tu m  p r o c e s s e s  a p 
p e a r  in  s u c h  a  w ay  th a t  th e s e  in f in i t ie s  c a n  be  id e n tif ie d  w ith  th e  e l e c t r o 
m a g n e tic  m a s s  6m and  a d d it io n a l  c h a rg e  6c. T h u s  one h a s  s u c c e e d e d  not 
in  r e m o v in g  th e  d iv e rg e n c e  b u t r a th e r  in i s o la t in g  it  by sh o w in g  th a t  it is  
n o t im p o r ta n t  f o r  c a lc u la t in g  th e  p r o b a b i l i t i e s  o f c e r t a in  p r o c e s s e s  and  th e  
m e a n  v a lu e s  o f th e  c o r r e s p o n d in g  p h y s ic a l  q u a n t i t ie s .  T he ju s ti f ic a t io n  
g iv e n  f o r  u s in g  th i s  f o r m a l  an d  in c o n s is te n t  p ro c e d u re  is  th a t  th e  q u a n t i t ie s  
o b ta in e d  in  th i s  w ay f o r  th e  i n te r a c t io n  o f  th e  e le c t r o n  an d  th e  e l e c t r o m a g 
n e tic  fie ld  (q u a n tu m - e le c t r o d y n a m ic s )  a r e  in  good a g r e e m e n t  w ith  e x p e r i 
m e n t.

W hen th i s  m e th o d  is  u s e d  in  th e  th e o ry  of m e s o n  in te ra c t io n , h o w e v e r, 
it  le a d s  to  r e s u l t s  w h ich  a r e  no t e v e n  in  ro u g h  a g r e e m e n t  w ith  e x p e r im e n t.

In  a w o rk  by  L. D. L a n d a u  an d  I. Ya. P o m e ra n c h u k  it is  show n  th a t  a f te r  
r e n o r m a l i z a t i o n  o f th e  c h a r g e  t h e r e  is  no in te r a c t io n  in  th e  th e o ry  ( th e  r e 
n o rm a l iz e d  c h a rg e  p ro v e s  to  b e  z e ro )* . T ru e ,  th i s  p ro o f , a s  p o in ted  out 
by  M. A. M a rk o v , i s  n o t e n t i r e ly  r ig o r o u s ,  a s  p a r t i c le  d im e n s io n s  w h ich  
l a t e r  te n d  to  z e r o  a r e  in tro d u c e d  in to  th e  a r g u m e n t  (a  th e o ry  w ith  p a r t i c le  
d im e n s io n s  in tro d u c e d  in  th i s  m a n n e r  is  in te r n a l ly  c o n tra d ic to ry )* * . B ut 
i r r e s p e c t i v e  o f th e  r i g o r  o f t h i s  p ro o f , th e  p ro c e d u re  o f r e n o r m a l iz a t io n  
d id  n o t fu lf i l l  th e  hope th a t  it  w ould re m o v e  th e  d iv e r g e n c e s ,  and  it now a p 
p e a r s  to  h a v e  e x h a u s te d  i t s e l f .

In  1943 W. H e is e n b e rg  p ro p o s e d  an  o r ig in a l  m e th o d  fo r  r e m o v in g  th e  
d i f f ic u l t i e s  in  q u a n tu m  f ie ld  th e o ry  in  th e  fo rm  o f th e  s c a t t e r in g  m a t r ix ,  o r  
5 - m a t r ix ,  fo r m a l is m .  T h is  m eth o d  d e a ls  w ith  th e  p h e n o m e n o lo g ic a l  r e l a 
t io n  b e tw e e n  o b s e r v e d  q u a n t i t i e s ,  p r im a r i l y  th e  e n e rg y -m o m e n tu m  of f r e e  
p a r t i c le s  b u t a l s o  th e  d i s c r e t e  e ig e n v a lu e s  f o r  bound s t a t e s  an d  th e  p h a se  
s h if t  o f  in c id e n t an d  s c a t t e r e d  w a v e s  a t  a  s u f f ic ie n t ly  la r g e  d i s ta n c e  f ro m  
th e  s c a t t e r in g  c e n te r .

W e w ill e x p la in  th e  fu n d a m e n ta l  id e a  o f th i s  m e th o d  w ith  th e  fo llo w in g  
e x a m p le  ( F ig u r e  1).

L e t  u s  a s s u m e  th a t  t h e r e  a r e  tw o b e a m s  of p a r t i c le s  c o n v e rg in g  a t  th e  
p o in t 0. A s a  r e s u l t  o f th e  in te r a c t io n  o f p a r t i c le s  in  th e  v ic in i ty  o f th e

• See L an d au . L.D. and I.Ya. P o m e ra n c h u k . DAN, Vol. 102, p. 469. 1955.
•• See M ark o v . M.A. Glperony i tf-mezony (Hyperons and Af-mesons). Moscow, p. 179. 1958.

FIGURE 1
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p o in t 0,  s c a t te r in g ,  c r e a t io n  o f new  p a r t i c le s  and  o th e r  p r o c e s s e s  ta k e  
p la c e . O w ing to  th e  fa c t th a t  th e  m e c h a n is m  o f in te r a c t io n  r e s p o n s ib l e  fo r  
th e  c o r r e s p o n d in g  p r o c e s s e s  is  d if f ic u lt  to  s tu d y , it is  e x c lu d e d  f r o m  c o n 
s id e r a t io n  and  e n c lo se d  in a " b la c k  b o x ". It is  m e r e ly  r e c o g n iz e d  th a t  th e  
in te ra c t io n  of p a r t i c le s  in th e  v ic in i ty  of th e  c e n t e r  O p ro d u c e s  a c h a n g e  
in th e  in itia l  s ta te  of th e  in c id e n t p a r t i c le s .  B ut th i s  is  n o th in g  b u t a r e 
c o g n itio n  of th e  c a u s a l  o r ig in  of th e  c h a n g e  in th e  b e h a v io r  of th e  p a r t i c le s .

T h e p ro b le m  is  to  d e te r m in e  th e  s ta te  o f th e  p a r t i c le s  w hen th e y  le a v e  
th e  " b la c k  box" f ro m  th e i r  s ta te  upon e n try .  O r , in  o th e r  w o r d s ,  th e  p r o b 
le m  is  to  find  th e  w ave fu n c tio n  i|>+M in th e  d is ta n t  fu tu re  (t =  +oo) w hen  th e  
p a r t i c le s  c e a s e  to  i n te r a c t ,  f ro m  th e  v a lu e  o f th e  w ave fu n c tio n  in  th e  d i s 
ta n t  p a s t  (<= — oo), w hen th e  p a r t i c le s  do no t y e t  in te r a c t .

T h e o p e r a to r  w h ich  t r a n s f o r m s  th e  w ave fu n c tio n  o f th e  d i s ta n t  p a s t  in to  
th e  w ave fu n c tio n  of th e  d is ta n t  fu tu re  is  c a l le d  th e  5 - m a t r ix ,  o r  s c a t t e r in g  
m a tr ix .  M a th e m a tic a l ly  th is  is  w r it te n  dow n a s  fo llo w s :

=  ■*!’-«•

T h e s q u a r e  of th e  5 - m a t r ix  e x p r e s s e s  th e  p ro b a b il i ty  th a t  th e  s y s te m  of 
e le m e n ta ry  p a r t i c le s  w ill p a s s  f ro m  th e  s ta te  d e s c r ib e d  by th e  w av e fu n c 
tio n  ip-* in th e  d is ta n t  p a s t  to  th e  s ta te  d e s c r ib e d  by  th e  w ave fu n c tio n  if+o. 
in  th e  d is ta n t  fu tu re .

W ith  th e  h e lp  o f th e  5 - m a t r ix  w e c a n  e v a lu a te  th e  p o s s ib il i ty  of a  c e r 
ta in  a llo w e d  b e h a v io r  of a s y s te m  in th e  d is ta n t  fu tu re  fro m  o u r  k n o w led g e 
of th e  p o s s ib i l i t i e s  o f a c e r t a in  b e h a v io r  o f th e  s y s te m  in th e  d i s ta n t  p a s t .  
T h is  c o m p lic a te d  m e d ia te  e x p r e s s io n  o f th e  r e la t io n  b e tw e e n  s t a t e s  in  q u a n 
tu m  fie ld  th e o ry  is  c o n d itio n e d  not on ly  by th e  p e c u l ia r  c h a r a c t e r  o f  h u m an  
c o g n itio n  b u t a ls o  by  th e  p e c u l ia r  c h a r a c t e r  of th e  o b je c tiv e  n a tu r e  o f r e l a 
t iv is t i c  m ic r o p r o c e s s e s .

V a r io u s  m e th o d s  h av e  b e e n  p ro p o se d  to  o v e r c o m e  th e  d if f ic u lt i e s  w h ich  
a r i s e  in  c o n s tru c t in g  th e  5 - m a t r ix ,  b u t n one h a s  so  f a r  s u c c e e d e d  in  
c o m p le te ly  a v o id in g  in fin ite ly  la r g e  e x p r e s s io n s  f o r  th e  p r o b a b i l i t i e s  of 
t r a n s i t io n  f ro m  on e s ta te  o f a s y s te m  to  a n o th e r .

In v iew  of th is  H e is e n b e rg  s u g g e s te d  th a t ,  w hen c o n s t r u c t in g  th e  5 -  
m a tr ix ,  one s t a r t s  f ro m  th e  a s s u m p tio n  th a t  a t  v e r y  s m a l l  d is ta n c e s  in f lu e n 
c e s  fro m  one p a r t i c le  to  a n o th e r  c a n  b e  t r a n s m i t te d  a t  a v e lo c ity  g r e a t e r  
th an  th a t  of l ig h t. If  on e  a s s u m e s  th a t  fo r  th e s e  r a te s  o f p ro p a g a t io n  of 
in f lu e n c e s  fro m  o b je c t  to  o b je c t  L o re n tz  t r a n s f o r m a t io n s  r e m a in  v a l id ,  it  
m u s t b e  re c o g n iz e d  th a t  fo r  su c h  p r o c e s s e s  th e  d if fe re n c e  b e tw e e n  th a t  
w h ich  ta k e s  p la c e  'b e f o r e ' and  th a t  w h ich  ta k e s  p la c e  'a f t e r '  b e c o m e s  l e s s  
c l e a r - c u t .  F o r  su c h  p r o c e s s e s  on e  c a n  c h o o se  a f r a m e  of r e f e r e n c e  in  
w h ich , fo r  in s ta n c e ,  a  p o s i tr o n  and  an  e le c t r o n  f i r s t  a n n ih i la te  an d  th e n  
c o l l id e ,  i. e. , th e  e f fe c t  o c c u r s  f i r s t ,  th e  c a u s e  l a t e r .  T o  a d m it  o f th is  
p o s s ib il i ty  is  to  deny  th a t  m a c ro s c o p ic  c a u s a l i ty  is  a p p l ic a b le  to  th e  s tu d y  
of q u an tu m  m e c h a n ic a l  p r o c e s s e s ,  s in c e  in  th e  m a c ro s c o p ic  re g io n  c a u s e  
a lw a y s  p r e c e d e s  e f fe c t  (in  th e  c a s e  o f a  m e d ia te  in f lu e n c e )  o r  i s  s im u l ta n e o u s  
w ith  it ( im m e d ia te  in f lu e n c e ) . T h is  is  w hy, a l r e a d y  in  1 9 5 4 -1 9 5 6 , H e is e n 
b e r g  s ta te d  th a t  to  o v e r c o m e  th e  d i f f ic u lt ie s  o f e le m e n ta r y  p a r t i c le  th e o ry  
w ould  in v o lv e  f u r th e r  d e p a r tu r e  fro m  th e  id ea  o f c a u s a l i ty .  " N u m e r o u s  
in v e s t ig a t io n s ,"  he w ro te , "h a v e  b e e n  u n d e r ta k e n  in r e c e n t  y e a r s  in  c o n n e c 
tio n  w ith  th e s e  d if f ic u lt ie s .  H o w e v er, no c o m p le te ly  s a t i s f a c to r y  s o lu tio n  
h a s  y e t  b e e n  found. T he o n ly  w ay ou t of th e  d if f ic u lty  s e e m s  to  b e  to
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a s s u m e  th a t ,  in v e r y  s m a l l  s p a c e - t im e  re g io n s  o f th e  o r d e r  o f m a g n itu d e  of 
e l e m e n ta r y  p a r t i c le s ,  s p a c e  an d  t im e  h av e  in so m e  p e c u l ia r  w ay b e e n  o b l i t 
e r a t e d ,  s o  th a t  th e  c o n c e p ts  o f 'b e f o r e ' and  'a f t e r '  ca n  no lo n g e r  b e  d e fin e d  
c o r r e c t ly .  A s f a r  a s  th e  s t r u c t u r e  of s p a c e  and  t im e  is  c o n c e rn e d  th is  
w ould  n o t, o f c o u r s e ,  r e s u l t  in  an y  c h a n g e , b u t one w ould h av e  to  re c k o n  
w ith  th e  p o s s ib il i ty  th a t  in s m a l l  s p a c e - t im e  re g io n s  c e r t a in  p r o c e s s e s  ta k e  
p la c e  in a  d i r e c t io n  o p p o s ite  to  th a t  c o r r e s p o n d in g  to  t h e i r  c a u s a l  o r d e r .  . . 
F ro m  th i s  one d e d u c e s  th a t  a to m ic  p h y s ic s  is  te n d in g  f a r th e r  and  f a r t h e r  
aw ay  fro m  th e  id e a  of d e t e r m in i s m " " .

H o w e v e r , H e is e n b e rg  a c k n o w led g e d  th a t ,  a t  th e  p r e s e n t  t im e , th e r e  did 
no t e x is t  a  s u f f ic ie n t  b a s i s  in e le m e n ta r y  p a r t i c le  p h y s ic s  fo r  a fin a l r e p u 
d ia t io n  o f th e  id e a  o f c a u s a l i ty * * .

T h e r e  is  a f a i r ly  w id e s p r e a d  b e l ie f  a m o n g  c e r t a in  p h y s ic i s t s  th a t  th e  
c o n c e p t o f p ro p a g a tio n  o f in f lu e n c e s  in th e  s m a l l  (a t d i s ta n c e s  o f th e  o r d e r  
o f 1 0 -13c m ) a t  f a s te r - t h a n - l ig h t  v e lo c i t i e s  is  lo g ic a lly  c o m p a tib le  in  th e  
th e o ry  w ith  th e  r e q u ir e m e n t  o f f o r m a l  in v a r ia n c e  o f th e  e q u a tio n s  u n d e r  
L o re n tz  t r a n s f o r m a t io n s .  H o w e v e r , " th is  v ie w ,"  w r i te s  M a r k o v ," is  s im p ly  
a d e lu s io n  — it is  in te r n a lly  c o n t r a d ic to r y .  In d e ed , if  f a s te r - t h a n - l ig h t  
s ig n a ls  a r e  p o s s ib le  in  th e  s m a l l  r e g io n , th e  s y n c h r o n iz a t io n  of c lo c k s  is  
a l s o  p o s s ib le ,  c o n t r a r y  to  th e  L o re n tz  t r a n s f o r m a t io n s ,  th e  v a lid ity  of w h ich  
i s  a s s u m e d  ev e n  fo r  th is  s m a l l  re g io n . C la r i f ic a t io n  o f th e s e  c o n t r a d i c 
t io n s  is  m e r e ly  a q u e s tio n  o f t im e  and  le v e l  o f e x p e r im e n ta l  te c h n iq u e "* * * .

If p r o c e s s e s  p ro p a g a te d  a t  v e lo c i t i e s  g r e a t e r  th a n  th a t  of l ig h t  in v a c u 
um  r e a l ly  e x is te d  in th e  m ic ro w o r ld ,  th e n , fro m  th e  n a tu ra l  a s s u m p tio n  
th a t  c a u s e  c a n n o t fo llow  e f fe c t  in r e a l  p h e n o m e n a , w e w ould a r r i v e  a t  th e  
c o n c lu s io n  th a t  L o re n tz  t r a n s f o r m a t io n s  a r e  in a p p lic a b le  to  su c h  p r o c e s s e s .  
D. B ohm  b e l ie v e s ,  f o r  e x a m p le , th a t  th e  t r a n s f o r m a t io n s  m a y  c e a s e  to  be  
v a lid  a t  s m a l l  d i s ta n c e s  in  th e  c a s e  o f f a s te r - t h a n - l ig h t  v e lo c it i e s ,  " i t  is  
w e ll know n f ro m  th e  g e n e ra l  th e o r y  o f r e la t iv i ty " ,  w r i te s  B ohm , " th a t  r e 
s t r i c t i o n  o f th e  p o s s ib le  v e lo c i t i e s  o f l ig h t  in th e  g ra v ita t io n a l  fie ld  is  
q u ite  u n n e c e s s a r y .  . . In  a n y  c a s e  one c a n  h a r d ly  c la im  th a t  th e  e x p e r im e n ta l  
f a c t s  r e q u ir e  th e  s a m e  fo rm  of c o v a r ia n c e  to  ho ld  f o r  s m a l l  d i s ta n c e s  a s  in 
th e  la rg e " * * * * .

A t p r e s e n t ,  h o w e v e r , t h e r e  is  no a d e q u a te  b a s i s  f o r  a b a n d o n in g  th e  id e a  
o f  th e  e x is te n c e  of a  l im it in g  r a te  of p ro p a g a tio n  of p h y s ic a l  in f lu e n c e s  equa l 
to  th e  v e lo c ity  o f l ig h t  in  v ac u u m  in  th e  r e g io n  o f m ic r o p r o c e s s e s .  T h e 
p o s s ib i l i ty  o f o v e r c o m in g  th e  d if f ic u lt i e s  w ith  th e  ^ - m a t r ix  d iv e rg e n c e  w ith 
o u t e x c e e d in g  th e  b o u n d s  of th e  s p e c ia l  th e o ry  o f r e la t iv i ty  is  d i s c u s s e d  
in th e  w o rk s  o f S o v ie t s c i e n t i s t s .  N. N. B o go lyubov  and  h is  s tu d e n ts  a r e  
c o n s t r u c t in g  a  th e o ry  o f th e  ^ - m a t r ix  s t a r t i n g  fro m  a  n u m b e r  o f c o n d it io n s  
w h ich  in c lu d e  th e  p r in c ip le  o f  c a u s a l i ty .  C a u s a l i ty  is  fo r m u la te d  by B o g o 
ly u b o v  an d  D. V. S h irk o v  a s  fo llo w s ; "W e m u s t  a ls o  g u a r a n te e  fu lf i l lm e n t 
o f  th e  c o n d it io n  o f c a u s a l i ty ,  a c c o rd in g  to  w h ich  an y  e v e n t ta k in g  p la c e  in 
a s y s te m  c a n  e x e r c i s e  an  in flu e n c e  on th e  m a r c h  o f  e v o lu tio n  o n ly  in th e  
fu tu r e ,  and  c a n n o t e x e r c i s e  an  in flu e n c e  on  th e  b e h a v io r  o f th e  s y s te m  in 
th e  p a s t ,  a t  a  t im e  p re c e d in g  th e  g iv en  ev e n t. We m u s t  t h e r e f o r e  r e q u ir e  
th a t  a c h a n g e  in  th e  law  o f in te r a c t io n  in  an y  s p a c e - t im e  re g io n  b e  c a p a b le

• H e is e n b e rg ,  W. Atomforschung und Kausalgesetz. "Universitas", No. 3, pp. 235-236. 1954.
•• Ibid., p. 236.

••• M ark o v , M.A. Giperony i A-mezony (Hyperons and Af-mesons), p. 190.
Voprosy prichinnosti v kvantovoi mekhanike (Problems of Causality in Quantum Mechanics), Moscow, 
p. 81. 1955.
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o f in f lu e n c in g  th e  e v o lu tio n  o f th e  s y s te m  on ly  in  th e  s u c c e e d in g  in s ta n ts  of 
t im e ." *

T h u s  th e  a u th o r s  u s e  th e  t e r m  c a u s a l i ty  to  m e a n  a  r e la t io n s h ip  b e tw e e n  
e v e n ts  su c h  th a t  one e v e n t in f lu e n c e s  th e  m a r c h  o f th e  o th e r  an d  th e  i n 
f lu e n c e  o f th e  one on th e  o th e r  c a n  b e  o n e - s id e d  a s  w e ll a s  r e c ip r o c a l .  T h e  
c o n d itio n  of c a u s a l i ty  w h ich  th e y  h av e  fo r m u la te d  is  n o th in g  m o r e  th a n  an  
e x tra p o la t io n  o f m a c ro s c o p ic  c a u s a l i ty  to  th e  re g io n  o f m ic r o p r o c e s s e s .

B o go lyubov  an d  h is  fo llo w e r s  s t r e s s  th e  h e u r is t i c  v a lu e  o f th is  c o n c e p tio n  
o f th e  p r in c ip le  of c a u s a l i ty ,  w h ich , w h ile  v e r y  s e v e r e ly  r e s t r i c t i n g  th e  
th e o ry ,  l e a d s  to  a  s c h e m e  e s s e n t ia l ly  e q u iv a le n t to  th e  o r d in a r y  H a m ilto n ia n  
m eth o d  and  d if fe r in g  fro m  it on ly  in  th e  p o s s ib il i ty  o f d e v e lo p in g  th e  e x p o s i 
t io n  w ith  g r e a t  m a th e m a tic a l  c la r i ty * * .

H e is e n b e r g 's  g e n e ra l  s c h e m e  fo r  c o n s tru c t in g  th e  s c a t t e r in g  m a t r ix ,  
w h ich  ig n o re s  th e  c o n d itio n  of c a u s a l i ty ,  h a s  p ro d u c e d  p r a c t i c a l l y  no c o n 
c r e t e  re s u lts * * * .

In re c e n t  y e a r s  d i s p e r s io n  re la t io n s ,  w h ich  r e la t e  q u a n t i t i e s  s u s c e p tib le  
o f d i r e c t  m e a s u r e m e n t ,  h av e  p ro v e d  an  im p o r ta n t  th e o r e t ic a l  m e th o d  of 
e le m e n ta ry  p a r t i c le  r e s e a r c h .  T h is  m eth o d  is  b a s e d  upon in v e s t ig a t io n  of 
th e  m a th e m a tic a l  p r o p e r t i e s  o f th e  fu n c tio n s  w h ich  e x p r e s s  p h y s ic a l  p r o c 
e s s e s  w hen th e s e  fu n c tio n s  a r e  co n tin u e d  in to  th e  r e g io n  o f th e  c o m p le x  
v a r ia b le .  T he a n a ly tic  p r o p e r t i e s  of th e s e  fu n c tio n s  of th e  c o m p le x  v a r ia b le  
r e f le c t  o b s e r v a b le  p h y s ic a l  c h a r a c t e r i s t i c s .  U pon a n a ly s i s  o f th i s  m e th o d  
it a p p e a r s  th a t  th e  c o n tin u a tio n  o f fu n c tio n s  w h ich  d e s c r ib e  r e a l  p h y s ic a l  
p r o c e s s e s  in to  th e  c o m p le x  re g io n  c a n  b e  p e r fo rm e d  on th e  b a s i s  of a  n u m 
b e r  of g e n e ra l  p r o p e r t i e s  of m ic r o s y s te m s .  T h e s e  g e n e ra l  p r o p e r t i e s  i n 
c lu d e  c a u s a l i ty ,  w h ich  e x p r e s s e s  th e  fa c t  th a t  p h y s ic a l  in f lu e n c e s  a r e  p r o p 
a g a te d  in s p a c e  o v e r  s m a l l  d i s ta n c e s  a t  v e lo c i t i e s  no t e x c e e d in g  th e  v e lo c ity  
o f lig h t. I t  is  e a s ily  show n th a t  th e  c o n d itio n  o f c a u s a l i ty  u n d e r ly in g  th e  
th e o ry  o f d i s p e r s io n  re la t io n s  is  n o th in g  m o re  th a n  an  e x te n s io n  o f th e  
m a c ro s c o p ic  c o n c e p tio n  of th e  l in k  b e tw e e n  c a u s e  and  e f fe c t  to  m i c r o p r o c 
e s s e s .  B ut is  s o  bo ld  an e x tra p o la t io n  ju s t i f ia b le ?

E x p e r im e n t  an d  th e o ry  in d ic a te  th a t  th e  m a c ro s c o p ic  id e a  of th e  r a t e  o f 
p ro p a g a tio n  o f c a u s a l  in te ra c t io n  i s  a p p l ic a b le  in  th e  m ic ro w o r ld  a s  w e ll , 
a t  l e a s t  fo r  s c a le s  o f th e  o r d e r  o f 1 0 -13cm .

E x p e r im e n ta l  v e r if ic a t io n  o f th e  u s u a l  d i s p e r s io n  r e la t io n s  f o r  th e  s c a t 
t e r in g  o f s o m e  p a r t i c le s  on o th e r s  h a s  b e e n  c a r r i e d  ou t a t  th e  L a b o r a to r y  
fo r  N u c le a r  S tu d ie s , J o in t  In s t i tu te  f o r  N u c le a r  R e s e a rc h  (D u b n a), a s  w e ll 
a s  a n u m b e r  of l a b o r a to r i e s  a b ro a d . T h e s e  s tu d ie s  r e v e a le d  th a t  " th e  la w s  
lin k in g  c a u s e  and  e f fe c t  w h ich  a r e  u su a l  to  p h y s ic s  r e m a in  v a lid  in  th e  new  
r e g io n  o f p h y s ic s  a t  l e a s t  f o r  s c a le s  o f  th e  o r d e r  o f 1 0 - 13cm "* * * * . On th e  
b a s i s  o f th e  m a c ro s c o p ic  p r in c ip le  of c a u s a l i ty  it w a s  p o s s ib le  to  p ro v e  an  
e n t i r e  s e r i e s  o f im p o r ta n t  th e o r e m s  in  th e  th e o ry  of d i s p e r s io n  r e la t io n s  
and  to  s o lv e  a n u m b e r  of c o n c re te  p h y s ic a l  p r o b le m s  (M . G o ld b e r g e r ,
N. N. B ogo lyubov  and  o th e r s ) .

• B ogo ly u b o v , N.N. and D.V. S h irk o v . Voprosy kvantovoi teorli polya (Problems of Quantum 
Field Theory). UFN, Vol. LV, No. 2, p. 180. 1955.

•• See B ogo ly u b o v , N.N., B.V. M ed v ed ev  and M.K. P o liv a n o v .  Voprosy teoril dispersionnykh 
sootnoshenli (Problems of the Theory of Dispersion Relations), p. 20, Moscow. 1958.
Ibid.

• •••  B lo k h in tse v , D.I. Pyat'let raboty Ob'edlnennogo instituta yadernykh issledovanii (Five Year's
Work of the Joint Institute for Nuclear Research). Atomnaya energiya, Vol. 10, No. 4, p. 318. 1961.
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In  r e c e n t  y e a r s  th e  o v e rw h e lm in g  m a jo r i ty  o f w o rk s  on d i s p e r s io n  r e l a 
t io n s  h a v e  e x p l ic i t ly  r e s te d  upon p o s tu la t in g  c e r t a in  p r o p e r t i e s  o f th e  s c a t 
t e r in g  m a t r ix  (in  r e la t iv i s t i c  p ro b le m s )  o r  upon a s s u m in g  c e r t a in  p r o p e r t ie s  
o f th e  p o te n t ia l  in S c h r o e d in g e r 's  e q u a tio n  (in  n o n r e la t iv i s t i c  p ro b le m s ) ,  
r a th e r  th a n  upon th e  c o n d itio n  o f  m ic r o c a u s a l i ty .  I m p l ic i t ly ,  h o w e v e r, th e s e  
a s s u m p t io n s  a p p a re n t ly  c o n ta in  th e  id e a  th a t  e v e n  a t  s m a l l  d i s ta n c e s  c a u s a l  
in te r a c t io n  is  p ro p a g a te d  a t  v e lo c it i e s  s m a l l e r  th a n  th e  v e lo c ity  o f lig h t.

V e ry  r e c e n t ly  th e  a t te n t io n  o f p h y s ic i s t s  w a s  d ra w n  to new  th e o r e t ic a l  
m e th o d s  of s tu d y in g  s t r o n g  in te r a c t io n s  w ith  th e  h e lp  o f m o v in g  R egge p o le s .

T h e  new  f e a tu r e  o f  th i s  m e th o d  is  th a t  on i t s  b a s i s  on e  ca n  s im u l ta n e o u s ly  
d e s c r ib e  th e  e x is te n c e  o f v a r io u s  p a r t i c le s  and  th e  d y n a m ic a l  p r o c e s s e s  o f 
t h e i r  in te ra c t io n . T h is  m e th o d  m a k e s  it p o s s ib le  to  d e te r m in e  th e  c h a r a c 
t e r  o f  th e  in te r a c t io n  o f p a r t i c le s  f ro m  d a ta  on  th e i r  p r o p e r t i e s ;  c o n v e rs e ly ,  
a t t e m p ts  a r e  m a d e  to  p r e d ic t  new  re s o n a n c e s  fro m  th e  n a tu re  o f th e  i n t e r 
a c tio n .

T h e c o n s e q u e n c e s  o f R e g g e 's  m e th o d , a s  w e ll a s  th e  th e o ry  of d i s p e r s io n  
r e la t io n s ,  a r e  b e in g  e x p e r im e n ta l ly  v e r if ie d  a t  p r e s e n t  on a c c e le r a to r s .

T h e  q u e s tio n  o f th e  n a tu re  o f th e  d iv e rg e n c e s  in  q u an tu m  f ie ld  th e o ry  c o n 
tin u e s  to  b e  th e  s u b je c t  of s p i r i t e d  d is c u s s io n  in th e  p h y s ic a l  l i t e r a tu r e .  
C e r ta in  s c i e n t i s t s  b e l ie v e  th a t  a r e v is io n  o f th e  fu n d a m e n ta l p h y s ic a l  id e a s  
u n d e r ly in g  th e  e q u a tio n s  o f q u an tu m  p h y s ic s  is  re q u ir e d ;  o th e r s  b e lie v e  
th a t  th e  e q u a tio n s  o f q u an tu m  fie ld  th e o ry  c o r r e c t ly  r e f le c t  r e a l i ty  b u t th a t 
m o d e rn  s c ie n c e  is  no t c a p a b le  of so lv in g  th e m  c o r r e c t ly .

T h e  p h y s ic i s t s  who s h a r e  th e  f i r s t  v iew  s e e k  a w ay o u t of th e  d if f ic u lt ie s  
w ith  th e  d iv e r g e n c e s  by ch a n g in g  th e  fo u n d a tio n s  of th e  th e o ry  (n o n lo ca l 
t h e o r i e s ,  s p a c e - t im e  q u a n tiz a tio n , in tro d u c tio n  o f a  m in im u m  le n g th , n o n 
l i n e a r  g e n e r a l iz a t io n s  o f th e  th e o ry ,  and  so  on). A s we c a n n o t hope to  d ea l 
h e r e  in  an y  d e ta il  w ith  a l l  th e  v a r io u s  t r e n d s ,  we w ill c o n fin e  o u r s e lv e s  to  
a few  r e m a r k s  c o n c e rn in g  a t te m p ts  to  c o n s t r u c t  n o n lo c a l th e o r ie s  an d  a u n i
f ie d  n o n l in e a r  th e o ry  o f f ie ld s .

A c c o rd in g  to  th e  n o n lo c a l v ie w s , a l l  th e  d i f f ic u lt ie s  a s s o c ia te d  w ith  d i 
v e r g e n c e s  in  q u an tu m  f ie ld  th e o ry  a r i s e  ow ing  to  th e  fa c t  th a t  in th e  e x is t in g  

th e o r i e s  p a r t i c le s  a r e  r e g a rd e d  a s  p o in t p a r t i c le s  
d ev o id  of s p a t ia l  d im e n s io n s . T o re m o v e  th e s e  d i f f i 
c u l t i e s  th e  id e a  of p a r t i c le s  a s  e x te n d ed  o b je c ts ,  th e  
d im e n s io n s  o f w h ich  ca n  b e  e x p r e s s e d  w ith  th e  h e lp  
o f c e r t a in  fo rm  f a c to r s ,  is  in tro d u c e d  in th e  n o n lo ca l 
t h e o r ie s .  An e x te n d e d  p a r t i c le  c a n  b e  r e g a rd e d  e i th e r  
a s  an  a b s o lu te ly  r ig id  s t r u c tu r e  o r  a s  on e  c a p a b le  of 
d e f o rm a t io n  u n d e r  e x te r n a l  in f lu e n c e s . If th e  p a r t ic le  

i s  r e g a r d e d  a s  u n d e fo rm a b le  it n e c e s s a r i l y  fo llo w s  th a t  th e  p ro p a g a tio n  of 
in f lu e n c e s  a t  in f in ite  v e lo c i t i e s  is  p o s s ib le  in s id e  th e  p a r t i c le s .

In d e e d , if  we im p a r t  a c e r t a in  m o m e n tu m  a t  a  d e f in ite  in s ta n t  to  an  a b 
s o lu te ly  r ig id  p a r t i c le  a t  th e  p o in t A ( F ig u r e  2), th e n  th e  p o in t B o p p o s ite  
to  it  sh o u ld  s h if t  a t  th e  v e r y  s a m e  in s ta n t ,  s in c e  o th e rw is e  a t  so m e  in s ta n t  
th e  p a r t i c le  w ould  b e  f la t te n e d  in th e  d i r e c t io n  o f th e  e x te rn a l  in flu en c e .

T h e  in t ro d u c t io n  o f th e  c o n c e p t o f an  in f in ite ly  l a r g e  r a te  o f p ro p a g a tio n  
o f in f lu e n c e  in s id e  a  p a r t i c le  w ould le a d  to  r e c o g n it io n  of th e  e x is te n c e  of 
m a te r ia l  p r o c e s s e s  o u ts id e  o f t im e . T h e in flu e n c e  w ould b e  p ro p a g a te d  in 
s ta n ta n e o u s ly  fro m  th e  p o in t A to  th e  p o in t B. It is  p r e c i s e ly  h e r e  th a t  we
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w ould be  in c lin e d  to  s e e  th e  r e a s o n  f o r  th e  f a i lu r e  o f a t te m p ts  to  c o n s t r u c t  
n o n lo ca l th e o r ie s  on th e  b a s i s  of th e  c o n c e p t o f u n d e fo rm a b le  fo rm  f a c to r s .  
F ro m  th is  s ta n d p o in t it  s e e m s  th a t  th e  fo rm  f a c to r s  w h ich  c h a r a c t e r i z e  th e  
p a r t i c le  d im e n s io n s  sh o u ld  r e f le c t  th e  d e f o rm a t io n  o f th e  p a r t i c le s  u n d e r  
e x te rn a l  in f lu e n c e s . T h e  in tro d u c tio n  of su c h  fo rm  f a c to r s  w ould im p ly , a s  
s t r e s s e d  by M. A. M ark o v , " a  p h e n o m e n o lo g ic a l  d e s c r ip t io n  o f  th e  ' s t r u c 
t u r e 1 of p a r t i c le s ,  th e  p o s s ib il i ty  in so m e  s e n s e  of 'i n t e r n a l  m o t io n s ' o f 
p a r t i c le s ,  a t r a n s i t io n  to  c o n s id e r a t io n  of th e  'in t e r n a l  p h y s ic s ' o f th e  p a r 
t i c l e s ,  and  in p a r t i c u la r  to  a c o n s id e r a t io n  of th e  p o s s ib il i ty  o f t h e i r  e x c ite d  
s t a t e s ,  and  so  fo r th " * .

T h e s e  fo rm  f a c to r s  c a n  b e  in tro d u c e d  in su c h  a w ay th a t  th e  r a t e  o f p r o p 
a g a tio n  of in f lu e n c e  in s id e  a p a r t i c le  d o e s  not e x c e e d  th e  v e lo c ity  o f l ig h t. 
F o r  su c h  s ig n a ls  th e  L o re n tz  t r a n s f o r m a t io n s ,  an d , t h e r e f o r e ,  th e  in 
v a r ia n c e  o f th e  te m p o ra l  s e q u e n c e  o f c a u s e - e f f e c t  r e la t io n s  upon t r a n s i t i o n  
fro m  one in e r t ia l  s y s te m  of r e f e r e n c e  to  a n o th e r ,  a r e  v a lid . W e re  o n e  to  
in t ro d u c e  th e  id ea  o f a r a te  of p ro p a g a tio n  of in f lu e n c e  in s id e  th e  p a r t i c le  
g r e a t e r  th a n  th e  v e lo c ity  of lig h t  bu t s t i l l  f in ite , one w ould  h av e  to  r e v is e  
L o re n tz  in v a r ia n c e  in su c h  a w ay a s  to  p r e s e r v e  th e  in v a r ia n c e  o f th e  t e m 
p o ra l  se q u e n c e  o f c a u s e  and  e f fe c t  in th e  th e o ry  in  a l l  i n e r t i a l  s y s te m s  of 
r e f e r e n c e  fo r  th e s e  p r o c e s s e s  a s  w e ll. U n fo rtu n a te ly , th e  th e o r y  o f th e  
d e f o rm a b le  fo rm  f a c to r  h a s  b ee n  n e i th e r  s u b s ta n t ia te d  n o r  d e v e lo p e d  c o 
h e re n tly .

T h e m o s t s e r io u s  a t te m p t  to  c o n s t r u c t  a u n ified  th e o ry  of e le m e n ta r y  
p a r t i c le s  w a s u n d e r ta k e n  r e c e n t ly  by  H e is e n b e rg . A lthough  h is  p ro p o s e d  
p ro g r a m  fo r  a n o n l in e a r  u n ified  f ie ld  th e o ry  is  s t i l l  f a r  f ro m  c o m p le tio n  
and  fa c e s  an  e n t i r e  s e r i e s  of p h y s ic a l  and  m a th e m a tic a l  d i f f ic u l t i e s ,  it  w ould 
b e  h ig h ly  re v e a l in g  to  a n a ly z e  it  p h i lo so p h ic a lly  a g a in s t  th e  b a c k g ro u n d  of 
th e  q u e s tio n  of c a u s a l i ty .

H e is e n b e rg  s t a r t s  fro m  th e  id ea  th a t  th e r e  e x i s t s  a u n ified  w o r ld  f ie ld , 
m a t te r .  A ll e x is t in g  e le m e n ta ry  p a r t i c le s  r e p r e s e n t  a m a n ife s ta t io n  o f th is  
w o rld  fie ld . T h e r e q u ir e d  m a th e m a tic a l  a p p a r a tu s  of th e  th e o ry  sh o u ld  
r e f e r  no t to  so m e  c o n c r e te  p a r t i c le  b u t r a th e r  to  m a t t e r  in g e n e ra l .  " P a r 
t i c l e s  ( e le m e n ta r y  o r  c o m p le x ) sh o u ld  be o b ta in e d  a s  e ig e n so lu t io n s  of th e  
fie ld  e q u a tio n s " * * .

T ru e ,  H e is e n b e rg  h im s e lf  h a s  re p e a te d ly  d e c la r e d  in p h ilo so p h ic a l  r e 
m a r k s  th a t  th e  t r u e  fo u n d a tio n  o f m ic r o p r o c e s s e s  is  no t m a t t e r  b u t fo rm , 
id e a , m a th e m a tic a l  law . E le m e n ta ry  p a r t i c le s ,  a c c o rd in g  to  H e is e n b e rg ,  
a r e  o b ta in e d  a s  th e  d e r iv a t iv e s  o f m a th e m a tic a l  fo r m s ,  o f m a th e m a tic a l  
e q u a tio n s  e x p r e s s in g  la w s  o f n a tu re .  T he d e v e lo p m e n t o f q u an tu m  p h y s ic s  
in r e c e n t  y e a r s  s e e m s  to  be sw in g in g  fro m  D e m o c r i tu s  a ll th e  w ay to  P la to . 
In  H e is e n b e r g 's  v iew  ev e n  P la n c k 's  d is c o v e r y  " a l r e a d y  c o n ta in e d  an  in d i c a 
tio n  th a t  th e  a to m ic  s t r u c tu r e  o f m a t t e r  sh o u ld  b e  se e n  a s  th e  e x p r e s s io n  
of m a th e m a tic a l  fo r m s  in la w s  o f n a tu re " * * * . In h is  p h ilo so p h ic a l  p r o 
n o u n c e m e n ts  H e is e n b e rg  le a v e s  th e  s c ie n t i f ic  g ro u n d  and  p a s s e s  o v e r  to  th e  
p o s i tio n s  o f o b je c tiv e  id e a lis m  in th e  P la to n ic  s e n s e .

In h is  own p h y s ic a l th e o ry  o f th e  u n ified  fie ld  H e is e n b e rg  s t a r t s  fro m  
* M a r k o v , M. A. Ciperony i A’-mezony (I lyperons and A'-Mesons), p. 191.

•* lie i se n be r g , W. Kvantovaya tcoriya polei i elemeniarnykh chastits (The Quantum Theory of Fields and 
Elementary Particles), in a collection entitled "Nelineinaya kvantovaya teoriya polya" (Nonlinear Quan
tum Field Theory). Moscow, p. 224. 1959.

He i sen be rg , W. Otkrytie Planka iosnovnye filosofskie voprosy ucheniyaobatomakli (Plank's Discovery 
and the Basic Philosophical Problems of the Study of Atoms), Voprosy filosofii, No. 11, p. 65. 1958.
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th e  fo llo w in g  p r in c ip le :  " T h e  fu n d a m e n ta l  f ie ld  e q u a tio n s  sh o u ld  be n o n l in e a r  
in  o r d e r  to  in c lu d e  th e  in te r a c t io n .  T h e p a r t i c le  m a s s e s  sh o u ld  b e  o b ta in e d  
a s  a r e s u l t  o f th e  in te ra c t io n . T h e r e f o r e  th e  c o n c e p t of th e  " b a r e  p a r t ic le "  
is  m e a n in g le s s " * .

S in c e  H e is e n b e rg  re c o g n iz e s  th e  e x is te n c e  o f a u n if ie d  w o r ld  f ie ld  o u t 
s id e -o f  w h ich  th e r e  is  n o th in g , in  o r d e r  to  e x p la in  th e  r e a s o n s  f o r  i t s  
c h a n g in g  he m u s t  e i t h e r  re c o g n iz e  th e  e x is te n c e  o f a s u p e r n a tu r a l  " fo r c e "  
o r  p o s tu la te  th e  p r e s e n c e  o f im m a n e n t in te r a c t io n  ( in te r a c t io n  w ith  i ts e lf ) . 
H e is e n b e rg  c h o o s e s  th e  l a t t e r  so lu tio n . In h is  v iew  th e  w o rld  fie ld , m a t t e r ,  
i s  c a u s a  s u i ,  w h ich  he im a g in e s  a s  an  in te rn a l  in te ra c t io n . A ll p r o c e s s e s  
in  th e  r e a l  w o r ld  a r e  th e  e f fe c ts  o f th e  in te r a c t io n  o f m a t t e r  w ith  i ts e l f .
T h e  c o n c e p t o f an  in te r n a l  in te r a c t io n  o f m a t t e r  re s p o n s ib le  fo r  a ll m i c r o 
p r o c e s s e s  a d m ir a b ly  e x p r e s s e s  th e S p in o z is t ic  id e a  th a t  s u b s ta n c e  is  i t s  ow n 
c a u s e ,  th e  d ia le c t ic  e s s e n c e  o f w h ich  w a s h ig h ly  a p p r e c ia te d  by E n g e ls .

I t sh o u ld  b e  re m a r k e d ,  h o w e v e r, th a t  n o th in g  in H e is e n b e r g 's  th e o ry  h a s  
y e t  b e e n  p ro v e d  r ig o ro u s ly ;  e s s e n t ia l ly  t h e r e  is  s t i l l  no c o m p le te  th e o ry . 
H e is e n b e r g 's  r e m a r k s  c a n  r a th e r  b e  t r e a t e d  a s  on e  of th e  im p o r ta n t  a t 
te m p ts  to  c o n s t r u c t  a u n ified  fie ld  th e o ry .

In o u r  c o u n try  th e  d e v e lo p m e n t o f a n o n l in e a r  f ie ld  th e o ry  is  b e in g  c a r r i e d  
o u t by  D. D. Iv a n e n k o , th e  s c i e n t i s t  who in  1938 p ro p o s e d  a n o n l in e a r  g e n e r 
a l iz a t io n  of th e  fie ld  e q u a tio n s  b a s e d  on th e  in tro d u c tio n  o f a f ie ld  o p e r a to r  
of th e  th i r d  d e g r e e .  In  F r a n c e  w o rk  a lo n g  th e s e  l in e s  is  b e in g  c a r r i e d  out 
by  d e  B ro g l ie  an d  h is  s tu d e n ts .  W hat p a th  th e  f u r th e r  d e v e lo p m e n t of 
m o d e rn  p h y s ic s  w ill ta k e  is  s t i l l  d i f f ic u lt  to  p r e d ic t .  M any s c i e n t i s t s ,  h o w 
e v e r ,  b e l ie v e  th a t  it w ill in v o lv e  a f u r th e r  r e je c t io n  o f o u r  f a m i l i a r  c o n 
c e p ts  an d  id e a s .  B u t h o w e v e r  d e c i s iv e  a  r e v is io n  o f  m o d e rn  p h y s ic a l  id e a s  
i s  u n d e r ta k e n , w h a te v e r  f a m i l i a r  c o n c e p ts  a r e  re n o u n c e d , th e  f u r th e r  d e 
v e lo p m e n t of p h y s ic s  c a n n o t ta k e  p la c e  in d e p e n d e n tly , and  o u ts id e , o f th e  
m a t e r i a l i s t i c  p r in c ip le  o f c a u s a l i ty .  W hen a t te m p tin g  to  fo r m u la te  a u n i 
f ied  th e o r y  o f e le m e n ta r y  p a r t i c le s ,  " th e  p h y s ic is t  sh o u ld  s t a r t " ,  w r i te s  
H e is e n b e rg ,  " f ro m  th e  fo llo w in g  g e n e ra l  p r o p o s i t io n s ;  h is  m a th e m a tic a l  
i n t e r p r e t a t i o n  m u s t e x p r e s s  th e  e x is te n c e  o f m a t t e r  in  t im e  an d  s p a c e  th e  
f u tu re  s t a t e  o f w h ich  is  m o r e  o r  l e s s  a c o n s e q u e n c e  of th e  p r e s e n t  s ta te ,  th e  
e x is te n c e  o f  f o r c e s  an d  th e i r  v a r ia b le  e f fe c ts ,  an d  e f fe c t  h e r e  a p p e a r s  s u b 
s e q u e n t  to  th e  c a u s e  w h ich  g iv e s  r i s e  to  it ,  an d  so  fo r th " * * .

In  th e s e  w o rd s  o f th e  o u ts ta n d in g  p h y s ic is t  of m o d e rn  t im e s ,  one who 
v e r y  r e c e n t ly  d e n ie d  th e  a p p l ic a b i l i ty  o f th e  p r in c ip le  o f c a u s a l i ty  to  m i c r o 
w o r ld  r e s e a r c h ,  is  e x p r e s s e d  th e  t r e m e n d o u s  h e u r is t i c  v a lu e  of th e  c o n 
c e p ts  o f  c a u s a l i ty  an d  re la t io n  b e tw e e n  s t a t e s  fo r  th e  d e v e lo p m e n t o f e l e 
m e n ta r y  p a r t i c le  p h y s ic s .

In  m o d e rn  q u an tu m  p h y s ic s  b o th  th e o ry  and  e x p e r im e n t  in d ic a te  th a t  th e  
m a c r o s c o p ic  c o n c e p t o f th e  v e lo c ity  o f lig h t a s  a l im it  fo r  th e  r a te  o f p r o p 
a g a tio n  of c a u s a l  a c t io n  an d  in te r a c t io n  is  a p p l ic a b le  ev e n  a t  s m a l l  s c a le s  
dow n to  d i s ta n c e s  o f th e  o r d e r  o f 1 0 -13cm . T h e q u e s tio n  o f th e  r a te  of p r o p 
a g a tio n  of c a u s a l  in te r a c t io n  a t  d i s ta n c e s  s m a l l e r  th a n  1 0 “n cm  re m a in s

* H e is e n b e rg ,  W. Kvantovaya teoriya polei i elementarnykh chastits (The Quantum Theory of Fields and 
Elementary Particles), in the collection entitled "Nelineinaya kvantovaya teoriya polya" (Nonlinear 
Quantum Field Theory), p. 224.

•• Voprosy filosofii, No. 12, p. 159. 1959.
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open  ow ing  to  th e  r e s t r ic t io n s  im p o se d  by th e  u n c e r ta in ty  r e la t io n  on  th e  
a c c u ra c y  of s im u l ta n e o u s  m e a s u r e m e n t  of th e  q u a n ti ty  of p h y s ic a l  a c t io n  and  
i t s  s p a t ia l  lo c a liz a t io n .

In re v e a l in g  th e  u n iv e r s a l  p ro p e r ty  of t r a n s m u ta b i l i ty  o f e le m e n ta r y  p a r 
t i c l e s ,  q u an tu m  p h y s ic s  b ro u g h t ou t tw o p o in ts :  th e  n a r r o w n e s s  o f th e  c o n 
c e p t of c a u s e  a s  a o n e - s id e d  a c tio n  o f one body on a n o th e r ,  an d  th e  n e c e s s i ty  
of in tro d u c in g  in to  p h y s ic s  th e  c o n c e p t o f c a u s e  a s  an  in te ra c t io n  o f d i f f e re n t  
o b je c ts  o r  p a r ts ,  te n d e n c ie s ,  o f an  e n t i r e  s y s te m * .

F u r th e r m o r e ,  a n a ly s i s  of qu an tu m  p h y s ic a l  c o n c e p ts  sh o w s th a t ,  w h ile  
th e  ro le  of n e c e s s i ty  d e c r e a s e s ,  th e  ro le  o f ra n d o m  f a c to r s  in th e  m e c h a n ic a l  
d is p la c e m e n ts  of o b je c ts  in sp a c e  and  t im e  i n c r e a s e s  r e la t iv e ly  a s  one 
m o v e s  fro m  th e  m a c ro s c o p ic  to  th e  m ic ro s c o p ic  le v e l  o f m a te r ia l  p r o c e s s e s .  
T h e r e  i s  a  c o r re s p o n d in g  c h a n g e  in th e  r e la t io n s h ip  b e tw e e n  p o s s ib il i ty  and  
r e a l i ty  a s  on e  m o v e s  fro m  th e  re g io n  o f c l a s s i c a l  m e c h a n ic s  to  th e  q u an tu m  
re g io n . I f  in  c l a s s i c a l  m e c h a n ic s  th e r e  e x i s t s  one and  o n ly  on e  t r u e  p o s s i 
b i l ity  n e c e s s a r i l y  r e a l iz e d  fo r  e v e ry  m e c h a n ic a l  s y s te m  c o r r e l a te d  w ith  
d e f in ite  e x te rn a l  c o n d it io n s , in q u an tu m  m e c h a n ic s  a m ic r o s y s te m  o c c u r r in g  
u n d e r  d e f in ite  m a c ro s c o p ic a lly  fix ed  c o n d it io n s  h a s  an  in f in ite  s e t  o f p o s s i 
b i l i t i e s  s t a t i s t i c a l ly  e x p r e s s e d  by m e a n s  of th e  w ave fu n c tio n . In th e  q u a n 
tum  th e o ry  of f ie ld s  p a r t i c le s  h a v e , in  a d d it io n  to  th e  s e t  o f p o s s ib le  m o 
t io n s  in sp a c e  and t im e , th e  p o s s ib i l i t i e s  o f q u a l i ta t iv e  c h a n g e , o r  t r a n s 
m u ta tio n .

If  in c l a s s i c a l  m e c h a n ic s  th e  r e la t io n  b e tw e e n  s t a t e s  o f a m e c h a n ic a l  
s y s te m  is  e x p r e s s e d  in th e  fo rm  of la w s  of th e  d y n a m ic a l  ty p e  w h ich  p e r m i t  
u n iv o ca l p re d ic t io n s  c o n c e rn in g  th e  s ta te  o f th e  s y s te m  in th e  fu tu re  p r o 
v id ed  i ts  s ta te  in th e  p re s e n t  is  know n, in  q u an tu m  p h y s ic s  th e  r e la t io n  b e 
tw een  s t a t e s  o f a m ic r o s y s te m  is  e x p r e s s e d  w ith  th e  h e lp  o f S c h r o e d in g e r 's  
e q u a tio n  w h ich , in th e  g e n e ra l  c a s e ,  p e r m i t s  on ly  p r o b a b i l i t i s t i c  p r e d ic t io n s  
c o n c e rn in g  th e  fu tu re  o f th e  s y s te m . B ut in  th e  q u an tu m  re g io n  th e  r o le  of 
n e c e s s a r y  f a c to r s  in p h y s ic a l  p r o c e s s e s  i n c r e a s e s ,  a s  r e f le c te d  in th e  la w s  
o f c o n s e rv a t io n  of th e  n e c e s s a r y  p a r t ic le  p r o p e r t i e s  (s p in , c h a rg e ,  an d  so  
on), w hich  r e p r e s e n t  th e  s im p le s t  fo rm  of la w s  of th e  d y n a m ic a l  ty p e .

M o d e rn  q u an tu m  p h y s ic s  h a s  no t d is c a r d e d  th e  m a c ro s c o p ic  c o n c e p t of 
c a u s a l i ty ;  it h a s  s im p ly  m ad e  it m o re  p ro fo u n d  an d  m o r e  p r e c i s e .  It e x 
p r e s s e s  m o re  p r e c i s e ly  th a n  c l a s s i c a l  p h y s ic s  th e  d ia le c t ic a l  c h a r a c t e r  o f 
th e  re la t io n  b e tw e e n  c a u s e  and  e f fe c t  and  d i s c lo s e s  th e  s ig n if ic a n c e  o f th e  
c o n c e p ts  o f n e c e s s i ty  and  c h a n c e , p o s s ib il i ty  and  r e a l i ty ,  fo r  th e  c o g n it io n  
of th e  o b je c tiv e  c a u s a l  r e la t io n s  o f th e  m ic ro w o r ld .

B o th  f o r  s c ie n t i f ic  id e a s  and  fo r  p h ilo so p h ic a l  c a te g o r ie s ,  d e v e lo p m e n t 
c o n s i s t s  of a co m p le x  t r a n s i t io n  fro m  an  e s s e n c e  of one o r d e r  to  an  e s s e n c e  
o f a n o th e r ,  h ig h e r  o r d e r ,  an  e s s e n c e  w h ich  m o re  a d e q u a te ly  r e v e a l s  th e  
p r o p e r t ie s  and  re la t io n s h ip s  o f th in g s  in th e  r e a l  w o rld .

See T e r le i s k i i  , Ya.P. Vzaimoprevrashchaemosl' elememarnykh chast its (Transmutabi litv of Elementary 
Panicles), in the collection entitled "Filosofskie voprosy sovremennoi fiziki" (Philosophical Problems 
of Modern Physics). Moscow. 1959.
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T H E  PO SS IB IL IT Y  O F  F U R T H E R  D E V E L O P M E N T  O F  A JO IN T  
C O O R D IN A T E -M O M E N T U M  R E PR E S E N T A T IO N  O F  

QUANTUM  M ECH A N ICS

A .A . T y a p k in

T h e  d e v e lo p m e n t of the in te r p r e t a t i o n  of the e x i s t i n g  w ave m e c h a n ic s  
is  e x h a u s te d ,  p ro p e r ly  s p e a k in g , by c le a n s in g  th e  a c c e p te d  in te r p r e ta t io n  
of th e  f a ls e  s u p e r s t r u c t u r e  a r t i f i c i a l ly  e r e c te d  on p o s i t iv i s t i c  v iew s .

U n le s s  th e  m a th e m a tic a l  a p p a ra tu s  is  d e e p e n e d  and  th e  p h y s ic a l  p ro b le m s  
s o lv e d  by q u an tu m  th e o ry  a r e  b ro a d e n e d , t h e r e  ca n  be no ta lk  of f u r t h e r  
d e v e l o p m e n t  of o u r  u n d e r s ta n d in g  of q u an tu m  p h en o m e n a .

We b e l ie v e  th a t  f u r th e r  d e v e lo p m e n t of the th e o ry  of q u an tu m  p h en o m e n a  
w ill c o n s i s t  o f a  t r a n s i t io n  fro m  so lu tio n  of th e  d i r e c t  p ro b le m , s t a t i s t i c a l  
p re d ic t io n  of th e  r e s u l t s  of m e a s u r e m e n t ,  to  s o lu tio n  of the in v e r s e  p ro b le m , 
to  o b ta in , f ro m  th e  r e s u l t s  of m a c r o e x p e r im e n ts ,  u n iv o c a l in fo rm a tio n  c o n 
c e rn in g  s u c h  d e ta i l s  of th e  m o tio n  of m ic ro o b je c t s  in  s p a c e  an d  t im e  u n d e r  
d e f in ite  m a c ro s c o p ic  c o n d it io n s  a s  a r e  in a c c e s s ib le  to d i r e c t  o b s e r v a t io n .

It m u s t  be u n d e r s to o d  th a t  th e  c o n s t r u c t io n  of a  s p a c e - t im e  p ic tu r e  of 
th e  m o tio n  of a m ic ro o b je c t  u n d e r  s p e c if ic  m a c ro c o n d i t io n s  d o e s  no t c o n s t i 
tu te  a r e e s t a b l i s h m e n t  of th e  t r a d i t io n s  of c l a s s i c a l  m a c ro s c o p ic  m e c h a n ic s ,  
f o r  one c a n  d e a l  w ith  a s  c o m p le x  a  n o n c la s s ic a l  fo rm  of m o tio n  a s  d e s i r e d .  
F ro m  th e  o b je c tiv e  e x is te n c e  of th e  p h y s ic a l  w o r ld  an d  i t s  c o g n iz a b il ity  it  
fo llo w s  th a t  no p h y s ic a l  th e o ry ,  p r e s e n t  o r  f u tu re ,  c a n  r e je c t  th e  p o s s ib il i ty  
of c o n s t r u c t in g  a s p a c e - t im e  p ic tu r e  of the m o tio n  of th e  p h y s ic a l  o b je c ts  i t  
in v e s t ig a te s .  A b s o lu t iz a t io n  o f th e  s c h e m e  of d e s c r ip t io n  ad o p te d  in  q u an tu m  
m e c h a n ic s  an d  i ts  in s t i tu t io n  a s  th e  on ly  p o s s ib le  one im p o v e r i s h e s  t h e o r e 
t ic a l  p h y s ic s ,  re d u c e s  i t  to an  a p p lie d  th e o r e t ic a l  c o n s tru c t io n  f o r  c a l c u l a t 
in g  th e  r e s u l t s  of m e a s u r e m e n ts ,  and  d e t r a c t s  fro m  c o g n itio n  o f th e  e s s e n c e  
of new  p h e n o m e n a  an d  d e te r m in a t io n  o f th o se  p e c u l ia r i t ie s  of m o tio n  of m i 
c r o o b je c t s  in  s p a c e  an d  t im e  w hich  a r e  h id d en  f ro m  d i r e c t  o b s e r v a t io n . It 
i s  p r e c i s e ly  th e  e s ta b l i s h m e n t  of th e s e  p e c u l ia r i t ie s  w hich  w ill c h a r a c t e r i z e  
th e  m o s t  im p o r ta n t  s ta g e  in  the e v o lu tio n  of th e  th e o ry  of q u an tu m  p h en o m e n a : 
th e  s ta g e  w h ich  w ill e n a b le  us to  g r a s p  t h e i r  r e a l  e s s e n c e  an d , by th e  s a m e  
to k en , to  fu lf i l l  th e  p r e r e q u i s i t e s  f o r  s o lv in g  th e  p r o b le m s  in v o lv ed  in  the 
th e o r e t ic a l  e x p la n a tio n  of e v e n  b r o a d e r  re g io n s  of p h y s ic a l  p h e n o m e n a .

T h e  s t a r t i n g  p o in t of th is  s ta g e  sh o u ld  be th e  p ro o f  th a t  it  i s  p o s s ib le  to 
d e s c r ib e  s t a t i s t i c a l ly  th e  m o tio n  of a  m ic ro o b je c t  in  s p a c e  and  t im e  b e fo re  
i n te r a c t io n  w ith  th e  m e a s u r in g  in s t r u m e n t .  T h e  d e m o n s tra tio n  of th is  p o s 
s ib i l i t y  w ould  m o r e o v e r  be a m o s t  c o n v in c in g  re fu ta t io n  of th e  s t a r t i n g  p o in t 
of p o s i t iv i s m  in q u an tu m  m e c h a n ic s ,  n a m e ly  th e  d e n ia l  o f th e  r e a l i ty  of the 
e x is te n c e  of an y  p r o p e r t i e s  in  a m ic ro o b je c t  b e f o re  m e a s u r e m e n t .

I t s h o u ld  a l s o  be s t r e s s e d  th a t  th e  on ly  d e s c r ip t io n  of m ic ro p h e n o m e n a  
one c a n  c o n s id e r  is  th e  s t a t i s t i c a l  o n e . T h e f a i r ly  w id e s p r e a d  b e l ie f  th a t



f u r th e r  d e v e lo p m e n t of th e  th e o ry  of th e s e  p h e n o m e n a  s h o u ld  ta k e  th e  fo rm  
of a  t r a n s i t io n  fro m  s t a t i s t i c a l  to  d e t e r m in is t ic  d e s c r ip t io n  is  p ro fo u n d ly  
m is ta k e n . I t  w as a l r e a d y  d e m o n s tra te d  by von N e u m a n n  in  1932 th a t  i t  f o l 
low s w ith  c e r ta in ty  fro m  a n a ly s i s  of th e  r e g u la r i t i e s  know n so  f a r  th a t  a 
c a u s a l  d e s c r ip t io n  of th e  p h e n o m e n a  of m ic ro p h y s ic s  i s  im p o s s ib l e - .  T h e  
s t a t i s t i c a l  d e s c r ip t io n  in  u se  in  q u an tu m  th e o ry  is  c o n d it io n e d  n o t by th e  
m eth o d  c h o se n  b u t by  the v e r y  n a tu re  of m ic r o o b je c t s ,  w h ich  a r e  a lw a y s  in  
in te ra c t io n  w ith  th e  e le m e n ts  of the s u rr o u n d in g  m a c ro w o r ld .  In th is  r e s p e c t  
we a r e  in  c o m p le te  a g r e e m e n t  w ith  D. I. B lo k h in ts e v 's  a f f i rm a t io n  th a t  q u a n 
tu m  s t a t i s t i c a l  c h a r a c i e r  is  due to  the im p o s s ib i l i ty  o f is o la t in g  m i c r o s y s 
te m s  fro m  the m a c ro w o rld * * .

I t  sh o u ld  be r e m a r k e d  th a t  th e  a t te m p t  to  p a s s  o v e r  to  a d e t e r m in i s t i c  
d e s c r ip t io n  is  f r e q u e n tly  su g g e s te d  by a d e s i r e  to o b ta in  a d e s c r ip t io n  of 
th e  m o tio n  o f a m ic r o p a r t ic le  in  s p a c e  an d  t im e . F o r  e x a m p le ,  E in s t e in 's  
a t te m p t  to  p a s s  fro m  a s t a t i s t i c a l  to a c a u s a l  d e s c r ip t io n  w as to  a  s ig n if i 
c a n t d e g r e e  d ic ta te d  by h is  w ish  to  e l im in a te  th e  r e s t r i c t i o n s  on th e  e x i s t 
in g  th e o ry , w h ich  ev a d ed  d e s c r ib in g  r e a l i ty  in  s p a c e  an d  t im e  b e f o re  an y  
im p e n d in g  m e a s u r e m e n t .  In d e e d , in a l e t t e r  to M ax B o rn , E in s te in  w ro te  
the fo llo w in g  c o n c e rn in g  h is  r e la t io n s h ip  w ith  q u an tu m  m e c h a n ic s :  "I c a n 
no t, h o w e v e r, s e r io u s ly  b e lie v e  in  it ,  b e c a u s e  th is  th e o ry  is  in c o m p a tib le  
w ith the fu n d a m e n ta l p ro p o s it io n  th a t  p h y s ic s  m u s t  e x p r e s s  r e a l i ty  in  s p a c e  
and  in  t im e  w ith o u t an y  m y s tic a l  in t e r f e r e n c e .  . . * **". In  tu rn  B o rn  a ls o  
w as le d  to  the c o n c lu s io n  th a t  " E in s te in " s  d e v ia tio n  f ro m  m o d e rn  q u an tu m  
p h y s ic s  is  due not so  m uch  to th e  q u e s tio n  of d e te r m in is m  a s  to h is  fa ith  
in  th e  o b je c tiv e  r e a l i ty  of p h y s ic a l  b e in g  i r r e s p e c t iv e  of th e  o b s e r v e r * * * * " .

O n ce the o b je c tiv e  c o n te n t of the c o n c e p t of m e a s u r e m e n t  in  q u an tu m  m e 
c h a n ic s  is  e s ta b l is h e d , one is  le d  to  a c k n o w le d g e  th a t  th e  s t a t i s t i c a l  d e s c r i p 
tio n  of th e  r e s u l t s  of im p e n d in g  m e a s u r e m e n ts  of a  c e r t a in  p h y s ic a l  q u a n ti ty  
is  id e n tic a l  w ith  th e  s t a t i s t i c a l  d e s c r ip t io n  of th e  v a lu e s  w hich  c a n  be  a s 
su m e d  by  th is  q u a n tity  in  th e  m o tio n  of th e  m ic ro o b je c t  u n d e r  s p e c if ie d  m a 
c r o c o n d i t io n s .  T h is  m e a n s  th a t  th e  s q u a r e  of th e  m o d u lu s  of th e  w ave fu n c 
tio n  in  th e  c o o r d in a te  r e p r e s e n ta t io n  sh o u ld  be  t r e a t e d  n o t o n ly  a s  th e  p r o b a 
b i l ity  d e n s ity  fo r  o b ta in in g , in  m e a s u r e m e n t ,  th e  v a lu e s  of th e  c o o r d in a te  
of a m ic r o p a r t ic le  in  a s p e c if ic  in te rv a l  bu t a ls o  a s  th e  p r o b a b il i ty  d e n s i ty  
fo r  a p a r t ic le  r e a l ly  h av in g  th e  c o o r d in a te  in  a  s p e c if ie d  in te r v a l  of v a lu e s .
In  m e a s u r in g  we do no t c r e a t e  a d e f in ite  v a lu e , we m e r e ly  s e i z e  o r  d e te c t  
th e  p a r t i c le  in  a c e r t a in  d e f in ite  in te r v a l  of v a lu e s  of th e  c o o r d in a te s .  T h e  
s i tu a t io n  is  an a lo g o u s  in th e  c a s e  of m e a s u r e m e n t  of th e  m o m e n tu m  of m i 
c r o p a r t i c l e s .

In  th is  v iew  th e  n e c e s s i ty  n a tu ra l ly  a r i s e s  of c o m b in in g  th e  in fo rm a tio n  
p ro v id e d  s e p a r a te ly  by q u an tu m  m e c h a n ic s  fo r  th e  c o o r d in a te s  an d  m o m e n ta  
of a p a r t i c le  and  v e r if ie d  in  m u tu a lly  e x c lu s iv e  in c o m p a tib le  m e a s u r e m e n ts .  
T o  so lv e  th is  p ro b le m  one ca n  s t a r t  f ro m  th e  v e ry  s im p le  a s s u m p tio n  th a t  
t h e r e  e x is t s  f o r  th e  p a r t i c le  a  d e f in ite  m o m e n tu m  a t  e v e ry  p o in t o f i t s  p a th . 
T h is  a s s u m p tio n  is  in  s t r i k in g  c o n tra d ic t io n  w ith  th e  p re c o n c e iv e d  n o tio n s

* See von N eum ann, J. Maihemaiisehe Grundlagen der Ouantenmechanik. Berlin. ]!)32.
** See B lo k h in tse v , D.l. Kritika filosofskikli vozzrenii "kopengagenskoi shkoly" v fizike (Critique of 

the Philosophical Views of the "Copenhagen School" in Physics), in the collection entitled "Filosofskie 
voprosy sovremennoi fiziki" (Philosophical Problems of Modern Physics), p. 316. Moscow. 1952.

*** Born* M. Albert Einstein und das Lichtiiuantum. Natur wissenschaften, 42, 425. 1955.
• •• •  Ibid.
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a s s o c ia t e d  w ith  a  w id e s p r e a d  v iew  of q u an tu m  m e c h a n ic s ,  n o tio n s  w h ich  
s h o u ld  h a v e  a p p e a re d  d u b io u s w hen in  1948 R. P . F e y n m a n  c r e a te d  th e  new  
fu n c tio n a l r e p r e s e n ta t io n  of q u an tu m  m e c h a n ic s * . T h e new  fo r m u la tio n  
c r e a t e d  by F e y n m a n , p h y s ic a l ly  e q u iv a le n t to  th e  o r d in a r y  fo r m a l is m  of 
q u an tu m  m e c h a n ic s ,  o p e r a te s  w ith  p ro b a b il i ty  d e n s i t i e s  in  th e  fu n c tio n a l 
s p a c e  of m ic r o p a r t i c l e  t r a j e c t o r i e s .  I t  w as re v e a le d  by th is  fo rm u la tio n  
th a t  th e  p e c u l ia r  c h a r a c t e r  o f th e  la w s  of th e  m ic ro w o r ld  r e s id e s  no t in  th e  
f a c t  th a t  th e  c o n c e p t of t r a j e c t o r y  in  s p a c e  an d  t im e  is  in a p p lic a b le  to  m i 
c r o p a r t i c l e s ,  b u t r a th e r  in  th e  fa c t  th a t  d i f f e re n t  t r a j e c t o r i e s  w ith  d e f in ite  
p r o b a b i l i t i e s  a r e  p o s s ib le  f o r  m ic r o p a r t i c l e s  o c c u r r in g  u n d e r  th e  s a m e  m a 
c r o s c o p ic  c o n d it io n s  (by c o n t r a s t  w ith  th e  p a r t i c le s  of c l a s s i c a l  m e c h a n ic s ) . 
U n f o r tu n a te ly , th e  a u th o r  h im s e lf ,  a s  w e ll a s  o th e r  p h y s ic i s t s ,  fa ile d  to 
d ra w  s u f f ic ie n t  a t te n t io n  to  th e  in c o m p a t ib i l i ty  b e tw e en  th is  new  fo rm u la tio n  
an d  m a n y  of th e  p re c o n c e iv e d  n o tio n s  of th e  "C o p en h ag e n  in t e r p r e ta t io n " .
And d e s p i te  th e  fa c t  th a t  F e y n m a n 's  w o rk  w a s p u b lish e d  fo u r te e n  y e a r s  ag o , 
in  a l l  th e  u n iv e r s i t i e s  of th e  w o r ld  w hen ex p o u n d in g  q u an tu m  m e c h a n ic s  
s c i e n t i s t s  a p p a re n t ly  c o n tin u e  to  s p e a k  w ith o u t th e  l e a s t  h e s i ta t io n  of the  
in a p p l ic a b il i ty  of th e  c o n c e p t of t r a j e c to r y  to  th e  m o tio n  of m ic r o p a r t i c l e s .

E v e n  in  d i r e c t  d i s c u s s io n  of th e  p r o b le m s  of th e  i n te r p r e ta t io n  of q u a n 
tu m  m e c h a n ic s ,  th e  m o s t  im p o r ta n t  r e s u l t  of F e y n m a n 's  w o rk  c o n tin u e s  to 
b e  ig n o re d . T h u s  V .A . F o k  d e n ie s ,  a s  b e f o re ,  th e  a s s u m p tio n  th a t  p a r t ic le s  
c a n  h av e  m o m e n tu m  an d  c o o r d in a te s  s im u l ta n e o u s ly ,  an d  ju s t i f ie s  th is  d en ia l 
by s a y in g  th a t  " th e  p r a c t i c a l  im p o s s ib i l i ty  of m e a s u r in g  th em  c o n c u r re n t ly ,  
a s  e x p r e s s e d  by  H e is e n b e r g 's  r e la t io n s ,  s e e m e d , in  th e  l ig h t  of th is  e x a m i
n a tio n , to  b e  so m e  k ind  of p a r a d o x  o r  c a p r i c e  of n a tu re  by v ir tu e  of w hich  
n o t e v e ry  e x is t in g  th in g  w as c o g n iz a b le " * * . In  a c tu a l  f a c t  the im p o s s ib i l i ty  
of s im u l ta n e o u s  m e a s u r e m e n t  of th e  c o o r d in a te  an d  m o m e n tu m  of p a r t i c le s  
d o e s  no t le a d  to  n o n c o g n iz a b il ity , an y  m o re  th a n  th e  a r b i t r a r i l y  a s s u m e d  
im p o s s ib i l i ty  of s im u l ta n e o u s  o b s e r v a t io n  of th e  p ro je c t io n s  of a body on 
d i f f e r e n t  p la n e s  e x c lu d e s  th e  p o s s ib il i ty  of c o g n iz in g  i t s  v o lu m e tr ic  p r o p e r 
t i e s .

A n ev e n  m o r e  c o m p le te  th e o r e t ic a l  c o n s tru c t io n  w h ich  em p lo y s  th e  l a n 
g u ag e  of th e  p o s s ib le  c l a s s e s  of t r a j e c t o r i e s  of m ic r o p a r t i c l e s  w a s  d e v e lo p e d  
by  G. V. R y aza n o v * * * . A g a in , m o d e rn  p h y s ic s  h a s  so  f a r  fa ile d  to  d ra w  
f ro m  th is  w o rk  th e  n e c e s s a r y  in fe r e n c e  on c u r r e n t ly  a c c e p te d  m i s i n t e r p r e 
t a t io n s  of a n u m b e r  of p o s tu la te s  of q u an tu m  m e c h a n ic s .

T h u s  in  i t s e l f  th e  id e a  th a t  th e  p a r t i c le  h a s  a d e f in ite  m o m e n tu m  a t  e v e ry  
p o in t in  s p a c e  d o e s  n o t ru n  c o u n te r  to  th e  d a ta  e s ta b l i s h e d  by s c ie n c e .  H ow 
e v e r ,  th e  e x p lo ita t io n  of th is  id e a  f o r  th e  so lu tio n  of th e  p ro b le m  s ta te d  
a b o v e  e n c o u n te r s  s e r io u s  d i f f ic u lt i e s .  O w ing to  the s p e c ia l  w ave p r o p e r t ie s  
of m ic r o o b je c t s ,  m e a s u r e m e n t  of the  p a r t i c le  m o m en tu m  is  c a r r i e d  ou t on 
a m a c r o in s t r u m e n t  w ith o u t r e f e r e n c e  to  th e  s p a c e  c o o r d in a te  of th e  p a r t ic le ,  
w h ile  m e a s u r e m e n t  of th e  c o o r d in a te  is  c a r r i e d  ou t w ith o u t r e f e r e n c e  to i ts  
m o m e n tu m . In c o n f o rm ity  w ith  th e s e  r e a l  p o s s ib i l i t i e s  of m e a s u r e m e n t ,  in

* See F ey n m an , R. P. The Space-Time Approach to Nonrelativistic Quantum Mechanics. Reviews of 
Modern Physics, Vol. 20, p. 367. 1948.

•* Fok, V.A. Ob interpretatsii kvantovoi mekhaniki (The Interpretation of Quantum Mechanics), in a 
collection entitled "Filosofskie voprosy sovremennoi fiziki” (Philosophical Problems of Modern Physics), 
p. 169. Moscow. 1959.

• •• See R y azan o v , G. V. Kvantovo-mekhanicheskie veroyatnosti kak summy po putyam (Quantum Me
chanical Probabilities as Sums over Paths). ZhETF, Vol. 35, No. 1, p. 121. 1958.
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th e  q u an tu m  m e c h a n ic a l  d e s c r ip t io n  th e  m o m e n tu m  d is t r ib u t io n  fu n c tio n  
f (p) i s  g iv en  w ith o u t r e f e r e n c e  to  th e  p a r t i c le  c o o r d in a te s  and  th e  d is t r ib u t io n  
fu n c tio n  of the p a r t i c le  c o o r d in a te s  p (q) i s  g iv e n  w ith o u t r e f e r e n c e  to  th e  p a r 
t i c le  m o m e n ta . T h e  a p p a ra tu s  of m o d e rn  q u an tu m  m e c h a n ic s  d o e s  n o t c o n 
ta in  th e  fu n c tio n  (h idden  fro m  d i r e c t  o b s e r v a t io n )  of d is t r ib u t io n  o v e r  th e  
m o m e n ta  F (p , q) f o r  a p a r t i c le  s i tu a te d  a t  th e  p re v io u s ly  s p e c if ie d  p o in t q 
in  s p a c e ,  a fu n c tio n  w h ich  w ould h av e  b e e n  s im u lta n e o u s ly  th e  fu n c tio n  of 
d is tr ib u tio n  fu n c tio n  fo r  th e  c o o r d in a te s  of a  p a r t i c le  w ith  s p e c if ie d  m o m e n 
tum  p. T h e  o b s e r v e d  d i s tr ib u tio n  fu n c tio n s  p (q) an d  /  (p) sh o u ld , n a tu r a l ly ,  
b e  c o n n e c te d  to  th e  h id d en  d i s tr ib u tio n  fu n c tio n  by th e  r e la t io n s :

F ro m  th e s e  re la t io n s ,  m a k in g  u s e  of the d i s tr ib u tio n  fu n c tio n s  g iv en  by 
qu an tu m  m e c h a n ic s ,  one c a n  find  th e  h id d en  d i s tr ib u tio n  fu n c tio n  of p r o b a b i 
l i ty  d e n s ity . H o w e v er , fo r m a l  c a lc u la t io n s  of th is  fu n c tio n  (w hich  a c c o r d 
in g  to  th e  o r ig in a l  in te n tio n  p la y s  th e  ro le  o f p ro b a b il i ty  d e n s ity )  le a d , in  
th e  jo in t  c o o r d in a te -m o m e n tu m  r e p r e s e n ta t io n ,  e i t h e r  to  a  c o m p le x  q u a n tity *  
o r  to  a  r e a l  q u a n tity  c a p a b le  of a s s u m in g  n e g a tiv e  v a lu e s* * , d e p e n d in g  on 
th e  fo rm  ta k e n  fo r  th e  fu n c tio n s  of th e  n o n c o m m u tin g  v a r ia b l e s .  A lth o u g h  
fo r m a l ly  th e  fu n c tio n  o b ta in e d  in  th is  m a n n e r  a c t s  a s  th e  d i s tr ib u tio n  fu n c tio n  
w h ich  le a d s  to th e  c o r r e c t  v a lu e s  o f th e  o b s e r v e d  d e n s ity  d is t r ib u t io n s  p (?) an d  
/  (p), ow ing  to  the in c u rs io n  in to  th e  n e g a tiv e  re g io n  w hen d e s c r ib in g  i n t e r 
fe re n c e  p h e n o m e n a  i t  c a n n o t b e  r e g a rd e d  a s  th e  p ro b a b il i ty  d e n s i ty  f o r  f in d 
in g  a  p a r t i c le  a t  th e  p o in t q w ith  m o m e n tu m  p.

T h e s t a t i s t i c a l  a p p r o a c h  to  q u an tu m  th e o ry  w as c o n s id e r e d  m o s t  th o ro u g h 
ly  in  a  w o rk  by  D. M oyal. T h e  a u th o r  of th is  w o rk  s t a r t s  f ro m  th e  fo llo w in g  
p r e m is e :  "T h e  im p o s s ib i l i ty  of c a r r y in g  ou t a p h y s ic a l  m e a s u r e m e n t  d o e s  
n o t fo rb id  us to  c o n s id e r  th e  a s s u m p tio n  th a t  th e r e  e x is t s  a  r e a s o n a b ly  d e 
f in i te  p ro b a b il i ty  th a t  tw o q u a n t i t ie s  h a v e  s p e c if ie d  v a lu e s" * * * . A t th e  end  
of h is  in v e s t ig a t io n , h o w e v e r, th e  a u th o r  i s  c o m p e lle d  to  c o n c lu d e  th a t  th e  
d is tr ib u tio n  fu n c tio n  F (p, q) w h ich  he h a s  o b ta in e d  " c a n  be  n e g a tiv e  an d  t h e r e 
fo r e  is  no t a t r u e  p ro b a b il i ty " * * * * . C o n se q u e n tly  a  " r e a s o n a b ly  d e f in e d  
p ro b a b il i ty "  is  p r e c i s e ly  w ha t one ca n n o t o b ta in  w ith  th is  p a r t i c u la r  s t a t i s t i 
c a l  a p p ro a c h  to  th e  d e s c r ip t io n  of q u a n tu m -m e c h a n ic a l  p r o b le m s .  O ne is  
o b lig ed  to  o p e r a te  w ith  " n e g a tiv e  p r o b a b i l i t i e s "  bo th  in  F e y n m a n 's  r e p r e 
s e n ta t io n  of qu an tu m  m e c h a n ic s  an d  in  th e  f o r m a l is m  d e v e lo p e d  by  R y a z a n o v .

• See T e r le i s k i i ,  Ya.P. O predel'nom perekhode kvantovoi mekhaniki v klassicheskuyu (Limiting 
Transition from Quantum to Classical Mechanics). ZhETF, Vol. 7, p. 1290. 1937; B lo k h in ise v , D. 1.
The Gibbs Quantum Ensemble and Its Connection with the Classical Ensemble. Journal of Physics (USSR), 
No. 2, p. 71, 1940; D irac . P. On the Analogy Between Classical and Quantum Mechanics. Reviews 
of Modem Physics, Vol. 17, p. 195. 1945.

•• See W igner, E. On the Quantum Correction or Thermodynamic Equilibrium. Physical Review. Vol. 40, 
p. 749. 1932; S t ra t a no v i c h, R.L. K statisticheskoi interpretatsii kvantovoi mekhaniki (A Statistical 
Interpretation of Quantum Mechanics). ZhETF, Vol. 31, p. 1012. 1956.
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Ibid.

( 1 )

J(p) =  \  <7)<ty- (2)
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T h u s  th e  p e c u l ia r  c h a r a c t e r i s t i c  of q u an tu m  m e c h a n ic a l  r e g u la r i t i e s  is  
th e  a p p e a r a n c e  of n e g a tiv e  p r o b a b i l i t i e s  w hen one a t te m p ts  to  c o n s t r u c t  
q u an tu m  m e c h a n ic s  on th e  p a t t e r n  of c l a s s i c a l  s t a t i s t i c a l  p h y s ic s .  T h is  
a l s o  m e a n s  th a t  th e  fo r m a l  m a th e m a tic a l  s o lu tio n s  do no t in  r e a l i ty  c o n s t i 
tu te  th e  s o lu tio n  to  th e  p ro b le m  of c o n s t r u c t in g  a s t a t i s t i c a l  d e s c r ip t io n  of 
th e  m o tio n  of a m ic r o o b je c t  in  s p a c e  an d  t im e  u n d e r  d e f in ite  m a c ro s c o p ic  
c o n d i t io n s ,  b e f o re  th e  i n t e r f e r e n c e  of th e  m e a s u r in g  in s t r u m e n ts  ( r e q u ire d  
o n ly  f o r  e x p e r im e n ta l ,  and  n o t th e o r e t ic a l ,  in v e s t ig a t io n  of th e  s p e c if ie d  
s t a t e  of m o tio n  of th e  m ic ro o b je c t ) .  A t th e  s a m e  t im e , th e  fo r m a l  m a th e 
m a t ic a l  s o lu tio n  a l r e a d y  a v a i la b le  fo r  th e  p ro b le m  sh o u ld  c o n v in c e  u s  of the 
p o s s ib i l i ty  o f i t s  c o m p le te  s o lu tio n . F u r th e r ,  i t  sh o u ld  be b o rn e  in  m ind  
th a t  to  c o n c e d e  the im p o s s ib i l i ty  of d e s c r ib in g  th e  m o tio n  of a  m ic ro o b je c t  
in  s p a c e  an d  t im e  b e f o re  th e  in t e r f e r e n c e  of m e a s u r in g  in s t r u m e n ts  w ould 
im p ly  th e  c o n c e s s io n  to  p o s i t iv is m  o f th e  m o s t  fu n d a m e n ta l p o s itio n  in  the 
e x p la n a tio n  of m ic ro w o r ld  p h e n o m e n a .

T h e  a p p e a ra n c e  of n e g a tiv e  v a lu e s  f o r  the p ro b a b il i ty  d e n s i ty  fu n c tio n  
w h ich  d e s c r ib e s  th e  jo in t  d is t r ib u t io n  of n o n c o m m u tin g  o b s e r v a b le s  is  an  
in d ic a t io n  th a t  so m e  s p e c if ic  p e c u l ia r i t ie s  of q u an tu m  p h y s ic s  w e re  not 
ta k e n  in to  a c c o u n t in  th e  c o n s t r u c t io n  of th e  s t a t i s t i c a l  d e s c r ip t io n .  We 
w e re  a b le  to c l a r i f y  so m e  o f th e s e  p e c u l ia r i t i e s  an d  to  o b ta in  an  e v e ry w h e re  
p o s i t iv e  d i s t r ib u t io n  fu n c tio n  in  a jo in t  c o o rd in a te -m o m e n tu m  r e p r e s e n ta 
t io n  on th e  b a s i s  of a n a ly s i s  of th e  c a s e  of th e  in t e r f e r e n c e  of two s t a t e s ,  
w h ich  is  c h a r a c t e r i s t i c  of q u an tu m  m e c h a n ic s .

L e t  u s  c o n s id e r  th e  s im p le s t  o n e -d im e n s io n a l  c a s e  of th e  in t e r f e r e n c e  
of a  p la n e  w ave an d  a  p a r t i a l l y  o r  c o m p le te ly  r e f le c te d  w a v e . T he in c id e n t

w av e w ill b e  d e n o te d  by = /f,e *, w h e re  =  — (£/ — poi); th e  r e f le c te d  w ave

w ill  b e  d e n o te d  by if. =  R2e *, w h e re  St = — (Et +  pox) an d  <  /?,. In th e  a b s e n c e  
of a  r e f le c te d  w ave (/t.=0) th e  q u an tu m  m e c h a n ic a l  d e s c r ip t io n  of the flu x  of 
m o n o c h ro m a tic  p a r t i c le s  w ith  m o m e n tu m  pn an d  c o n s ta n t  d e n s ity  p =  /?; d o es  
n o t d is p la y  an y  p e c u l ia r i ty .  It i s  on ly  in  th e  p r e s e n c e  of th e  r e f le c te d  w ave 
th a t  a  p a r t i c le  d is t r ib u t io n  d e n s i ty  a r i s e s  w h ich  c a n n o t b e  e x p la in e d  in  th e  
l ig h t  of c l a s s i c a l  p h y s ic s ,  v a r y in g  p e r io d ic a l ly  w ith  th e  c o o r d in a te  x:

Pmeas(x) =  V (*) V  (*) =  7?? +  +  2/?,/?a c o s ^ x . (3)

W e w ill c a tc h  p a r t i c le s  w ith  th e  m o m e n tu m  px=  p<> w ith  th e  p ro b a b il i ty  

2 1 an d  p a r t i c le s  w ith  th e  m o m e n tu m  pt =  —pn w ith  th e  p ro b a b il i ty

fl* +  H \
M o re o v e r ,  q u a n tu m  m e c h a n ic s  e n a b le s  c a lc u la t io n  o f  th e  m ea n

flu x  of p a r t i c le s  a t  e a c h  p o in t .i

w h ich , f o r  th e  p ro b le m  u n d e r  c o n s id e r a t io n , i s  c o n s ta n t  and  eq u a l to

/ = -£(**-**)■ (4)
T h e  d i f f ic u lt ie s  in v o lv e d  in  c o n s t r u c t in g  a  s t a t i s t i c a l  d e s c r ip t io n  in  

a  jo in t  c o o r d in a te -m o m e n tu m  r e p r e s e n ta t io n  a r e  a l r e a d y  e v id e n t fro m  
th is  p ro b le m . In  th is  r e p r e s e n ta t io n  th e  fu n c tio n  (3) sh o u ld  be re g a rd e d
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a s  th e  p ro b a b il i ty  d e n s ity  fo r  fin d in g  p a r t i c le s  w ith  m o m e n tu m  pn and  
— p0 a t th e  p o in t x. In  th is  a p p ro a c h , h o w e v e r, a d if f ic u lty , th a t  o f 
o b ta in in g  the r e q u ir e d  v a lu e  o f th e  flux, a r i s e s  in  th e  r e g io n  o f  m in im a l  
v a lu e  (Pmeas).m,. =  fl'f +/?£ — E v en  i f  one a s s u m e s  th a t  on ly  p a r t i c le s  o f
m o m en tu m  pu a r e  p r e s e n t  a t  th e  m in im u m  o f th e  fu n c tio n  (3), th e

(Pmeas)n»n p ro v e s  to  b e s u b s ta n t ia l ly  s m a l l e r  th an  th e  v a lu e  o f th e  r e a l  m e a n  
p a r t ic le  flux  (4). In e a r l i e r  w o rk s  the s t a t i s t i c a l  d e s c r ip t io n  in  a  jo in t  c o o r 
d in a te -m o m e n tu m  r e p r e s e n ta t io n  w as c o n s tru c te d  f o r m a l ly  r e g a r d l e s s  of 
th is  kind  of d iff ic u lty ; th is  in d ee d  w as th e  r e a s o n  fo r  th e  a p p e a ra n c e  of n e 
g a tiv e  p r o b a b il i t i e s .  T h u s  the fu n c tio n  of jo in t  q u a s id i s t r ib u tio n ,  w h ich , 
fo r  the p ro b le m  u n d e r  c o n s id e r a t io n , h a s  th e  fo rm

F' (p, x) =  p; (x) 6(p — pi) -|- pj (x) 6 (p — pt), (5)

ca n  be d e te rm in e d  d i r e c t ly  fro m  th e  re la t io n s  (3) an d  (4), d i s r e g a r d in g  th e i r  
in c o m p a tib ili ty  in  th is  r e p r e s e n ta t io n .  It is  e a s y  to  sh o w  th a t  in  th is  c a s e  
w e o b ta in

P;(I) = R]  +  (6)

and
P2(x) =  /?I +  7?1/?2 cos2- |5 x. (7)

S in c e  /? ,<  /?, th e  fu n c tio n  w h ich , a c c o rd in g  to  th e  o r ig in a l  in te n tio n , 
d e s c r ib e d  the d e n s ity  d is tr ib u tio n  of p a r t i c le s  m o v in g  in  th e  o p p o s ite  d i r e c 
tio n  a s s u m e s  a n e g a tiv e  v a lu e  in  th a t  re g io n  of c o o r d in a te s  in  w h ich  the  
m e a s u r e d  p a r t ic le  d e n s ity  (3), a f te r  m u l tip l ic a t io n  by th e  v e lo c ity  in  the 
b a c k w a rd  d ire c t io n  (d =  -£?-), g iv e s  a p a r t i c le  flu x  s m a l l e r  th a n  th e  m e a s u r e d  
m e a n  flux  (4).

I t is  i n te r e s t in g  to  n o te  th a t  if we u se  th e  o b ta in e d  q u a s ip r o b a b i l i t i e s  (6) 
and  (7) to  c a lc u la te  the o b s e r v e d  d i s tr ib u tio n s  we o b ta in  r e s u l t s  c o m p le te ly  
id e n tic a l  w ith  the q uan tum  m e c h a n ic a l  d e s c r ip t io n .  T h e r e la t io n s  f o r  th e  
d e n s ity  (3) an d  m ea n  flux  (4) sh o u ld  o b v io u s ly  be o b ta in e d  a u to m a t ic a lly ,  
s in c e  i t  i s  p r e c i s e ly  l ro m  th e s e  r e la t io n s ,  c o n t r a r y  to  p h y s ic a l  lo g ic , th a t  
th e  q u a s ip ro b a b i l i t ie s  (6) and  (7) w e re  o b ta in e d . A n o n tr iv ia l  p o in t i s  the 
fa c t  th a t  th e  o b ta in ed  q u a s ip r o b a b i l i t i e s ,  a f te r  th e  in te g ra tio n  (2), le a d  p r e 
c i s e ly  to  th e  qu an tu m  m e c h a n ic a l  p r o b a b il i t i e s  of d e te c t in g  p a r t i c le s  of 
m o m en tu m  pt — p0 and  p2 =  — pv.

In d e ed ,

np,)  =  c \ e l M d z = - ijJ ^ (8)

and (9)

T h e id e n ti ty  o b ta in e d  w ith  the  c o m p le te  q u a n tu m -m e c h a n ic a l  d e s c r ip t io n  
m e a n s  th a t  th e  fu n c tio n  o b ta in e d  f o r  th e  jo in t  d i s tr ib u tio n  of th e  c o o r d in a te s  
and  m o m e n ta  c o r r e c t ly  e x p r e s s e s  th e  fu n d a m e n ta l  p e c u l ia r i t i e s  of th e  q u a n 
tum  m e c h a n ic a l  p h en o m e n o n  of th e  in t e r f e r e n c e  of tw o s t a t e s .

F ro m  a n a ly s i s  of th e  fu n c tio n s  s a t i s f i e d  by  n e g a tiv e  p r o b a b i l i t i e s  i t  is  
e v id e n t th a t  th e  c a u s e  fo r  th e i r  a p p e a ra n c e  l i e s  in  d is r e g a r d in g  th e  e x is te n c e  
of s t a t e s  of m o tio n  of m ic r o p a r t i c l e s  w h ich  d i f f e r  w ith  r e s p e c t  to  th e  o p e r a 
tio n s  of m e a s u r e m e n t  of th e  m o m e n tu m  an d  c o o r d in a te .  A lre a d y  f ro m  th e  
fa c t  th a t  th e  flux  o b ta in e d  by m u ltip l ic a t io n  of th e  m in im u m  v a lu e  of the
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m e a s u r e d  d e n s i ty  by  th e  v e lo c ity  in  th e  b a c k w a rd  d i r e c t io n  is  s m a l l e r  th an  
th e  r e q u ir e d  flu x , i t  fo llo w s  th a t  th e r e  m u s t  e x is t  s t a t e s  w h ich  a r e  no t d e 
te c ta b le  in  c o o r d in a te  m e a s u r e m e n t s .  T h is  c o n c lu s io n  fo llo w s  in e v ita b ly  
p ro v id e d  one b e l ie v e s  in  th e  e x is te n c e  of m o v in g  m ic r o p a r t i c l e s  b e fo re  
m e a s u r e m e n t .  A t th e  s a m e  t im e  i t  i s  p r e c i s e ly  in  th is  c o o r d in a te  re g io n  
th a t  th e  q u a s ip ro b a b i l i ty  p\, w hich  n o t on ly  a p p e a r s  in  th e  e x p r e s s io n  fo r  
th e  p a r t i c le  flux  b u t a l s o  in te g r a l ly  r e p r e s e n ts  the p ro b a b il i ty  of d e te c t in g  
a  p a r t i c le  of m o m e n tu m  px, e x c e e d s  th e  m e a s u r e d  p a r t i c le  d e n s i ty .  T h e r e 
f o r e  p a r t  of th e  s t a t e s  no t d e te c ta b le  by the c o o r d in a te  in s t r u m e n t  m a k e  a 
c o n tr ib u t io n  in  th e  m e a s u r e m e n t  of th e  m o m e n tu m . T h e  d e n s i ty  of su c h  
s t a t e s  w ill h e n c e fo r th  b e  d e n o te d  by pp(x).

A n e g a tiv e  p r o b a b il i ty  e n t e r s  in te g r a l ly  in to  th e  e x p r e s s io n  fo r  th e  o b 
s e r v e d  o b s e r v a b le  p ro b a b il i ty  /  (p2) of d e te c t in g  p a r t i c le s  of m o m en tu m  
Pi — — p0- H e re  i t  r e d u c e s  the p o s i t iv e  c o n tr ib u t io n  of p'2 (x), w h ich , in 
tu r n ,  a p p e a r  a s  c o m p o n e n ts  in  th e  m e a s u r e d  d e n s ity  pmeas(*)- T h is  m e a n s  
th a t  n o t e v e r y  s t a t e  d e te c te d  by th e  c o o r d in a te  in s t r u m e n t  c o n t r ib u te s  in  the 
m e a s u r e m e n t  of th e  m o m e n tu m . W e w ill d e n o te  th e  d e n s i ty  of su c h  s t a t e s  
by P, (x).

T h e  fu n c tio n  f o r  th e  jo in t  d i s tr ib u tio n  now h a s  th e  fo rm :

F (P. i j  =  Pi (*) 6 (P — Pi) +  Pi (*) & (P — Pi). (5 a )
w h e re :  Pi (*) =  Pi. ,  (x) +  Pi. P(X)'•

P̂  (*) =  P2. ,  (*) T P2. p (*)• (10)
T o th e  o p e r a t io n  of c o o r d in a te  m e a s u r e m e n t  c o r r e s p o n d s  in te g ra tio n  of 

th e  fu n c tio n  (5a ) o v e r  th e  m o m e n tu m , ta k in g  in to  a c c o u n t on ly  th o s e  s t a t e s  
h a v in g  th e  in d e x  q. T h a t i s ,

Pmeas(-r) =  P1. ,W  +  P*i , ( 1)- U 1)

C o rre s p o n d in g ly ,  /(/>,) =  c$P,  p(x)<fx;

f(Pi) =  c^p, p(x)dx. (12)

In  th e  e x p r e s s io n  f o r  th e  m e a n  p a r t i c le  flux , on th e  o th e r  h an d , a l l  s t a t e s  
a p p e a r :

/  = -£-lpi (■') — PaWl- (13)

T h e  fu n c tio n  f o r  th e  d e n s i ty  of jo in t  d i s tr ib u tio n  of th e  c o o r d in a te s  and  
m o m e n ta  of p a r t i c le s  (5a ) is  now  e v e ry w h e re  p o s i t iv e .  T h is  r e s u l t  w as 
a c h ie v e d  b y  ta k in g  in to  a c c o u n t th e  f a c t  th a t  th e  p a r t i c le s  o c c u r  in  fo u r  s t a t e s ,  
w h ich  d i f f e r  e i t h e r  in  th e  d i r e c t io n  of th e  m o m e n tu m  o r  in  th e  p o s s ib il i ty  o r  
im p o s s ib i l i ty  of d e te c t in g  th e m  w hen m e a s u r in g  th e  c o o r d in a te  an d  m o m e n 
tu m . T h e  c a lc u la t io n s  le a d  un i v o c a lly  to  th e  fo llo w in g  e x p r e s s io n s  fo r  the 
d e n s i ty  o t th e s e  . U t e . : ^  ^ ^  +

(14>

<1 5 >
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A s a p a r t i c le  m o v e s  s p o n ta n e o u s  t r a n s i t i o n s  fro m  on e s t a t e  to  a n o th e r  
ta k e  p la c e  w ith  d e f in ite  p r o b a b i l i t i e s .  In  th e s e  t r a n s i t i o n s  b e tw e e n  s t a t e s  
w ith  in d ex  q an d  p a r e  m a n ife s te d  th e  w ave p r o p e r t i e s  of m ic r o p a r t i c l e s .

T h u s the p e c u l ia r  c h a r a c t e r  of q u an tu m  m e c h a n ic a l  p h e n o m e n a  is  no t 
th a t  p r e - e x p e r im e n ta l  d e s c r ip t io n  of th e  m o tio n  of m i c r o p a r t i c l e s  in  s p a c e  
and  t im e  is  im p o s s ib le  b u t r a th e r  th a t  su c h  d e s c r ip t io n  n e c e s s a r i l y  r e q u i r e s  
th e  in tro d u c tio n  of s t a t e s  in  w h ich  th e  p o s s ib i l i t i e s  of m e a s u r in g  c o o r d in a te  
and  m o m en tu m  a r e  ta k e n  in to  a c c o u n t.

206



PART V

SOME METHODOLOGICAL PROBLEMS

T H E O R Y  AND E X P E R IM E N T  IN 
M ICRO W O RLD  PHY SICS

G .B . Z h d an o v

T h e  s ta n d p o in t  of d ia le c t ic a l  m a te r ia l is m  on th e  p r o c e s s  of h u m an  c o g n i
t io n  of th e  w o r ld  i s  b e s t  e x p r e s s e d  by L e n in 's  w e ll-k n o w n  w o rd s: " F r o m  
l iv in g  c o n te m p la tio n  to  a b s t r a c t  th in k in g  an d  t h e n c e  t o  p r a c t i c e  -  su c h  
i s  th e  d ia le c t ic a l  w ay to  c o g n it io n  o f th e  t r u t h ,  co g n itio n  of o b je c tiv e  r e 
a l i ty " * .  T h is  s ta te m e n t  fo r m u la te s ,  in  an  e x c e e d in g ly  b r ie f  an d  c l e a r  m a n 
n e r ,  th e  o rg a n ic  u n io n  of th e  th r e e  p r in c ip a l  s ta g e s  of th e  p r o c e s s  of c o g n i
tio n : s e n s o r y  p e r c e p t io n  of th e  p h e n o m e n a  of s u r r o u n d in g  r e a l i ty ,  p e n e 
t r a t i o n  in to  th e  e s s e n c e  of th in g s  w ith  th e  h e lp  of th e o r e t ic a l  th in k in g , 
an d  p r a c t i c a l  v e r if ic a t io n  of th e  c o r r e s p o n d e n c e  b e tw e e n  o u r  id e a s  and  
th e  o b je c tiv e  r e g u la r i t i e s  of th e  w o r ld  u n d e r  in v e s t ig a t io n . O nly  by c o r r e c t 
ly  a c c o u n tin g  f o r  a l l  th r e e  s ta g e s  of c o g n itio n  c a n  one hope c o m p le te ly  to 
o v e r c o m e  th e  o n e - s id e d n e s s  o f e m p i r ic i s m  an d  ra t io n a l i s m ,  w hich  s e p a r a te  
th o u g h t fro m  p e r c e p t io n  an d  a r e  in c a p a b le  of g iv in g  an  e x h a u s tiv e  c r i t e r io n  
of th e  t r u th  of h u m an  k n o w led g e .

In  th e  p r o c e s s  o f h i s to r i c a l  d e v e lo p m e n t of a n y  p a r t i c u la r  s c ie n c e ,  s e n 
s o r y  p e r c e p t io n  of p h e n o m e n a  t r a v e l s  a  lo n g  and  c o m p le x  ro a d . T h e s i m 
p le s t  a n d  o r ig in a l  fo rm  of p e r c e p t io n  h a s  a lw a y s  b e e n  d i r e c t  o b s e r v a t i o n ,  
b a s e d  on  a  g ra d u a l  a c c u m u la t io n  of th e  im p r e s s io n s  p ro d u c e d  by  th e  e x te rn a l  
w o r ld  by d i r e c t  o p e r a t io n  on th e  h u m an  s e n s e  o rg a n s .  In  th e  c o u r s e  of a 
lo n g  in t e r c o u r s e  an d  in te r a c t io n  w ith  th e  s u r r o u n d in g  w o r ld , h o w e v e r, m a n  
s te a d i ly  p e r f e c te d  h is  a b i l i ty  to  p e r c e iv e  r e a l i ty .  T h is  im p ro v e m e n t  w as 
a c c o m p a n ie d  to  so m e  e x te n t by  in c r e a s in g ly  e f fe c tiv e  u t i l iz a t io n  o f  th e  fiv e  
s e n s e  o rg a n s  w ith  w h ich  m a n  h a s  b e e n  endow ed  by  n a tu re .  T h u s  a s  h is  
e x p e r ie n c e s  a c c u m u la te d  m an  b e c a m e  m o re  o b s e r v a n t ;  he  l e a r n e d  to  n o tic e  
an  in c r e a s in g ly  r i c h e r  an d  f i n e r  v a r ie ty  of f e a tu r e s  in  th e  o b je c ts  of h is  in 
v e s t ig a t io n , to  c o o r d in a te  v is u a l  w ith  a u d ile  an d  t a c t i l e  p e r c e p t io n , and  so  
on . In  th e  f ie ld  of th e  n a tu r a l  s c i e n c e s ,  h o w e v e r, a  f a r  m o re  im p o r ta n t  
f e a tu r e  of th is  e v o lu tio n  w a s th e  u t i l iz a t io n  of in te r m e d ia te  m e a n s  c r e a te d  
by th e  h a n d s  of m an  w h ich  m u ltip l ie d  th e  a b i l i ty  of th e  n a tu r a l  s e n s e  o rg a n s  
to  p e r c e iv e  n a tu r a l  p h e n o m e n a : i n s t r u m e n t s .  F in a l ly ,  th e  n e x t q u a l i t a 
t iv e ly  new  s ta g e  in  s e n s o r y  p e r c e p t io n  w as th e  t r a n s i t io n  f ro m  o b s e r v a t io n  
to  e x p e r i m e n t .  T h e  p r in c ip a l  d i s tin g u is h in g  c h a r a c t e r i s t i c  of e x p e r im e n t  
a s  c o m p a re d  w ith  p a s s iv e  c o n te m p la tio n  o r  o b s e r v a t io n  is  m a n 's  a c t iv e  
o p e r a t io n  on th e  d e v e lo p m e n t of n a tu r a l  p h en o m e n a  w ith  a  v iew  to a m o re  
c o m p le te  an d  m o r e  p ro fo u n d  u n d e r s ta n d in g  of th e  l a t t e r .

* L en in , V.I. Sochineniya (Collected Works), Vol. 38, p. 161.
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S in c e  e x p e r im e n t  im p lie s  th e  c o n v e r s e  in f lu e n c e  o f m a n  on th e  e x te r n a l  
w o r ld , i t  h a s  a lw a y s  b e e n  one of th e  f o r m s  of p r a c t i c e ,  if  p r a c t i c e  i s  ta k e n  
in  i t s  m o s t  g e n e ra l  s e n s e .  T h is  k ind  of h u m a n  a c t iv i ty  r e p r e s e n t s  m e r e ly  
one p a r t i c u la r  a s p e c t  of p r a c t i c a l  a c t iv i ty ,  s in c e  of a l l  th e  p o s s ib le  r e q u i r e 
m e n ts  of m a n  i t  i s  m e a n t to  s a t i s f y  p r i m a r i l y  one -  th a t  o f c o g n iz in g  th e  
s u r r o u n d in g  w o r ld  an d  u n d e r s ta n d in g  th e  r e g u la r i t i e s  of g iv en  fo r m  o f m o tio n  
of m a t t e r .

A b s t r a c t  th in k in g  u n d e rg o e s  no l e s s  c o m p lic a te d  a n  e v o lu tio n . I t  b e g in s  
w h e re v e r  a b s t r a c t  id e a s ,  c o n c e p ts  an d  c a te g o r ie s  s e c u r e d  by  la n g u a g e  b e g in  
to  fo rm  in  h u m an  c o g n itio n . A t a  c e r t a in  s ta g e  in  i t s  d e v e lo p m e n t a b s t r a c t  
th in k in g  ir ie v ita b ly  a s s u m e s  th e  c h a r a c t e r  of t h e o r e t i c a l  th in k in g . T h is  
o c c u rs  w hen m a n  b e g in s  to  p r o g r e s s  f ro m  s im p le  p e r c e p t io n  a n d  d e s c r ip t io n  
of p h e n o m e n a  and  e v e n ts  to  t h e i r  e x p l a n a t i o n ,  i. e . , to  c o g n it io n  of th e  
c o n tro l l in g  r e g u la r i t i e s ,  to  s o lu tio n  of th e  p ro b le m  of "how " an d  "w h y "  o b 
s e r v e d  p h e n o m e n a  an d  e v e n ts  ta k e  p la c e .  T h is  a s p e c t  of th e  p r o c e s s  of 
c o g n itio n  i s  s o m e t im e s  re g a r d e d  a s  th e  c o m p re h e n s io n  of th e  " m e c h a n is m "  
of p h e n o m e n a , b u t in  th e  m a jo r i ty  of c a s e s  th e  c o n c e p t o f " m e c h a n is m "  h a s  
a  m o re  r e s t r i c t e d  m e a n in g , s in c e  i t  i s  c o n n e c te d  w ith  th e  c o n s t r u c t io n  of 
p o s s ib ly  im a g in a ry  b u t m o re  o r  l e s s  e x p l ic i t  m o d e ls  of th e  p r o c e s s .

A n im p o r ta n t  s ta g e  in  th e  d e v e lo p m e n t of th e o r e t ic a l  th in k in g  c o n s i s t s  
of a r r i v in g  a t  th e  q u a n t i ta t iv e ,  an d  n o t m e r e ly  q u a l i ta t iv e ,  a s p e c ts  of th e  
p r o c e s s  of m o tio n  of a  g iv en  fo rm  of m a t t e r .  T h is  s ta g e ,  c h a r a c t e r i s t i c  
of a l l  m o d e rn  e x a c t  s c ie n c e s ,  i s  in e v ita b ly  a s s o c ia te d  w ith  th e  a p p e a r a n c e  
of f o r m a l ly  m a th e m a tic a l  th e o r ie s  o p e r a t in g  w ith  m a th e m a tic a l  q u a n t i t ie s  
an d  im a g e s .

A s th e  m a th e m a tic a l  im a g e s  an d  r e la t io n s  u s e d  by  th e  th e o r y  g ro w  i n 
c r e a s in g ly  c o m p le x , a  b ra n c h  endow ed  w ith  s o m e  m e a s u r e  of " in d e p e n d e n c e "  
m a k e s  i t s  a p p e a ra n c e  in  th e  s c ie n c e .  T h is  m e a n s  th a t  th e  s ta g e  of lo g ic a l  
i n t e r p r e ta t io n  and  a n a ly s i s  of o b s e r v a t io n a l  r e s u l t s  an d  c o n c r e te  f a c ts  -  a 
s ta g e  u n a v o id a b le  f o r  an y  s c ie n c e  -  h a s  b e c o m e  so  c o m p le x  th a t ,  in s te a d  of 
su c c e e d in g , i t  b e g in s  to  p a r a l l e l  th e  d e v e lo p m e n t of e x p e r im e n t .  T h is  p a r a l 
le l i s m  is  s t im u la te d  c o n s id e r a b ly  by th e  n ee d  to  m a s t e r ,  on th e  one h an d , 
th e  in c r e a s in g ly  c o m p le x  te c h n iq u e s  an d  m e th o d s  of e x p e r im e n t  a n d , on th e  
o th e r  h an d , th e  c o n s ta n t ly  e v o lv in g  m a th e m a tic a l  a p p a ra tu s  of th e  th e o ry .  
T h u s  a  new  ty p e  of s p e c ia l iz a t io n  i s  b o rn : th e  d iv is io n  of s c ie n t i f i c  w o r k e r s  
in to  t h e o r e t ic ia n s  an d  e x p e r im e n ta l i s ts  w ith in  a s in g le  s c ie n c e  o r  e v e n  b ra n c h  
of s c ie n c e .  E a c h  of th e s e  c o m p le m e n ta ry  s p h e r e s  of a c t iv i ty  a s s u m e s  i t s  
own s p e c if ic  t r a i t s ,  t e rm in o lo g y  an d  d i f f ic u lt ie s ,  to  th e  p o in t w h e re  r e p r e 
s e n ta t iv e s  of one s p h e r e  o fte n  b e c o m e  u n a b le  to  e v a lu a te  c r i t i c a l l y  th e  r e 
s u l ts  and  c o n c lu s io n s  o b ta in e d  in  th e  o th e r .

L ik e  e v e ry  o th e r  s u b d iv is io n  of la b o r  in  h u m an  s o c ie ty ,  th is  te n d e n c y  in  
th e  d e v e lo p m e n t of th e  e x a c t  s c ie n c e s  h a s  i t s  n e g a tiv e  a s  w e ll a s  i t s  p o s i t iv e  
a s p e c ts .  O ne of th e  h id d en  d a n g e rs  of p a r a l l e l i s m  in  th e  d e v e lo p m e n t of 
e x p e r im e n t  and  th e o ry  i s ,  in  o u r  o p in io n , th e  p o s s ib i l i ty  of c o n s id e r a b le  
le n g th e n in g  an d  c o m p lic a tio n  of th e  " c l a s s i c a l "  c h a in  of " o b s e r v a t io n  -  th in k 
in g  -  p r a c t i c e " ,  a lth o u g h  in  th e  n o rm a l  c o u r s e  s p e c ia l iz a t io n  i s  g e n e r a l ly  
in te n d e d  to  r e d u c e  th e  le n g th  of th is  c h a in  in  t im e . In  o th e r  w o r d s ,  s e p a r a 
tio n  of e x p e r im e n ta l  and  th e o r e t ic a l  r e s e a r c h  s o m e t im e s  b e c o m e s  a  h a b it . 
T h is  s e p a r a t io n  m a y  b e  m a n ife s te d ,  f o r  i n s ta n c e ,  in  a  te n d e n c y  f o r  th e  r a te  
of d e v e lo p m e n t of e x p e r im e n ta l  r e s e a r c h  to  la g  b e h in d  th a t  of th e o r e t ic a l  
r e s e a r c h ,  o r  in  u n d e r e s t im a t io n  o f  new  e x p e r im e n ta l  fa c t s  w h ich  c o n t r a d ic t  
e s ta b l i s h e d  " c a n o n s "  of t h e o r e t ic a l  s c ie n c e  (a n d , c o n v e rs e ly ,  u n d e r e s t im a t io n
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of new  th e o r i e s  w hen  th e s e  f i t  p o o r ly  in to  th e  id e a s  f a m i l i a r  to  th e  e x p e r i 
m e n ta l i s t s ) .  A s  a  c u r io s i t y  we m ig h t r e c a l l  h e r e  th a t  (in  a  c o n v e rs e  s i t u a 
t io n )  M ax w ell d e c id e d  to  p u b lish  h is  w o rk  on th e  e le c t r o m a g n e tic  n a tu re  of 
l ig h t  o n ly  a f t e r  re c e iv in g , a s  w a s le a r n e d  l a t e r ,  e r r o n e o u s  in fo rm a tio n  c o n 
c e r n in g  m e a s u r e m e n ts  of th e  c o n s ta n t  c w h ich  c o n n e c ts  e l e c t r i c a l  an d  m a g 
n e t ic  u n its  o f m e a s u r e m e n t  in  e le c t r o d y n a m ic s .  (A c c o rd in g  to  M axw ell th is  
c o n s ta n t  s h o u ld  b e  n u m e r ic a l ly  eq u a l to  th e  v e lo c ity  of l ig h t,  b u t a t  th e  t im e  
i t  w a s  v e r y  in a c c u r a te ly  m e a s u r e d ) .

In  th e  fo llo w in g  s e c tio n s  of th e  p r e s e n t  e s s a y  we w ill c o n s id e r ,  f i r s t ,  
s o m e  of th e  m o r e  g e n e r a l  f e a tu r e s  of m o d e rn  e x p e r im e n t  and  m o d e rn  th e o ry , 
an d , s e c o n d , c e r t a in  a s p e c ts  of th e  u n io n  an d  in te r a c t io n  of th e s e  tw o f ie ld s  
of s c ie n t i f i c  a c t iv i ty .

M o d e rn  e x p e r im e n ta l  p h y s ic s  h a s  a t  i t s  d is p o s a l  a w id e  v a r ie ty  of i n s t r u 
m e n ts  f o r  s tu d y in g  th e  p r o c e s s e s  of m o tio n  an d  t r a n s m u ta t io n  of in d iv id u a l 
e l e m e n ta r y  p a r t i c le s  of m a t t e r .  F u r t h e r ,  th e  a p p a ra tu s  h a s  b e e n  b ro u g h t 
to  a  v e r y  h ig h  d e g r e e  of r e s o lu t io n  in  t im e : a l r e a d y  to  day  m e th o d s  e x is t  
f o r  d i r e c t ly  m e a s u r in g  p a r t i c le  l i f e t im e s  of th e  o r d e r  of 10-1 6 s e c  and  in 
d i r e c t ly  m e a s u r in g  t im e s  of th e  o r d e r  of 10"22 s e c .  M o re o v e r ,  by  u s in g  
p a r t i c l e s  of v e r y  h ig h  e n e rg y  (of th e  o r d e r  of one b i l lio n  e le c t r o n  v o lts  and  
h ig h e r ) ,  p h y s ic i s t s  h a v e  now  s u c c e e d e d  in  c o m in g  c lo s e  to  an  e x p e r im e n ta l  
s o lu tio n  of th e  p ro b le m  of th e  s p a t ia l  s t r u c t u r e  of e le m e n ta r y  p a r t i c le s  and  
in  p a r t i c u l a r  th a t  of n u c le o n s .

O ne of th e  m o s t  im p o r ta n t  f e a tu r e s  of th e  m o tio n  of e le m e n ta r y  p a r t i c le s  
of m a t t e r  is  i t s  s t a t i s t i c a l  c h a r a c t e r ,  w h ich  is  c o n n e c te d  w ith  th e  c o n t r a 
d ic to r y  w a v e - p a r t ic le  n a tu r e  of p a r t i c le s .  F o r  e x a m p le , we c a n  ta k e  th e  
p h e n o m e n o n  of a  p a r t i c le  c r o s s in g  th e  s o - c a l l e d  p o te n t ia l  b a r r i e r  -  th e  r e 
s t r i c t e d  re g io n  of o p e r a t io n  of e x te r n a l  f o r c e s .  In  th e  s im p le s t  (o n e -d im e n 
s io n a l )  c a s e  an  e l e m e n ta r y  o b je c t, j u s t  l ik e  a  w a v e, c a n  bo th  p a s s  th ro u g h  
th e  b a r r i e r  an d  b e  r e f l e c te d  by  i t .  A t th e  s a m e  t im e , b e in g  an  e le m e n ta ry  
p a r t i c le ,  i t  c a n  in  e a c h  in d iv id u a l e v e n t e i t h e r  c r o s s  (a s  a w h o le) o r  be  r e 
f le c te d .  B o th  p o s s ib i l i t i e s  a r e  r e a l i z e d  w ith  a  d e f in ite  p r o b a b il i ty  w h ich  ca n  
b e  p re d ic te d  by  th e  th e o ry  a s  a c c u r a t e ly  a s  d e s i r e d .  In  th e  e x p e r im e n ta l  
d e te r m in a t io n  of th is  p ro b a b il i ty  (u n lik e  th e  e x p e r im e n ts  of c l a s s i c a l  p h y s ic s  
w h e re  r e p e t i t io n s  w e re  r e q u ir e d  e i t h e r  f o r  v e r if ic a t io n  of r e s u l t s ,  in c lu s io n  
o f s e c o n d a r y  f a c to r s  o r  r e d u c t io n  of th e  e r r o r  of m e a s u r e m e n t )  a  s in g le  
e x p e r im e n t  i s ,  g e n e r a l ly  sp e a k in g , c o m p le te ly  u s e l e s s .  In  s o m e  c a s e s  th e r e  
m a y  b e  tw o p o s s ib le  p r o c e s s e s  th e  p r o b a b i l i t i e s  f o r  w h ich  d i f f e r  by  m an y  
o r d e r s  of m a g n itu d e , a s  f o r  r a r e  m o d e s  of d e c a y . H e re  th e  r e s u l t  o f the  
e x p e r im e n t ,  ev e n  if  r e p e a te d  m a n y  t im e s ,  m a y  p ro v e  to  b e  n o t w ho lly  d e 
f in ite :  "w ith  a  p r o b a b il i ty  of, s a y ,  99%  th e  ty p e  of d e c a y  p re d ic te d  by  the 
th e o r y  w ill n o t ta k e  p la c e " .  A n o th e r  v e r y  c h a r a c t e r i s t i c  s i tu a t io n  i s  th a t  
w h e re ,  s a y ,  in  th e  c o l l i s io n  of tw o e le m e n ta r y  p a r t i c le s  of c o m p le te ly  d e 
f in i te  e n e rg y , one n - m e s o n  is  fo r m e d  w ith  a  c e r t a in  p ro b a b il i ty ,  tw o n-  
m e s o n s  w ith  a  c e r t a in  p ro b a b il i ty ,  an d  s o  on.

T h u s  th e  q u a l i ta t iv e ly  new  (a s  c o m p a re d  w ith  c l a s s i c a l  p h y s ic s )  n a tu re  
o f th e  o b je c ts  u n d e r  in v e s t ig a t io n  h a s  le d  to  c o m p le te ly  new  m e th o d s  of p r o 
c e s s in g  th e  e x p e r im e n ta l  d a ta  an d  to  new  ty p e s  of r e s u l t s :  on ly  th e  p r o b a 
b i l i t i e s  f o r  d i f f e r e n t  v a lu e s  of g iv en  p h y s ic a l  q u a n t i t ie s ,  an d  n o t, g e n e ra l ly  
s p e a k in g , th e  v a lu e s  t h e m s e lv e s ,  a r e  d e te rm in e d . T h e  c o n c e p t of p r o b a 
b i l i ty ,  a n d , by  th e  s a m e  to k e n , of c h a n c e , b e c a m e  an  o rg a n ic  f e a tu r e  of

209



e x p e r im e n ta l  p h y s ic s .  T h is  le d  to  a  c o r re s p o n d in g  g e n e r a l iz a t io n  of id e a s  
c o n c e rn in g  the f o r m s  of c a u s a l  c o n n e c tio n  b e tw e e n  e v e n ts  in  q u an tu m  th e o ry . 
T he fa c t  th a t  one c a n  s p e a k  of g e n e ra l iz a t io n , r a th e r  th a n  r e je c t io n ,  of th e  
c o n c e p t of c a u s a l i ty  i s  e v id e n t f ro m  th e  fo llo w in g  c o n s id e r a t io n s .  T h e  la w s  
of m o tio n  of b o d ie s  in  th e  m a c ro w o r ld ,  i. e . , w ith  th e  p a r t ic ip a t io n  of a  l a r g e  
n u m b e r  of e le m e n ta ry  p a r t i c le s ,  ca n  b e  o b ta in e d  by  th e  p a s s a g e  to  a  l im i t  
fro m  th e  la w s  of q u an tu m  th e o ry  a s s u m in g  P la n c k 's  c o n s ta n t  h to  b e  z e ro .
B u t f ro m  th is  one g e ts  th a t , in  the  s i tu a t io n  w h e re  m an y  e le m e n ta r y  p a r t i c le s  
p a r t ic ip a te  in  th e  m o tio n  (the u s u a l  s i tu a t io n  f o r  c l a s s i c a l  p h y s ic s ) ,  c a u s a l i 
ty  m u s t a lw a y s  h av e  an  u n a m b ig u o u s , L a p la c ia n  c h a r a c t e r .  G r e a t  p e r s p i 
c a c i ty  w as th e r e f o r e  r e q u ir e d  to  d e c la r e  one c e n tu ry  ag o , a s  d id  E n g e ls ,  
th a t  L a p la c ia n  d e te rm in is m  is  m e r e ly  one of th e  p o s s ib le  r e la t io n s h ip s  in  
n a tu re ,  and  th a t  c h a n c e , fo r  d ia le c t ic a l  m a te r ia l i s m ,  is  j u s t  a s  o b je c tiv e  
a s  c a u s a l i ty :  i t s  a p p e a ra n c e  in  s c ie n c e  is  n o t due to  in c o m p le te  k n o w led g e  
of th e  n a tu r a l  la w s , and  i t  e x p r e s s e s  n o t th e  a b s e n c e  of a l l  c a u s a l i ty  b u t 
s im p ly  a s p e c ia l  fo rm  of m a n ife s ta t io n  of c a u s a l i ty .

In  th e  h i s to r i c a l  p r o c e s s  of c o g n itio n  of n a tu re  by  m a n  th e  r o le  of e x p e r i 
m e n t, in  a  s u f f ic ie n t ly  b ro a d  s e n s e  of th e  w o rd , w a s f a r  f r o m  a lw a y s  b e in g  
a s  g r e a t  and  a s  o b v io u s a s  i t  i s  to d ay . T o  a  s ig n if ic a n t  e x te n t  th is  w a s  due 
to  th e  low  le v e l  of d e v e lo p m e n t of the p r o d u c tiv e  f o r c e s  of s o c ie ty ,  w h ich  a t  
f i r s t  d id  n o t fu r n is h  m an  w ith  m e a n s  of in v e s t ig a t io n  s u b s ta n t ia l ly  s u p e r io r  
to h is  own s e n s e  o rg a n s .  A s a  r e s u l t ,  in  a n c ie n t  and  fe u d a l s o c i e t i e s ,  th e  
b a s ic  s ta g e  of in t e r c o u r s e  b e tw e e n  th e  th in k e r  an d  h is  e n v iro n m e n t  c o n s i s te d  
of a  p r o c e s s  of s im p le  o b s e r v a t io n  o r  p a s s iv e  c o n te m p la tio n  of n a tu r a l  p h e 
n o m en a , no t a c c o m p a n ie d  by an y  in t e r f e r e n c e  in  t h e i r  n a tu r a l  c o u r s e .

A t th is  n a tu r a l -p h i lo s o p h ic a l  s ta g e  of d e v e lo p m e n t of s c ie n c e  th e  q u e s tio n  
of e x p e r im e n ta t io n  w a s no t p la c e d  "on  th e  a g e n d a "  f o r  y e t  a n o th e r  r e a s o n .  
T he e x is t in g  v iew  of n a tu re ,  an d  in  p a r t i c u la r  D e m o c r i tu s ' a to m is t ic  h y p o 
th e s i s ,  co u ld  not p re te n d  to  p ro v e  i t s  v a lid ity  in  th e  s e n s e  in  w h ich  " p ro o f"  
is  u n d e rs to o d  in  m o d e rn  e x a c t  s c ie n c e s ,  f o r  w h ich  a  n e c e s s a r y  c o n d it io n  
of p ro o f  is  t r a n s i t io n  fro m  q u a l i ta t iv e  a r g u m e n ts  to  q u a n t i ta t iv e  e x p la n a tio n . 
T h e v e r is im i l i tu d e  of an y  g iv en  h y p o th e s is  co u ld  b e  d e te rm in e d  on ly  by  
g u e s s w o rk  o r  a r g u m e n ts .  A m ong  s u c h  a r g u m e n ts  a  v e r y  im p o r ta n t  r o l e  w as 
p la y e d  by g e n e ra l  p h i lo so p h ic a l  c o n s id e r a t io n s  an d  in  p a r t i c u la r  by  th e  c o n 
s id e r a t io n  th a t  i t  w as in a d m is s ib le  to  a d d u c e  c a te g o r ie s  a p p l ic a b le  o n ly  to  a  
p u re ly  h u m an  way of p e r c e iv in g  th in g s  an d  m o tiv e s  u n d e r ly in g  h u m a n  p u r 
p o se fu l  a c t iv i ty  a s  e x p la n a tio n s  of n o n - liv in g  n a tu re .

S c ie n tif ic  e x p e r im e n t ,  a s  o p p o sed  to  th e  m o re  g e n e r a l  c o n c e p t o f " e x p e r -  
ie n c e " ,  c o v e rs  a c o m p le te ly  d e f in ite  r e g io n  of h u m a n  a c t iv i ty  in v o lv in g  
a c t iv e  and  c o n s c io u s  in t e r f e r e n c e  in  n a tu r a l  p h e n o m e n a  f o r  th e  s a k e  of a c 
q u ir in g  new  in fo rm a tio n  c o n c e rn in g  th e  r e g u la r i t i e s  g o v e rn in g  th e s e  p h e n o m 
e n a , o r  e v e n  f o r  the s a k e  of v e r if y in g  and  c o r r e c t in g  e a r l i e r  in fo rm a tio n . 
W ith th e  d e v e lo p m e n t and  in c r e a s in g  c o m p le x ity  of e x p e r im e n ta t io n , su c h  
" in te r f e r e n c e "  b e c o m e s  m o re  an d  m o re  an  in te r a c t io n  of m a n  w ith  n a tu r e  
an d , s u b se q u e n tly , a  t r a n s f o r m a t io n  of n a tu r e  by  m a n .

T h u s ,e x p e r im e n t  is  th a t  i n s e p a r a b le  e le m e n t  of h u m a n  p r a c t i c e  f o r  w h ich  
p e n e tra t io n  in to  th e  e s s e n c e  an d  r e g u la r i t y  of o b s e r v e d  p h e n o m e n a  is  b o th  
a  c o n d itio n  and  a  r e s u l t  o f in v e s t ig a t io n . I t  sh o u ld  be  r e m a r k e d  h e r e  th a t  
e v e ry  e x p e r im e n t ,  by v i r tu e  of i t s  h a v in g  o r ig in a te d  h i s to r i c a l l y  in  th e  
d e v e lo p m e n t and  in c r e a s in g  c o m p le x ity  of o b s e r v a t io n s ,  c o n ta in s  a n  e le m e n t
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of o b s e r v a t io n ;  i t  s u p p le m e n ts  o b s e r v a t io n  of a  p r o c e s s  by c o n s c io u s ,  p u r 
p o s e fu l  o p e r a t io n  on i t s  c o u r s e .  On th e  o th e r  han d , by i t s e l f  c o n s c io u s  
o p e r a t io n  on a  p h en o m e n o n  b e c o m e s  m e a n in g fu l on ly  if  th e  e x p e r im e n t  is  
p re c e d e d  by a n a ly s i s  of p re v io u s  o b s e r v a t io n s  and  e x p e r im e n ts  and  by the 
f o r m u la tio n  of v iew s (p o s s ib ly  not fu lly  d e f in i te )  on th e  p r o p e r t i e s  of the 
p h en o m e n o n  an d  i t s  d e e p  e s s e n c e .  T h u s  th e  h i s to r i c a l  o n s e t  of the e x p e r i 
m e n ta l  s c ie n c e s  i s  a l s o  o rg a n ic a l ly  r e la te d  to  the  d e v e lo p m e n t of th e  e l e 
m e n ts  o f t h e o r e t ic a l  th in k in g .

T h e  c a te g o r ie s  an d  c o n c e p ts  c r e a t e d  by h u m an  c o g n itio n  fo r  th e  e x p r e s 
s io n  of th e  o b je c tiv e  r e g u la r i t y  of n a tu re  a r e  h i s to r i c a l l y  c o n d itio n e d  and  
r e s t r i c t e d  by th e  p e c u l ia r i t ie s  of the a b o v e -m e n tio n e d  in te ra c t io n ;  in  th is  
s e n s e  th e y  a r e  to  a c e r t a in  e x te n t t in g ed  w ith  a " s u b je c t iv e  h u e " . T h is  
r e s t r i c t i o n  is  r e s p o n s ib le  f o r  th e  fa c t  th a t  a t  e v e ry  le v e l  of h u m an  c o g n itio n  
a b s o lu te  o b je c tiv e  t r u th  s e e m s  to  us to  be a su m  of r e la t iv e  t r u th s .

T h is  f a c t  d o e s  n o t im p ly , o f c o u r s e ,  th a t  th e  r e g u la r i t i e s  of n a tu re ,  an d , 
a l l  th e  m o r e  s o , n a tu re  i t s e l f ,  e x i s t  on ly  in s o f a r  a s  th e r e  is  in te ra c t io n  
b e tw e e n  m a n  an d  n a tu re ,  a s  M ach , A v e n a r iu s  and  o th e r s  t r i e d  to  " p ro v e "  
w ith  t h e i r  " p e r c e p t io n  c o m p le x e s " ,  " p o te n t ia l  c o u n te r te r m "  and  so  
on . In d e e d , w hen w e c o n s id e r  m a n 's  in te r a c t io n  w ith  n a tu re  in  th e  
p r o c e s s  o f s tu d y in g  n a tu r e  an d  f o r  th e  s a k e  of s tu d y in g  n a tu re ,  o r ,  w hich  
in  th e  g iv en  c a s e  is  p r a c t i c a l l y  th e  s a m e  th in g , th e  in te r a c t io n  b e tw e e n  s u b 
j e c t  an d  o b je c t, w e m u s t  no t fo r g e t  th a t  we a r e  d e a l in g  w ith  th e  in te ra c t io n  
b e tw e e n  th e  s u b je c t  an d  so m e th in g  o c c u r r in g  an d  e x is t in g  o u ts id e  and  in d e 
p e n d e n tly  of th is  s u b je c t .

A t f i r s t  g la n c e  i t  m ig h t a p p e a r  th a t  th e  in te r a c t io n  n e c e s s a r y  fo r  r e v e l a 
tio n  an d  c o g n itio n  of th e  p r o p e r t i e s  of an  o b je c t  a l r e a d y  c o n s t i tu te s  an  e l e 
m e n t of " d e p e n d e n c e "  of th e  o b je c t  on th e  s u b je c t ,  in  th e  s e n s e  th a t  th e  p r o 
p e r t i e s  o f th e  o b je c t  a p p e a r  w i t h  r e f e r e n c e  t o  the s u b je c t  an d  not " in  
th e m s e lv e s " .  P r o p e r ly  sp e a k in g , th is  k ind  of a rg u m e n ta t io n , in  s o m e  fo rm  
o r  o th e r ,  is  p r e c i s e ly  th e  m a in  " t ru m p "  u se d  by  th e  p o s i t iv i s t s  in  d e a lin g  
w ith  th e  " c o o r d in a tio n  of p r in c ip le "  b e tw e e n  o b je c t  an d  s u b je c t  an d  a s s o 
c ia te d  (bu t s u p p o s e d )  im p o s s ib i l i ty  of p r in c ip le  of th e  o b je c tiv e  e x is te n c e  
of m a t t e r .

In r e a l i ty  w e a r e  d e a l in g  w ith  a  m e r e  s o p h is m , a l r e a d y  re fu te d  by  E n g e ls  
w ith  h is  " t h in g s - in - th e m s e lv e s "  an d  " t h in g s - f o r - u s "  in  c o n n e c tio n  w ith  
th e  q u e s tio n  of th e  c o g n iz a b i l ity  of th e  w o r ld . In d e ed , th e  p r o p e r t i e s  of any  
m a te r ia l  o b je c t  c a n  b e  re v e a le d  by  i t s  r e la t io n  to an d  r e a c t io n  w ith  o th e r  
o b je c ts ,  a s  w e ll a s  by  i t s  r e la t io n  to  an d  r e a c t io n  w ith  s u b je c t s  p o s s e s s in g  
c o n s c io u s n e s s .  In  th e  f i r s t  c a s e  th e  o b je c t  r e m a in s  a  " th in g - in - i ts e l f "  ( r e 
la t iv e  to  c o n s c io u s n e s s ) ,  an d  o n ly  in  th e  se c o n d  c a s e  d o e s  i t  b e c o m e  a 
" th in g - f o r - u s " .  B u t th i s  d o e s  m e a n  th a t  c o n s c io u s n e s s  c a n  (in p r in 
c ip le )  e x p r e s s  th e  p r o p e r t i e s  of m a t t e r  a s  c o m p le te ly  a s  d e s i r e d  o n ly  i n s o 
f a r  a s  m a n  is  a b le , by m e a n s  of m a t e r i a l  i n t e r a c t i o n s ,  to  c o n v e r t  
th e  v a r io u s  p o s s ib i l i t i e s  in h e r e n t  in  th in g s  and  p r o c e s s e s  in to  r e a l i ty .

S uch  p ro b le m s  a r o s e  w ith  p a r t i c u l a r  p ro m in e n c e  in  th e  s tu d y  of th e  p r o 
p e r t i e s  of th e  m ic ro w o r ld .  In  m o d e rn  p h y s ic a l  e x p e r im e n ts  in v o lv in g  e l e 
m e n ta r y  p a r t i c le s  on e  is  g e n e r a l ly  d e a l in g  w ith  o b s e r v a t io n  of p r o c e s s e s  
ta k in g  p la c e  w ith  one o r  s e v e r a l  p a r t i c le s .  T h e s e  p r o c e s s e s ,  h o w e v e r, 
ta k e  p la c e  in  an  e x te r n a l  m a c ro s c o p ic  e n v iro n m e n t  th e  s t a t e  o f  w h ich  is  
d e te rm in e d  by th e  d e s ig n  of th e  in s t r u m e n t  an d  a im  o f th e  e x p e r im e n t  a s  a  
w h o le . T h e  in te r a c t io n  b e tw e e n  m ic r o o b je c t  an d  i t s  e n v iro n m e n t  in e v ita b ly  
m o d if ie s  th e  s t a t e  of m o tio n  of th e  m ic r o o b je c t  an d  a t  th e  s a m e  t im e  m a k e s
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it  p o s s ib le  to  s tu d y  c e r t a in  p r o p e r t i e s  of th e  o b je c t.  S in c e  th e  e x p e r im e n te r  
is  f r e q u e n tly  fa c e d  w ith  th e  p ro b le m  of d e c id in g  to d e te c t  one p r o p e r ty  r a th e r  
th an  a n o th e r  (e . g. , m e a s u r e m e n t  of e i t h e r  th e  c o o r d in a te  o r  th e  m o m e n 
tu m ), th e s e  p r o p e r t i e s  sh o u ld  b e  re g a r d e d  a s  c o n t r a d ic to r y  an d  m u tu a lly  
e x c lu s iv e .  A t th e  s a m e  t im e , if  in s te a d  of s p e a k in g  of one in t e r a c t io n  of 
an  o b je c t  we s p e a k  of th e  s e t  o f a l l  i t s  p o s s ib le  in t e r a c t io n s ,  th e n  th e  s a m e  
p r o p e r t i e s  (h e re  w ave an d  c o r p u s c u la r  p r o p e r t i e s )  sh o u ld  be r e g a r d e d  a s  
c o m p le m e n ta ry .  T h is  is  p r e c i s e ly  the r a t io n a l  k e r n e l  w h ich  c a n  b e  e x t r a c t 
ed fro m  B o h r 's  " p r in c ip le  of c o m p le m e n ta r i ty "  an d  w h ich , e s s e n t i a l l y ,  is  
a p a r t i c u la r  c a s e  of th e  a l r e a d y  w e ll know n th e s i s  of d i a le c t ic a l  m a te r ia l i s m  
c o n c e rn in g  th e  un ion  and  s t r u g g le  of o p p o s i te s  in  n a tu re .

T h e im p o s s ib i l i ty  of su b d iv id in g  in te r a c t io n s  in  the m ic ro w o r ld  in to  im 
p o r ta n t  ( i . e .  , th o se  w hich  c o n tro l  the c h a r a c t e r  of th e  m o tio n  of th e  o b je c t)  
and  u n im p o r ta n t  o n e s  m e a n s  th a t  p r a c t i c a l l y  e v e ry  o b s e r v a t io n  is  in e v i ta b ly  
t r a n s f o r m e d  fro m  p a s s iv e  c o n te m p la tio n  of a m a te r ia l  i n te r a c t io n  b e tw e e n  
the o b je c t  u n d e r  in v e s t ig a t io n  an d  so m e  o th e r  o b je c ts  in to  a n  e x p e r im e n t ,  
i. e . , in to  an  in te r a c t io n  c o n s c io u s ly  p r e p a r e d  an d  c a r r i e d  o u t by  a  c o g n iz a n t 
s u b je c t .  An im p o r ta n t  fe a tu re  of th is  k ind  of e x p e r im e n t ,  one r e p e a te d ly  
r e f e r r e d  to  in  V .A . F o k 's  w o rk s , is  th e  p r e s e n c e  o f b a s ic  s ta g e s  in s e p a 
ra b ly  c o n n e c te d  w ith  th e  s t r u c t u r e  of th e  c o r r e s p o n d in g  m e a s u r in g  i n s t r u 
m e n ts .

T h e  f i r s t  s ta g e  of an y  e x p e r im e n t  c o n s i s t s  of p r e p a r i n g  th e  s t a t e  of 
th e  m ic ro o b je c t  r e q u ir e d  by  th e  p h y s ic i s t  (in a s  p u r e  a fo rm  a s  p o s s ib le )  
by s p e c ify in g  r ig o ro u s ly  fix ed  m a c ro c o n d i t io n s .  T h is  m e a n s  th a t  th e  i n s t r u 
m e n t, w h ich  is  of n e c e s s i ty  a m a c ro s c o p ic  s y s te m , i . e .  , on e  c o n s i s t in g  of 
a  v e r y  la r g e  n u m b e r  of e le m e n ta ry  p a r t i c le s ,  is  b ro u g h t a t  th e  b e g in n in g  of 
th e  e x p e r im e n t  in to  a s t a t e  w ith  u n iq u e ly  d e te rm in e d  c h a r a c t e r i s t i c s  of m o 
tio n  of th e  s y s te m  a s  a  w hole (su c h  a s  a d e f in ite  c o o r d in a te  a n d  v e lo c ity  of 
th e  c e n t e r  of g ra v ity  of th e  s y s te m  o r  th e  a b s e n c e  of s y s t e m a t i c  s t r e a m s  of 
c h a rg e d  p a r t i c le s  o r  p h o to n s ) . T h u s  in  one ty p ic a l  e x p e r im e n t  on th e  e l e c 
tro m a g n e tic  s t r u c t u r e  of a to m ic  n u c le i  (H o fs ta d te r )  th e  i n s t r u m e n t  in c lu d e s  
an  e le c t r o n  a c c e le r a t o r  p ro d u c in g  a  b e a m  of th e s e  p a r t i c le s  of m o r e  o r  l e s s  
u n ifo rm  v e lo c ity  (w ith  r e g a r d  to  m a g n itu d e  an d  d i r e c t io n ) .  T h e  s e c o n d , o r  
o p e r a t i v e ,  s ta g e  of th e  e x p e r im e n t  c o n s i s t s  of b r in g in g  a b o u t a  d e f in i te  
r e a c t io n  b e tw e e n  th e  m ic r o o b je c t s  u n d e r  in v e s t ig a t io n  an d  o th e r  m ic r o -  
(and o c c a s io n a l ly  m a c r o - )  o b je c ts .  In  th e  a b o v e  c a s e  th e  s e c o n d  s ta g e  is  
r e a l iz e d  d u r in g  th e  c o l l i s io n  of th e  e le c t r o n s  fro m  th e  a c c e l e r a t o r  an d  th e  
t a r g e t  n u c le i, w h ich  r e s u l t s  in  d e f le c tio n  ( s c a t te r in g )  of th e  e l e c t r o n s  by  a 
c e r t a in  a n g le . F in a l ly ,  th e  th i r d ,  r e c o r d i n g ,  s ta g e  of th e  e x p e r im e n t  
d e te r m in e s  th e  s t a t e  of th e  p a r t i c le  a f te r  i n te r a c t io n  (in  th is  c a s e  by  a 
c o u n te r  w h ich  r e c o r d s  th e  p a s s a g e  of th e  e le c t r o n  in  a  d e f in i te  d i r e c t io n ) .

T h u s , a s  in  th e  e x p e r im e n ts  of c l a s s i c a l  p h y s ic s ,  th e  in s t r u m e n t  a c t s  
a s  in te r m e d ia r y  b e tw e e n  th e  e x p e r im e n te r  ( s u b je c t)  an d  th e  o b je c t  u n d e r  
in v e s t ig a t io n , s u b s ta n t ia l ly  e n r ic h in g  an d  ex p a n d in g  th e  r e s o u r c e s  of th e  
h u m an  s e n s e  o rg a n s .  A q u a l i ta t iv e ly  new  f e a tu r e  o f th e  in s t r u m e n t ,  a s  f a r  
a s  s tu d y in g  m ic ro w o r ld  p h en o m e n a  is  c o n c e rn e d , is  th a t  i t  a s s u m e s  th e  p o 
s i t io n  of e x te r n a l  e n v iro n m e n t  r e la t iv e  to  th e  o b je c t  u n d e r  in v e s t ig a t io n , 
in a s m u c h  a s  r e a c t io n  w ith  th e  in s t r u m e n t  d e te r m in e s  th e  s e t  o f p o s s ib le  
s t a t e s  of m o tio n  of th is  o b je c t. T h is  p e c u l ia r i ty  o f th e  m e a s u r e m e n t  of 
m ic r o o b je c t s  p ro v id e d  th e  p o s i t iv i s t s  an d  id e a l i s t s  w ith  a  r e a s o n  f o r  c l a im 
in g  th a t , in  g e n e r a l ,  e v e ry  o b je c t  s tu d ie d  by  q u an tu m  m e c h a n ic s  e x i s t s ,  
on ly  in s o f a r  a s  i t  i s  r e c o r d e d  by a n  in s t r u m e n t ,  i . e . ,  o n ly  a t  th e  in s ta n t  of
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m e a s u r e m e n t ,  an d  th a t  th e  " t r a d i t io n a l  id e a  of m a te r ia l i s m "  th a t  th e  o b je c t  
i s  in d e p e n d e n t of th e  s u b je c t  c o g n iz in g  i t  is  th u s  m e a n in g le s s .

In  r e a l i ty ,  h o w e v e r , th e  q u e s tio n  is  s im p ly  th a t  th e  m e c h a n ic a l  p r o p e r 
t i e s  of m ic r o o b je c t s  a r e  a lw a y s  m a n ife s te d  d y n a m ic a lly , in  th e  p r o c e s s  of 
m a te r ia l  i n te r a c t io n  w ith  th e  e n v iro n m e n t;  m a n -m a d e  in s t r u m e n ts  a r e  m e r e 
ly  a  p a r t i c u l a r  fo rm  of th is  e n v iro n m e n t  w h ich  a llo w s  e v a lu a tio n  of th e  s ta te  
of a n  o b je c t  f ro m  th e  c h a n g e s  in  th e  s t a t e  of an  in s t r u m e n t  w ith  w h ich  i t  h a s  
in t e r a c t e d .  In  o th e r  w o r d s , a s  in  th e  c a s e  of th e  s e n s e  o rg a n s ,  th e  p r i n c i 
p a l  s o p h is m  of th e  p ro p o n e n ts  of " in s t r u m e n ta l  i d e a l i s m "  is  th a t  th e  i n s t r u 
m e n t i s  r e g a r d e d  n o t a s  a  b r id g e  lin k in g  th e  c o g n iz in g  s u b je c t  an d  c o g n iz a b le  
o b je c t  b u t r a th e r  a s  a w a ll s e p a r a t in g  th e m .

A s to  th e  m u tu a lly  e x c lu s iv e ,  c o n t r a d ic to r y  c h a r a c t e r  of th e  m e a s u r e 
m e n ts  w h ich  m u s t  be  c a r r i e d  o u t to  d e te rm in e , s a y ,  th e  c o o r d in a te s  and  
m o m e n tu m  of an  e le m e n ta r y  p a r t i c le ,  i t  i s  due no t to  th e  a b s e n c e  of o b je c 
t iv e  c o n te n t in  th e s e  im p o r ta n t  c o n c e p ts  of c l a s s i c a l  m e c h a n ic s  b u t r a th e r  
to  th e  e x is te n c e  of th e  c o n t r a d ic to r y  w a v e - p a r t ic le  n a tu re  of th e  m ic r o o b 
j e c ts  th e m s e lv e s ,  to  th e  f a c t  th a t  c o n c e p ts  w h ich  a r e  s t r i c t l y  s p e a k in g  s u i t 
a b le  o n ly  f o r  n o n c o n tra d ic to ry  d e s c r ip t io n  of an  id e a liz e d  o b je c t, th e  m a 
t e r i a l  p o in t, a r e  o n ly  of l im ite d  a p p l ic a b i l i ty  to  th e s e  q u a n t i t ie s .

B elo w  w e w ill d e m o n s t r a te  th a t  th e  a c t iv e  ro le  of in s t r u m e n ts ,  in  th e  
s e n s e  of t h e i r  o p e r a t io n  on th e  o b je c ts  u n d e r  in v e s t ig a t io n , c a n  a l s o  be s e e n  
in  a  d i f f e r e n t  l ig h t  -  th a t  of th e  te c h n ic a l  p o te n t ia l i t i e s  of a p u rp o s e fu l  t r a n s 
fo r m a t io n  of th e  m o tio n s  of m a t t e r  in  th e  p r o c e s s  of p r a c t i c a l ,  to p ic a l  h u m an  
a c t iv i ty .

T h e  h i s to r i c a l  d e v e lo p m e n t of s c ie n t i f i c  an d  e s p e c ia l ly  p h y s ic a l  e x p e r i 
m e n t i s  v e r y  c lo s e ly  c o n n e c te d  w ith  th e  d e v e lo p m e n t of te c h n o lo g y . T he 
m o s t  s ig n if ic a n t  m o m e n t in  th is  d e v e lo p m e n t w as the  a p p e a ra n c e  of i n s t r u 
m e n ts  and  th e i r  s u b s e q u e n t  r e f in e m e n t ,  q u a n ti ta t iv e  a s  w e ll a s  q u a l i ta t iv e .

O r ig in a l ly  th e  r o le  of in s t r u m e n ts  w as m a in ly  to  h e lp  in  th e  v e r y  s im p le  
m e a s u r e m e n ts  r e q u ir e d  in  p r a c t i c a l  l i f e .  O f th e s e  th e  f i r s t  w e re  th e  s i m 
p le s t  (in  c o n c e p tio n )  m e a s u r in g  in s t r u m e n ts ,  o r  r a th e r  to o ls ,  fo r  d e t e r m in 
in g  le n g th s ,  a n g le s ,  v o lu m e s , w e ig h ts , t im e  in te r v a ls  an d  s o  on by  c o m p a r 
in g  th e  o b je c t  (o r  p h e n o m e n o n ) u n d e r  in v e s t ig a t io n  w ith  a  s u f f ic ie n t ly  s im p le  
an d  u n iv e r s a l ly  know n s ta n d a r d .

L a te r  th e  in c r e a s in g  a c c u r a c y  an d  c o m p le x ity  o f th e  m e a s u r in g  to o ls  le d  
to  th e  a p p e a ra n c e  of in s t r u m e n ts  in  th e  t r u e  s e n s e  o f th e  w o rd , i .  e . , d e 
v ic e s  w h ich , on th e  one h an d , r a i s e d  th e  s e n s i t iv i ty ,  re s o lv in g  p o w e r  and  
a c c u r a c y  of o p e r a t io n  of th e  s e n s e  o rg a n s  ( t e r r e s t r i a l  t e le s c o p e , m i c r o 
s c o p e , th e r m o m e te r )  an d , on th e  o th e r  han d , q u a l i ta t iv e ly  b ro a d e n e d  th e i r  
ra n g e,- m a k in g  i t  p o s s ib le  to  r e c o r d  and  m e a s u r e  e l e c t r i c  an d  m a g n e tic  
f i e ld s ,  in v is ib le  r a d ia t io n s ,  in a u d ib le  so u n d s , u n p e r c e iv a b le  d is p la c e m e n ts  
an d  o s c i l l a t io n s ,  and  so  on.

T h e  r e q u ir e m e n t  f o r m u la te d  by  G a li le o  th a t  th e  d e s c r ip t io n  o f p h y s ic a l  
p h e n o m e n a  be  b a s e d  on ly  on c o n c e p ts  h a v in g  a  q u a n t i ta t iv e  m e a s u r e  w as of 
g r e a t  s ig n if ic a n c e  f o r  th e  p r o g r e s s  of in s t r u m e n ta l  te c h n o lo g y . A t th is  
s ta g e  of d e v e lo p m e n t th e  i n s t r u m e n t  had  a l r e a d y  b e c o m e  an  im p o r ta n t  lin k , 
o r  in t e r m e d ia r y ,  b e tw e e n  th e  h u m a n  s e n s e  o rg a n s  an d  th e  s u rr o u n d in g  w o r ld . 
In  a d d it io n  to  the c o m p a r a t iv e ly  s e c o n d a ry  fu n c tio n  of r e c o r d in g  o r  " s to r in g "  
th e  " s ig n a ls "  w h ich  a r r i v e  f r o m  th e  o u ts id e , th e  c h ie f  p u rp o s e  of the i n s t r u 
m e n t i s  to  t r a n s f o r m  th e s e  s ig n a ls ,  q u a n t i ta t iv e ly  (a m p lif ic a tio n )  a s  w e ll a s
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q u a l i ta t iv e ly .  In  th e  l a t t e r  c a s e  one co u ld  s a y  th a t  th e  i n s t r u m e n t  p r o c e s s e s  
th e  in fo rm a tio n  i t  r e c e iv e s  by  t r a n s f o r m in g  one fo rm  o f m o tio n  of m a t t e r  
in to  a n o th e r .

T h e e x p a n s io n  of th e  te c h n ic a l  p o s s ib i l i t i e s  of m e a s u r e m e n t  w h ich  a c 
c o m p a n ie s  th e  e v o lu tio n  of in s t r u m e n t  d e s ig n  an d  te c h n o lo g y  is  m e r e ly  on ly  
of th e  l in k s  in  th e  c o m p le x  c h a in  of r e a c t io n  b e tw e e n  s c ie n c e  an d  te c h n o 
lo g y . A n o th e r  v e r y  im p o r ta n t  l in k  is  th e  p o s s ib il i ty  c r e a t e d  by  te c h n o lo g y  
of in f lu e n c in g  th e  d e v e lo p m e n t of n a tu r a l  p h e n o m e n a . In  th e  s im p le s t  c a s e  
th is  in f lu e n c e  h a s  th e  fo rm  of a m e c h a n ic a l  a c t io n  on th e  o b je c t  u n d e r  i n 
v e s tig a tio n ; c h a n g in g  th e  p h y s ic a l  c o n d it io n s  of th e  e n v iro n m e n t  ( p r e s s u r e ,  
t e m p e r a tu r e ,  in tro d u c tio n  of e le c t r o m a g n e tic  f ie ld s ,  e tc .  ) in  w h ich  th e  p r o 
c e s s  in  q u e s tio n  is  ta k in g  p la c e  is  s l ig h t ly  m o r e  c o m p lic a te d ;  a l s o  p o s s ib le  
a r e  a r t i f i c i a l  in f lu e n c e s  in v o lv in g  c h e m ic a l  r e a g e n ts ,  an d  s o  fo r th .

A s ig n if ic a n t  f e a tu r e  of m o d e rn  p h y s ic a l  e x p e r im e n ts  is  th e  p o s s ib il i ty  
of c r e a t in g  fu n d a m e n ta lly  new  p h e n o m e n a  an d  ev e n  f o r m s  of m o tio n  of m a t 
t e r .  T h is  g e n e ra l ly  r e q u ir e s  a  f a i r ly  a d v a n c e d  le v e l  of te c h n ic a l  d e v e lo p 
m e n t of th e  a p p a ra tu s  w h ich , in  s c a le  and  c o m p le x ity , l i e s  o u ts id e  th e  
f r a m e w o r k  of t ra d i t io n a l  l a b o r a to r y  r e s o u r c e s  an d  b e lo n g s  r a th e r  to  s t r u c 
tu r e s  of in d u s tr ia l  s c a le .

S uch , fo r  in s ta n c e ,  i s  th e  r o le  of th e  a c c e le r a t o r s  f ro m  w h ich  a r e  o b 
ta in e d  in te n s e ,  s h a r p ly  c o l l im a te d  m o n o e n e rg e t ic  b e a m s  of e le m e n ta r y  p a r 
t i c l e s  of s p e c if ie d  k in d , su c h  a s  h av e  no t so  f a r  b e e n  o b s e r v e d  in  n a tu r e  
and a r e  s c a r c e ly  l ik e ly  to  be o b s e r v e d  u n d e r  a n y  n a tu r a l  c o n d it io n s  in  th e  
fu tu re .  A n o th e r  v e ry  im p o r ta n t  re g io n  of e x p e r im e n ta t io n  i s  th e  u t i l i z a t io n  
of n u c le a r  r e a c t o r s  in  w hich  th e  v a lu a b le  c o n tro l le d  r e a c t io n  of n u c l e a r  f i s 
s io n  is  r e a l iz e d  in  a  s p e c ia l ly  c a lc u la te d  and  s e le c te d  m ix tu r e  of d e f in ite  
c h e m ic a l  e le m e n ts  o r  e v e n  d e f in ite  s p e c ia l ly  s e p a r a te d  is o to p e s .

In  tu rn  th e  r e a c to r s  and  a c c e le r a t o r s  of p h y s ic s  h a v e  m a d e  i t  p o s s ib le  
to  c r e a t e  new  s u b s ta n c e s ,  s u c h  a s  r a r e  is o to p e s ,  t r a n s u r a n i a n  e le m e n ts ,  
m e s ic  a to m s , w hich  a r e  no t o b s e r v e d  in  n a tu re  m a in ly  ow ing  to  t h e i r  i n s t a 
b i l ity .  E q u a lly  in s t r u c t iv e  is  th e  e x a m p le  of th e  e x p e r im e n ts  on th e  f o r m a 
tio n  of new  e le m e n ta ry  p a r t i c le s  (on a c c e le r a t o r s ) ,  in c lu d in g  p a r t i c le s  h a v in g  
e x c e p tio n a lly  s h o r t  l i f e t im e s .  T ru e ,  one m ig h t p r o t e s t  th a t  a l l  th e s e  p a r 
t i c l e s  a r e  a ls o  fo rm e d  in  a  n a tu r a l  m a n n e r  u n d e r  th e  in f lu e n c e  of c o s m ic  
r a y s ;  in  th e  l a t t e r  c a s e ,  h o w e v e r, th e  c o n c e n tra tio n  of s h o r t - l i v e d  an d  r a r e  
p a r t i c le s  is  a s  a ru le  c o m p le te ly  n e g lig ib le .

S p eak in g  of th e  d i r e c t  e f fe c t  of tec h n o lo g y  on th e  n a tu r e  an d  a im s  of 
s c ie n t i f i c  e x p e r im e n ts ,  one c a n n o t f o r g e t  i t s  s t im u la t in g  r o le  in  p o s in g  new  
s c ie n t i f i c  p ro b le m s . A s t r ik in g  e x a m p le  is  r o c k e t r y ,  w h ich  r a i s e d  a l a r g e  
n u m b e r  of p ro b le m s  in  th e  e x p e r im e n ta l  s tu d y  of th e  p r o p e r t i e s  of m a t t e r  
a t  high  te m p e r a tu r e s ,  th e  s e a r c h  f o r  new  ty p e s  of fu e l an d  new  p r in c ip le s  
of r e a c t iv e  m o tio n , th e  s tu d y  of p e c u l ia r  p h y s ic a l  p h e n o m e n a  in  th e  r a d i a 
t io n  b e l ts  of the E a r th ,  and  so  on.

In th e  r e a lm  of n u c le a r  p h y s ic s  th is  te n d e n c y  is  a ls o  v e r y  s t r o n g .  S u ffice  
i t  to  m e n tio n  th e  m e th o d  of t r a c e r  a to m s  a n d  th e  s tu d y  of th e  in f lu e n c e  of 
d i f f e re n t  k in d s  of r a d ia t io n  on in o rg a n ic  s u b s ta n c e s  an d  on th e  o r g a n is m s  of 
l iv in g  b e in g s  (and p a r t i c u la r ly  th e  h u m an  b e in g ). E a c h  of th e s e  re g io n s  of 
p h e n o m e n a  e i t h e r  g av e  r i s e  to  e s s e n t i a l l y  new  b r a n c h e s  of s c ie n c e  ( r a d i a 
t io n  c h e m is t r y ,  r a d ia t io n  g e n e t ic s ,  an d  s o  fo r th )  o r  p ro d u c e d  a  m a jo r  r e 
v o lu tio n  in  th e  m e a n s  of s c ie n t i f i c  r e s e a r c h  f o r  a n  e n t i r e  s e r i e s  of im p o r ta n t  
s c ie n c e s .
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T h e  p r o s p e c ts  a n d  p ro b le m s  p r e s e n te d  to  th e  p h y s ic i s t  by  tec h n o lo g y  
m u s t  n o t b e  c o n s id e r e d  in  i s o la t io n  fro m  t h e i r  tw o -w ay  in te r a c t io n .  In d e e d , 
th e  d i s c o v e r y  of new  p h e n o m e n a , o r  a t  l e a s t  of new  a s p e c ts  of a l r e a d y  know n 
p h e n o m e n a , a s  a  r e s u l t  (and  o c c a s io n a l ly  ev e n  in  th e  c o u r s e )  of th e  s o lu tio n  
of im p o r ta n t  s c ie n t i f i c  p r o b le m s ,  o p e n s  up fu n d a m e n ta lly  new  p a th s  fo r  th e  
s o lu tio n  of l a r g e - s c a l e  te c h n o lo g ic a l  p r o b le m s .  In  th is  c o n n e c tio n  we m ig h t 
r e c a l l  th e  u n iv e r s a l ly  a c k n o w led g e d  s u c c e s s e s  of a to m ic  p o w e r, th e  s ig n i 
f ic a n c e  of a to m ic  e n g in e s  f o r  f a r - r e a c h i n g  im p ro v e m e n t  of th e  m e a n s  of 
t r a n s p o r t ,  th e  f i r s t  s te p s  in  th e  f ie ld  of th e  r a d ia t io n  tec h n o lo g y  of th e  s y n 
th e s i s  of new  p o ly m e r s ,  an d  s o  on . T h is  r e v e r s e  a s p e c t  of th e  in te r a c t io n  
h a s  o fte n  g iv e n  r i s e  to  th e  a p p e l la t io n  " te c h n o lo g y  of th e  fu tu r e "  f o r  p h y s ic s .  
I t  sh o u ld  b e  b o rn e  in  m in d , h o w e v e r , th a t  by  i t s e l f  p h y s ic s  (lik e  c h e m is t r y )  
m e r e ly  d i s c lo s e s  th e  p o s s ib i l i ty  of d e v e lo p in g  new  b ra n c h e s  of te c h n o lo g y . 
T h e  c o n v e rs io n  of th is  p o s s ib i l i ty  in to  r e a l i ty  is  a c c o m p lish e d  w ith  th e  h e lp  
of an  e n t i r e  r a n g e  o f o b je c tiv e  an d  s u b je c t iv e  f a c to r s  su c h  a s  e c o n o m ic  e x 
p e d ie n c y  and  m a te r ia l  i n t e r e s t s  of m e n , s o c io - p o l i t i c a l  c o n d it io n s  and  s o 
c ia l  r e la t io n s h ip s .  In  p a r t i c u la r ,  th e  te m p o  of d e v e lo p m e n t o f th e  new  
b r a n c h e s  of s c ie n c e  an d  th e  te c h n ic a l  r e s o u r c e s  th ey  s t im u la te d  p ro v e d  to 
b e  on e  of th e  m o s t  c o n v in c in g  c r i t e r i a  of th e  s u p e r io r i t y  of the s o c i a l i s t  
e c o n o m y  o v e r  th e  c a p i ta l i s t  o n e . T h is  s u p e r io r i t y  w as e x e m p lif ie d  m o s t 
c o n v in c in g ly  by th e  s u c c e s s e s  in  r o c k e t r y ,  b u t th e  p r i o r i t y  of S o v ie t s c i e n 
t i s t s  an d  e n g in e e r s  in  a  n u m b e r  of p r o b le m s  r e la t in g  to  th e  p e a c e fu l  a p p l i 
c a t io n  of a to m ic  e n e rg y  (a to m - p o w e re d  e l e c t r i c  s ta t io n s ,  a to m ic  ic e  b r e a k 
e r s ,  e tc .  ) i s  u n iv e r s a l ly  r e c o g n iz e d . A n o th e r  im p o r ta n t  p o in t i s  th a t  p r a c 
t i c a l  r e a l i z a t i o n  of fu n d a m e n ta lly  new  s c ie n t i f i c  a c h ie v e m e n ts  of re v o lu t io n 
a r y  n a tu r e  i s  im p o s s ib le  w ith o u t v e r y  c lo s e  c o o p e ra t io n  b e tw e e n  s c ie n t i f i c  
an d  te c h n o lo g ic a l  w o r k e r s ,  th e  n e c e s s a r y  p re c o n d i t io n  fo r  w hich  is  m o ra l  
r e s p o n s ib i l i ty  on  th e  p a r t  o f th e  s c i e n t i s t s  f o r  th e  p r a c t i c a l  u t i l iz a t io n  of 
th e  f r u i t  o f t h e i r  l a b o r .

T h e  c o n v e r s e  in f lu e n c e  of s c ie n c e  on te c h n o lo g y  h a s  y e t  a n o th e r  a s p e c t ,  
th e  s t a t e m e n t  of a c tu a l  p r o b le m s .  T h u s  th e  r a p id  d e v e lo p m e n t of e le m e n 
t a r y  p a r t i c le  p h y s ic s  c o n s ta n t ly  r e q u i r e s  th e  s o lu tio n  of g e n e ra l  s c ie n t i f i c  
an d  te c h n o lo g ic a l  p r o b le m s  c o n n e c te d  w ith  in c r e a s in g  th e  e f fe c t iv e  e n e rg y  
an d  in te n s i ty  of p a r t i c le  b e a m s ,  a s  w e ll a s  th e  s o lu tio n  o f p a r t i c u la r  p r o b 
le m s  s u c h  a s  d e s ig n in g  in s ta l la t io n s  w h ich  c a n  fu r n is h  a  v e r y  h igh  v acu u m  
in  v e r y  l a r g e  v o lu m e s .

O u r p r e s e n ta t io n  of th e  p r in c ip a l  a s p e c ts  an d  t r e n d s  of th e  in te r a c t io n  
b e tw e e n  s c ie n t i f i c  e x p e r im e n t  an d  te c h n o lo g ic a l  p r o g r e s s  in  i t s  g e n e ra l  
f e a tu r e s  is  n o t new ; in d e e d , i t  i s  v a lid  in  so m e  d e g r e e  f o r  th e  e n t i r e  h i s to r y  
of s c ie n c e  an d  te c h n o lo g y . A t th e  p r e s e n t  h i s to r i c a l  s ta g e ,  h o w e v e r, th e s e  
t r e n d s  h a v e  s t r o n g ly  i n c r e a s e d ,  due p r im a r i l y  to  th e  in c r e a s e d  c o m p le x ity  
an d  d e g r e e  of t e c h n ic a l  e q u ip m e n t of m o d e rn  e x p e r im e n ta l  i n s ta l la t io n s .

T h is  c o m p le x ity  an d  th e  a s s o c ia te d  h ig h  c o s t s  an d  d if f ic u lt ie s  m e a n  th a t  
th e  r e s o u r c e s  of in d iv id u a l l a b o r a t o r i e s ,  in s t i tu te s  an d  e v e n  e n t i r e  c o u n tr ie s  
a r e  n o t s u f f ic ie n t  f o r  s u b s ta n t ia l  p r o g r e s s  in , f o r  in s ta n c e ,  e le m e n ta r y  p a r 
t i c l e  p h y s ic s .  S u ff ic e  i t  to  m e n tio n  th e  e x a m p le  of th e  J o in t  In s t i tu te  fo r  
N u c le a r  R e s e a r c h  a t  D ubna, w h ich  c o m b in e s  th e  e f f o r t s  of s c i e n t i s t s  fro m  
m a n y  c o u n t r ie s  in  th e  s o c i a l i s t  c a m p , an d  th e  E u ro p e a n  O r g a n iz a t io n  f o r  
N u c le a r  R e s e a r c h  a t  G e n ev a  in  w h ich  a b o u t te n  of th e  m a in  c a p i ta l is t i c  
c o u n t r ie s  of W e s te r n  E u ro p e  p a r t i c ip a t e  d i r e c t ly .  T h e  p o w e rfu l m o d e rn  
r e a c t o r s ,  an d  e s p e c ia l ly  a c c e l e r a t o r s ,  h av e  now  b e c o m e  p la n ts  on a  f a c to ry  
s c a le ,  an d  d o z e n s  o f th e  l a r g e s t  in d u s tr ia l  c o n c e rn s  p a r t ic ip a te  in  t h e i r
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c o n s tru c t io n ;  one c a n  th e r e f o r e  sp e a k  w ith  c o m p le te  ju s t i f ic a t io n  of th e  
i n d u s tr ia l iz a t io n  of n u c le a r  an d  h igh  e n e rg y  p h y s ic s .

A se c o n d  an d  no l e s s  s ig n if ic a n t  f e a tu r e  of th e  p r e s e n t  s ta g e  is  th e  ra p id  
tem p o  of m u tu a l p e n e tra t io n  of s c ie n c e  and  te c h n o lo g y  an d  th e  g r e a t  e f f e c 
t iv e n e s s  of th e  a s s o c ia te d  b a s ic  t r a n s f o r m a t io n s  in  v a r io u s  f ie ld s .  L e t  u s  
r e c a l l  w ith  w ha t sp e e d  ra d io  e n g in e e r in g  m e th o d s  of m o le c u la r  an d  c r y s ta l  
s p e c tr o s c o p y  c r e a te d  a  c o m p le te ly  new  b ra n c h  of p h y s ic s  ( l i t e r a l ly  w ith in  
so m e  fiv e  to  ten  y e a r s ) ,  and  how , in  tu rn ,  q u an tu m  ra d io  p h y s ic s  c r e a te d  
an  u p h e a v a l in  te c h n o lo g y  by  th e  d e v e lo p m e n t of m o le c u la r  g e n e r a to r s  o f 
c e n t im e te r  ra d io  w a v es .

J u s t  a s  in d ic a tiv e  is  th e  r a p id  g ro w th  of a to m ic  in d u s tr y  s t im u la te d  by 
p h y s ic s  an d  th e  c o lo s s a l  r a n g e  of w o rk  on th e  p ro b le m  of c o n t ro l le d  t h e r m o 
n u c le a r  r e a c t io n s ,  th e  s o lu tio n  of w hich  p r o m is e s  to  p la c e  a t  h u m a n i ty 's  
s e r v ic e  p r a c t ic a l ly  in e x h a u s tib le  r e s o u r c e s  of " p e a c e f u l"  t h e r m o n u c le a r  
e n e rg y .

W hat we h av e  s a id  in  th e  p r e s e n t  s e c tio n  a llo w s  one to  u n d e r s ta n d  an d  
e v a lu a te  th e  e n o rm o u s  im p o r ta n c e  a s s ig n e d  to  s c ie n c e  in  th e  p r o g r a m  f o r  
th e  c o m p re h e n s iv e  b u ild in g  of c o m m u n ism  in  th e  S o v ie t U nion .

So f a r  th e  p r e v a le n c e  of th e  c o g n it iv e  a s p e c t  in  s c ie n c e  h a s  e n a b le d  u s  
to  r e g a r d  i t  p r im a r i l y  a s  one of th e  fo r m s  of s o c ia l  c o n s c io u s n e s s  an d  t h e r e 
fo r e  a s  a k ind  of s u p e r s t r u c tu r e  on th e  s o c ia l  b e in g . N ow, h o w e v e r , in  th e  
p e r io d  of th e  c o n s tru c t io n  of c o m m u n is t  s o c ie ty ,  th e  o p e r a t iv e ,  r e v o lu t io n 
iz in g  a s p e c t  of s c ie n c e  h a s  b egun  to  p la y  an  in c r e a s in g  r o le ,  o w ing  to  w h ich  
s c ie n c e  is  b e c o m in g  an  e v e r  m o re  a c t iv e  m e m b e r  of th e  d i r e c t  p ro d u c tiv e  
fo r c e s  of s o c ie ty .  O ne e x p r e s s io n  of th is  te n d e n c y  is  th e  i n c r e a s in g ly  a r 
b i t r a r y  c h a r a c t e r  of th e  b o u n d a ry  b e tw e e n  " p u re "  and  a p p lie d  s c ie n c e ,  b e 
tw ee n  " th e o r e t ic a l" ,  i . e . ,  c o g n it iv e , r e s e a r c h  and  s c ie n t i f i c  w o rk  w h ich  
p u r s u e s  p r im a r i l y  th e  p r a c t i c a l  goal of t r a n s f o r m in g  n a tu re  an d  s a t i s f y in g  
th e  g ro w in g  n e e d s  of m an  -  t o i le r  and  c r e a t o r .

S e v e r a l  b a s ic  s ta g e s  ca n  b e  d is tin g u is h e d  in  th e  d e v e lo p m e n t of th e  e x 
p e r im e n ta l  p o s s ib i l i t i e s  fo r  r e s e a r c h  in to  th e  s t r u c t u r e  of m a t t e r  a t  i n 
c r e a s in g ly  m in u te  s c a le s .  T h e c o m p le tio n  of th e  f i r s t  s ta g e ,  w h ich  to o k  
p la c e  to w a rd  th e  b e g in n in g  of th e  tw e n tie th  c e n tu ry ,  w as c o n n e c te d  w ith  a 
b r i l l ia n t  v ic to ry  f o r  a to m is m  -  th e  p ro o f  th a t  m a t t e r  is  d i s c r e t e  an d  c o m 
p o se d  of in d iv id u a l m o le c u le s  and  a to m s  of th e  o r d e r  of 1 0 "8c m . A lre a d y  
a t  th is  s ta g e ,  th e  r e m a r k a b le  t r iu m p h  of th e  p h y s ic i s t s  w a s  lin k e d  to  a  s i g 
n if ic a n t d e g r e e  to  the  m a s te r in g  of c o m p a ra t iv e ly  h igh  e n e r g i e s ,  i . e .  , to  
th e  a p p l ic a t io n  o f X - r a y  and  e le c t r o n  d if f r a c t io n  m e th o d s  of s t r u c t u r a l  a n a l 
y s i s .  I t  w as found in  th e  tw e n tie s  th a t  th e  s u p e r io r i t y  of th e s e  m e th o d s  o v e r  
o r d in a r y  m ic ro s c o p y  (w hich g iv e s  a re s o lu t io n  of th e  o r d e r  of on ly  1 m ic r o n , 
i . e . , 1 0 -4 c m ) is  due to th e  fa c t  th a t  in  th e  f o r m e r  e v e ry  q u an tu m  of th e  
a p p lie d  r a d ia t io n  c a r r i e s  an  e n e rg y  and  m o m e n tu m  m an y  t im e s  g r e a t e r  th a n  
th e  e n e r g ie s  and  m o m e n ta  of q u an ta  of v is ib le  l ig h t. A c c o rd in g  to  th e  q u a n 
tu m -m e c h a n ic a l  u n c e r ta in ty  r e la t io n  (Ap)2 (Aq)2^ h 2 th e  lo c a l iz a t io n  o f  an y  
m a te r ia l  o b je c t  i s  s u b je c t  to  th e  c o n d itio n  th a t  th e  s m a l l e r  th e  c o o r d in a te  
u n c e r ta in ty  Aq, th e  g r e a t e r  th e  in te n s i ty  of th e  in te r n a l  m o tio n s  a s s o c ia t e d  
w ith  th is  lo c a liz a t io n  and  c h a r a c t e r i z e d  by  th e  m o m e n tu m  u n c e r ta in ty  Ap.

T h e n ex t s ig n if ic a n t  a d v a n c e  in  th e  d i r e c t io n  o f th e  s m a l l  s c a le s  w a s 
a s s o c ia te d  w ith  th e  p la n e ta ry  m o d e l of th e  a to m  e s ta b l i s h e d  by R u th e r fo r d  
in  1913. T h is  v ic to ry  w as m a d e  p o s s ib le  s o le ly  by  th e  u t i l i z a t io n  of h ig h -
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e n e rg y  " p r o j e c t i l e s "  -  a - p a r t i c l e s  fro m  r a d io a c t iv e  e le m e n ts .  T h a n k s  to 
th e  f a c t  th a t  th e  e n e rg y  of an  o - p a r t i c l e  i s  m e a s u r e d  in  m ill io n s  of e le c t r o n  
v o l ts  (a n d  no t th o u s a n d s  a s  fo r  th e  X - r a y  q u a n ta ) , th is  d i r e c t  a s s a u l t  on 
d is ta n c e s  on th e  n u c le a r  s c a le  m e t  w ith  b r i l l i a n t  s u c c e s s .

T h e  fo llo w in g  s ta g e  in  th e  c o n q u e s t  of m a t t e r  w as a s s o c ia te d  w ith  the 
s tu d y  b o th  of th e  s t r u c t u r e  of th e  a to m ic  n u c le u s  i t s e l f  and  of i t s  t r a n s f o r 
m a t io n s .  T h e  p ro b le m  of u n c o v e r in g  th e  s t a t i c  a s  w e ll a s  th e  d y n am ic  
w o r ld  p ic tu r e  w as t r u ly  r a i s e d  fo r  th e  f i r s t  t im e . T ru e ,  a s  f a r  a s  s p a t ia l  
s c a le s  a r e  c o n c e rn e d  th is  s ta g e  d id  no t b r in g  an y  s ig n if ic a n t  in c r e a s e  in  
r e q u ir e m e n t s  f o r  a c c u r a c y  in  m e a s u r e m e n ts ,  s in c e  th e  l i n e a r  d im e n s io n s  
of th e  n u c le u s  a r e  n o t m o r e  th a n  one o r d e r  of m a g n itu d e  g r e a t e r  th an  th e  
l i n e a r  d im e n s io n s  of i t s  c o m p o n e n t " b r i c k s " ,  th e  n u c le o n s . On th e  o th e r  
h an d , w hen th e  q u e s tio n  a r o s e  o f s tu d y in g  th e  p r o p e r t i e s  of u n s ta b le  n u c le i 
an d  t h e i r  t r a n s m u ta t io n s  i t  s e e m e d  a s  if  one w ould  re a c h ,  in  a  n u m b e r  of 
c a s e s ,  a  te m p o  o f p h y s ic a l  a n a ly s i s  c o m p le te ly  d i f fe re n t  f ro m  th e  te m p o  of 
o r d in a r y  c h e m ic a l  a n a ly s i s  of th e  a to m ic  c o m p o s it io n  of m a t t e r .  By now 
p h y s ic i s t s  h a v e  s tu d ie d  a  g r e a t  v a r ie ty  of u n s ta b le  is o to p e s  w ith  m e a n  d e c a y  
t im e s  m e a s u r e d  in  s e c o n d s  an d  s m a l l  f r a c t io n s  o f a  s e c o n d , a s  w e ll a s  v a r 
io u s  e x c i te d  i s o m e r i c  s t a t e s  of n u c le i  w ith  t r a n s m u ta t io n  t im e s  of th e  o r d e r  
o f a  m i ll is e c o n d .

F in a l ly ,  th e  p r e s e n t  s ta g e  of r e f in e m e n t  of s p a c e - t im e  a c c u r a c y  o f m e a s 
u r e m e n t ,  w h ich  is  s t i l l  f a r  f ro m  o v e r ,  i s  a s s o c ia te d  w ith  th e  s tu d y  of p r o 
c e s s e s  of t r a n s m u ta t io n  of e le m e n ta r y  p a r t i c le s  of m a t t e r  an d  w ith  th e  s t a t e 
m e n t o f th e  p ro b le m  of c la r i f i c a t i o n  o f t h e i r  s t r u c t u r e .

T h is  s ta g e ,  w h ich  is  c lo s e ly  c o n n e c te d  w ith  th e  s tu d y  of c o s m ic  ra y s  and  
th e  d e v e lo p m e n t of p a r t i c le  a c c e l e r a t o r s  y ie ld in g  e n e r g ie s  c lo s e  to  c o s m ic -  
r a y  e n e r g i e s ,  w a s  s ig n a l iz e d  by th e  f a c t  th a t  e x p e r im e n te r s  p e n e t r a te d  in to  
th e  re g io n  of e n e r g ie s  of th e  o r d e r  of on e  b il lio n  ev  an d  h ig h e r .  W ith o u t 
su c h  e n e r g ie s  i t  w ould  n o t h a v e  b e e n  p o s s ib le  to  b r in g  a b o u t th e  c r e a t io n  in  
th e  f r e e  s t a t e  of th e  p re v io u s ly  h y p o th e tic a l  m e s o n s ,  th e  d i s c o v e r y  of w h ich  
w a s so  n e c e s s a r y  to  v e r if y  th e  new ly  c r e a t e d  th e o ry  of n u c le a r  i n te r a c t io n s  
b e tw e e n  th e  p r in c ip a l  " c o n s t i tu e n ts "  of n u c le i, th e  n u c le o n s . P re v io u s ly  
th e s e  p a r t i c le s  had  e v a d e d  d i r e c t  o b s e r v a t io n  by  th e  e x p e r im e n te r s ,  e x i s t 
in g , a s  i t  w e re ,  in  im p l ic i t  -  o r ,  a s  th e  p h y s ic i s t s  s a y ,  v i r tu a l  -  fo r m . In  
p r in c ip le  th e  c r i t e r i o n  f o r  th e  e n e r g e t ic a l ly  a llo w e d  p o s s ib i l i t i e s  in  a  g iven  
e x p e r im e n t  is  v e r y  s im p le .  In  a c c o rd a n c e  w ith  E in s t e in 's  r e la t io n  E =  me2 
b e tw e e n  th e  e n e rg y  " s u p p ly "  an d  m a s s  of th e  p a r t i c le ,  th e  p ro d u c tio n  of a 
f r e e  p a r t i c le  w ith  a  m a s s  of, s a y ,  273 e l e c t r o n s  m a s s e s  ( n - m e s o n )  r e q u ir e s  
th e  e x p e n d i tu r e  of a t  l e a s t  2 7 3 X 0 .5 1  = 140 M ev (0.51 M ev b e in g  th e  e le c t r o n  
m a s s  m u ltip l ie d  by  c* an d  e x p r e s s e d  in  e n e rg y  u n its ) .

In  a d d it io n  to  th e  s tu d y  of i n e la s t ic  c o l l is io n s  ( r e s p o n s ib le  f o r  the f o r m a 
tio n  of one o r  m o re  new  p a r t i c le s ) ,  th e  s im p le r  an d  m o re  e a s i ly  i n t e r p r e te d  
e x p e r im e n ts  on e l a s t i c  c o l l i s io n s ,  o r  m u tu a l  s c a t t e r in g  of p a r t i c le s ,  w e re  
a l s o  im p o r ta n t  f o r  an  u n d e r s ta n d in g  of s t r u c t u r e .  G r e a t  s u c c e s s  a lo n g  th e s e  
l in e s  w a s a t ta in e d , in  p a r t i c u la r ,  by th e  A m e r ic a n  p h y s ic i s t  H o f s ta d te r ,  who 
s tu d ie d  th e  s c a t t e r in g  of e l e c t r o n s  w ith  a n  e n e rg y  of a b o u t 600 M ev on th e  
l i g h te s t  n u c le i  of m a t t e r ,  th e  n u c le i  of h y d ro g e n  is o to p e s ;  he w as th u s  a b le  
to  s tu d y  th e  la w s  of e l e c t r o n  s c a t t e r in g  on tw o fu n d a m e n ta l  ty p e s  of e le m e n 
t a r y  p a r t i c l e s ,  p r o to n s  an d  n e u tro n s .

T h e s e  e x p e r im e n ts  in d isp u ta b ly  p ro v e d  th e  e x is te n c e  of an  e l e c t r o m a g 
n e t ic  s p a t ia l  s t r u c t u r e  in  n u c le o n s  -  th e  p r e s e n c e  of e l e c t r i c  c h a rg e  and  
m a g n e tic  m o m e n t d i s t r ib u te d  in  s p a c e  in  e a c h  of th e s e  p a r t i c le s .
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A n o th e r  a s p e c t  of the s tu d y  of th e  s t r u c t u r e  of n u c le o n s  w a s u n d e r ta k e n  
by  a  g ro u p  of p h y s ic i s t s  of th e  J o in t  I n s t i tu te  f o r  N u c le a r  R e s e a r c h  h e a d e d  
by D .I . B lo k h in tse v . T h e s e  p h y s ic i s t s  m a d e  a d e ta ile d  s tu d y  of th e  p r o c e s 
s e s  of in te r a c t io n  of « -m e s o n s  w ith  th e  s im p le s t  n u c le i  an d  w ith  n u c le o n s  
(p ro to n s ) . T h ey  w e re  a b le  to  e s ta b l i s h  th a t  in  a  n u m b e r  of c a s e s  th e  p r o 
c e s s  ta k e s  the fo rm  of s im p le  s c a t t e r in g  of th e  b o m b a rd in g  m e s o n  on on e  
of the s t r u c t u r a l  e le m e n ts  of th e  n u c le o n , th e  m a s s  o f w h ich  is  c lo s e  to  th e  
m a s s  of th e  n - m e s o n . W ith  th is  and  o th e r ,  a n a lo g o u s , e x p e r im e n ts  i t  w as 
show n  th a t  th e  n u c le o n  is  a c o m p le x  s t r u c t u r e  c o n s i s t in g  of a  d e n s e  i n t e r i o r  
( " c o r e " )  s u r r o u n d e d  by a  c lo u d , o r  r a th e r  c lu s t e r ,  o f l i g h te r  p a r t i c l e s ,  v i r 
tu a l ,-t- m e s o n s .

A t th e  s a m e  t im e  fro m  a n u m b e r  of o th e r  e x p e r im e n ts  i t  b e c a m e  e v id e n t 
th a t  th is  s t r u c t u r e  w a s d i f fe re n t  in  p r in c ip le  fro m  th e  p la n e ta r y  s t r u c t u r e  
of th e  a to m  d is c o v e r e d  by  R u th e rfo r d  p r e c i s e ly  b e c a u s e  th e  p r o p e r t i e s  of 
th e  v ir tu a l  p a r t i c le s  of th e  m e s o n  c lo u d  in  th e  n u c le o n  a r e  e s s e n t i a l l y  d i f 
f e r e n t  fro m  th e  p r o p e r t i e s  of f r e e  n - m e s o n s .  In  a f r e e  p a r t i c le  th e  q u a n t i 
ty  £* — ps =  im* (E b e in g  th e  to ta l  e n e rg y , p th e  m o m e n tu m  an d  m th e  r e s t  
m a s s )  is  a lw a y s  th e  s a m e  an d  m o r e o v e r  p o s i t iv e ,  b u t in  v i r tu a l  p a r t i c le s  
i t  is  n e g a tiv e . O ne ca n  s a y  th a t  th e  m a s s  m of v i r tu a l  p a r t i c le s  is  im a g in a r y  
an d  m o re o v e r ,  v a r ia b le .  A s a  r e s u l t ,  a  n u c le o n , w h ich  h a s  e m it te d  a  v i r 
tu a l m e s o n  i n c r e a s e s ,  r a th e r  th a n  d e c r e a s e s ,  in  m a s s  an d  c a n  t r a n s m u te  
in to  an  u n s ta b le  s y s te m  ( i s o b a r )  w h ich  s u b s e q u e n tly  d e c a y s  in to  a  n u c le o n  
an d  a  f r e e  n -m e s o n .

F a c ts  of th is  ty p e  m a d e  i t  a b u n d a n tly  c l e a r  to  th e  p h y s ic i s t s  th a t  th e  p r e s 
en c e  of s t r u c t u r e  in  e le m e n ta r y  p a r t i c le s  co u ld  in  no w ise  be  i n t e r p r e t e d  a s  
c o m p le x ity  of c o m p o s it io n  in  th e  s e n s e  in  w h ich  th is  t e r m  is  u n d e r s to o d  f o r  
a to m ic  n u c le i, w hich  a r e  c o m p o se d  of in d iv id u a l an d  c o m p a r a t iv e ly  w e a k ly  
bound p a r t i c le s ,  p ro to n s  and  n e u tro n s .  On th e  o th e r  h an d , in  a d d it io n  to  
th e  c o n c e p t of s t r u c t u r e  a s  a c e r t a in  s p a t ia l  d is t r ib u t io n  of th e  m a s s  and  
c h a rg e  of a  g iv en  p a r t i c le  o v e r  i t s  v o lu m e ( s o - c a l le d  fo r m  f a c to r ) ,  a  new , 
e s s e n t ia l ly  d y n a m ic a l , d e s c r ip t io n  of s t r u c t u r e  in  t e r m s  of th e  s c a t t e r in g  
p ro b a b il i ty  of o th e r  p a r t i c le s  p ro v e d  v e r y  f r u it f u l .  T h e  id e a  is  to  r e g a r d  
th e  a b i l i ty  of th e  e le m e n ta r y  p a r t i c le  to  e x c h a n g e  m o m e n tu m  w ith  c e r t a in  
o th e r  p a r t i c le s ,  r a th e r  th an  g e o m e tr ic  fo rm  an d  s i z e ,  a s  i t s  p r i m a r y  p r o 
p e r ty .  T h is  d e s c r ip t io n  of th e  s t r u c t u r e  of p a r t i c le s ,  w h ich  a t  f i r s t  g la n c e  
s e e m s  p u re ly  p h e n o m e n o lo g ic a l , i s  e n t i r e ly  w ith in  th e  s p i r i t  o f th e  fu n d a 
m e n ta l  id e a s  of q u an tu m  th e o ry . In d e ed , th is  m e th o d  of d e s c r ib in g  e le m e n 
t a r y  p a r t i c le s  im m e d ia te ly  s t r e s s e s  tw o of t h e i r  m o s t  im p o r ta n t  p e c u l ia r i 
t ie s :  f i r s t ,  th a t  t h e i r  p r o p e r t i e s  r e v e a l  th e m s e lv e s  o n ly  in  th e  p r o c e s s  of 
in te r a c t io n  w ith  o th e r  p a r t i c le s ;  and  s e c o n d , th a t  th e s e  in t e r a c t io n s  b e a r  a 
p r o b a b i l i s t i c ,  n o n u n iv o ca l c h a r a c t e r .

T h e ra p id  d e v e lo p m e n t of e x p e r im e n ts  on th e  p r o c e s s e s  of fo r m a t io n  an d  
s u b s e q u e n t t r a n s m u ta t io n s  of new  e le m e n ta r y  p a r t i c le s  v e r y  so o n  le d  to  th e  
n eed  fo r  m u ch  h ig h e r  re s o lu t io n s  bo th  in  s p a c e  an d  in  t im e . In d e e d , ev e n  
s u c h  a c o m p a ra t iv e ly  s ta b le  p a r t i c le  a s  th e  \ i-m e s o n  d e c a y s  on th e  a v e r a g e  
w ith in  a p p r o x im a te ly  2 m ic ro s e c o n d s  (2- 1 0 '6 s e c ) ,  w h ile  m o s t  of th e  o th e r  
new  p a r t i c le s  (m e so n s  an d  h y p e r o n s )  e x is t  f o r  a f a r  s m a l l e r  t im e  in te r v a l  -  
b e tw e en  10~R to  1 0 ”10s e c .

In o r d e r  to  s tu d y  su c h  s h o r t  t im e  in te r v a ls  e x p e r im e n ta l  t e c h n iq u e s  i m 
m e d ia te ly  d ev e lo p e d  a lo n g  two p a r a l l e l  l in e s .  On th e  one h an d , u l t r a r a p id  
e le c t r o n ic  d e v ic e s  e n a b lin g  d i r e c t  m e a s u r e m e n t  of in t e r v a ls  in  th e  n a n o s e 
cond  re g io n  (one n a n o se c o n d  i s  1 0 '9 s e c )  w e re  ev o lv e d . O n th e  o th e r  han d ,
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p h y s ic i s t s  m a d e  u s e  of th e  f e l ic i to u s  c i r c u m s ta n c e  th a t  u n s ta b le  p a r t i c le s ,  
a f te r  " c o m in g  o u t in to  th e  o p e n " , m o v e  in  s p a c e  a t  v e lo c it ie s  c lo s e  to  th e  
v e lo c ity  of l ig h t  (a s  a  r u le ) ,  t r a v e l in g  a  d is ta n c e  o f th e  o r d e r  of ev e n  10- 
3 0 c m  p e r  n a n o se c o n d . T h e r e f o r e ,  by o b s e r v in g  th e  d e c a y  p r o c e s s e s  of 
s u c h  p a r t i c le s  in  W ilso n  o r  b u b b le  (liq u id ) c h a m b e rs  p h y s ic i s t s  h av e  th e  
o p p o r tu n ity  of s tu d y in g  p r o c e s s e s  r e a l iz e d  w ith in  t im e  in te r v a ls  of 10”10-  
1 0 '11 s e c .  In  e x p e r im e n ts  w ith  p h o to g ra p h ic  e m u ls io n s ,  w h e re  s p a t ia l  
a c c u r a c y  r e a c h e s  f r a c t i o n s  of a  m ic ro n , e v e n  t im e  in te r v a ls  of th e  o r d e r  
of 10 ‘ 15s e c  o r  l e s s  p ro v e d  a c c e s s ib l e  (fo r  e x a m p le , o b s e r v a t io n s  w e re  
m a d e  re c e n t ly  of th e  d e c a y  of n e u t r a l  j i - m e s o n s ,  th e  m e a n  l i f e t im e  of w h ich  
is  a b o u t 2 • 1CT16 s e c ) .

S ti l l  m o r e  s e n s i t iv e ,  an d  m o r e o v e r  e n t i r e ly  r e l ia b le ,  m e th o d s  of m e a s u r 
in g  n e g lig ib ly  s m a l l  t im e s  w e re  w o rk e d  ou t v e r y  r e c e n t ly  (1961). T h e s e  
m e th o d s  a r e  b a s e d  on th e  u t i l i z a t io n  of th e  r e la t io n  g iv en  by qu an tu m  m e 
c h a n ic s  b e tw e e n  th e  u n c e r ta in t ie s  of th e  e n e rg y  and  t im e  c h a r a c t e r i s t i c s  
o f th e  p r o c e s s  of in te r a c t io n .  B y a n a lo g y  w ith  th e  r e la t io n  fo r  th e  m o m e n 
tum  an d  the c o o r d in a te ,  th is  s e c o n d  r e la t io n  is  w r it te n  a s  A E E t ^ k ,  w h e re  
AE is  th e  u n c e r ta in ty  in  e n e rg y  of th e  g iv en  s t a t e  of th e  m ic ro o b je c t  and  
At, ro u g h ly  sp e a k in g , is  th e  u n c e r ta in ty  in  t im e  of th e  in te r a c t io n  w hich  
d i s r u p ts  th e  g iv en  s t a t e .  U s in g  th is  r e la t io n  p h y s ic i s t s  d is c o v e r e d  an  e n t i r e  
s e r i e s  of c a s e s  w h e re  i t  i s  p o s s ib le  to  o b s e r v e  th e  fo r m a t io n  and  n e a r ly  
in s ta n ta n e o u s  (w ith in  a  t im e  of th e  o r d e r  of 1 0 '21 -  1 0 -22se c )  d e c a y  of s p e 
c ia l  " q u a s ip a r t i c le s "  ( s o - c a l le d  p-, o>-, r ) -m e s o n s , e tc .  ), o b ta in e d  a s  a  r e s u l t  
of re s o n a n c e  in te r a c t io n  of tw o o r  th r e e  a l r e a d y  know n p a r t i c le s  (m e s o n s , 
n u c le o n s  o r  h y p e r o n s ) .

T h u s  i t  w a s  d i s c o v e r e d  th a t  th e r e  e x is te d  m a te r ia l  o b je c ts  ly in g  on th e  
b o u n d a ry  b e tw e e n  th e  " o r d in a r y "  u n s ta b le  p a r t i c le  w ith  v e r y  s m a l l  e n e rg y  
u n c e r ta in ty  an d  th e  s y s te m  of s e v e r a l  i n te r a c t in g  p a r t i c le s ,  w h ich  is  fo rm e d  
in  a  v a n is h in g ly  s m a l l  in te r v a l  of t im e  and  h a s  su c h  a  l a r g e  e n e rg y  u n c e r 
ta in ty  th a t  th is  u n c e r ta in ty  is  a l r e a d y  c o m p a ra b le  w ith  th e  e n e rg y  s u p p ly  of 
e a c h  of th e  c o m p o n e n t p a r t s  ( tak e n  in  th e  f r e e  s ta te ) .  I t  sh o u ld  b e  m e n tio n e d , 
h o w e v e r, th a t  in  th e  c a s e  of r e a c t io n s  w ith  " q u a s ip a r t i c le s " ,  p r e c i s e ly  a s  
in  th e  c a s e  of " o r d in a r y "  u n s ta b le  p a r t i c le s ,  one c a n  s p e a k  o n ly  of th e  t r a n s 
m u ta tio n  o f c e r t a in  p a r t i c le s  in to  o th e r ,  e q u a lly  e le m e n ta r y  p a r t i c le s ,  and  
n o t of th e  d e c a y  of c o m p le x  p a r t i c le s  in to  s im p le  o n e s .

A n o th e r , f a i r l y  u n u s u a l, a p p r o a c h  to  th e  s tu d y  of th e  s t r u c t u r e  of e l e 
m e n ta r y  p a r t i c le s  w a s found to  be  p o s s ib le  in  th e  l a s t  tw o to  th r e e  y e a r s  
in  e x p e r im e n ts  w ith  c o s m ic  r a y s  c a r r i e d  o u t, on th e  one h and , by  a  g ro u p  
of p h y s ic i s t s  of th e  P h y s ic a l  I n s t i tu te  a t  M oscow  (N .A . D o b ro tin  e t  a l .  ) an d , 
on th e  o th e r  h an d , by  a g ro u p  of P o lis h  p h y s ic i s t s  (Y. G e ru la , M. M iezo w ic z  
e t  a l .  ).

In  th e  f i r s t  c a s e  th e  r e l i a b i l i t y  of d e te rm in a t io n  of th e  e n e rg y  of th e  p r i 
m a r y  p a r t i c le  w h ich  in t e r a c te d  w ith  th e  im m o b ile  (and m o r e o v e r  v e ry  lig h t)  
a to m ic  n u c le u s  a p p r o a c h e d  th e  r e l i a b i l i t y  of a c c e le r a t o r  e x p e r im e n ts .  T he 
d a ta  o b ta in e d  d e f in i te ly  in d ic a te  th a t  in  a  s ig n if ic a n t  p e r c e n ta g e  of th e  c a s e s  
th e  p r o c e s s  of m u l tip le  p ro d u c tio n  of p a r t i c le s  g o es  th ro u g h  an  in te r m e d ia te  
s ta g e  of p ro d u c tio n  of a  s t ro n g ly  e x c i te d  c lo t  of th e  m e s o n  f ie ld  ( s o - c a l le d  
" f i r e b a l l " ,  a c c o rd in g  to  th e  te rm in o lo g y  now a d o p te d )  an d  i t s  s u b s e q u e n t 
d e c a y  in to  f iv e  to  te n  p a r t i c l e s .  T h e  e n t i r e  m a s s  of th e  i n t e r a c t in g  n u c le o n  
d o e s  n o t ta k e  p a r t  in  th e  in i t i a l  p r o c e s s  of p ro d u c tio n  of th e  c lo t; on ly  a 
f r a c t io n  of a b o u t th e  m a s s  of th e  n - m e s o n  d o e s  so .
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In th e  in v e s t ig a t io n s  of th e  P o li s h  p h y s ic i s t s  d e f in ite  in d ic a t io n s  w e re  
o b ta in e d  th a t  not on e  b u t tw o " f i r e b a l l s "  ( a s  a r u le )  a r e  p ro d u c e d  in  i n t e r 
a c t io n s  in th e  re g io n  o f s t i l l  h ig h e r  e n e r g ie s  ( th o u s a n d s  of b i l l io n s  o f e l e c 
t r o n  v o l ts ,  and  not h u n d re d s  a s  in th e  p re c e d in g  in v e s t ig a t io n s ) .  D e s p ite  
th e  p ro v is io n a l  c h a r a c t e r  o f th e s e  r e s u l t s  th e y  m u s t  b e  r e g a r d e d  a s  s t r o n g  
e x p e r im e n ta l  e v id e n c e  in  fa v o r  of th e  e x is te n c e  o f a  new  and  h ig h ly  u n s ta b le  
f o rm  of m o tio n  o f m a t t e r ,  s i m i l a r  in  n a tu re  (p e rh a p s )  to  th e  a b o v e - m e n 
tio n e d  re s o n a n c e  s y s te m  of tw o to  t h r e e  n -m e s o n s .

T h u s  c o n te m p o r a ry  p h y s ic s  h a s  a l r e a d y  b eg u n  to  s tu d y  d i r e c t ly  th e  s t r u c 
tu r e  of e le m e n ta ry  p a r t i c le s ,  and  a s  a r e s u l t  th e  t e r m  " e le m e n ta r y "  h a s  
lo s t  i t s  o r ig in a l  m e a n in g . E s s e n t ia l ly  th e  c o n c e p t " e le m e n ta r y "  m e r e ly  
d e s ig n a te s  a c e r t a in  a r b i t r a r y  and  t r a n s i e n t  f a c e t  o f o u r  c o g n it io n  o f th e  
s t r u c tu r e  o f m a t t e r  (a s  h a s  in d ee d  re p e a te d ly  b e e n  th e  c a s e  a t  p r e v io u s  
s t a t e s  o f th e  a n a ly s i s  of m a t te r ) .  H o w e v er, w h ile  a t  e a r l i e r  s ta g e s  p h y s i 
c i s t s  s u c c e s s iv e ly  p ro v e d  th e  c o m p le x ity  o f th e  m o le c u le  ( o r  c r y s ta l ) ,  th e  
c o m p le x ity  of th e  a to m  an d , fin a lly , th a t  o f th e  a to m ic  n u c le u s ,  a t  th e  p r e 
s e n t  s ta g e  it  is  a l r e a d y  v e r y  d if f ic u lt  to  a d m it  of th e  e x is te n c e  o f th e  c o n 
n e c tio n  b e tw e e n  s im p le  and  c o m p le x  to  w h ich  we a r e  a c c u s to m e d .

F ro m  th e  q u a n ti ta t iv e  s ta n d p o in t  th i s  new  c h a r a c t e r  o f  th e  r e la t io n s h ip  
b e tw e e n  s im p le  and  c o m p le x  is  f a ir ly  e a s y  to d e f in e :  th e  c o m p le x  b e c o m e s  
so m e th in g  s ig n if ic a n t ly  d i f fe re n t  f ro m  th e  " c o m p o s i te "  ( i .e . ,  th e  s im p le  su m  
o f i t s  p a r ts )  on ly  w hen th e  e n e rg y  g e n e ra te d  in  th e  p r o c e s s  o f  t r a n s m u ta t io n  
o f a " c o m p le x "  p a r t i c le  in to  th e  su m  o f s e v e r a l  " s im p le r "  p a r t i c le s  b e c o m e s  
c o m p a ra b le  w ith  th e  to ta l  e n e rg y  o f th e  in d iv id u a l p ro d u c ts  o f t h i s  t r a n s m u 
ta tio n .

F o r  in s ta n c e ,  in  p r in c ip le  one c a n  c o n s t r u c t  a  m o d e l o f th e  n -m e s o n  
c o n s is t in g  of a n u c le o n  and  an  a n tin u c le o n , th e  to ta l  m a s s  o f w h ich  ( in  th e  
f r e e  s ta te )  is  ro u g h ly  t h i r te e n  t im e s  g r e a t e r  th a n  th e  m a s s  o f th e  n -m e s o n  
i ts e l f .

F ro m  th e  q u a l i ta t iv e  s ta n d p o in t  th e  s i tu a t io n  is  m o re  c o m p lic a te d .  U n til 
now p h y s ic i s t s  a s s u m e d  th a t  th e  p r in c ip a l  c h a r a c t e r i s t i c  of e le m e n ta r y  p a r 
t i c l e s  w a s  t h e i r  a b i l i ty  to  in te r a c t  w ith  s u r r o u n d in g  p a r t i c le s  an d  w ith  fo r c e  
f ie ld s  ( e le c tro m a g n e t ic ,  n u c le a r ,  n e u tr in o  f ie ld  o f  w e ak  in t e r a c t io n s  an d  so  
fo r th ) . T he e q u iv a le n c e  o f th e  c o n c e p ts  " o th e r  p a r t i c le "  an d  " f o r c e  f ie ld "  
fo llo w s  fro m  th e  fu n d a m e n ta l p r e m is e s  o f m o d e rn  q u an tu m  th e o ry , w h ich  
ta k e s  fo r  g ra n te d  th e  id e a  th a t  an y  fo r c e  fie ld  c a n  be  " q u a n t iz e d " ,  i. e . , 
r e p r e s e n te d  a s  a  s t r e a m  o f in d iv id u a l f r e e  q u a n ta  o r  p a r t i c le s .

T h e  d i f f ic u lt ie s  w h ich  p h y s ic i s t s  m e t in  th e  q u a n t i ta t iv e  d e v e lo p m e n t o f 
th e s e  id e a s  led  th e m  to  o th e r  a p p r o a c h e s  to  th e  s tu d y  o f th e  s t r u c t u r e  of 
e le m e n ta r y  p a r t i c le s  and  th e  law  g o v e rn in g  t h e i r  in te ra c t io n . P e r h a p s  th e  
m o s t i n te r e s t in g  of th e s e  a t te m p ts ,  f ro m  th e  p h i lo so p h ic a l  p o in t o f v iew , 
a r e  a s s o c ia te d  w ith  th e  in t ro d u c tio n  o f th e  id e a  o f th e  d i s c r e t e  s t r u c t u r e  of 
s p a c e  and  t im e . So f a r ,  h o w e v e r, a t t e m p ts  to  find  th e  " a to m "  o f s p a c e ,  th e  
e le m e n ta ry  c e l l ,  h av e  b e e n  u n s u c c e s s fu l .  A t l e a s t  no s ig n  o f s p a t ia l  d i s 
c r e t e n e s s  h a s  b e e n  found a t  th e  s c a le  o f d i s ta n c e s  o f th e  o r d e r  o f 1 0 " 14 cm  
an d  h ig h e r .

T u rn in g  now to  a c o n s id e r a t io n  o f c e r t a in  f a i r ly  g e n e r a l  ( f ro m  o u r  s t a n d 
p o in t) f e a tu r e s  o f th e  th e o ry  o f e le m e n ta r y  p a r t i c le s  o f m a t t e r ,  w e w ill f i r s t  
o f a l l  ta k e  th e  l i b e r ty  of d e p a r t in g  f ro m  th e  a c c e p te d  te rm in o lo g y  an d  jo in
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M . A. M a rk o v  in  c a l l in g  th e  p a r t i c le s  no t e le m e n ta r y  b u t fu n d a m e n ta l* . T h is  
i s  r e q u ir e d ,  in  p a r t i c u la r ,  by  th e  d i r e c t  e x p e r im e n ta l  d a ta  m e n tio n e d  ab o v e , 
w h ich  fa v o r  th e  e x is te n c e  of s t r u c t u r e  in  th e s e  p a r t i c le s  and  fro m  w hich  
on e  m a y  c o n c lu d e  th a t  it w ould  b e  u n w ise  to  r e g a r d  e le m e n ta r y  p a r t i c le s  a s  
s im p le  s t r u c t u r e l e s s  " b r i c k s "  o f m a t te r .

T h e  f i r s t  s ta g e  in  th e  c o n s t ru c t io n  o f a p h y s ic a l  th e o ry  c o n s i s t s ,  a s  a 
r u le ,  o f s y s te m a t iz a t io n  o f th e  e x p e r im e n ta l  fa c ts .  S tr ic t ly  sp e a k in g , th is  
s ta g e  is  a b s o lu te ly  u n a v o id a b le  o n ly  f o r  th e o r ie s  c r e a te d  by th e  in d u c tiv e  
m e th o d . O n ly  th e n  d o e s  th e  th e o ry  b e g in  w ith  a s im p le  d e s c r ip t io n  o f th e  
e n t i r e  s e t  o f e x p e r im e n ta l  d a ta ,  a d e s c r ip t io n  in w h ich  th e  e le m e n t of c l a s 
s i f ic a tio n  o r  s y s te m a t iz a t io n  i n c r e a s e s  g ra d u a l ly  a s  th e  s c i e n t i s t  a d v a n c e s  
f r o m  p u re ly  e x te r n a l  s ig n s  an d  c h a r a c t e r i s t i c s  to  s ig n s  in v o lv in g  th e  e s -  
s e n s e  o f th e  o b s e r v e d  p h e n o m e n a . T h e g ra d u a l  re f in e m e n t  of th e  p r i n 
c ip le s  of c l a s s i f i c a t i o n  o f th e  f a c ts  p r e p a r e s  th e  g ro u n d  f o r  th e  t r a n s i t io n  
f r o m  d e s c r ip t io n  o f  p h e n o m e n a  to  t h e i r  e x p la n a tio n .

In  c a s e s  o f d e d u c tiv e  c o n s t r u c t io n  of p h y s ic a l  t h e o r ie s  th e  e le m e n t  of 
c l a s s i f i c a t i o n  o f  th e  f a c t s  p la y s  a r e la t iv e ly  s m a l l e r  ro le .  By d in t of s u c 
c e s s f u l  in tu it io n s  th e  s c i e n t i s t  m a n a g e s  to  find s u p p o r t  am o n g  a  s m a l l  n u m 
b e r  o f v e r y  im p o r ta n t  f a c t s  w h ich  he  s u p p le m e n ts  by  a p p r o p r ia te  p o s tu la te s ,  
a s  in  th e  c a s e  o f M a x w e ll 's  e le c t r o m a g n e tic  fie ld  th e o ry  o r  E in s t e in 's  
th e o r y  o f r e la t iv i ty .  S till  e v e n  in  th is  c a s e  i t  w ould  b e  w ro n g  to  d en y  a l t o 
g e th e r  th e  r o le  of th e  p r o c e s s  o f a c c u m u la t io n  and  c l a s s i f ic a t io n  o f f a c ts ,  
f o r  in tu it io n  an d  e r u d it io n  a lw a y s  su p p le m e n t e a c h  o th e r  to  so m e  d e g r e e .  
S im i la r ly ,  in  th e  s e e m in g ly  p u re  in d u c tiv e  c o n s t ru c t io n  o f th e o r i e s  in tu itio n  
an d  g u e s s w o r k , w h ich  a r e  r e q u ir e d  f o r  c o m p re h e n d in g  and  s e le c t in g  th e  
m o s t  im p o r ta n t  f a c t s  an d  a s p e c t s  o f th e  p h en o m e n o n  an d  fo r  d i s tin g u is h in g  
th e m  f r o m  s e c o n d a ry  re la t io n s h ip s ,  p la y  an  im p o r ta n t  ro le .

T w o m o r e  o r  l e s s  p a r a l l e l  and  so m e w h a t in d e p e n d e n t t r e n d s  a r e  c le a r ly  
d i s c e r n ib le  in  th e  b ra n c h  o f t h e o r e t ic a l  p h y s ic s  w h ich  d e a ls  w ith  th e  s tu d y  
o f fu n d a m e n ta l  p a r t i c le s .  T h e  one a im s  a t  e x p la in in g  th e  p r in c ip a l  c h a r a c 
t e r i s t i c s  o f th e  e n t i r e  know n " a s s o r tm e n t "  of p a r t i c le s  on th e  b a s i s  o f c e r 
ta in  u n if ie d , m o r e  g e n e r a l  p r e m is e s  c o n c e rn in g  th e  p h y s ic a l  p r o p e r t i e s  and  
r e g u la r i t i e s  o f m o tio n  o f m a t t e r  a s  a  w ho le . T h e  o th e r ,  in  a c e r t a in  s e n s e  
n a r r o w e r ,  a p p r o a c h  a im s  a t  f in d in g  th e  la w s  o f m o tio n  and  in te ra c t io n  of, 
p e r h a p s ,  on ly  a c e r t a in  c l a s s  o f p a r t i c le s ,  w h ile  r e g a r d in g  th e i r  b a s ic  
c h a r a c t e r i s t i c s  ( m a s s ,  c h a r g e ,  sp in , e t c . ) a s  s p e c if ie d  an d , so  f a r ,  not 
l i a b le  to  e x p la n a tio n . H is to r ic a l ly  th e  se c o n d  t r e n d  a r o s e  e a r l i e r ,  due 
l a r g e ly  to  th e  fa c t  th a t  th e  s h a r p  i n c r e a s e  in th e  v a r ie ty  of e x p e r im e n ta l ly  
d e te c te d  ty p e s  o f p a r t i c le s  an d  th e  d i s c o v e r y  o f th e  d iv e r s i t y  of t h e i r  p r o p e r 
t i e s  a r e  c o m p a r a t iv e ly  r e c e n t .  W e w ill n o n e th e le s s  b e g in  w ith  a c o n s id e r a 
t io n  of th e  f o r m e r  t r e n d  an d  th e  a s s o c ia te d  p e c u l ia r i t i e s  o f th e  th e o ry .

B y now p h y s ic i s t s  h a v e  d is c o v e r e d  an d  in v e s t ig a te d  ab o u t t h i r t y  ty p e s  of 
fu n d a m e n ta l  p a r t i c le s ,  no t c o u n tin g  th e  te n  to  f if te e n  ty p e s  of " q u a s ip a r t i 
c l e s "  m e n tio n e d  a b o v e , th e  n a tu r e  o f w h ich  (in  th e  s e n s e  o f t h e i r  " e le m e n -  
t a r i t y " )  r e m a in s  e v e n  l e s s  c l e a r  th a n  th a t  o f th e  u n s ta b le  p a r t i c le s  of th e  
" o r d in a r y "  ty p e . T h u s  th e  " a s s o r tm e n t "  o f p a r t i c le s  w h ich  c a n  b e  c r e a te d  
w ith  th e  h e lp  of a c c e l e r a t o r s  i s  n e a r ly  a s  r ic h  a s  th e  s e le c t io n  o f v a r io u s  
c h e m ic a l  e le m e n ts  in  M e n d e le e v 's  t im e , i. e. , a b o u t a  c e n tu ry  ago . I t  is  
w e ll  know n th a t  th e  im m e n s e  s e r v ic e  p e r fo rm e d  by  M e n d e le e v  w a s  to  c o m 
p i le  th e  p e r io d ic  ta b le  o f th e  e le m e n ts ,  a c l a s s i f ic a t io n  b a s e d  upon th e  law

* See M arkov , M. A. Giperony i K-mezony (Hyperons and K-Mesons), Moscow. 1958.
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w hich  he d is c o v e r e d , n a m e ly  th a t  th e r e  e x is t s  a p e r io d ic  d e p e n d e n c e  o f th e  
c h e m ic a l  (m o re  a c c u r a te ly ,  th e  v a le n c y ) p r o p e r t i e s  on th e  s in g le  m a in  
c h a r a c t e r i s t i c  o f th e  e le m e n ts  — a to m ic  w e ig h t. A lth o u g h  it w a s  o n ly  m u ch  
l a t e r ,  in c o n n e c tio n  w ith  th e  f i r s t  s u c c e s s e s  o f q u an tu m  m e c h a n ic s  an d  th e  
d is c o v e r y  o f P a u l i 's  p r in c ip le ,  th a t  th e  p e r io d ic  law  r e c e iv e d  a  c o m p le te  
e x p la n a tio n , in  i t s  t im e  it p lay e d  (and  c o n tin u e s  to  p la y  e v e n  now ) a n  i m 
m e n s e  p r o g r e s s iv e  ro le  by h e lp in g  to  d e te r m in e  th e  e x is te n c e  o f r e g u la r i t y  
in  th e  s t r u c tu r e  o f th e  c h e m ic a l  e le m e n ts  an d  p ro v id in g  r e s e a r c h  s c i e n t i s t s  
w ith  a r e l ia b le  m e a n s  o f p re d ic t in g  new  e le m e n ts .

D e sp ite  t h e i r  s m a l l e r  n u m b e r , th e  p ro b le m  o f c la s s i f y in g  th e  " p h y s ic a l  
e le m e n ts " ,  i. e. , fu n d a m e n ta l p a r t i c le s ,  im m e d ia te ly  p ro v e d  to  b e  m o re  
c o m p lic a te d  ow ing  to  th e  a b u n d a n c e  o f p h y s ic a l  p r o p e r t i e s  ( m a s s ,  c h a r g e ,  
sp in , m a g n e tic  m o m e n t and  so  on), e a c h  se e m in g ly  im p o s s ib le  to  r e d u c e  
to  o th e r  s im p le r  o r  m o re  " p r im a r y "  p r o p e r t i e s .

F o r  a f a ir ly  lo n g  t im e  now it h a s  b e e n  p r a c t ic a l ly  o b v io u s  th a t  n one of 
th e s e  p r o p e r t i e s ,  ta k e n  in is o la t io n  fro m  th e  r e s t ,  c a n  s e r v e  a s  a b a s i s  fo r  
a  r e a s o n a b le  c la s s i f ic a t io n  of th e  p a r t ic le s .  Such i s  th e  s i tu a t io n , in  p a r t i 
c u la r ,  w ith  m a s s :  s e v e r a l  a d m itte d ly  d i f fe re n t  p a r t i c le s  (p h o to n , tw o k in d s  
o f n e u tr in o  and  a n t in e u tr in o )  a l l  h av e  z e r o  m a s s ,  and  th e  e n o r m o u s  r e la t iv e  
d if fe re n c e  in  th e  m a s s e s  of, s a y , th e  |i -m e s o n  and  e le c t r o n  f a i l s  u t t e r ly  to  
c o r re s p o n d  to  th e  v e r y  s m a l l  d i f f e re n c e  in  t h e i r  in te r a c t io n s  w ith  a l l  th e  
re m a in in g  p a r t ic le s .  T he s a m e  s i tu a t io n  h o ld s  fo r  th e  o th e r  p r o p e r t i e s  
(s p in , e le c t r i c  o r  n u c le a r  c h a rg e ) :  th e  p h y s ic a l  q u a n t i t ie s  c o r r e s p o n d in g  to  
th e m  ( th e  q u an tu m  n u m b e rs )  c a n  a s s u m e  a s ig n if ic a n t ly  s m a l l e r  n u m b e r  of 
p o s s ib le  d i s c r e t e  v a lu e s  th an  th e  to ta l  n u m b e r  of know n p a r t i c le s .

On th e  o th e r  h and , a d e f in ite  a n a lo g y  c a n  a l r e a d y  b e  p o in te d  out b e tw e e n  
th e  p r e s e n t  s i tu a t io n  in p h y s ic s  an d  th e  " fa m ily  r e la t io n s h ip s "  o f th e  c h e 
m ic a l  e le m e n ts .  A s is  w e ll know n, M e n d e le e v 's  ta b le  d iv id e s  a l l  th e  e l e 
m e n ts  in to  e ig h t g ro u p s  a c c o rd in g  to  t h e i r  v a le n c y  — t h e i r  a b i l i ty  to  e n t e r  
in to  so m e  kind o f c h e m ic a l  co m b in a tio n . C o rre s p o n d in g ly ,  th e  fu n d a m e n ta l  
p a r t i c le s  c a n  be d iv id ed  in to  th r e e  f a i r ly  w e ll -d e f in e d  g ro u p s  a c c o r d in g  to  
t h e i r  a b i l i ty  to  e n te r  in to  t h r e e  d i f fe re n t  ty p e s  of in te ra c t io n . T h e  f i r s t  
g ro u p  w ill c o n ta in  th e  n e u tr in o  and  a n t in e u tr in o , w h ich  p a r t ic ip a te  o n ly  in 
th e  w eak  in te ra c t io n  (w ith  an  in te ra c t io n  c o n s ta n t  of th e  o r d e r  o f 1 0 -12).
T he se c o n d  g ro u p  w ill c o n ta in  th e  pho to n , th e  e le c t r o n  ( to g e th e r  w ith  th e  
p o s i tr o n )  and  bo th  ( i-m e so n s  (n+ an d  n~), w h ich  c a n  p a r t ic ip a te  in  e l e c t r o 
m a g n e tic  in te r a c t io n s  (c o n s ta n t 1 /1 3 7 ) b u t no t in i n te r a c t io n s  of th e  s t r o n g  
(n u c le a r )  ty p e , c h a r a c t e r i z e d  by a c o n s ta n t  of th e  o r d e r  o f u n ity . F in a l ly ,  
th e  l a s t  and  m o s t  n u m e ro u s  g ro u p  c o n ta in s  a l l  th e  re m a in in g  p a r t i c le s ,  
w h ich  p a r t ic ip a te  in w eak , e le c t ro m a g n e tic  an d  a l s o  s t r o n g  in te r a c t io n s .

A v e r y  f ru itfu l  c o n c e p t fo r  th e  c la s s i f ic a t io n  of th e  fu n d a m e n ta l  p a r t i c le s  
(a t  l e a s t  fo r  th e  p a r t i c le s  o f th e  th i r d  g ro u p ) p ro v e d  to  b e  th e  new  p h y s ic a l  
c o n c e p t of is o to p ic  sp in . T h is  v e c to r ia l  q u a n ti ty  /, fo r m a l ly  s i m i l a r  to  
o r d in a r y  sp in  (th e  p r o p e r  a n g u la r  m o m e n tu m  of a  p a r t ic le ) ,  h a s  no o b v io u s  
p h y s ic a l  in te r p r e ta t io n .  O ne of i t s  th r e e  c o m p o n e n ts  ( th e  2 - c o m p o n e n t / , )  
i s  m a n ife s te d  in th e  fa c t  th a t  to  i t s  v a r io u s  v a lu e s  c o r r e s p o n d  s t a t e s  o f 
n e a r ly  th e  s a m e  m a s s  b u t w ith  d if fe re n t  e l e c t r i c  c h a rg e  ( th u s  f o r  th e  n-  
m e s o n  to  /, = + 1 c o r r e s p o n d s  th e  c h a rg e  +  «, to  Jt =  0 th e  c h a r g e  0, to  
/* =  — 1 th e  c h a rg e  — e, w h e re  e i s  th e  c h a rg e  o f a p o s i tr o n  o r  p ro to n ). 
E v en  th is  c o r re s p o n d e n c e  is  f a r  fro m  u n iv o c a l, th o u g h  it c a n  b e  m a d e  so  by  
in tro d u c in g  a n o th e r ,  e q u a lly  a b s t r a c t ,  q u an tu m  n u m b e r , th e  s o - c a l le d  
" s t r a n g e n e s s "  5.
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Is o to p ic  sp in  p ro v e d  to  b e  th e  e x p r e s s io n  of th r e e  p re v io u s ly  unknow n 
b u t a p p a r e n t ly  v e r y  im p o r ta n t  in te rn a l  d e g r e e s  of f r e e d o m  o f th e  p a r t ic le ,  
to  e a c h  o f w h ich  c o r r e s p o n d s  a v e r y  r e s t r i c t e d  s e t  o f p r o p e r  v a lu e s  o f th e  
q u an tu m  n u m b e rs  (0 , ± 1 /2 ,  ± 1 ). T a k in g  th e  is o to p ic  sp in  an d  s t r a n g e n e s s  
t o g e th e r  a s  fu n d a m e n ta l  q u an tu m  n u m b e rs ,  G e ll-M a n n  and  N is h i jim a  c a r r i e d  
ou t th e  f i r s t  s u c c e s s f u l  (1956) a t te m p t  to  c l a s s i f y  a l a r g e  n u m b e r  o f p a r 
t i c l e s ,  n a m e ly  m e s o n s ,  n u c le o n s  and  h y p e ro n s . T h is  c l a s s i f ic a t io n  m ig h t 
b e  i l lu s t r a t e d  in  a s im p l i f ie d  fo rm  by th e  ta b le  b e lo w ;

0 +  1 - 1 - 2

0 (?) (?) A* (?)
± ‘/. p. " K *, K* K -, I f E*. S-

± » - ~ 2«, 2*. 2 -

T h u s  by  m a k in g  u se  o f a p r e v io u s ly  know n q u an tu m  n u m b e r  ( is o to p ic  sp in ) 
an d  in t ro d u c in g  y e t  a n o th e r  n u m b e r  ( s t r a n g e n e s s ) ,  G e ll-M a n n  an d  N is h ijim a  
w e re  a b le  no t o n ly  to  a r r a n g e  u n iv o c a lly  th o s e  s t r o n g ly  in te r a c t in g  p a r t i c le s  
w h ich  had  b e e n  d is c o v e r e d  in e x p e r im e n ts  in  th e  ro w s  an d  c o lu m n s  o f a 
t a b le ,  b u t e v e n  to  c o n je c tu r e  a b o u t th e  p o s s ib le  e x is te n c e  o f s e v e r a l  new  
p a r t i c le s  (q u e s tio n  m a r k s  in  th e  ta b le ) . D e s p ite  th e  a r b i t r a r i n e s s  in v o lv ed  
in  c h o o s in g  th e  new  q u an tu m  n u m b e r  S ( in  o th e r  a t te m p ts  to  c la s s i f y  p a r 
t i c l e s  d i f f e r e n t  q u an tu m  n u m b e rs  a r e  in tro d u c e d ) , th e  q u an tu m  n u m b e rs  I 
an d  S p ro v e d  u s e fu l  not o n ly  in c la s s i f y in g  th e  p a r t i c le s  t h e m s e lv e s  b u t a ls o  
in  e x p la in in g  c e r t a in  r e g u la r i t i e s  (c o n s e rv a tio n  la w s  o r  s e le c t io n  r u le s )  
s a t i s f i e d  by  th e  " r e a c t io n s "  o f t r a n s m u ta t io n  o f th e  fu n d a m e n ta l  p a r t i c le s .  
In d e e d , in a l l  s t r o n g  in t e r a c t io n s  of m e s o n s ,  n u c le o n s  an d  h y p e ro n s  th e  
to ta l  v a lu e s  o f  e a c h  o f th e  fo u r  n u m b e rs  ( /„  / , ,  S) r e m a in  c o n s ta n t, w h e re a s
in  w e ak  in te r a c t io n s  o f th e  s a m e  p a r t i c le s  th e  r u le  A/, =  +  1/2 an d  th e  ru le  
AS =  ± 1  w h ich  fo llo w s  f ro m  it a r e  in v a r ia b ly  o b ey e d . In  p a r t i c u la r ,  a s  is  
e a s i l y  s e e n  f ro m  th e  a b o v e  ta b le ,  th e  c o n c e p t o f is o to p ic  sp in  an d  i t s  c o n 
s e r v a t io n  m a k e s  i t  c l e a r  why s t r a n g e  p a r t i c le s  ( / / - m e s o n s  an d  h y p e ro n s )  
a r e  a lw a y s  c r e a t e d  in  p a i r s  in th e  n u c le a r  in te r a c t io n  o f h ig h -e n e rg y  n u c 
le o n s  an d  m e s o n s .  It is  du e  to  th e  fa c t  th a t  th e  to ta l  s t r a n g e n e s s  o f th e  
e n t i r e  s y s te m  o f p a r t i c le s  sh o u ld  re m a in  e q u a l to  z e r o  o r ,  c o r re s p o n d in g ly ,  
th e  to ta l  q u a n ti ty  l t sh o u ld  re m a in  c o n s ta n t.

T h u s  th e  f i r s t  s u c c e s s f u l  s te p s  in th e  c o n s t r u c t io n  o f a  s c ie n t i f i c  c l a s s i 
f ic a t io n  o f th e  fu n d a m e n ta l  p a r t i c le s  w e re  m a d e  p o s s ib le  by  bo ld  m a th e m a 
t ic a l  h y p o th e s e s  c o n c e rn in g  th e  p r e s e n c e  o f new  in te r n a l  d e g r e e s  o f fr e e d o m  
w h ich , th o u g h  n o t s u s c e p tib le  o f in tu it iv e  p h y s ic a l  in te r p r e t a t i o n ,  a r e  m a n i 
fe s te d  in  a  c o m p le te ly  d e f in i te  w ay in  th e  r e g u la r i t i e s  w h ich  g o v e rn  th e  
in t e r a c t io n s  and  t r a n s m u ta t io n s  o f t h e s e  p a r t i c le s .

I t  i s  o f te n  b e lie v e d  th a t  k in e m a t ic a l  id e a s  an d  r e la t io n s  p la y  an  a u x i l i a r y  
(p h e n o m e n o lo g ic a l)  r o le  in  p h y s ic s ,  in a s m u c h  a s  t h e i r  on ly  p u rp o s e  is  to 
d e s c r ib e  c e r t a in  f o r m s  o f  m o tio n  o f m a t t e r ,  th e  c a u s e s  of w h ich  th e y  do 
n o t e x p la in  to  th e  s a m e  d e g r e e  a s  do th e  d y n a m ic a l  r e g u la r i t i e s .  F o r  a 
c h a r a c t e r i s t i c  e x a m p le  on e  c a n  ta k e  K e p le r 's  k in e m a t ic a l  la w s , w h ich  d e 
s c r ib e  th e  m o tio n  o f  p la n e ts  in  t h e i r  o r b i t s ,  an d  N e w to n 's  d y n a m ic a l  la w s , 
w h ich  c o n n e c t, on th e  on e  h an d , th e  a c c e le r a t i o n s  o f b o d ie s  w ith  th e
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e x te rn a l  f o r c e s  a c t in g  upon th e m , an d , on th e  o th e r  h an d , th e  m a g n itu d e  
o f th e  a c t iv e  fo r c e  ( f o rc e  o f g ra v ity )  w ith  th e  m u tu a l p o s itio n  o f th e  tw o 
b o d ie s . H o w e v er, a s  p o in ted  ou t by V. B. B e r e s te t s k i i ,  f ro m  th e  s ta n d p o in t  
of e x p la in in g  o b s e r v e d  p h en o m e n a  th e  d if fe re n c e  b e tw e e n  th e  tw o ty p e s  o f 
r e g u la r i t i e s  in  th e  g iv en  c a s e  is  no t so  fu n d a m e n ta l a s  m ig h t a p p e a r  a t  f i r s t  
g la n c e * . In  th e  l a s t  a n a ly s i s ,  K e p le r 's  la w s  c o n n e c t r e la t iv e  v e lo c i t i e s  o f 
m o tio n  of b o d ie s  w ith  t h e i r  r e la t iv e  p o s i t io n s ,  and  N e w to n 's  la w s  r e la t iv e  
a c c e le r a t io n s  w ith  r e la t iv e  p o s i tio n s ;  in th e  g iv en  c a s e  th e  tw o g ro u p s  of 
la w s  a r e  e q u iv a le n t. T h e m o re  g e n e ra l  c h a r a c t e r  o f N e w to n 's  t r e a tm e n t  is  
d u e , b a s ic a l ly ,  to  th e  in tro d u c tio n  o f th e  f u r th e r  c o n c e p t o f f o r c e ,  w h ich  
ca n  h av e  an y  o r ig in ,  an d  not on ly  a g r a v ita t io n a l  o n e ; it  m a y  b e  d e p e n d e n t 
no t on ly  on m u tu a l d i s ta n c e s  b u t a ls o  on m u tu a l v e lo c i t i e s  and  ev e n  m u tu a l  
a c c e le r a t io n s  o f b o d ie s  ( th e  l a t t e r  w ould im p ly  a t r a n s i t i o n  to  th e  c o n s i d e r a 
tio n  of n o n in e r t ia l  s y s te m s  o f c o o r d in a te s  in  w h ich  th e  f o r c e s  o f i n e r t i a  
m u s t be  ta k e n  in to  a c c o u n t) .

At th e  s a m e  t im e  (and  th is  a g a in  w a s  p o in ted  ou t by B e r e s te t s k i i ) ,  w ha t 
m a y  b e  re q u ir e d  w hen one m o v e s  to  new  p h en o m e n a  is  not so  m u c h  a c o n 
s id e r a t io n  o f a  new  ty p e  o f fo r c e  a s ,  in  th e  f i r s t  in s ta n c e ,  a r e v is io n  an d  
g e n e ra l iz a t io n  o f k in e m a t ic a l  id e a s . P r e c i s e ly  th e  l a t t e r  i s  a l r e a d y  a c h ie v e d  
in n o n r e la t iv i s t i c  q u an tu m  m e c h a n ic s ,  w h ich , o p e r a t in g  w ith  S c h r o e d in g e r 's  
e q u a tio n , is  s a t i s f ie d  e s s e n t ia l ly  by  c l a s s i c a l  e x p r e s s io n s  f o r  th e  f o r c e s  o f 
in te ra c t io n  o f m a te r ia l  o b je c ts .  It n o n e th e le s s  r e q u i r e s  a d e c i s iv e  m o d i f i 
c a tio n  o f k in e m a tic a l  id e a s  an d , in p a r t i c u la r ,  d i s c lo s e s  th e  f a r - r e a c h i n g  
co n n e c tio n  b e tw e e n  th e  p a r t ic le  m o m e n ta  and  c o o r d in a te s  in th e  fo rm  o f th e  
u n c e r ta in ty  re la t io n .

A n o th e r  e x a m p le  of a b a s ic  r e v is io n  o f  k in e m a t ic a l  id e a s  in  m o d e rn  
p h y s ic s ,  one w h ich  is  im p o r ta n t  in p r in c ip le ,  i s  p ro v id e d  by  th e  th e o r y  of 
r e la t iv i ty .  A t f i r s t  g la n c e  it  m ig h t a p p e a r  (a t  l e a s t  if one c o n f in e s  o n e s e lf  
to  th e  in e r t i a l  s y s te m  of c o o r d in a te s )  th a t  th e  new  c o n te n t o f th e  th e o ry  is  
m a in ly  c o n c e rn e d  w ith  k in e m a t ic s  — th e  la w s  of t r a n s f o r m a t io n  o f th e  c o o r 
d in a te s  and  v e lo c it i e s  upon t r a n s i t io n  fro m  one s y s te m  of r e f e r e n c e  to  
a n o th e r .  In  r e a l i ty ,  h o w e v e r, th e  c o n te n t o f th is  th e o ry  g o e s  f a r  d e e p e r ;  
f ro m  it  a ls o  fo llow , lo g ic a l ly  an d  in e v ita b ly , su c h  h ig h ly  im p o r ta n t  " d y n a m 
ic a l"  r e s u l t s  a s  th e  d e p e n d e n c e  o f in e r t ia l  m a s s  on v e lo c ity ,  th e  e q u a l ity  of 
th e  i n e r t ia l  and  g r a v ita t io n a l  m a s s e s ,  th e  c o n n e c tio n  b e tw e e n  m a s s  an d  th e  
to ta l  e n e rg y  o f a  body  an d , f in a lly , th e  m o r e  p ro fo u n d  v iew  on th e  c a u s a l  
c o n n e c tio n  of p h en o m e n a  fro m  w h ich  fo llo w s , in p a r t i c u la r ,  th e  i m p o s s ib i 
l i ty  o f th e  e x is te n c e  of a b s o lu te ly  r ig id  b o d ie s  (th e  l a t t e r  p o in t is  v e r y  s ig n i 
f ic a n t w hen c o n s id e r in g  th e  q u e s tio n  o f th e  s t r u c t u r e  o f  fu n d a m e n ta l  p a r  - 
t i d e s ) .

T h u s  th e  r e la t iv e  c h a r a c t e r  o f th e  s p a c e - t im e  r e la t io n s  an d  p r o p e r t i e s  of 
m a te r ia l  o b je c ts ,  t h e i r  in d is s o lu b le  c o n n e c tio n  w ith  th e  a c tu a l  fo r m s  o f m o 
tio n  of m a t t e r ,  show  u s  how lim ite d  an d  a r b i t r a r y  is  th e  a t t r ib u t io n  o f  a 
d e s c r ip t iv e  c a p a c ity  to  k in e m a t ic a l  la w s  an d  o f " e x p la n a to ry "  s ig n if ic a n t  
c a p a c ity  to  d y n a m ic a l  law s .

T h e c o n n e c tio n  b e tw e e n  th e  f o r m s  of m o tio n  an d  in te r a c t io n  o f  m a te r ia l  
b o d ie s  and  th e i r  s p a c e - t im e  p r o p e r t i e s  is  no l e s s  s t r ik in g ly  re v e a le d  by  th e  
fu n d a m e n ta l r o le  o f th e  n u m e ro u s  c o n s e rv a t io n  la w s  in  m ic ro w o r ld  p h y s ic s .  
S tr ic t ly  sp e a k in g , th i s  ro le  is  no t so  s m a l l  e v e n  in th e  c l a s s i c a l  p h y s ic s  of 
th e  m ic ro w o r ld .  S u ffice  it to  m e n tio n  th e  law  o f e n e rg y  c o n s e r v a t io n ,  th e

• See p. 12 of this book.
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c o n c r e te  fo rm  o f w h ich , in  e a c h  in d iv id u a l c a s e ,  is  th e  m a in  g u id in g  lin e  
f o r  a r i g o r o u s ly  m a t e r ia l i s t i c  a p p r o a c h  to  th e  q u e s tio n  o f m u tu a l t r a n s i t i o n s  
of on e  fo rm  o f m o tio n  of m a t t e r  in to  a n o th e r .  T h is  law  a ls o  p la y s  a t r e 
m e n d o u s  ro le  in d ic s o v e r in g  new  f o r m s  of m o tio n  o f m a t t e r  (a s  w a s th e  
c a s e  fo r  th e  p re d ic t io n  of th e  n e u tr in o ) .  An im p o r ta n t  p o in t is  th a t  th e  law  
o f e n e rg y  c o n s e rv a t io n  c a n  b e  d e r iv e d  in a r ig o ro u s ly  lo g ic a l  w ay f ro m  a 
s in g le  v e r y  g e n e ra l  p r o p e r ty  of t im e , n a m e ly  i ts  u n ifo rm ity  ( o r  m o re  p r e 
c i s e ly  fro m  th e  r e q u ir e m e n t  th a t  th e  p h y s ic a l  la w s  d e s c r ib in g  th e  m o tio n  of 
m a t t e r  r e ta in  t h e i r  fo rm  w hen th e  o r ig in  of t im e  re c k o n in g  is  ch an g ed ).

A s i m i l a r  s i tu a t io n  p r e v a i l s  fo r  su c h  v e r y  g e n e ra l  c o n s e rv a t io n  law s  a s  
th a t  o f m o m e n tu m  and  a n g u la r  m o m e n tu m : th e  f o r m e r  is  e q u iv a le n t to  th e  
p r o p e r ty  o f h o m o g e n e ity  an d  th e  l a t t e r  to  th a t  o f i s o tr o p y  o f s p a c e . E x 
te n d in g  th is  s i tu a t io n  to  th e  o th e r  a n a lo g o u s  c o n s e rv a t io n  law s  of d y n a m ic a l  
q u a n t i t i e s ,  one m ig h t s a y  th a t  th e y  a r e  a l l  e x p r e s s io n s  of c e r t a in  s y m m e try  
p r o p e r t i e s  of s p a c e - t im e .

A v e r y  im p o r ta n t  new  fa c t , one w h ich , in so m e  d e g r e e ,  c h a r a c t e r i z e s  
a  new  s ta g e  in th e  d e v e lo p m e n t o f s p a c e - t im e  id e a s ,  is  th e  d i s c o v e r y  of 
" p a r i t y  n o n c o n s e rv a t io n "  in w eak  in te r a c t io n s .  T h u s , fo r  in s ta n c e , th e  
b e ta  d e c a y  o f a to m ic  n u c le i  o r  th e  d e c a y  of a u -m e s o n  (in to  an  e le c tro n , a 
n e u tr in o  and  an  a n t in e u tr in o )  ta k e  p la c e  a s y m m e tr ic a l ly  in th e  le f t-h a n d e d  
an d  r ig h t-h a n d e d  s y s te m s  of c o o r d in a te s  (w h ich  a r e  m i r r o r  r e f le c tio n s  of 
e a c h  o th e r) .  Y e t, a s  h a s  b ee n  s p e c ia l ly  a s c e r ta in e d ,  th i s  k ind  of a s y m 
m e t r y  is  no t found in  s t r o n g  in te r a c t io n s ,  w h ich  m e a n s  th a t  d i f f e re n t  fo r m s  
o f  m o tio n  o f m a t t e r  a r e  c h a r a c t e r i z e d  by d i f fe re n t  s p a t ia l  s y m m e tr ie s .

It sh o u ld  be  m e n tio n e d  h e r e  th a t  a d i f f e re n t ,  m o re  c o m p le x  fo rm  of s y m 
m e t r y ,  in v o lv in g  th e  c o n s e rv a t io n  o f " c o m b in e d  p a r i ty " ,  r e m a in s  v a lid  fo r  
w e ak  in te r a c t io n s .  It a p p e a r s  th a t  th e  r e g u la r i t i e s  f o r  th e  c o r re s p o n d in g  
e le m e n ta r y  p r o c e s s e s  r e m a in  fu lly  v a lid  if, a s  one m o v e s  f ro m  th e  r ig h t -  
h an d e d  s y s te m  o f c o o r d in a te s  to  th e  le f t - h a n d e d  o n e , one a ls o  p e r f o r m s  
th e  o p e r a t io n  o f " c h a rg e  c o n ju g a tio n "  — r e p la c e m e n t  of th e  p a r t i c le  by i ts  
a n t ip a r t i c le .  T h is  i n t e r e s t in g  p r o p e r ty  is  a ls o  re f le c te d  in th e  fa c t  th a t , 
f o r  e x a m p le , th e  sp in  o f th e  n e u tr in o  is  a lw a y s  p a r a l l e l  to  th e  d i r e c t io n  of 
i t s  ow n m o tio n , w h ile  th a t  o f th e  a n t in e u tr in o  is  p a r a l l e l  to  i t s  own m o tio n .

A n o th e r  fa c t  w h ich  sh o w s th e  d iv e r s i t y  an d  c o m p le x ity  of th e  s p a c e - t im e  
p r o p e r t i e s  o f fu n d a m e n ta l p a r t i c le s  is  th e  a b u n d a n c e  of " t r a n s f o r m a t io n  
c h a r a c t e r i s t i c s " .  In d e e d , th e  w ave fu n c tio n s  fo r  th e  d if fe re n t  p a r t i c le s  m ay  
c o n ta in  a v a r ia b le  n u m b e r  o f c o m p o n e n ts  w h ich  t r a n s f o r m  in a d e f in ite  w ay 
upo n  t r a n s i t i o n  fro m  one s y s te m  o f c o o r d in a te s  to  th e  o th e r ,  and  n e c e s s a r i l y  
s a t i s f y  in th i s  p r o c e s s  th e  r e q u ir e m e n ts  of th e  th e o ry  o f re la t iv i ty .  T h u s 
t h e r e  a r e  p a r t i c le s  o f th e  p s e u d o s c a la r  ty p e  (n - m e s o n s )  w ith  a o n e - c o m 
p o n e n t w av e fu n c tio n  w h ich  c h a n g e s  s ig n  u n d e r  m i r r o r  r e f le c tio n , p a r t i c le s  
o f th e  s p in o r  ty p e  (n u c le o n s , e le c t r o n s )  w ith  tw o -c o m p o n e n t w ave fu n c tio n s , 
p a r t i c le s  o f th e  v e c to r  ty p e  (p h o to n ), and  so  fo r th .

A c o n s id e r a t io n  o f  th e s e  p e c u l ia r i t i e s  p ro v e d  v e r y  im p o r ta n t  in  v a r io u s  
a t te m p ts  to  c o g n iz e  th e  s t r u c t u r e  o f fu n d a m e n ta l p a r t i c le s .  In p a r t i c u la r ,  
i t  m u s t  be  c o n s id e r e d  th a t  p a r t i c le s  o f th e  s p in o r  ty p e , w h ich  h av e  h a l f 
in te g r a l  sp in  (in  u n its  o f P la n c k 's  c o n s ta n t  h) and  ob ey  F e r m i  s t a t i s t i c s ,  
m a y  b e  th e  s t r u c t u r a l  e le m e n ts  o f th e  o th e r  re m a in in g  p a r t i c le s ,  w h ich  hav e  
in te g ra l  sp in  an d  o b ey  B o se  s t a t i s t i c s  ( f o r  w h ich  re a s o n  th e y  a r e  c a lle d  
b o s o n s ,  a s  d i s t in c t  f ro m  f e rm io n s ,  th e  f o r m e r  ty p e  o f p a r t ic le ) .  A n i n t e r 
e s t in g  a t te m p t  to  m a k e  u s e  o f th i s  p e c u l ia r i ty  in  c o n s tru c t in g  a h a lf - p h e n o 
m e n o lo g ic a l  th e o ry  o f fu n d a m e n ta l  p a r t i c le s  is  due to  th e  J a p a n e s e
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p h y s ic i s t  S a k a ta , w ho m a d e  a  th o ro u g h  e x a m in a tio n  o f a s in g le  c o n c r e te  
h y p o th e s is , t r e a t in g  a l l  p a r t i c le s  w ith  in te g ra l  sp in  a s  bound s t a t e s  o f  tw o 
p a r t i c le s  b e lo n g in g  to  th e  th r e e  b a s ic  ty p e s  (p r o to n s ,  n e u t ro n s  an d  A - 
h y p e ro n s )  w ith  t h e i r  a n t ip a r t ic le s .

F o r  an  a c c u r a te  d ia le c t ic a l  u n d e r s ta n d in g  o f th e  q u e s tio n  o f w h ich  p h y s i 
c a l  r e g u la r i t i e s  a r e  to  b e  re g a rd e d  a s  " p u re ly  d e s c r ip t iv e "  o r  p h e n o m e n o 
lo g ic a l  and  w h ich  a s  s ig n if ic a n t, it is  h ig h ly  in s t r u c t iv e  to  ta k e  up th e  s o -  
c a lle d  s c a t t e r in g  m a t r ix  m eth o d . In th is  m e th o d  to  e v e ry  p a r t i c le ,  o r  m o re  
p r e c i s e ly ,  to  e v e ry  p a i r  o f in te r a c t in g  p a r t i c le s ,  i s  a s s ig n e d  a c e r t a in  s e t  
o f m a t r ix  e le m e n ts  — th e  s c a t t e r in g  a m p li tu d e s .  D e te rm in a t io n  of th e  c o m 
p le te  s e t  o f a m p li tu d e s  m a k e s  it  p o s s ib le  to  p re d ic t ,  in a p ro b a b i l i s t i c  
m a n n e r ,  a l l  th e  p o s s ib le  fin a l s ta t e s  of th is  p a i r  o f p a r t i c le s  ( a f t e r  t h e i r  
in te ra c t io n  fro m  th e i r  s p e c if ie d  in i t ia l  s ta te s .  It w a s  found th a t  th i s  k ind  of 
d e s c r ip t io n  o f p a r t i c le s  w a s , in g e n e r a l ,  e q u iv a le n t to  an  e x p la n a tio n  o f 
t h e i r  s t r u c t u r e ,  o r  th e  s o - c a l le d  fo rm  fa c to r .  T ru e ,  in  th i s  c a s e ,  a s  
d i s t in c t  f ro m  th e  e a r l i e r  m e th o d  o f s tu d y in g  th e  fo rm  f a c to r  in  c o o r d in a te  
s p a c e  (e . g. , in th e  e x p o s it io n  of th e  la w s  of s c a t t e r in g  o f X - r a y s  on th e  
a to m s  o f c r y s ta l s ) ,  it is  m o re  e x p e d ie n t to  u s e  m o m e n tu m  s p a c e .  T h is  
m e a n s  th a t  one i s  s tu d y in g  not th e  s t a t i s t i c a l  d is t r ib u t io n  o f th e  s t r u c t u r a l  
e le m e n ts  o f th e  p a r t i c le  in s p a c e  ( s t a t i s t i c a l  fo rm  fa c to r )  b u t r a th e r  th e  s e t  
o f p o s s ib le  m o m en tu m  t r a n s f e r s  in th e  p r o c e s s  o f in te r a c t io n  w ith  a n o th e r  
p a r t i c le  (d y n a m ic a l  fo rm  fa c to r ) . H o w e v er, th e  w e ll know n la w s  o f t r a n s 
fo r m a t io n  o f p a r t i c le  w ave fu n c tio n s  f ro m  th e  c o o r d in a te  to  th e  m o m e n tu m  
re p r e s e n ta t io n  ( th e y  a r e  u s e d , in  p a r t i c u la r ,  w hen th e  lo c a liz e d  p a r t i c le  
is  t r e a te d  a s  a " p a c k e t"  o f e le m e n ta r y  w a v e s )  m a k e  it p o s s ib le  to  e s ta b l i s h  
th e  d e e p e r  in te rn a l  c o n n e c tio n  b e tw e e n  th e  tw o f o r m s  o f fo r m  f a c to r s .

R e g a rd in g  th e  e x p e r im e n ta l  p o s s ib il i ty  o f s tu d y in g  th e  s t r u c t u r e  o f p a r 
t i c l e s ,  th e  id ea  of a d y n a m ic a l  fo rm  f a c to r  h a s  p ro v e d  to  b e  (d e s p ite  i t s  
s e e m in g  a b s t r a c tn e s s )  s ig n if ic a n t ly  c l o s e r  to  th e  d i r e c t  m e th o d s  an d  r e s u l t s  
of c o n te m p o r a ry  e x p e r im e n t .  In d e e d , p r o c e s s e s  o f m u tu a l s c a t t e r in g  o f 
p a r t i c le s  (and  e s p e c ia l ly  e la s t i c  s c a t te r in g )  now  c o n s t i tu te ,  in  th e  h a n d s  
of th e  e x p e r im e n ta l  p h y s ic is t ,  a  p o w e rfu l to o l fo r  s tu d y in g  th e  s t r u c t u r e  o f 
th e  fu n d a m e n ta l p a r t i c le s  an d , in  th e  f i r s t  p la c e ,  th a t  o f th e  n u c le o n s  ( le t  
u s  r e c a l l  th e  by now c l a s s i c a l  e x p e r im e n ts  o f H o f s ta d te r  on  th e  s c a t t e r in g  
o f e le c t r o n s  on n u c le o n s) .

T h e m eth o d  of d e s c r ib in g  th e  in te r a c t io n s  and  m o tio n s  of fu n d a m e n ta l  
p a r t i c le s  w ith  th e  h e lp  o f  th e  s c a t t e r in g  m a t r ix  and  o f d y n a m ic a l  fo rm  f a c 
t o r s  is  so m e w h a t a n a lo g o u s  to  K e p le r 's  k in e m a tic a l  r e g u la r i t i e s ,  th o u g h  
it p o s s e s s e s  a fu n d a m e n ta lly  new  q u a li ty  c o n n e c te d  w ith  th e  u n iq u e n e ss  o f 
th e  r e s u l t  o f th e  p a r t i c le  in te ra c t io n .

T h e n ex t d e v e lo p m e n t of th e  s c a t t e r in g  m a t r ix  m eth o d  d i s c lo s e d  th e  
e x is te n c e  o f v e r y  p ro fo u n d  b o n d s  of c a u s a l  c h a r a c t e r .  In d e e d , on th e  b a s i s  
o f v e r y  g e n e ra l  and  (a t  f i r s t  g la n c e )  f a i r ly  a b s t r a c t  p r in c ip le s ,  in  p a r t i c u l a r  
th e  p r in c ip le  o f a n a ly tic i ty  o f th e  fu n c tio n s  o f th e  b a s ic  d y n a m ic a l  v a r ia b l e s  
( e n e rg y  o f in te ra c t in g  p a r t i c le s  and  th e  m o m e n tu m  t r a n s f e r ) ,  it  w a s  p o s 
s ib le  to  d e r iv e  r ig o ro u s ly  v e r y  g e n e ra l  m a th e m a tic a l  r e la t io n s  b e tw e e n  th e  
m a t r ix  e le m e n ts  ( s c a t t e r in g  a m p li tu d e s ) ,  w h ich  w e re  n a m e d  d i s p e r s io n  
r e la t io n s .

W ith th e  h e lp  o f c e r t a in  a d d it io n a l , a g a in  f a i r ly  a b s t r a c t  p o s tu la te s ,  
and  in p a r t i c u la r  th e  p r in c ip le  o f u n i ta r i ty  of th e  m a t r ix  o p e r a to r s  u s e d  by
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th e  th e o r y ,  it w a s  p o s s ib le  to  o b ta in  fro m  th e  d i s p e r s io n  r e la t io n s  a n u m b e r  
o f im p o r ta n t  e q u a tio n s  c o n n e c tin g  a w ide v a r ie ty  o f p r o c e s s e s  of i n t e r a c 
t io n  o f  th e  fu n d a m e n ta l  p a r t i c le s .  E s p e c ia l ly  im p o r ta n t  and  e n t i r e ly  c o n 
c r e t e  r e s u l t s  w e re  o b ta in e d  by a p p ly in g  th is  m e th o d  to  th e  e f fe c tiv e  c r o s s  
s e c t io n s  of in te r a c t io n s  o c c u r r in g  a t  v e r y  h igh  e n e r g ie s  (w o rk  o f th e  S ov ie t 
p h y s i c i s t s  I. Ya. P o m e ra n c h u k  and  V. N. G rib o v ).

D e s p ite  th e  fo r m a l  m a th e m a tic a l  c h a r a c t e r  o f th e  p o s tu la te s  a t  l e a s t  
on e  — th e  p o s tu la te  o f a n a ly tic i ty  — h a s  a v e r y  im p o r ta n t  p h y s ic a l  m e a n in g .
A s N. N. B o g o ly u b o v  w a s  th e  f i r s t  to  sh o w , th i s  p o s tu la te  is  th e  c o n c re te  
e x p r e s s io n  o f th e  r e q u ir e m e n t  o f m ic r o c a u s a l i ty  o f p r o c e s s e s  o f in te ra c t io n  
of fu n d a m e n ta l  p a r t i c le s .  On th e  o th e r  h an d , th e  w e ll know n s u c c e s s  o f th is  
m e th o d  is  du e  to  th e  fa c t th a t  it  p ro v e d  p o s s ib le  in  th i s  th e o ry  to  s id e s te p  
th e  fu n d a m e n ta l  p h y s ic a l  d i f f ic u lt ie s  a s s o c ia te d  w ith  th e  p ro b le m  of s p a t ia l  
s t r u c t u r e  o f  p a r t i c le s .

In d e e d , a n o th e r  m e th o d  o f a n a ly z in g  p a r t i c le  i n te r a c t io n s  ( s o lu tio n  of 
th e  e q u a t io n s  o f m o tio n  o f q u an tu m  fie ld  th e o ry )  w h ich  w a s  in te n s iv e ly  d e 
v e lo p e d  f o r  m a n y  y e a r s ,  m e t  w ith  v e r y  s e r io u s  d i f f ic u lt ie s  o f p r in c ip le .
T h is  th e o r y  s t a r t s ,  a s  z e r o e th  a p p r o x im a tio n , f ro m  th e  s t a t e s  of f r e e  p a r 
t i c l e s ,  on  w h ich  i s  s u p e r im p o s e d , a s  th e  " p e r tu r b a t io n " ,  th e  in te ra c t io n  
o f  th e  p a r t i c le s .  T h e  l a t t e r  c a n  b e  t r e a t e d  m a th e m a tic a l ly  by  e x p a n s io n  
o f th e  c o r r e s p o n d in g  e x p r e s s io n s  in  s e r i e s  in  th e  in te r a c t io n  c o n s ta n t.

I t w a s  d e m o n s t r a te d  by  th e  w o rk  o f L . D. L a n d a u  and  o th e r  S o v ie t p h y s i 
c i s t s ,  h o w e v e r , th a t  e v e n  in  th e  th e o ry  of e le c t ro m a g n e tic  in te r a c t io n s ,  
w h e re  th e  a b o v e -m e n t io n e d  in te r a c t io n  c o n s ta n t  is  s u b s ta n t ia l ly  l e s s  th a n  
u n ity  ( i t  is  1 /1 3 7 ) , th e  id e a  of p o in t ( s t r u c tu r e l e s s )  p a r t i c le s ,  tho u g h  it 
d o e s  m a k e  i t  p o s s ib le  to  o b ta in  r e s u l t s  in  a g r e e m e n t  w ith  e x p e r im e n t ,  s u f 
f e r s  f ro m  a  v e r y  im p o r ta n t  d e fe c t . I t  a p p e a r s  th a t  th e  o r ig in a l ,  i. e. , u n 
p e r tu r b e d  ( i t  i s  a l s o  c a l le d  " b a r e " ) ,  e l e c t r i c  c h a rg e  o f th e  in te r a c t in g  p a r 
t i c l e s  sh o u ld  b e  s m a l l e r  th a n  th a t  o b s e r v e d  in  e x p e r im e n t  by an  in fin ite  
f a c to r ,  an d  th e r e f o r e  sh o u ld  b e  z e ro .  B ut th e n  one d o e s  n o t s e e  fro m  w h e re  
th e  i n te r a c t io n ,  w h ich  is  an  a c tu a l  fa c t ,  c o m e s  a b o u t (p ro v id e d  on e  d o e s  
n o t d ro p  th e  c o n c e p t o f p o in t p a r t i c le s  f ro m  th e  s t a r t ) .

O n th e  o th e r  h an d , a t t e m p ts  to  im p ro v e  th e  th e o ry  by  in tro d u c in g  th e  
id e a  o f e x te n d e d  fu n d a m e n ta l  p a r t i c le s  h av e  a l s o  m e t  w ith  d i f f ic u lt ie s  o f 
p r in c ip le .  T h e  m a in  d if f ic u lty  c o n s i s t s  o f th e  c o n tra d ic t io n  w ith  th e  th e o ry  
o f r e la t iv i t y :  an y  c o n c e p tio n  o f a d e f in i te  g e o m e tr ic  fo rm  (fo rm  f a c to r )  o f 
th e  p a r t i c le  le a d s  to  th e  s i tu a t io n  w h e re  f o r  e v e ry  in te r a c t io n  o f th is  p a r 
t i c l e  a s  a  w h o le  (and  o n ly  su c h  in te r a c t io n  is  p o s s ib le  if  th e  p a r t i c le  is  
t r u ly  e le m e n ta r y )  th e  s ig n a l p ro p a g a te d  in s id e  th e  p a r t i c le  sh o u ld  b e  t r a n s 
m itte d  w ith  in f in i te  v e lo c ity . A t th e  s a m e  t im e  th e  p o s s ib il i ty  of in f in ite  
v e lo c i t i e s  o f t r a n s m is s io n  of s ig n a ls  is  in c o n tra d ic t io n  w ith  th e  p r in c ip le  
o f  c a u s a l i ty ,  a s s u m in g  th a t  th e  p r o p e r t i e s  o f s p a c e  and  t im e  a t  s m a l l  
s c a le s  ( e x p r e s s e d  m a th e m a tic a l ly  by L o re n tz  t r a n s f o r m a t io n s )  a r e  th e  s a m e  
a s  in  th e  m a c ro w o r ld .

A s ig n if ic a n t  n u m b e r  o f a t te m p ts  h av e  b e e n  m a d e  to  o v e r c o m e  th is  d i f f i 
c u lty  in  p r in c ip le  by  re v is in g  th e  p r o p e r t i e s  of s p a c e  an d  t im e  a t  v e r y  
s m a l l  s c a le s ,  e v e n  w ith o u t r e je c t in g  th e  v a l id i ty  o f th e  L o re n tz  t r a n s f o r m a 
t io n s  ( f o r  w h ich  t h e r e  is ,  so  f a r ,  no e x p e r im e n ta l  fo u n d a tio n ) . An i n t e r e s t 
in g  a t te m p t  o f th i s  k ind  i s  c o n s id e r e d ,  in  p a r t i c u la r ,  in th e  book  by M. A. 
M a rk o v  c i te d  ab o v e . M a rk o v  b e g in s  h is  a r g u m e n t  f ro m  th e  fa c t  th a t , 
d e s p i te  th e  n o v e lty  of i t s  id e a s ,  q u an tu m  m e c h a n ic s  d o e s  not le a d  to  v io l a 
t io n  o f th e  c l a s s i c a l  p r in c ip le  o f c a u s a l i ty  b u t m e r e ly  to  v io la tio n  o f th e
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c o n d it io n s  o f i t s  a p p lic a b ili ty . In d e e d , th i s  p r in c ip le  r e q u i r e s  th a t ,  f ro m  
s p e c if ie d  in i t ia l  v a lu e s  of th e  c o o r d in a te  and  m o m e n tu m  (q0, pn), one b e  a b le  
to  p r e d ic t  u n iv o c a lly  t h e i r  v a lu e s  q(t),p(t) a t  an y  s u b s e q u e n t  in s ta n t  in  t im e . 
S in c e  s im u l ta n e o u s  s p e c if ic a t io n  of q{> and  p0 is ,  in  th e  c a s e  o f m ic r o o b je c t s ,  
dev o id  o f p h y s ic a l  m e a n in g , one c a n n o t d e m a n d  f u r th e r  m o tio n  o f th e  p a r 
t i c le  a lo n g  th e  t r a j e c to r y  in th e  c l a s s i c a l  s e n s e  o f th i s  w o rd . On th e  o th e r  
h an d , qu an tu m  m e c h a n ic s  d o e s  not e x c lu d e  th e  p o s s ib il i ty  in p r in c ip le  o f 
p e r fo rm in g  a s  m an y  a c c u r a te ,  and  m o re o v e r ,  r e p e a ta b le  m e a s u r e m e n ts  a s  
d e s i r e d  o f (on ly ) th e  c o o r d in a te  q a t  in s ta n ts  t a s  c lo s e  to  e a c h  o th e r  a s  
o n e  w is h e s ;  th u s  th e  p o s s ib il i ty  of m o tio n  o f th e  m ic ro o b je c t  a lo n g  a c o n 
t in u o u s  t r a j e c to r y  is  r e ta in e d  (b u t on ly  if  th e  p a r t i c le  d o e s  no t h a v e  a d e 
f in ite  m o m en tu m ).

T he n e x t p o s s ib le  g e n e ra l iz a t io n  o f id e a s  c o n c e rn in g  th e  n a tu r e  of 
m ic r o o b je c t s ,  a c c o rd in g  to  M ark o v , c o n s i s t s  of a s s u m in g  th e  n o n lo c a liz a -  
b i l ity  in p r in c ip le  o f th e  p a r t i c le s ,  i. e. , th e  p r e s e n c e  o f a c e r t a in  re g io n  
o f d im e n s io n  r0 o v e r  w h ich  th e  p a r t ic le  c o o r d in a te s  w ill b e  d i s t r ib u te d  w ith  
a c e r ta in  p ro b a b il i ty  d e n s ity  % (x) ev e n  f o r  m a x im a lly  a c c u r a t e  c o n s e c u t iv e  
m e a s u r e m e n ts  on th e  s a m e  p a r t i c le  s ta te .  T h u s  th e  id e a  o f a c e r t a in  
m in im u m  d im e n s io n  A?~/-0 w h ich  th e  q u a n tu m -m e c h a n ic a l  w ave p a c k e t  a s 
s o c ia te d  w ith  th e  p a r t i c le  ca n  h av e  is  in tro d u c e d . T h e  p r e s e n c e  o f su c h  
m in im a l " s m e a r in g "  o f th e  c o o r d in a te ,  c o m b in e d  w ith  th e  c o r r e s p o n d in g  in 
a c c u ra c y  in  p r in c ip le  o f t im e  m e a s u r e m e n t  ( & t ~ r j c ) ,  m a k e s  it im p o s s ib le  
to  c r e a t e  e x p e r im e n ta l  c o n d it io n s  w h e re  v io la tio n  of th e  law  o f l im it in g  
s ig n a l v e lo c ity  (= e) " w ith in "  p a r t i c le s  (a s  p re d ic te d  by th e  th e o ry  o f r e l a 
tiv ity ) , and  a s s o c ia te d  v io la tio n  o f c a u s a l i ty ,  co u ld  b e  m a n ife s te d .  Such 
id e a s  ca n  e a s ily  b e  g e n e ra l iz e d  to  an  e n t i r e  g ro u p  of p a r t i c le s  w ith  s i m i l a r  
p r o p e r t i e s ,  to  w h ich  is  a s s ig n e d  a d i s c r e t e  s e r i e s  o f fu n c tio n s  >. (/) and  
c o r re s p o n d in g  s e r ie s  o f v a lu e s  o f th e  m a s s .  U s in g  th i s  a p p r o a c h , M a rk o v  
p ro p o se d  a  new and  in te r e s t in g  p o s s ib il i ty ,  th a t  o f t r e a t in g  th e  h y p e ro n  
fa m ily  a s  a  s p e c ia l  kind  o f " e x c ite d  s ta te "  o f th e  n u c le o n s , an d  th e  fa m ily  
o f j t -  and  A '-m esons a s  s y s te m s  c o n s is t in g  of tw o b a r y o n s  (i. e. , n u c le o n s  
o r  h y p e ro n s )  ea ch .

T h e r e s u l t  is  th e  d e v e lo p m e n t o f an  e n t i r e ly  new  a p p r o a c h  to  th e  c l a s s i 
fic a tio n  01 th e  fu n d a m e n ta l p a r t i c le s ,  w h ich , in a n u m b e r  of s ig n if ic a n t  
p re d ic t io n s  c o n c e rn in g  th e  p o s s ib le  ty p e s  o f p a r t i c le  in te ra c t io n  ( in c lu d in g  
w eak  in te r a c t io n s ) ,  d i f f e r s  m a rk e d ly  fro m  th e  G e ll-M a n n  and  N is h i jim a  
sc h e m e .

T h e id e a s  o f s p a c e  q u a n tiz a tio n  put fo rw a rd  r e p e a te d ly  by v a r io u s  a u th o r s  
a r e  so m e w h a t s im i l a r  to  M a r k o v 's  id e a s . In o u r  o p in io n , h o w e v e r , w h ile  
re ta in in g  th e  b a s ic  n o tio n  of a r e v is io n  o f th e  s p a c e - t im e  p r o p e r t i e s  o f 
m a t t e r  a t  s m a l l  s c a le s ,  th e s e  id e a s  o f q u a n tiz a tio n  a r e  f o r  th e  m o s t  p a r t  
r a th e r  fo rm a l in  c h a r a c t e r ,  f a r  re m o v e d  fro m  c o n c re te  p e c u l ia r i t i e s  o f 
m o tio n  of m ic ro o b je c ts .  A s  a r e s u l t  su c h  a t te m p ts  h a v e , so  f a r ,  re m a in e d  
w ith in  th e  f r a m e w o r k  o f a b s t r a c t  s c h e m e s  not d i r e c t ly  re la te d  to  th e  e x 
p e r im e n ta l  f a c ts  w h ich  co u ld  h av e  c o n f irm e d  o r  re fu te d  th e  c o r r e s p o n d in g  
th e o ry .

S u m m a riz in g  th e  c o n te n ts  o f th e  p r e s e n t  s e c tio n , on e  m ig h t s a y  th a t  th e  
fu n d a m e n ta l d i f f ic u lt ie s  w h ich  a r o s e  in  th e  c r e a t io n  of a th e o ry  o f in te r a c t io n  
o f fu n d a m e n ta l p a r t i c le s  p la c e d  th e  p h y s ic i s t s  fa c e  to  fa c e  w ith  th e  n e c e s s i ty  
of th o ro u g h ly  a n a ly z in g  m o d e rn  id e a s  on c a u s a l i ty  an d  th e  p r o p e r t i e s  o f 
s p a c e - t im e  a t  v e r y  s m a l l  s c a le s .
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T h e o r y  an d  e x p e r im e n t  a r e  tw o t ig h tly  lin k e d  an d  c o m p le m e n ta ry  a s p e c ts  
o f  th e  c o g n it io n  o f th e  o b je c tiv e  w o r ld  by th e  th in k in g  s u b je c t :  t h e r e in  l i e s  
t h e i r  u n ity . E x p e r im e n t  d e a l s  w ith  im m e d ia te  o r  r e m o te  p e r c e p t io n  o f 
r e a l i ty ;  h o w e v e r , b e tw e e n  s im p le  p e r c e p t io n  and  c o g n it io n , u n d e rs to o d  a s  
th e  p r o c e s s  o f m o re  o r  l e s s  a d e q u a te  e x p r e s s io n  o f r e a l i ty ,  a d e c is iv e  s te p  
r e m a in s  to  b e  ta k e n : th e  fo r m a t io n  o f g e n e r a l iz in g  a b s t r a c t i o n s  in  th e  c o n 
s c io u s n e s s  o f m an . T h e o ry  d e a ls  w ith  th e  c r e a t io n  o f a b s t r a c t i o n s  fo r  th e  
p u rp o s e  o f c o g n iz in g  th e  e s s e n c e  o f p h e n o m e n a  and  th e  r e g u la r i t i e s  w hich  
d e te r m in e  th e m ; w ith o u t th i s  th e  p r o c e s s  of e x tra p o la t io n  o f p re v io u s  e x 
p e r ie n c e  to  th e  fu tu re  w ould  b e  im p o ss ib le .  In tu r n ,  bo th  th e  c r e a t io n  of 
a b s t r a c t i o n s  an d  th e  e x tra p o la t io n  of e x p e r ie n c e  b e c o m e  m e a n in g le s s  w i th 
ou t p r a c t i c e  an d  w ith o u t e x p e r im e n t  in  th e  m o s t  g e n e ra l  s e n s e  o f th is  w o rd , 
s in c e  b o th  a r e ,  in so m e  w ay, th e  in i t ia l  an d  fin a l l in k  in th e  in te ra c t io n  
b e tw e e n  th e  s u b je c t  and  th e  s tu d ie d  o b je c t.

B e fo r e  c o n s id e r in g  th e  c o n c r e te  f o r m s  of l in k a g e  b e tw e e n  th e o ry  and  
e x p e r im e n t  in th e  f ie ld  o f p h y s ic s  in  g e n e ra l  and  m ic ro w o r ld  p h y s ic s  in 
p a r t i c u la r ,  a b r i e f  r e m a r k  is  in o r d e r  c o n c e rn in g  two so m e w h a t d i f f e re n t  
a s p e c t s  o f th e  c o n c e p t o f " th e o ry " .  O ne a s p e c t  c o n s i s t s  o f s t r e s s i n g  th e  
c o g n it iv e  a im s  o f s c ie n c e  w h ich , a t  d i f f e r e n t  s ta g e s  in  i t s  d e v e lo p m e n t, 
s ta n d , g e n e r a l ly  sp e a k in g , in  v a r y in g  r e la t io n  to  p r a c t i c e  a s  th e  a p p lie d  
s id e  o f s c ie n c e .  In th i s  s e n s e  o f th e  w o rd  a l l  o f e le m e n ta r y  p a r t i c le  p h y s ic s  
sh o u ld  to d a y  be  c la s s e d  a s  a  t h e o r e t ic a l  s c ie n c e ,  s in c e  i ts  a p p lie d  s ig n i 
f ic a n c e  is  fe l t  o n ly  i n s o f a r  a s  it i s  one o f th e  im p o r ta n t  s u b d iv is io n s  o f th e  
p h y s ic s  o f th e  a to m  an d  o f th e  a to m ic  n u c le u s .

T h e  o th e r  a s p e c t ,  w h ich  is  u s u a l ly  th e  b a s i s  fo r  d is t in g u is h in g  b e tw e e n  
th e o r e t ic a l  an d  e x p e r im e n ta l  p h y s ic s ,  c o n s i s t s  o f s t r e s s i n g  th o s e  m e th o d s  
of r e s e a r c h  w ith  w h ich  th e  s c i e n t i s t  s o lv e s  th e  p r o b le m s  fa c in g  h im . T h e o 
r e t i c a l  p h y s ic s ,  w h ich  ta k e s  a s  i t s  p o in t o f d e p a r tu r e  c e r t a in  fu n d a m e n ta l 
an d  a l r e a d y  know n f a c t s  and  p o s tu la te s  (h y p o th e s e s )  b a s e d , in th e  l a s t  a n a 
l y s i s ,  on g e n e r a l iz a t io n  o r  e x tra p o la t io n  o f f a c t s ,  u s e s  f o r  i t s  ow n p u rp o s e s  
a  d e f in i te  lo g ic a l  a p p a r a tu s  w h ich , a s  a r u le ,  i s  fo r m u la te d  in  t e r m s  of 
a p p r o p r i a t e  m a th e m a tic a l  r e la t io n s  an d  t r a n s f o r m a t io n s .  E x p e r im e n ta l  
p h y s ic s ,  w h ich  t a k e s  a s  i t s  p o in t o f  d e p a r tu r e  a d i r e c t ly  p e r c e p t ib le  o b je c t  
o f th e  e x te r n a l  w o r ld  in c o n ju n c tio n  w ith  p r e v io u s ly  o b ta in e d  ( e x p e r im e n ta l  
o r  th e o r e t ic a l )  r e s u l t s  an d  id e a s ,  " a d d r e s s e s  q u e s t io n s " ,  a s  it w e re ,  to  
n a tu r e  i t s e l f  by p e r f o r m in g  c e r t a in  m a te r ia l  o p e r a t io n s  on th e  o b je c t  and 
s u b s e q u e n tly  r e c o r d in g  th e i r  r e s u l t ,  o r  s im p ly  by b r in g in g  a b o u t (a t  th e  
f i r s t  s ta g e )  a  d e f in i te  c o m p le x  of c o n d it io n s  to  g u id e  th e  n a tu r a l  p h en o m e n a  
in th e  d i r e c t io n  o f i n t e r e s t .  T h is  s u b d iv is io n  (by  r e s e a r c h  m e th o d s )  is  th e  
b a s i s  f o r  th e  f a r - r e a c h in g  s u b d iv is io n  o f l a b o r  a m o n g  s p e c ia l i s t s  in th e  
s a m e  fie ld  o w ing  to  w h ich  th e  fu lly  s u c c e s s f u l  c o m b in a tio n  in th e  s a m e  
p e r s o n  o f t h e o r e t ic ia n  and  e x p e r im e n ta l i s t  h a s  now b e c o m e  a g r e a t  r a r i t y .

We s h a l l  now c o n s id e r  th e  m o s t w id e s p r e a d  f o r m s  o f lin k a g e  b e tw e e n  
e x p e r im e n t  an d  th e o ry  in  th e  p h y s ic s  o f fu n d a m e n ta l p a r t i c le s .

1. T h e  e x p e r im e n ta l i s t  " p r o v id e s "  th e  th e o r e t ic ia n  w ith  p r im a r y ,  
b a s i c a l ly  d e s c r ip t iv e  d a ta  r e la t in g ,  f i r s t l y ,  to  th e  fu n d a m e n ta l  p r o p e r t i e s  
o f a l r e a d y  know n p a r t i c le s  ( m a s s ,  c h a rg e )  an d  s e c o n d ly , to  t h e i r  t r a n s m u 
ta t io n s ,  w h ich  a r e  d e te rm in e d  by in te r a c t io n  ( l i f e t im e s  an d  c r o s s  s e c tio n s ,  
ty p e s  o f p o s s ib le  " r e a c t io n s "  an d  th e i r  r e la t iv e  p r o b a b i l i t i e s ,  a n g u la r  and  
m o m e n tu m  d i s t r ib u t io n s  of th e  p ro d u c ts  o f " r e a c t io n " ,  and  so  on); th e  
c h a r a c t e r i s t i c s  o f th e  l a t t e r  kind  f r e q u e n t ly  p ro v e  im p o r ta n t  no t on ly  in 
th e m s e lv e s  b u t a ls o  fo r  th e  d e te r m in a t io n  o f d e e p e r  p r o p e r t i e s  of th e
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p a r t i c le s  (s p in , p a r i ty ,  t r a n s f o r m a t io n  ty p e , s t a t i s t i c s ,  and  so  on); i n c i 
d e n ta lly , it  sh o u ld  b e  m e n tio n e d  th a t ,  e s s e n t ia l ly ,  an y  p r o p e r ty  of fu n d a 
m e n ta l  p a r t i c le s  c h a r a c t e r i z e s  f i r s t  and  fo r e m o s t  th e  a b i l i ty  o f th e  g iv en  
p a r t i c le  to  e n te r  in to  in te ra c t io n  w ith  o th e r  p a r t i c le s  and  f ie ld s .

2. T he e x p e r im e n ta l i s t  " e n c o u n te r s "  (p u r p o s e ly  o r  a c c id e n ta l ly )  new  
p a r t i c le s  o r  new  ty p e s  o f " r e a c t io n s "  b e tw e e n  th e m ; in m a n y  c a s e s  (e . g. , 
th e  p a r t i c u la r  c a s e  o f th e  K - m e s o n s )  to  d is t in g u is h  on e  ty p e  o f d i s c o v e r y  
fro m  a n o th e r  is  f a r  f ro m  s im p le  and  r e q u ir e s  t r e m e n d o u s  e f f o r t s  on th e  p a r t  
o f bo th  th e  e x p e r im e n ta l i s t  and  th e  th e o re t ic ia n .  T h e th e o r e t ic ia n  m a k e s  
u se  o f th e s e  r e s u l t s  to  d e v e lo p  e x is t in g  id e a s  c o n c e rn in g  th e  s y s t e m a t i z a 
tio n  o f p a r t i c le s ,  th e  la w s  g o v e rn in g  t h e i r  m o tio n  and  in te r a c t io n  an d  th e  
s p a c e - t im e  p e c u l ia r i t ie s  and  c a u s a l  r e la t io n s  m a n ife s te d  in t h e s e  f o r m s  of 
m o tio n .

3. T he th e o r e t ic ia n  fo r m u la te s  c e r t a in  in c o m p le te  h y p o th e s e s  (in  th e  
fo rm  of m a th e m a tic a l  r e la t io n s h ip s  b e tw e e n  q u a n t i t ie s  m e a s u r e d  in  e x p e r i 
m e n t) , w hich  a r e  th en  s u b je c t  to  e x p e r im e n ta l  v e r i f ic a t io n  p r i o r  to  i n i t i a 
tio n  o f th e  n ex t s ta g e  o f s e t t in g -u p  th e  s t r u c tu r a l  s y s te m  c o n s i s t in g  of id e a s  
and  m a th e m a tic a l  r e la t io n s  and  c o v e r in g  an  e n t i r e  re g io n  of p h e n o m e n a .
Such  w a s th e  c a s e ,  f o r  e x a m p le , in  th e  fo r m u la tio n  o f th e  h y p o th e s is  o f  th e  
u n iv e r s a l  fo u r - f e r m io n  in te ra c t io n , the  fu n d a m e n ta l la w s  o f w h ich  p ro v e d  
a p p lic a b le  to  an  e n t i r e ,  f a ir ly  b ro a d  c l a s s  o f w eak  in te r a c t io n s  o f p a r t i c le s .

4. T h e  th e o r e t ic ia n  " d e v is e s "  c e r t a in  m e th o d s  f o r  r e v is in g  fu n d a m e n ta l  
p h y s ic a l  id e a s  on th e  n a tu re  o f e le m e n ta ry  p a r t i c le s  an d  fo r m u la te s  ( s o m e 
t im e s )  c o m p le te ly  new  id e a s  m o re  o r  l e s s  a b s t r a c t  in  c o n te n t ( a s  in  th e  
c a s e  o f iso to p ic  sp in , s t r a n g e n e s s ,  m e th o d s  o f s p a c e  q u a n tiz a tio n ) ;  bo th  
r e q u ir e ,  a s  a ru le ,  th e  d e v e lo p m e n t o f new  m a th e m a tic a l  a p p a r a tu s  a d e 
q u a te  to  th e  p h y s ic a l  c o n te n t o f th e  new  c o n c e p ts . An im p o r ta n t  p o in t ( th e  
p r im a r y  d is t in c tio n  b e tw e en  p h y s ic s  an d  m a th e m a tic s )  is  th a t  a l l  th e s e  c o n 
c e p ts  and  id e a s  a r e  c o n v e r te d  fro m  h y p o th e s is  in to  th e o ry ,  f ro m  g u e s s w o r k  
to  s c ie n t i f ic  d i s c o v e r y ,  on ly  w hen th e y  s u rv iv e  th e  c r i t e r i o n  o f p r a c t i c e  — 
c o m p re h e n s iv e  e x p e r im e n ta l  v e r if ic a t io n .

U nity  and  o rg a n ic  l in k in g  of th e o ry  and  e x p e r im e n t  do no t im p ly , h o w e v e r , 
id e n tic a l  l in k in g  a t  a l l  s ta g e s  o f c o g n itio n . In  th i s  c o n n e c tio n  it is  w o r th 
w h ile  to  p a u se  o v e r  H e is e n b e r g 's  w e ll know n th e s i s  th a t  a n y  p h y s ic a l  th e o ry  
sh o u ld  c o n ta in  only  d i r e c t ly  o b s e r v a b le  q u a n t i t ie s ,  an d  th a t  i t s  a im  is  to  
e s ta b l i s h  th e  r e la t io n s h ip s  b e tw e e n  th e s e  q u a n t i t ie s .  A c lo s e ly  r e la te d  v iew  
is  th a t  th e  d e te rm in a t io n  o f an y  p h y s ic a l  q u a n tity  b e c o m e s  r ig o r o u s ly  s c i e n 
t i f ic  and  e x h a u s tiv e  w hen and on ly  w hen a t  l e a s t  on e  c o n c r e te  m e th o d  of 
d i r e c t  m e a s u r e m e n t  o f th is  q u a n ti ty  by e x p e r im e n t  (s u c h  a s  th e  s c a t t e r in g  
a m p li tu d e s  in th e  m eth o d  of d i s p e r s io n  re la t io n s )  is  p ro p o s e d . T h e e x 
p e r ie n c e  of d e v e lo p in g  e le m e n ta ry  p a r t ic le  p h y s ic s  sh o w s , h o w e v e r , th a t  
d e s p i te  th e  s o u n d n e s s  and  a p p a re n t  o b v io u s n e s s  o f th e s e  r e q u ir e m e n t s  th e y  
ca n  in no c a s e  be m ad e  in to  a b s o lu te  p r in c ip le s  o r  in to  th e  m a jo r  fo u n d a tio n s  
o f new  th e o r ie s .

In d e e d , a p o in t a p p a re n t  fro m  o u r  e a r l i e r  e x p o s it io n  is  th a t  a b s t r a c t -  
m a th e m a tic a l  c o n c e p ts  and  h y p o th e s e s  not s u s c e p tib le  o f d i r e c t  p h y s ic a l  i n 
t e r p r e t a t i o n — s u s c e p tib le  on ly  o f v e r y  in d i r e c t  (and  o c c a s io n a l ly  e v e n  n o n 
u n iv o c a l)  e x p e r im e n ta l  d e te rm in a t io n  a t  th e  g iv en  s ta g e  o f d e v e lo p m e n t of 
th e  s c ie n c e  — ten d  to  b e  v e r y  u se fu l  in th e  d e v e lo p m e n t o f t h e o r i e s  d e a l in g  
w ith  c o m p le te ly  new  u n e x p lo re d  c i r c l e s  o f p h en o m e n a . S uch , in p a r t i c u la r ,  
w e re  th e  c o n c e p ts  o f is o to p ic  sp in , s t r a n g e n e s s ,  p a r i ty  an d  m a n y  o th e r s .
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A lth o u g h  a t  p r e s e n t  it  is  s t i l l  d if f ic u lt  to  s a y  w hat p o s itio n  th e s e  c o n c e p ts  
w ill a s s u m e  in  th e  fu tu re  r ig o r o u s  th e o ry ,  it is  a l r e a d y  e v id e n t th a t  to  r e 
q u i r e  c a te g o r i c a l  r e je c t io n  o f s i m i l a r  c o n c e p ts  w ould s tro n g ly  in h ib it th e  
p o s s ib i l i t i e s  o f d e v e lo p m e n t of th e  s c ie n c e .  In  th e  l a s t  a n a ly s i s  e x c e s s iv e ly  
s t r i c t  a t ta c h m e n t  to  th e  o b s e r v a b le  q u a n t i t ie s  a t  e a c h  s ta g e  o f d e v e lo p m e n t 
o f  s c ie n c e  is  th e  r e s u l t  o f a p o s i t iv i s t i c  te n d e n c y  to  u n d e r e s t im a te  t h e o r e 
t ic a l  m e th o d s  o f c o g n itio n  o f th e  t r u th  a s  th e  e s s e n c e  of e x p e r im e n ta l ly  
p e r c e p t ib le  p h e n o m e n a , and  to  a b s o lu t iz e  th e  p u re ly  d e s c r ip t iv e  fu n c tio n  o f 
s c ie n c e ,  a s  if  th e  l a t t e r  w e re  c o n fin e d  to  d e a lin g  on ly  w ith  th e  r e la t io n  b e 
tw e e n  p h en o m e n a  and  no t w ith  t h e i r  c a u s e s .

D ia le c t ic a l  m a te r ia l is m  t r e a t s  th e  un io n  of th e o ry  and  e x p e r im e n t  no t in 
c o n g e a le d  fo rm  b u t in  c lo s e  c o n n e c tio n  w ith  th e  p r o c e s s  o f h i s to r i c a l  d e 
v e lo p m e n t of s c ie n c e  a s  a w ho le . A c e r t a in  p a r a l l e l i s m  b e tw e e n  th e  d e v e 
lo p m e n t o f e x p e r im e n t ,  w h ich  a c c u m u la te s  th e  new  fa c t s ,  and  th a t  of th e o ry , 
w h ich  d e v is e s  th e  d e ta ile d  a b s t r a c t - m a th e m a t ic a l  s c h e m e  o f re la t io n s h ip s  
b e tw e e n  o b je c ts  ( o r  ev e n  s e v e r a l  a l t e r n a t e  s c h e m e s  s im u l ta n e o u s ly ) ,  m ay  
b e  e n t i r e ly  ju s ti f ie d  a t  c e r t a in  s ta g e s  o f c o g n itio n . D e sp ite  th e  p a r t ia l  
an d  te m p o r a r y  g ap  b e tw e e n  o n e  m eth o d  of d e v e lo p in g  s c ie n c e  an d  th e  o th e r ,  
e a c h  m a y , up to  a c e r t a in  l im i t ,  p r o g r e s s  s u c c e s s fu l ly  w h ile  p r e p a r in g  
th e  c o n d it io n s  f o r  th e  d e c is iv e  q u a l i ta t iv e  ju m p  w h ich  w ill a llo w , on th e  one 
h a n d , a  c o m p le te ly  new  c la r i f i c a t i o n  o f a c c u m u la te d  e x p e r im e n ta l  f a c ts  and , 
on th e  o th e r  h an d , th e  d i s c o v e r y  o f fu n d a m e n ta lly  new  p o s s ib i l i t i e s  o f v e r i 
fy in g  th e  th e o ry .

It m u s t,  o f c o u r s e ,  b e  s t r e s s e d  o n c e  a g a in  th a t  s o o n e r  o r  l a t e r  th is  kind 
o f  gap  b e tw e e n  th e o ry  and  e x p e r im e n t ,  if  a llo w e d  to  w id en , b e c o m e s  a 
h in d ra n c e  to  th e  d e v e lo p m e n t o f th e  s c ie n c e .  T h e r e  a r e ,  o f c o u r s e ,  p o s itiv e  
a s p e c t s  to  th e  n a r ro w  s p e c ia l iz a t io n  th a t  c a l ls  f o r  v i r tu o s o  m a s te r y  of th e  
" h o m e -m a d e "  m e th o d o lo g y , te rm in o lo g y  and  s to r e  o f k n o w led g e , f o r  c o n 
tin u o u s  p r e p a r a t io n  o f new  " p re c o o k e d  p ro d u c ts " ,  w h ich  fa il  to  th ro w  new 
b r id g e s  b e tw e e n  th e o ry  and  e x p e r im e n t .  O ne of th e s e  is  th e  fa c t  th a t ,  a s  
a r u le ,  th e  in t ro d u c t io n  o f fu n d a m e n ta lly  new  r e s e a r c h  m e th o d s  ( th e o r e t ic a l  
o r  e x p e r im e n ta l )  is  in  i t s e l f  enough  to  p e r m i t  s u b s ta n t ia l  p r o g r e s s ,  th e  
d i s c o v e r y  o f s ig n if ic a n t ly  new  a s p e c t s  o r  p e c u l ia r i t ie s  of th e  p h en o m e n o n  
in  q u e s tio n . H o w e v er , th e  e x te n s iv e  and  f re q u e n tly  u n a v o id a b le  m u tu a l 
t r u s t  in  th e  a c c u r a c y  an d  r e l i a b i l i ty  o f r e s u l t s  o b ta in e d  by th e o r e t ic ia n s ,  on 
th e  one h an d , an d  e x p e r im e n ta l i s ts ,  on th e  o th e r ,  m a y  u l t im a te ly  w e ak en  
th e  m u tu a l c r i t i c i s m  so  b e n e f ic ia l  to  th e  d e v e lo p m e n t o f s c ie n c e  a s  a w hole. 
S im i la r ly ,  c o n s e r v a t iv e  o rth o d o x  te n d e n c ie s  in v o lv in g  a b s o lu t iz a t io n  of 
r e s u l t s  o b ta in e d  an d  c o n f in e m e n t to  d e f in ite  r e s e a r c h  m e th o d s  m ay  p ro v e  to 
b e  f e t t e r s  f o r  th e  s c ie n c e  in  th e  a b s e n c e  o f c o n s ta n t ,  f r u c t i fy in g  c o n ta c t  
b e tw e e n  th e o r y  and  e x p e r im e n t ,  u n le s s  c a r e  is  ta k e n  to  s e a r c h  c o n tin u o u s ly  
f o r  new  p o in ts  of c o n ta c t  b e tw e e n  th e o ry  an d  e x p e r im e n t .
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V ISU A L IZ A B IL IT Y  AND M O D EL S IN T H E  T H E O R Y  
O F  E L E M E N T A R Y  P A R T IC L E S

I .B . N ovik

A n a ly s is  of th e  q u e s tio n  o f v is u a l iz a b i l i ty  an d  m o d e ls  i s  on e  o f th e  m o s t  
im p o r ta n t  m e th o d o lo g ic a l  p ro b le m s  r a i s e d  by th e  d e v e lo p m e n t o f m o d e rn  
s c ie n c e  and , in  p a r t i c u la r ,  by th a t  o f m ic ro w o r ld  p h y s ic s .  T h e  m e th o d  of 
m o d e ls  i s  a p p lie d  bo th  in  e x p e r im e n ta l  an d  in  th e o r e t ic a l  c o g n itio n .

A v e r y  c o n s id e r a b le  s c ie n t i f ic  an d  p h i lo so p h ic a l  l i t e r a t u r e  i s  d e v o te d  to  
th is  c o m p le x  q u e s tio n .

O n 4 -8  J a n u a r y  1960 a  s p e c ia l  C o llo q u iu m  w a s h e ld  in  U t r e c h t  on  " T h e  
C o n c e p t and  th e  R o le  o f  th e  M odel in  M a th e m a tic s ,  N a tu r a l  and  S o c ia l  S c i
e n c e s " .  T h e  p r o c e e d in g s  o f  th is  C o llo q u iu m , p u b lish e d  in  a  s p e c ia l  n u m 
b e r ,*  in d ic a te  th e  e x is te n c e  o f v e r y  s e r io u s  p h i lo so p h ic a l  d i f f ic u lt ie s  in  th e  
u n d e rs ta n d in g  o f m o d e rn  f o r m s  o f m o d e l c o n s t ru c t io n  in  s c ie n t i f i c  c o g n itio n . 
S u ffice  i t  to  m e n tio n  th a t  L . A p o s te l— a u th o r  of th e  in t ro d u c to ry  a r t i c l e  of 
th is  n u m b e r — e s ta b l i s h e s  th e  c o n c lu s io n  th a t  ow ing  to  th e  c o m p le x i ty  o f 
m o d e rn  m o d e l c o n s tru c t io n  a  g e n e r a l  d e f in it io n  of th e  m o d e l i s  im p o s s ib le .
In  h is  w o rk  e n t i t le d  " T o w a rd s  th e  fo r m a l  s tu d y  o f m o d e ls  in  th e  n o n fo r m a l  s c i 
e n c e s "  he w r ite s :  "A s  a  r e s u l t o f  th e  th e o ry  p r e s e n te d  in  th e  a r t i c le  in  q u e s tio n , 
we s e e  th a t  w e c a n n o t ho p e to  g iv e  a  u n if ie d  s t r u c t u r a l  d e f in it io n  o f  m o d e ls  in  th e  
e m p i r ic a l  s c ie n c e s " .  F u r th e r  on A p o s te l  s t r e s s e s  th a t , in  d e s c r ib in g  th e  fu n c 
t io n s  o f m o d e ls , w e c a n  on ly  d e te rm in e  w h a t i t  m e a n s  to  u s e  a  m o d e l, b u t 
w e c a n n o t d e te rm in e  w h a t a  m o d e l i s .  H e re  w e s e e  a  m a n ife s ta t io n , in  th e  
fie ld  o f m o d e l c o n s tru c t io n , o f th a t  d i s t r u s t  o f g e n e r a l  m e th o d o lo g ic a l  a p 
p ro a c h e s  to the in v e s tig a tio n  o f t h e o r e t ic a l  p ro b le m s  w h ich  i s  so  c h a r a c t e r 
i s t i c  o f p o s i t iv i s t i c  p h ilo so p h y .

In o u r  l i t e r a t u r e  i n te r e s t in g  c o n s id e r a t io n s  r e la t in g  to  th e  n a tu r e  o f th e  
m eth o d  o f m o d e ls  m a y  b e  found in  A . I. U e m o v 's  " in d u c tio n  an d  A n a lo g y "  
( In d u k ts iy a  i a n a lo g iy a ) , Ivanovo , 1956; V. P .  B r a n s k i i 's  " T h e  P h ilo s o p h i 
c a l  S ig n if ic a n c e  o f th e  P ro b le m  o f V is u a l iz a b il i ty  in  M o d e rn  P h y s ic s "  ( F i lo -  
so fsk o e  z n a c h e n ie  p ro b le m y  n a g ly a d n o s ti  v s o v re m e n n o i  f iz ik e ) , I z d -v o  LGU, 
1962; V .A . S h to ff 's  "T h e  G n o s e o lo g ic a l  F u n c tio n s  o f th e  M o d e l"  (G n o se o - 
lo g ic h e s k ie  fu n k ts i i  m o d e li) , V o p ro sy  f i lo s o f i i ,  1961, No. 12; A . A . Z in o v 'e v  
an d  1.1. R e v z in 's  "T h e  L o g ic a l M odel a s  a  M ea n s of S c ie n tif ic  I n v e s t ig a 
t io n "  (L o g ic h e sk a y a  m o d e l ' kak  s r e d s tv o  n au c h n o g o  is s le d o v a n iy a ) ,  V o p ro sy  
f i lo s o f i i ,  1960, No. 1; I. T . F r o lo v 's  " G n o s e o lo g ic a l  P r o b le m s  in  th e  C o n 
s t r u c t io n  of M o d e ls  o f B io lo g ic a l  S y s te m s "  (G n o se o lo g ic h e sk ie  p ro b le m y  
m o d e l i ro v a n iy a  b io lo g ic h e sk ik h  s i s te m ) ,  V o p ro sy  f i lo s o f i i ,  1961, N o. 2.
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T h e  a im s  o f th e  p r e s e n t  a r t i c l e  do n o t in c lu d e  a s y s te m a t ic  e x p o s it io n  
o f th e  p h i lo s o p h ic a l  p ro b le m s  o f m o d e l c o n s tru c t io n . We w ill u n d e r ta k e  
to  a n a ly z e  p h i lo so p h ic a l ly  o n ly  s u c h  a s p e c t s  o f th e  p r o c e s s  o f m o d e l c o n 
s t r u c t io n  a s  a r e ,  in  o u r  o p in io n , o f th e  g r e a t e s t  v a lu e  fo r  c la r i fy in g  the 
r o le  o f m o d e ls  in  th e  d e v e lo p m e n t o f th e  th e o ry  o f e le m e n ta r y  p a r t i c le s .  
A c c o rd in g ly , th r e e  s e c t io n s  h av e  b ee n  d i s tin g u is h e d  in  th e  p r e s e n t  a r t i c le :

1. S ta te m e n t  o f th e  p ro b le m .
2. F o r m s  o f m o d e ls  in m ic r o p a r t i c l e  r e s e a r c h .
3. M o d e l c o n s t r u c t io n  an d  c e r t a in  p r o s p e c t s  fo r  th e  d e v e lo p m e n t of the 

th e o ry  o f e le m e n ta r y  p a r t i c le s .

T h e  m e th o d  o f m o d e ls  i s  v e r y  w id e ly  e m p lo y e d  in  th e  d e v e lo p m e n t of 
p h y s ic s .

In  c l a s s i c a l  p h y s ic s  th e  m o d e l w a s  r e g a r d e d  a s  a  p i c to r i a l  e x a m p le  of 
th e  p h y s ic a l  o b je c t  u n d e r  in v e s t ig a t io n .

A s to  th e  a c tu a l  c o n c e p t o f v is u a l iz a b i l i ty ,  i t  w a s  t r e a t e d  u n d e r  th re e  
a s p e c ts :  a s  c h a r a c t e r i z a t io n  o f a  m e c h a n ic a l  s y s te m , a s  s u s c e p tib i l i ty  to 
s e n s o r y  p e r c e p t io n  an d , f in a lly , a s  h a b it .

T a k in g  th e  id ea  o f th e  p ic tu r in g  o f p h y s ic a l  c o n c e p ts  to  i t s  lo g ic a l  c o n c lu s io n , 
W ill ia m  T h o m p so n  [L o rd  K e lv in ] s a id ;  " I i s e e m s  to  m e  th a t  th e  t r u e  m e a n in g  
o f th e  q u e s tio n  o f  w h e th e r  w e u n d e r s ta n d  a g iv en  p h y s ic a l  p ro b le m  re d u c e s  
to  th e  fo llo w in g : c a n  w e c o n s t r u c t  a good m e c h a n ic a l  m o d e l o f i t ? " *

J . C .  M ax w ell l in k e d  th e  p ro b le m  o f p ic tu r in g  to  th a t  o f c o n s tru c t in g  
m e c h a n ic a l  m o d e ls  o f n o n -m e c h a n ic a l  p h e n o m e n a , b u t p o in te d  o u t the w e ll-  
d e f in e d  l im i ta t io n s  o f su c h  m o d e ls .

A c c u r a te ly  en ough , M ax w ell saw  th e  m o d e l a s  a  p r e l im in a r y  m e a n s  by 
w h ich  a  p h y s ic a l  p h en o m e n o n  co u ld , to a  c e r t a in  e x te n t, be e x p la in e d  p r i o r  
to  th e  d e v e lo p m e n t o f a  s y s t e m a t i c —o r  " m a tu r e " ,  to  u s e  M a x w e ll 's  e x 
p r e s s i o n - t h e o r y ,  "B y  e x p r e s s in g  e v e ry th in g  in  t e r m s  o f th e  p u re ly  g e o 
m e t r i c a l  c o n c e p t o f  th e  m o tio n  o f an  im a g in a ry  f lu id ,"  he w r o te ,  "I hope to  
a c h ie v e  g e n e r a l i ty  and  a c c u r a c y  and  to  av o id  th e  m is a p p re h e n s io n s  w hich  
a r i s e  w hen  on e  a t te m p ts  to  e x p la in  c a u s a l  p h e n o m e n a  by  m e a n s  o f a p r e 
m a t u r e  t h e o r y "  ( o u r  e m p h a s is  — I .N . )**.

T h e  p ro b le m  o f v i s u a l iz a b i l i ty  is  m o d if ie d  in  th e  d e v e lo p m e n t o f qu an tu m  
m e c h a n ic s ,  a p p e a r in g  a s  th e  q u e s tio n  o f (the  p o s s ib i l i ty  of) c o n s tru c t in g  a 
c l a s s i c a l  m a c ro m o d e l  o f a  n o n c la s s ic a l  m ic ro o b je c t .

In  i t s  g e n e r a l  fo rm  a t  p r e s e n t  th is  p ro b le m  is  o fte n  fo r m u la te d  a s  the 
ro le  o f v i s u a l iz a b le  m o d e ls  in th e  c o g n it io n  o f n o n v is u a l iz a b le  m ic ro o b je c t s .

In  o u r  o p in io n  th e  p ro b le m s  o f v i s u a l iz a b i l i ty  an d  o f m o d e l c o n s tru c t io n  
do n o t e n t i r e ly  o v e r la p  in  m o d e rn  p h y s ic s .  F i r s t  o f a l l ,  w e fe e l , th e r e  is  
a  c e r t a in  d if fe re n c e  b e tw e e n  th e  q u e s t io n s  of v i s u a l iz a b i l i ty  of m ic ro o b je c ts  
an d  th o s e  o f th e  m e a n s  o f in t e r p r e t a t i o n  o f th e s e  o b je c ts  and , in  p a r t i c u la r ,  
v i s u a l iz a b i l i ty  in  m o d e l c o n s tru c t io n .

T h e  f o r m e r  q u e s tio n  is  c o n s id e r e d  in  a  w o rk  by M .E . O m e l 'y a n o v sk i i , 
"T h e  P r o b le m  o f V is u a l iz a b il i ty  in  P h y s ic s "  ( P r o b le m s  n a g ly a d n o s ti  v 
fiz ik e )* * * .

• "Arkhiv istorii nauki i tekhniki AN SSSR" (Archives of the History of Science and Technology, Academy 
of Sciences of the USSR), p, 49, No. VI. 1935.

••  M ax w e ll, J.C. Izbrannye sochineniya po teorii elektromagnitnogo polya (Selected Works on the Theory 
of the Electromagnetic Field), Moscow, p. 17. 1954.

•••  See "Voprosy filosofii". No. 11. 1961.
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We b e lie v e  th a t  a  c h a r a c t e r i s t i c  f e a tu r e  c o n n e c te d  w ith  g e n e r a l iz a t io n  
o f th e  c o n c e p t o f m o d e l is  r e d u c tio n  o f th e  e le m e n t  o f s e n s o r y  v i s u a l iz a b i l -  
ity  in  m o d e rn  m o d e l c o n s tru c t io n .

W hen th e  v is u a l iz a b le  an d  th e  m o d e l - r e p r e s e n ta t i o n a l  c h a r a c t e r  o f k n o w l
ed g e a r e  r ig id ly  c o n n e c te d , th e  fo llo w in g  a r g u m e n t  is  a r r i v e d  a t: in a s m u c h  
a s  in  m o d e rn  p h y s ic a l  c o g n itio n  th e  r o le  o f th e  e le m e n t  o f v i s u a l iz a b i l i ty  is  
d e c re a s in g , th e  s ig n if ic a n c e  o f m o d e ls  is  a l s o  d e c r e a s in g  o r  ev e n  d i s a p p e a r 
ing; i t  fo llo w s  th a t  in  o r d e r  to  s t r e n g th e n  th e  m e th o d  o f m o d e l c o n s t r u c t io n  
in  m ic r o p h y s ic s  on e  w ill  h av e  to so m eh o w  "m a k e  th e  l a t t e r  m o re  v i s u a l 
iz a b le "  in  th e  fu tu re .

In  th is  r e s p e c t  i t  i s  i n te r e s t in g  to  a n a ly z e  a  h ig h ly  c h a r a c t e r i s t i c  s t a t e 
m e n t by th e  G e rm a n  p h y s ic i s t  G. G e b e r: "W e d e s c r ib e  th e  n a tu r e  of a to m ic  
o b je c ts  m a th e m a tic a l ly  b u t a r e  u n a b le  to u n d e r s ta n d  i t  m o d e lw is e  (m o d e l-  
m S ss ig ) . T h is  is  th e  m e a n in g  of th e  co m m o n  a s s e r t io n  th a t  th e  n a tu r e  of 
th e  o b je c ts  of q u an tu m  m e c h a n ic s  is  'n o t  v i s u a l iz a b le ' "*.

L a te r  on G e b e r  n o te s  th a t, p o s s ib ly ,  th e  fo r c e  o f s e n s o r y  c o n te m p la tio n  
w ill  d ev e lo p  an d  w e w ill be a b le  to  v i s u a l iz e  p i c to r ia l ly  m ic r o o b je c t s ,  m o 
d e lw ise .

T o a  c e r t a in  e x te n t th is  a p p r o a c h  is  r e la te d  to  th a t  o f c e r t a in  t h e o r e t i 
c ia n s  in  th e  r e c e n t  p a s t  to w a rd  th e  t r e a tm e n t  o f the u n c e r ta in ty  r e la t io n ,  
w hen i t  u se d  to  be s a id  th a t  a t  th e  p r e s e n t  t im e  in d e te r m in is m  w a s  p r e v a l 
e n t  in  p h y s ic s  b u t in  th e  fu tu re ,  b e c a u s e  th e  fo r c e  o f r e a s o n  w a s  u n lim ite d , 
w e w ould  find  o u t how c a u s a l i ty  w a s  m a n ife s te d  in  th e  m ic ro w o r ld .  In  o u r  
op in io n , s e t t in g  hope in  th e  fu tu re  in s te a d  of a t te m p tin g  to  i n t e r p r e t  r a t i o n 
a l ly  th e  c o n te m p o r a ry  d a ta  m a y  b e  th e  r e v e r s e  s id e  o f a d m it t in g  in c a p a c i ty  
in  th e  p r e s e n t .  An id e a  o f th is  s o r t  i s  im p lic i t ly  b a s e d  on th e  i l lu s io n  th a t  
an y  new  e le m e n t  in  co g n itio n  is  t r a n s i e n t  an d  th a t  g r a d u a l ly  e v e ry th in g  r e 
tu r n s  to  th e  o ld , f a m i l i a r  fo r m s .

O n th e  w ho le , w e fe e l , B o h r w a s r ig h t  w hen h e  s t r e s s e d  th a t  " th e r e  c a n  
b e  no q u e s tio n  of a  r e tu r n  to  a m e th o d  o f d e s c r ip t io n  w h ich  w ould  l a r g e ly  
m e e t  th e  f a m i l ia r  r e q u ir e m e n ts  o f a  p i c to r ia l ,  m o d e l r e p r e s e n ta t io n  o f th e  
c o n n e c tio n  b e tw e en  c a u s e  an d  e f fe c t"* * . H o w e v er, on e  c a n n o t a g r e e  w ith  
th e  te n d e n c y  to id e n tify  p ic to r i a l  w ith  m o d e l d e s c r ip t io n  w h ich  is  m a n ife s te d  
in  th is  s ta te m e n t .

A m o re  e x p e d ie n t a p p ro a c h , in  o u r  o p in io n , an d  on e  w h ich  i s  m o r e  in  th e  
s p i r i t  o f m o d e rn  s c ie n t i f ic  c o g n itio n , i s  to  r e g a r d  th e  d i le m m a  (e x p r e s s e d  
in  th e  ab o v e th e s i s  o f G e b e r)  w h ich  c o n t r a s t s  m a th e m a tic a l  d e s c r ip t io n  an d  
m o d e l d e s c r ip t io n  a s  u n founded . H e re  i t  sh o u ld  be  s t r e s s e d  th a t  th e  c o n c e p t 
of m o d e l h a s  b e e n  g e n e ra l iz e d , so  th a t  th e  c o n c e p tio n  of m o d e l i s  n o t c o n f in e d  
to  i t s  t r e a tm e n t  in  th e  s p i r i t  o f c l a s s i c a l  p h y s ic s  a s  a  p i c to r i a l  (i. e . ,  m e 
c h a n ic a l  s y s te m ; i t  i s  a ls o  t r e a t e d  in  th e  s p i r i t  o f th e  c o n te m p o r a ry  s ta g e  
o f c o g n i t io n —a s  a  lo g ic o -m a th e m a tic a l  s t r u c t u r e .  T h is  a p p r o a c h  to  th e  
c o n s tru c t io n  o f m o d e ls  i s  founded  on an  im p o r ta n t  r e g u la r i t y  o f th e  m o d e rn  
c o g n it iv e  p r o c e s s ,  r e la te d  to  the in c r e a s in g  ro le  o f th e  c a te g o ry  o f  r e la t io n 
sh ip  in  th e  c o g n itiv e  p r o c e s s .  We c a n  u n d e r s ta n d  th e  n a tu r e  o f m ic r o o b 
je c t s  m o d e lw ise , b u t th e  m o d e ls  th e m s e lv e s  a r e  n o t p ic to r i a l ,  o r ,  a t  an y  
r a te ,  the c o n c e p t o f v is u a l iz a b i l i ty  i t s e l f  r e q u i r e s  r a d ic a l  e x te n s io n .

• See the collection entitled "Naturwissenschaft und Philosophic, Berlin, p. 30. 1960.
•* Bohr, N. Kvantovaya fizika i filosofiya (Quantum Physics and Philosophy), UFN, Vol. LXVII, No. 1, 

p. 42. 1959.
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T h u s  if  th e  f i r s t  im p o r ta n t  f e a tu r e  of m o d e l c o n s t ru c t io n  in  m o d e rn  p h y s 
ic s  is  th e  r e d u c t io n  o f th e  e le m e n t  o f v is u a l iz a b i l i ty ,  i t s  s e c o n d  f e a tu r e  is  
th e  i n c r e a s e ,  in  c o g n itio n , o f th e  ro le  o f m o d e ls  c o n s is t in g  o f lo g ic a l  e l e m e n t s .

T h e  a t t r ib u t io n  o f a r e la t iv e ly  in d e p e n d e n t e x is te n c e  to  th e  lo g ic a l  e l e 
m e n ts  of th e  m o d e l a n d  t r e a tm e n t  o f th e s e  e le m e n ts  a s  th e  o b je c ts  o f r e 
s e a r c h  h av e  d r a s t i c a l l y  in c r e a s e d  th e  c o g n it iv e  p o s s ib i l i t i e s  o f m o d e l c o n 
s t r u c t io n .  T h u s  i t  i s  w e ll know n th a t  h ig h ly  s ig n if ic a n t  in fo rm a tio n  c o n 
c e rn in g  th e  m ic ro w o r ld  (e g , the a n t ip a r t i c le  h y p o th e s is )  w a s  o b ta in e d  by 
in v e s t ig a t io n  o f a  m a th e m a tic a l  m o d e l o f th e  m ic ro w o r ld  s u c h  a s  D i r a c 's  
e q u a tio n .

L o g ic a l  m o d e l c o n s t r u c t io n  is  on e  o f th e  m o s t  e f fe c t iv e  a c c e le r a t o r s  of 
m o d e rn  p h y s ic a l  k n o w led g e . M o d e rn  p h y s ic a l  u n d e r s ta n d in g  d o e s  no t p r e 
s u p p o s e  a  p i c to r i a l ,  m e c h a n ic a l  r e p r e s e n ta t io n  o f p h y s ic a l  p r o c e s s e s .  We 
s e e  th a t  n o t o n ly  th e  c o n c e p t of m o d e l bu t e v e n  th e  v e ry  id e a  o f p h y s ic a l  u n 
d e r s ta n d in g  i s  g e n e r a l iz e d  in  c o n te m p o r a ry  c o g n it io n .

T o q u o te  N. R. H a n s o n 's  fe l ic i to u s  r e m a r k ,  " u n p ic tu r i ty  i s  th e  p r i c e  fo r  
the 'in t e l l e c tu a l  a d v a n ta g e ' c o n n e c te d  w ith  u n d e r s ta n d in g " * .

I t  m a y  be in f e r r e d  f ro m  w h a t w e h av e  b e e n  s a y in g  th a t  bo th  th e  m eth o d  
o f c o n s t r u c t io n  o f m o d e ls  an d  th e  c o n c e p t o f m o d e l a r e  in  n e e d  of g e n e r a l 
iz a tio n  a t  th e  p r e s e n t  s ta g e  of s c ie n t i f i c  c o g n itio n .

I t i s  p o s s ib le  to  fo r m u la te  a  g e n e r a l iz e d  c o n c e p t o f m o d e l c o n s tru c t io n . 
M o d el c o n s t r u c t io n  i s  a  m e th o d  o f m e d ia te  c o g n it io n  in  w h ich  th e  o b je c t  

u n d e r  in v e s t ig a t io n  i s  s tu d ie d  th ro u g h  th e  m e d ia tio n  o f a n o th e r  o b je c t  
w h ich  s ta n d s  in  a  c e r t a in  r e la t io n  to  the f i r s t  an d  i s  c a p a b le  o f re p la c in g  
i t  a t  d e f in ite  s ta g e s  o f th e  c o g n it iv e  p r o c e s s * * .

A c c o rd in g ly , th e  m o d e l i s  a  n a tu r a l  o r  a r t i f i c i a l  o b je c t  w h ich  s ta n d s  in 
a  c e r t a in  r e la t io n  to  th e  o b je c t  u n d e r  in v e s t ig a t io n  o r  to  a n y  on e  o f i t s  a s 
p e c ts  an d  i s  c a p a b le  o f r e p la c in g  th is  o b je c t  ( i . e . ,  o f s e r v in g  a s  a r e la t iv e 
ly  in d e p e n d e n t " q u a s i - o b je c t" )  an d  w h ich  m a k e s  i t  p o s s ib le  to  o b ta in , w hen 
in v e s t ig a te d ,  a  c e r t a in  in d i r e c t  k n o w led g e o f th e  o b je c t  its e lf* * * .

R e g a rd in g  w h a t we h a v e  b ee n  s a y in g  a s  an  im p o r ta n t  b a s ic  p r in c ip le  of 
a n y  a p p r o a c h  to  th e  s tu d y  o f th e  ro le  o f m o d e ls  in  m o d e rn  p h y s ic a l  c o g n i
tio n , w e c a n  s u g g e s t  th a t  th e  s i tu a t io n  in  th e  c a s e  of th e  c o n c e p t o f th e  m o d 
e l  i s  so m e w h a t s i m i l a r  to  th a t  w h ich  is  o b ta in e d  in th e  c a s e  of th e  p r in c ip le  
o f c a u s a l i ty .  J u s t  a s  i t  w a s c o n c lu d e d  f ro m  th e  d i s c o v e r y  o f new  fo r m s  of 
c a u s a l  d e p e n d e n c e  th a t  r e p u d ia t io n  o f th is  fu n d a m e n ta l  p r in c ip le  w a s in o r 
d e r ,  so  f r o m  th e  c h a n g e s  in , an d  in c r e a s in g  c o m p le x ity  of, th e  p r o c e s s  of 
m o d e l c o n s t r u c t io n  i t  i s  in f e r r e d  th a t  m o d e rn  s c ie n t i f i c  k n ow ledge is  " n o n 
m o d e l - l ik e " .  In  r e a l i ty ,  h o w e v e r, a s  i s  w e ll  know n, th e  p r in c ip le  o f c a u 
s a l i ty  w a s  e x t r a p o la te d  upon t r a n s i t i o n  to  th e  m ic ro w o r ld .  T h e  s a m e  s i t u 
a t io n  o c c u r r e d  w ith  th e  c o n c e p t o f th e  m o d e l in  m o d e rn  p h y s ic s ;  th is  h ig h ly  
im p o r ta n t  lo g ic a l  to o l h a s  n o t b e e n  re m o v e d  f ro m  th e  c o g n it iv e  p r o c e s s ,  it  
h a s  b ee n  e x t r a p o la te d  on th e  b a s i s  o f e x p e r ie n c e .

T h e  im p o r ta n c e  o f th e  e x t r a p o la te d  c o n c e p t o f th e  m o d e l in  m o d e rn  p h y s 
i c s  b e c o m e s  e s p e c ia l ly  o b v io u s  i f  o n e  t u r n s  to  a c o n s id e r a t io n  of th e  g n o s e o 
lo g ic a l  fu n c tio n  o f th e  c o n s t r u c t io n  o f m o d e ls .

* H anson , N. R. Patterns of Discovery, p. 122. Cambridge. 1958.
•* The aim of the present work does not include an analysis of the forms of correspondence between model 

and modelled object; here it is important to stress the diversity of these forms.
The fundamental difference between model mediation and instrumental mediation is obvious to us, if 
only because an instrument does not replace the cognized object (does not become a "quasi-object") but 
rather performs the function of representative of the subject.
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If  o n to lo g ic a lly  m o d e l c o n s tru c t io n  is  th e  ju x ta p o s in g  o f a  new  o b je c t  
an d  on e  w h ich  h a s  a l r e a d y  b ee n  s tu d ie d , fro m  th e  g n o s e o lo g ic a l  s ta n d p o in t  
m o d e l c o n s tru c t io n  is  a  fo rm  o f lin k in g  b e tw e en  a th e o ry  in  th e  fo r m a t iv e  
s ta g e  and  one a l r e a d y  e s ta b l is h e d ;  th a t  i s ,  m o d e l c o n s t r u c t io n  m a k e s  i t  
p o s s ib le  to e v a lu a te  th e  unknow n in t e r m s  o f the know n.

We w ill fo r m u la te  th e  b a s ic  s ta g e s  o f th e  g n o s e o lo g ic a l  ro le  o f m o d e ls  
in  th e  c o g n it iv e  p r o c e s s  fro m  th e  l a t t e r  p o in t o f v iew .

W ith th is  in m in d  le t  u s a g a in  tu rn  to  th e  M a x w e llia n  s ta te m e n t  o f th e  
p ro b le m  of p h y s ic a l  m o d e l c o n s tru c t io n . M ax w ell b e lie v e d  th a t  m o d e ls  
b a s e d  on the a n a lo g y  w ith  an  in c o m p r e s s ib le  flu id  m a d e  it p o s s ib le  " to  c o n 
c e iv e  v is u a l ly  th e  la w s  o f a t t r a c t io n  and  o f th e  in d u c tiv e  in f lu e n c e s  o f m a g 
n e ts  an d  c u r r e n t s " * .  T h e  g n o s e o lo g ic a l  r o le  o f m o d e ls  o f th is  ty p e  c o n 
s i s t s  o f p i c to r i a l  r e p r e s e n ta t io n  of new p h y s ic a l  p h e n o m e n a .

T h e fu n c tio n  of a  m o d e l of th is  k ind  i s  to  a c t  a s  a  c o n n e c tin g  l in k  b e 
tw een  new p h y s ic a l  p h e n o m e n a  an d  th e  o ld  p h y s ic a l  th e o r i e s .  T h e  i m p o r 
ta n c e  o f th is  fu n c tio n  c a n n o t be d en ie d .

H o w e v er, in  th e  d e v e lo p m e n t o f c o g n itio n  th e  te r m  " m o d e l"  is  a l s o  u s e d  
in  c o n n e c tio n  w ith  a  d i f f e re n t  kind  o f p ro b le m , w hen th e  q u e s tio n  is  on e  of 
p a s s i n g  fro m  o ld  th e o r ie s  to  new  o n e s , r a th e r  th an  of l i n k i n g  new  
fa c ts  an d  o ld  t h e o r ie s .

W hen a  new fa c t  b e c o m e s  e s ta b l is h e d , th e  f i r s t  s te p  is  to  a t te m p t  to  i n 
t e r p r e t  i t  on th e  b a s i s  o f th e  o ld  t h e o r e t ic a l  id e a s  by so m e w h a t m o d ify in g  
th e  l a t t e r  w ith o u t a d m it t in g  new  r a d ic a l  a s s u m p t io n s .  If th is  d o e s  n o t s u c 
c e e d  i t  b e c o m e s  n e c e s s a r y  to b r in g  in  su c h  a s s u m p t io n s .  H e re  in s te a d  o f 
th e  m o d e l-a n a lo g u e  w e h av e th e  m o d e l-h y p o th e s is ,  w h ich  is  a  p r e l im in a r y  
fo rm  o f e x p la n a tio n  o f new p h e n o m e n a  w h ich  h a s  b ro k e n  aw ay  fro m  th e  o ld  
th e o ry .  M odel c o n s tru c t io n  o f th is  k ind  i s  o f p a r t i c u la r ly  g r e a t  p r a c t i c a l  
v a lu e . I t  i s  o f th e  g r e a t e s t  s ig n if ic a n c e  f o r  th e  d e v e lo p m e n t o f e le m e n ta r y  
p a r t i c le  p h y s ic s ,  s in c e  h e r e  th e  q u e s tio n  is  in d e e d  o n e  o f th e  e s t a b l i s h 
m e n t  of a  th e o ry .

In th is  c a s e  the c o n s tru c t io n  o f a  m o d e l i s  no t th e  r e s u l t  b u t m e r e ly  th e  
s t a r t i n g  p o in t  o f lo g ic a l  k n o w led g e . T h e e m p h a s is  is  sh if te d  to th e  se c o n d  
s ta g e , n a m e ly  i n v e s t i g a t i o n  o f th e  c o n s t r u c te d  m o d e l r e s u l t in g  in t r a n 
s i tio n  to  th e  fo rm u la tio n  o f a  s y s te m a t ic  c lo s e d  th e o ry  o f th e  d e f in ite  p h y s 
ic a l  o b je c t.

T h e d is tin c tio n  b e tw e en  th e  tw o ty p e s  o f m o d e l c o n s t r u c t io n  b e c o m e s  
p a r t i c u la r ly  e v id e n t i f  on e  tu r n s  to  th e  h i s to r y  o f th e  d e v e lo p m e n t o f id e a s  
on th e  a to m . W hen R u th e r f o r d 's  in g e n io u s  e x p e r im e n ts  w ith  th e  b o m b a r d 
m e n t  o f th in  fo ils  by a - p a r t i c l e s  led  h im  to th e  r e m a r k a b le  c o n c lu s io n  th a t  
t h e r e  e x is te d  a  d e n se  m a s s iv e  n u c le u s  in  a to m s , he c o n s t r u c te d  h is  w e ll -  
know n p la n e ta ry  m o d e l o f th e  a to m  e n t i r e ly  in  th e  s p i r i t  o f n in e te e n th  c e n 
tu ry  p h y s ic s ,  by a n a lo g y  w ith  th e  s o l a r  s y s te m . T h is  is  th e  c l a s s i c a l  e x 
a m p le  o f th e  m o d e l-a n a lo g u e , b u il t  on an  e v a lu a tio n  o f th e  unknow n in  t e r m s  
of th e  know n. I t sh o u ld  be e m p h a s iz e d  th a t  R u th e r fo r d  a s s u m e d  no o n to lo g i
c a l  p e c u l ia r i t ie s  in  a to m ic  p r o c e s s e s  w h ich  m ig h t h av e  d is t in g u is h e d  th e  
l a t t e r  f ro m  m a c ro p h y s ic a l  p r o c e s s e s ,  d e s p i te  th e  f a c t  th a t  h e  e n c o u n te re d  
so m e  v e r y  u n e x p e c te d  r e s u l t s  in  e x p e r im e n t .

• M ax w ell, J. C. Izbrannye sochineniya po teorii elektromagnitnogo polya (Selected Works on the Theory 
of the Electromagnetic Field), Moscow, p. 17. 1954.
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I t  i s  w e ll  know n th a t  th e  in te r p r e ta t io n  o f a to m ic  s t r u c t u r e  in  t e r m s  o f 
th is  m o d e l le d  to  a  c o n tra d ic t io n  an d  to  B o h r 's  id e a  o f a llo w e d  q u an tu m  
o r b i t s .  T h e  id e a  o f a llo w e d  o r b i t s ,  in  w h ich  th e  e le c t r o n  d o e s  n o t r a d ia te  
e n e rg y , c h a r a c t e r i z e d  new  p r o p e r t i e s  of th e  a to m  n o t p r e s e n t  in  m a c r o 
o b je c ts .  T h is  i s  th e  c l a s s i c a l  e x a m p le  of th e  m o d e l-h y p o th e s is .  I t  i s  
s o m e t im e s  s u g g e s te d  th a t  th e  te r m  " m o d e l"  be d ro p p e d  in  c o n n e c tio n  w ith  
B o h r 's  w o rk  an d  th a t  th is  w a s  th e  f i r s t  th e o ry  o f a to m ic  s t r u c tu r e .  In  o u r  
o p in io n , s in c e  w h a t w e a c tu a l ly  h av e  h e r e  is  a  p r e l im in a r y  fo rm  o f e x p la n a 
tio n  o f a to m ic  p h e n o m e n a  w h ich  w e re  s y s te m a t ic a l ly  in t e r p r e t e d  o n ly  l a t e r  
by  q u an tu m  m e c h a n ic s ,  on e  o u g h t to  s p e a k  in  th is  c o n n e c tio n  of a  m o d e l.

T h u s  th e  m o d e l i s  n o t o n ly  a  fo rm  o f lin k in g  o f o ld  an d  new  th e o ry , i t  i s  
a l s o  a  fo r m  of t r a n s i t io n  to  th e  new  th e o ry ,  a  p r e l im in a r y  fo rm  o f i n t e r 
p r e ta t io n  of new , a s  y e t  unknow n p h y s ic a l  p h en o m e n a  n o t c o v e re d  by the 
e x is t in g  th e o ry .

O u r  g e n e r a l  g la n c e  a t  m o d e l c o n s tru c t io n  s u f f ic e s  to  show  th a t  i t  i s  a s  
e s s e n t i a l  a  p a r t  o f th e  c o g n it iv e  p r o c e s s  a s  th e  d is t in c tio n  b e tw e e n  th e  know n 
a n d  th e  unknow n.

T h e  m o d e l i s  th e  f i r s t ,  p r e l im in a r y  fo rm  of t h e o r e t ic a l  i n te r p r e ta t io n  
o f new  o b je c ts ;  i t  o fte n  d i s c lo s e s  c o n tra d ic t io n s  in  th e  c o n c e p tio n  of th e s e  
new  o b je c ts  in  th e  l ig h t  o f th e  o ld  th e o ry .  In  v iew  o f th is  i t  i s ,  a s  i t  w e re , 
a n  in q u iry  a d d r e s s e d  to  th e  s y s te m a t ic  c o n s i s te n t  th e o ry  of th is  new  o b je c t. 
I t  p r e c ip i ta t e s  the f u r th e r  d e v e lo p m e n t o f t h e o r e t ic a l  i n te r p r e ta t io n  o f the  
o b je c t .  T h u s  i t  i s  e n t i r e ly  u n d e r s ta n d a b le  th a t  th is  f i r s t  fo rm  sh o u ld  be 
h ig h ly  im p o r ta n t .

In  c o n c lu s io n , l e t  u s  fo r m u la te  th e  b a s ic  s ta g e s  a s s o c ia te d  w ith  th e  g e n 
e r a l i z e d  t r e a tm e n t  o f th e  m e th o d  o f m o d e l c o n s tru c t io n .

1. F o r  th e  c o n s tru c t io n  of a  m o d e l i t  i s  n e c e s s a r y  to  h av e  an  o b je c tiv e  
c o r r e s p o n d e n c e  b e tw e e n  m o d e l an d  m o d e lle d  o b je c t, one w h ich  is  o b je c tiv e , 
in d e p e n d e n t o f th e  s u b je c t  c o n s tru c t in g  th e  m o d e l an d  c a p a b le  of e x te n s iv e  
g ra d a t io n s .  (T h is  i s  th e  " im a g e n e s s "  of th e  m o d e l —ow ing to th e  c o r r e 
s p o n d e n c e  w ith  th e  o b je c t, th e  m o d e l a p p e a r s  a s  an  im a g e  o f th e  o b je c t.)

2. T h e  m o d e l i s  c a p a b le  o f s e r v in g  a s  a  r e la t iv e  s u b s t i tu te  fo r  th e  o b 
j e c t  to  b e  c o g n iz e d .

T h e m o d e l s e r v e s  a s  a  " q u a s i - o b je c t"  r e la t iv e ly  in d e p e n d e n t o f th e  o b 
j e c t  to  be c o g n iz e d , w h ich  a c t s  a s  an  o b je c t  o f in v e s t ig a t io n  a t  d e f in ite  
s ta g e s  o f r e s e a r c h .  H av in g  a p p e a re d  on th e  b a s i s  of th e  o b je c t  w h ich  is  
to  be  c o g n iz e d , th is  " s h a d o w - o b je c t"  is  c a p a b le  of l iv in g  a  r e la t iv e ly  
in d e p e n d e n t l i f e .  I t  d o e s  n o t m a t t e r  w h e th e r  th e  m o d e l is  c o m p o se d  of c e r 
ta in  im a g e s  of s e n s o r y - r e a l  n a tu re  ( e .g . ,  " s p in o r  f lu id " ) o r  o f c e r t a in  lo g i
c a l  s t r u c t u r e s  d ev o id  o f s e n s i t iv ity  ( e .g . ,  D i r a c 's  d e lta  fu n c tio n ) .

(T h is  i s  th e  " o b je c tn e s s "  o f th e  m o d e l, i . e . ,  i t s  a b i l i ty  to  a c t  a s  an  o b 
j e c t  o f in v e s t ig a t io n  in  w h ich  in fo rm a tio n  i s  o b ta in e d  m e d ia te ly  c o n c e rn in g  
th e  m o d e l 's  o r ig in a l .)

3. In  th e  p r o c e s s  of m o d e l c o n s tru c t io n  th e  " im a g e n e s s "  a n d  " o b je c t 
n e s s "  o f th e  m o d e l b o th  a p p e a r  a s  t r a i t s  o f two e s s e n t i a l  s ta g e s  o f th is  
p r o c e s s .  T h e  f o r m e r  p r e v a i l s  a t  th e  s ta g e  o f c o n s t ru c t io n  o f th e  m o d e l, 
th e  l a t t e r  a t  th e  s ta g e  o f in v e s t ig a t io n  o f th e  m o d e l.

4 . T h e  c h ie f  h e u r is t i c  fu n c tio n  o f m o d e l c o n s tru c t io n  is  th a t  th e  m o d e l 
a c t s  a s  a  m e a n s  o f p r e l im in a r y  e x p la n a tio n  o f th o se  p h y s ic a l  p h e n o m e n a  
f o r  w h ich  no s y s te m a t ic  th e o ry  h a s  y e t  b e e n  c o n s tru c te d .
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T a k in g  th e s e  c o n s id e r a t io n s  a s  o u r  p o in t o f d e p a r tu r e ,  w e w ill  c o n tin u e  
in the fo llo w in g  s e c tio n s  to a n a ly z e  the p r o b le m s  o f m o d e l c o n s t r u c t io n  in 
the  lig h t  of the p r e s e n t  s ta te  o f m ic ro w o r ld  p h y s ic s .

F o r  an  a n s w e r  to  th e  fu n d a m e n ta l  q u e s tio n  o f th e  p r e s e n t  a r t i c l e  th e  
q u e s tio n  o f th e  r o le  o f m o d e ls  in th e  fo r m a t io n  an d  d e v e lo p m e n t o f a  th e o ry  
of e le m e n ta ry  p a r t i c l e s —it  is  c o n v e n ie n t to  b eg in  w ith  a  d i s c u s s io n  o f th o s e  
b a s ic  s i tu a t io n s  in w h ich  th e  te r m  " m o d e l"  is  e m p lo y e d  in  m o d e rn  p h y s ic s .

F i r s t  o f a l l ,  m o d e ls  c a n  be d iv id ed  in to  tw o ty p e s  d ep e n d in g  on th e i r  r o le  
in  the c o g n itiv e  p r o c e s s .  T ype I c o m p r is e s  th e  i l lu s t r a t iv e - m e th o d o lo g ic a l  
m o d e ls  ( e .g . ,  one of th e  p r in c ip le s  o f a c c e le r a t o r  o p e r a t io n  is  i l lu s t r a t e d  
by m e a n s  of su c h  a  v is u a l  im a g e : th e  m o v e m e n t o f a  h o r s e  g a llo p in g  a ro u n d  
a  c i r c u s  a r e n a  is  a c c e le r a te d  by th e  w hip s t r o k e  of th e  t r a i n e r  s ta n d in g  a t  a 
c e r t a in  p o in t on th e  a r e n a ) .  T y p e II c o m p r is e s  h e u r is t i c  m o d e ls , w h ich  a c t  
a s  a  p r e l im in a r y  in c o m p le te  fo rm  o f e x p la n a tio n  o f new p h y s ic a l  p h e n o m e n a , 
o r  a s  th e  gu id in g  l in e s  fo r  su c h  e x p la n a tio n . We w ill be c o n c e rn e d  m a in ly  
w ith  T y p e  II m o d e ls  a s  th e  m o re  im p o r ta n t  o f th e  tw o.

It i s  u s e fu l  to c l a s s  h e u r is t i c  m o d e ls  a c c o rd in g  to  th e  d e g r e e  to  w h ich  
th e y  e x p r e s s  th e  n a tu re  of th e  m o d e lle d  o b je c t  a s  p h e n o m e n o l o g i c a l  
(w hich  d e s c r ib e  c e r ta in  f e a tu r e s  w h ich  c h a r a c t e r i z e  h o w  th e  p h y s i c a lp r o c -  
e s s  ta k e s  p la c e  bu t do n o t e x p la in  w h y  th ey  ta k e  p la c e  in  th is  w ay) an d  e s 
s e n t i a l  (w hich  p ro v id e  a  c e r t a in  p r e l im in a r y  in t e r p r e t a t i o n  o f  th e  e s s e n c e  
an d  c a u s e s  o f th e  p h y s ic a l  p r o c e s s ) .

It i s  a ls o  u s e fu l  to  c l a s s  m o d e ls  a c c o rd in g  to  th e  c h a r a c t e r  o f th e  e l e 
m e n ts  w h ich  a c t  a s  o b je c t  o f m o d e ll in g  a s  l o g i c o - m a t h e m a t i c a l  an d  
o n t o l o g i c a l  m o d e ls .

A lo g ic o -m a th e m a tic a l  m o d e l is  a  s y s te m  o f lo g ic o - m a th e m a t ic a l  e l e 
m e n ts  th e  s t r u c tu r e  o f w h ich  is ,  to a  l e s s e r  (p h e n o m e n o lo g ic a l  lo g ic o -  
m a th e m a tic a l  m o d e ls )  o r  g r e a t e r  ( e s s e n t ia l  lo g ic o - m a th e m a t ic a l  m o d e ls )  
d e g r e e ,  th e  a n a lo g u e  o f th e  s t r u c tu r e  o f th e  p h y s ic a l  o b je c ts .

O n to lo g ic a l  m o d e ls  r e p r e s e n t  b a s ic  c o n je c tu r e s  c o n c e rn in g  th e  e s s e n t i a l  
p e c u l ia r i t ie s  o f c e r t a in  s p h e r e s  o f p h y s ic a l  r e a l i ty .  A c k n o w le d g m e n t of 
th e s e  p e c u l ia r i t ie s  of r e a l  b e in g  m a k e s  i t  p o s s ib le  to  o b ta in  im p o r ta n t  t h e o 
r e t i c a l  r e s u l t s  (an a n a ly s i s  of su c h  a  m o d e l w ill be g iv en  belo w ).

O ne sh o u ld , in o u r  o p in io n , r e g a r d  a s  p h e n o m e n o lo g ic a l  c e r t a in  c l a s s i -  
f ic a to ry  m o d e ls  w h ich  g r a s p  d e f in ite  t r u th s  in  th e  r e la t io n s  b e tw e e n  p h y s 
ic a l  o b je c ts  bu t a r e  no t c a p a b le  o f e x p la in in g  th e i r  e s s e n c e .  S uch , fo r  i n 
s ta n c e ,  is  th e  G e ll -M an n  — N is h ijim a  c l a s s i f ic a t io n  o f e le m e n ta r y  p a r t i c le s .
It w a s fo r m u la te d  by G e ll-M a n n  in a  r e p o r t  a t  a  c o n f e re n c e  in  P i s a  in  1955.

T h is  c la s s i f ic a t io n  c o v e r s  d e f in ite  f e a tu r e s  o f m i c r o p a r t i c l e s  a n d  o f t h e i r  
i n t e r r e l a t i o n s .  In o u r  o p in io n , h o w e v e r, w h a t w e h av e  h e r e  i s  m e r e ly  a  
p ro v is io n a l  c la s s i f ic a t io n  o f m ic r o p a r t i c l e s .  I ts  v a lu e  i s  l im ite d  s in c e  i t  
i s  b e in g  su p p o r te d  in a  s i tu a t io n  w h e re  th e  law  g o v e rn in g  th e  m o tio n  an d  
d e v e lo p m e n t o f e le m e n ta ry  p a r t i c le s  is  s t i l l  unknow n.

If on e  d e s i r e s  an  an a lo g y  on e  c a n  s a y  th a t  h e r e  w e h av e  a  s i tu a t io n  s i m i 
l a r  to th e  p re -M e n d e le e v ia n  a t te m p ts  to  c la s s i f y  th e  a to m s  ( p r io r  to th e  d i s 
c o v e ry  o f th e  law  o f p e r io d ic ity )  w hen c h e m ic a l  e le m e n ts  w ith  s i m i l a r  c h a r 
a c t e r i s t i c s  w e re  c la s s i f ie d  but no s in g le  c r i t e r i o n  v a lid  a ls o  fo r  e le m e n ts  
b e lo n g in g  to d if fe re n t  g ro u p s  an d  h av in g  d i s s im i l a r  c h a r a c t e r i s t i c s  w a s  know n.

O f c o u r s e ,  M e n d e le e v 's  c la s s i f ic a t io n  of th e  a to m s  to o k  on i t s  f in is h e d  
fo rm  on ly  a f te r  the e s ta b l i s h m e n t  o f th e  n u c le a r  c h a r g e s  o f a to m s , w h ich
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w a s  a l r e a d y  in  th e  tw e n tie th  c e n tu ry .  N e v e r th e le s s ,  the  c la s s i f ic a t io n  of 
m ic r o p a r t i c l e s  u n d e r  c o n s id e r a t io n  h e r e  d i f f e r s  m e th o d o lo g ic a lly  f ro m  th e  
M e n d e le e v  c l a s s i f i c a t i o n  o f th e  a to m s  in  1869 in  th r e e  s ig n if ic a n t  p o in ts .

1. T h e  c l a s s i f i c a t i o n  in  q u e s t io n  d o e s  not a d v a n c e  an y  fu n d a m e n ta l  c o r 
r e la t io n  o f th e  p e r io d ic i ty  ty p e  b e tw e e n  th e  th r e e  q u an tu m  n u m b e rs  b a s ic  
to  i t  a n d  th e  v a r ia t io n s  in  th e  p r o p e r t i e s  o f th e  m i c r o p a r t i c l e s .  O w ing to  
th i s  th e  p a r t i c l e s  r e m a in  a s  if in  a  s t a t e  o f o n e - d im e n s io n a l  ju x ta p o s itio n  
(w h e re a s  th e  M e n d e le e v  c la s s i f i c a t i o n  w a s  tw o - d im e n s io n a l—v e r t i c a l  and  
h o r iz o n ta l) .

2.. We b e l ie v e  th a t  th e  c la s s i f i c a t i o n  in  q u e s tio n  (a s  o p p o se d  to  th e  M en 
d e le e v  c la s s i f ic a t io n )  is  o f no p r o g n o s t ic  v a lu e , in th e  s e n s e  th a t  i t  d o e s  not 
r e q u i r e  th e  e x is te n c e  o f new  p a r t i c le s  in  th e  g a p s  b e tw e e n  e x is t in g  o n e s .

3. In o u r  o p in io n , th e  in c o m p le te n e s s  o f th is  c la s s i f ic a t io n  is  due to  th e  
p r e s e n c e ,  in  i t s  fo u n d a tio n s , o f th r e e  b a s e s  (q u an tu m  n u m b e rs )  th e  re la t io n  
a m o n g  w h ich  is  no t c l a r i f i e d .  T h is  is  a p p a re n t ly  due to th e  a b s e n c e  in  the 
m o d e rn  th e o ry  o f a  r e l i a b le  c r i t e r i o n  o f e le m e n ta r i ty ,  w h ich  c a n  be d is c o v 
e r e d  o n ly  a t  th e  s a m e  t im e  a s  th e  e s s e n t i a l  p a r t i c le  c la s s i f ic a t io n .

(It i s  w e ll  know n th a t  th e  M e n d e le e v  c l a s s i f ic a t io n  m a d e  i t  p o s s ib le  to 
d e f in e  th e  c h e m ic a l  e le m e n t  a s  th e  s e t  o f a to m s  o c c u p y in g  a  d e f in ite  p o s i 
t io n  in  th i s  c la s s i f i c a t i o n .  A d e f in it io n  o f m ic r o p a r t i c l e s  a s  o b je c ts  o c c u p y 
in g  a  d e f in ite  p o s i tio n  in  th e  c l a s s i f ic a t io n  u n d e r  c o n s id e r a t io n  ca n  s c a r c e ly  
be  fu n d a m e n ta l .)

In  v iew  o f a l l  th e s e  c i r c u m s ta n c e s  on e  c a n  c o n c lu d e , in  o u r  o p in io n , th a t  
th e  g iv e n  c la s s i f i c a t i o n  r e p r e s e n t s  a  c e r t a in  p h e n o m e n o lo g ic a l  m o d e l o f the 
r e a l  l in k  b e tw e e n  p a r t i c le s  an d  t h e i r  c l a s s i f i c a to r y  s u b d iv is io n .

P h e n o m e n o lo g ic a l  m o d e ls  c a n  b e  k in e m a t ic a l ,  r e la t e d  to  th e  c h a r a c t e r 
iz a tio n  o f  p h y s ic a l  p r o c e s s e s  w ith o u t a c c o u n tin g  fo r  th e  s p e c if ic  t r a i t s  o f 
th e  f o r c e s  r e s p o n s ib le  fo r  th e s e  p r o c e s s e s .  O ne su c h  m o d e l in  c l a s s i c a l  
p h y s ic s  w a s  th e  id e a  o f m o tio n  a s  th e  d is p la c e m e n t  o f r e la t iv e ly  in v a r ia b le  
s p h e r e s  (m a c ro b o d ie s )  a lo n g  g ro o v e s  ( t r a j e c to r i e s ) .

T h is  m o d e l i s  n o t a p p l ic a b le  to  m ic ro w o r ld  p h y s ic s  s in c e  th e  m o tio n  of 
m ic r o o b je c t s  i s  c o n s id e r a b ly  m o r e  c o m p le x .

A c h a r a c t e r i s t i c  t r a i t  o f k in e m a t ic a l  m o d e ls  is  th a t  th e y  c o n s id e r  a  type 
o f m o tio n  w ith o u t a n a ly z in g  th e  f o r c e s  an d  in te r n a l  p a r t i c le  p e c u l ia r i t ie s  
w h ic h  c o n t r o l  th e  g iv en  m o tio n .

D y n a m ic a l  m o d e ls  w h ich  a r e  p h e n o m e n o lo g ic a l  in c h a r a c t e r  an d  w h ich  
g iv e  a  c h a r a c t e r i z a t io n  o f th e  in te r n a l  p e c u l ia r i t i e s  o f e le m e n ta ry  p a r t i c le s  
on  th e  b a s i s  o f m o re  o r  l e s s  v i s u a l iz a b le  a n a lo g ie s  a r e  v e r y  w id e ly  u se d . 
T h u s  th e  D ira c  th e o ry  o f th e  e l e c t r o n  u s e d  a m o d e l r e p r e s e n t in g  the e l e c 
t r o n  a s  a p o in t .

In  n o n lo c a l  t h e o r i e s  th e  e le c t r o n  i s  t r e a t e d  a s  a s m e a r e d  c lo u d .
In  th e  t r e n d  a s s o c ia t e d  w ith  th e  w o rk s  o f th e  de B ro g lie  and  V ig ie r  s c h o o l, 

a n  im p o r ta n t  r o le  i s  p la y e d  by th e  s o - c a l l e d  " s p in o r  flu id "  of de B ro g lie . 
T h is  m o d e l " s u b s ta n c e "  is ,  o f c o u r s e ,  c o n s id e r a b ly  l e s s  v i s u a l iz a b le  than  
F a r a d a y 's  " in c o m p r e s s ib le  f lu id " .

H o w e v e r , th e  n a tu r e  of m o d e ls  o f th is  kind  i s  id e n t ic a l  w ith  th a t o f M a x 
w e l l 's  m o d e ls , w h ich  w e re  c o n s t r u c te d  by a n a lo g y  w ith  a  c e r t a in  im a g in a ry  
bu t r e la t iv e ly  v i s u a l iz a b le  m e c h a n ic a l  s y s te m  p o s s e s s e d  o f an  in d e p e n d e n t 
e x is te n c e  ( in d e p e n d e n t o f th e  s u b je c t  m a k in g  the  m o d e l) . In  m o d e rn  v iew s 
c o n c e rn in g  n u c le o n s  on e  fin d s  a  c e r t a in  r e s e m b la n c e  w ith  th e  p la n e ta ry  
m o d e l (th e  p ro to n  " c o r e "  —i ts  c e n t r a l  f o r m a t io n —an d  a  c e r t a in  p e r ip h e ry ) .  
T h is  i s  an  e x a m p le  o f m o d e l c o n s t r u c t io n  b a s e d  on a  v i s u a l iz a b le  an a lo g y .
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W hile n o tin g  th e  w e ll know n r o le  o f s u c h  m o d e ls  w e sh o u ld  e m p h a s iz e  
th a t, d e s p i te  th e i r  w id e s p r e a d  a p p lic a tio n , th ey  a r e  o f v e r y  l im i te d  s i g 
n if ic a n c e  in th e  d e v e lo p m e n t of th e  th e o ry  o f e le m e n ta r y  p a r t i c l e s .

T h ey  p la y  m o re  a  s y s te m a t iz in g  th an  a  h e u r is t i c  r o l e .  H o w e v e r , in  r e 
c o g n iz in g  th e  l im ite d  s c o p e  o f m o d e ls  o f th is  k ind  w e do n o t m e a n  to  den y  
th em  a  c e r t a in  r o le  in  th e  c o g n it iv e  p r o c e s s ,  s in c e  s y s te m a t iz a t io n  o f th e  
d a ta  is  a  n e c e s s a r y  p r e r e q u i s i t e  fo r  th e  fo r m u la tio n  o f th e  v e r y  p ro b le m  
r e q u ir in g  in te r p r e ta t io n  o r  e x p la n a tio n .

L e t u s  now tu rn  to  an  a n a ly s i s  o f th e  p r o s p e c ts  fo r  lo g ic o - m a th e m a t ic a l  
m o d e ls  in  e le m e n ta ry  p a r t i c le  r e s e a r c h .

B e fo re  a t te m p tin g  to c o n s id e r  the ro le  o f lo g ic o - m a th e m a t ic a l  m o d e ls  
w e m u s t  a n s w e r  th e  fo llo w in g  q u e s tio n : in  w h a t s e n s e  an d  u n d e r  w h a t c o n 
d it io n s  c a n  e le m e n ts  of a  m a th e m a tic a l  a p p a r a tu s  be r e g a r d e d  a s  a  m o d e l 
in  p h y s ic a l  c o g n itio n ?

T h is  p ro b le m  w a s  a l r e a d y  d e a l t  w ith  in  a  g e n e r a l  fo rm  by M a x w e ll. In 
a w o rk  e n ti t le d  "O n F a r a d a y 's  l in e s  o f  f o r c e " ,  he w ro te :

" If  one w is h e s  to  fo r m u la te  p h y s ic a l  c o n c e p tio n s  w ith o u t a d o p tin g  a  s p e c ia l  
p h y s ic a l  th e o ry  one m u s t r e s o r t  to  p h y s ic a l  a n a lo g ie s .  B y p h y s ic a l  a n a lo g y  
I m e a n  a s im i l a r i ty  w h ich  h a p p e n s  to  e x is t  b e tw e e n  th e  la w s  o f s o m e  tw o 
re g io n s  o f s c ie n c e  in  v i r tu e  o f w h ich  on e  f o r m s  an  i l lu s t r a t io n  o f  th e  o th e r .
In  th is  s e n s e  e v e ry  a p p l ic a t io n  o f m a th e m a tic s  to  s c ie n c e  is  b a s e d  on  th e  
c o r r e l a t i o n  b e tw e e n  th e  law s  to  w h ich  p h y s ic a l  q u a n t i t ie s  a r e  s u b je c t  and  
m a th e m a tic a l  la w s , so  th a t  th e  a im  o f th e  e x a c t  s c ie n c e s  is  to  r e d u c e  th e  
p ro b le m s  of n a tu ra l  p h ilo so p h y  to  a  d e te rm in a t io n  o f q u a n t i t ie s  th ro u g h  
o p e r a t io n s  on n u m b e rs " * .

T h e f i r s t  in fe r e n c e  we c a n  d ra w  fro m  th is  q u o ta tio n  is  th a t  th e  m a th e m a t 
ic a l  a p p a ra tu s  h a s  one fu n d a m e n ta l  c o n te n t- s ig n i f ic a n t  c o n d itio n  fo r  m o d e l f o r 
m a t io n —an  a n a lo g y  w ith  th e  c o r re s p o n d in g  a s p e c ts  o f th e  p h y s ic a l  p r o c 
e s s e s .  T ru e ,  th is  an a lo g y  is  o f a  s p e c ia l ,  g e n e r a l iz e d  c h a r a c t e r .  I t  d o e s  
n o t r e d u c e  to  an  e le m e n t - b y - e le m e n t  c o r re s p o n d e n c e  b e tw e e n  m o d e l an d  
m o d e lle d  o b je c t. A s p e c ia l  kind  o f i s o m o r p h is m  is  o p e r a t iv e  h e r e  —to  c e r 
ta in  a s p e c ts  o f the p h y s ic a l  p r o c e s s  c o r r e s p o n d s  a  m a th e m a tic a l  e x p r e s 
s io n  ta k e n  a s  a  w ho le , n o t re d u c ib le  to i t s  e le m e n ts .  T h u s , fo r  in s ta n c e ,  
th e  s t r u c tu r e  of D i r a c 's  eq u a tio n  a s  a  w ho le i s  th e  a n a lo g u e  o f c e r t a in  i m 
p o r ta n t  a s p e c ts  of the b e h a v io r  o f th e  e le c tro n ;  th e r e f o r e  by s tu d y in g  th is  
eq u a tio n  we o b ta in  m e d ia tiv e  in fo rm a tio n  c o n c e rn in g  th e  e l e c t r o n .  W e u s e  
the te r m  " lo g ic o -m a th e m a tic a l  m o d e l"  to  d en o te  th e  e s s e n t i a l  d i f f e re n c e  
b e tw e en  m a th e m a tic a l  m o d e ls  an d  sy m b o lic  o n e s .  T h is  d i f f e re n c e  i s  r e 
la te d  to th e  fa c t  th a t  th e  m a th e m a tic a l  la n g u a g e  h a s  i t s  ow n p r o p e r  lo g ic  
w h ich  is  r e la t iv e ly  in d e p e n d e n t o f th e  lo g ic  o f th e  p h y s ic a l  p r o c e s s  an d  
w h ich  th e r e f o r e  r e n d e r s  th e  p h y s ic a l  c o n te n t in d i r e c t ly ,  in  i t s  ow n t e r m s .  
S y m b o lic  m o d e ls  im m e d ia te ly  sp e c ify  th e  s t r u c t u r e  o f th e  o b je c t  b e in g  m o d 
e lle d  and  h av e  no m e a n in g  o u ts id e  of th is  s t r u c tu r e .

We s e e  th a t  the  lo g ic a l  a s p e c t  o f m o d e l c o n s t r u c t io n  (a n a lo g y , i s o m o r 
p h ism ) c a n  be g e n e ra l iz e d , o r  ex te n d e d , to  th e  e le m e n ts  o f th e  m a th e m a ti 
c a l  a p p a ra tu s .

T h e a p p l ic a b i li ty  o f th e  te r m  " m o d e l"  to  th e  m a th e m a tic a l  a p p a r a tu s  
b e c o m e s  e v e n  m o re  a p p a re n t  w hen one a n a ly z e s  th e  fu n c tio n a l a s p e c t  o f 
m o d e l c o n s tru c t io n .
* M a X w e 11, J. C. Izbrannye sochineniya po teorii elektromagnitnogo polya (Selected Works on the Theory 

of the Electromagnetic Field), p. 12.
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We n o ted  th a t  th e  e s s e n t i a l  t a s k  o f th e  m o d e l is  to g iv e  a p r e l im in a r y  
i n t e r p r e t a t i o n  o f a  new  p h e n o m e n o n . F ro m  th is  p o in t o f view  m a th e m a ti 
c a l  f o r m a l is m  ca n  d ev e lo p  up to  th e  c r e a t io n  of a  s y s te m a t ic  p h y s ic a l  th e o 
ry  an d  th e  d e c is iv e  e x p e r im e n t .  In th is  c a s e  a  m a th e m a tic a l  m o d e l is  c o n 
s t r u c t e d  o f a  p h e n o m e n o n  th e  p h y s ic a l  n a tu r e  o f w h ich  is  s t i l l  n o t r e v e a le d . 
T h e  b a s i s  f o r  c o n s t r u c t in g  m o d e ls  o f th is  kind  is  no t an  an a lo g y  b e tw e en  
know n an d  unknow n b u t r a th e r  th e  m a th e m a tic a l  e x tra p o la t io n  c a l le d  the 
m e th o d  o f th e  " m a th e m a t ic a l  h y p o th e s is " .

T h e  s e c o n d  s ta g e  c h a r a c t e r i z in g  th e  p ro v is io n a l  m a th e m a tic a l  m o d e l is  
r e la t e d  to  th e  fa c t  th a t  m a th e m a tic a l  f o r m a l is m  ca n  no t on ly  p ro v id e  a  c o m 
p u ta t io n a l  p r o c e d u r e  fo r  th e  q u a n t i ta t iv e  s tu d y  o f a  p h en o m e n o n  th e  q u a l i t a 
t iv e  n a tu r e  of w h ich  is  s t i l l  h id d en , bu t a l s o  c h a r a c t e r i z e  th e  v e ry  q u a l i t a 
t iv e  n a tu r e  o f a  p h y s ic a l  o b je c t  f o r  w h ich  th e r e  e x i s t s  a s  y e t  no s y s te m a t ic  
m e th o d  o f q u a n t i ta t iv e  so lu tio n  o f th e  c o r re s p o n d in g  e q u a tio n . In  m o d e rn  
p h y s ic s ,  fo r  in s ta n c e ,  a  c e r t a in  m a th e m a tic a l  f e a tu r e  of th e  e q u a tio n , n o n 
l i n e a r i ty ,  i s  r e g a r d e d  a s  th e  e x p r e s s io n  o f a  fu n d a m e n ta l  q u a l i ta t iv e  a s p e c t  
o f th e  m ic r o p a r t i c l e s ,  t h e i r  c a p a c ity  fo r  s e l f - a c t io n  an d  a c t io n  upon th e m 
s e lv e s .

H e re  th e  m a th e m a tic a l  f o r m a l is m  c o v e r s  th e  s u b s ta n t ia l  n o n fo rm a l f e a 
tu r e  o f th e  c o n te n t o f m ic r o o b je c t s ,  bu t th e  q u a n t i ta t iv e  m e th o d s  fo r  so lv in g  
s u c h  e q u a tio n s  a r e  s t i l l  h ig h ly  u n s a t i s f a c to r y .

A fu n d a m e n ta l  c h a n g e  is  ta k in g  p la c e  in  th e  ro le  an d  fu n c tio n s  o f the 
m a th e m a tic a l  a p p a r a tu s  in  th e  d e v e lo p m e n t o f m o d e rn  s c ie n t i f i c  c o g n itio n . 
T h e  m a th e m a tic a l  a p p a r a tu s  is  now no t o n ly  a  m e a n s  o f c h a r a c t e r i z in g  th e  
q u a n t i t a t i v e  a s p e c t  o f p h y s ic a l  p r o c e s s e s ,  i t  i s  a ls o ,  to  no l e s s e r  d e 
g r e e ,  a  m e a n s  o f c h a r a c t e r i z in g  t h e i r  q u a l i t a t i v e  a s p e c t .  T h e  m a th e 
m a t ic a l  p e c u l ia r i t i e s  o f th e  e q u a tio n s  in d ic a te  th e  p r e s e n c e  o f d e f in ite  p h y s 
i c a l  p ro to ty p e s .  T h e  p h y s ic a l  o r ig in a l  ca n  be d e te c te d  fro m  th e  m a th e m a ti 
c a l  " s h a d e s " .

T h is  c h a n g e  in  th e  fu n c tio n  o f m a th e m a tic a l  f o r m a l i s m — i t s  a b i l i ty  to 
c h a r a c t e r i z e  n o t o n ly  th e  q u a n t i ta t iv e  b u t a ls o  th e  q u a l i ta t iv e  a s p e c t  o f m i 
c r o o b je c t s  — r e s t s  on f a r - r e a c h in g  m e th o d o lo g ic a l  fo u n d a tio n s .

I t i s  due to  th e  i n c r e a s e d  r o le  o f th e  c a te g o ry  o f re la t io n s h ip  in  m o d e rn  
c o g n itio n  (a q u e s tio n  w e h av e  c o n s id e r e d  in  a  w o rk  e n t i t le d  " T h e  C a te g o r ie s  
o f 'T h in g ' an d  'R e la t io n s h ip ' " — "O k a te g o r iy a k h  'v e s h c h ' i 'o tn o s h e n ie ' ")*.
If th e  s t r u c t u r e  o f th e  r e la t io n s h ip s  (w hich  a r e  d ev o id  o f r e a l  v is u a l iz a b i l i ty )  
is  g r a s p e d  in  th e  m o d e l, th e n  th e  q u e s tio n  a s  to  w h ich  e le m e n ts  (o n to lo g ic a l  
o r  lo g ic o - m a th e m a t ic a l )  re p ro d u c e  th is  s t r u c t u r e  in  th e  m o d e l d o e s  no t p lay  
a  d e c is iv e  r o le .

In  th e  l ig h t  o f th e s e  c o n s id e r a t io n s  w e b e lie v e  th a t  N ie ls  B o h r 's  w e ll-  
know n th e s i s  on  th e  "n o n m o d e l"  c h a r a c t e r  o f  th e  p h y s ic a l  in te r p r e ta t io n  of 
th e  m a th e m a tic a l  a p p a r a tu s  n e e d s  to  be  c o r r e c te d * * .  F o r  th e  q u e s tio n  is  
th a t  in  a  n u m b e r  o f c a s e s  th e  m a th e m a tic a l  a p p a r a tu s  i s  i t s e l f  th e  m o d e l of 
th e  p h y s ic a l  p h en o m e n o n  an d , a s  w a s  n o ted  e a r l i e r ,  th e  a b s e n c e  o f v i s u a l 
iz a b i l i ty  d o e s  n o t e x c lu d e  m o d e l c h a r a c t e r  o f k n o w led g e .

T w o ty p e s  o f p h e n o m e n o lo g ic a l  m a th e m a tic a l  m o d e ls  c a n  be d is tin g u is h e d . 
T h e  f i r s t  ty p e  i s  a  p r o c e d u r e  fo r  c a lc u la t io n  o f a  c e r t a in  p h y s ic a l  p r o c e s s  
s u c h  a s  w ill  le a d  to  a g r e e m e n t  w ith  th e  q u a n t i t ie s  o b ta in e d  by e x p e r im e n t .  
T h e  in t e g r a l  c h a r a c t e r i z a t io n  of th e  p h y s ic a l  p r o c e s s  f ro m  th e  s ta n d p o in t

* See "Voprosy filosofii" (Problems of Philosophy), No. 4. 1957.
** See Bohr, Niels. Kvantovaya fizika i filosofiya (Quantum Physics and Philosophy), UFN , VolLXVII,

No. 1, p. 39. 1959.
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of i t s  c o n te n t is  n o t a f fe c te d .  H e re  w e a r e  d e a lin g  w ith  p h e n o m e n o lo g ic a l  
lo g ic o -m a th e m a t ic a l  m o d e ls . T o  th is  c l a s s  o f c a l c u l a t i o n  m o d e l s  
b e lo n g s  th e  p ro c e d u r e  o f r e n o r m a l iz a t io n ,  w h ich  le a d s  in  a  p u re ly  fo r m a l  
w ay to  a g r e e m e n t  b e tw e e n  the c a lc u la te d  q u a n t i t ie s  an d  th e  f in i te  q u a n t i t i e s  
o b ta in e d  fro m  e x p e r im e n t ,  on th e  b a s i s  o f th e  o p e r a t io n  o f s u b t r a c t io n  o f 
the p h y s ic a l ly  m e a n in g le s s  in f in i t ie s .  T h is  p r o c e d u r e  c a n  be re g a r d e d  a s  
a  p h e n o m e n o lo g ic a l  m a th e m a tic a l  m o d e l o f m ic r o p r o c e s s e s ,  s in c e  in  th is  
p r o c e d u r e  th e r e  is  an  a b s o lu te ly  o b v io u s  s im p l i f ic a t io n , th e  r e a l  m e a n in g  
of w h ich  is  no t c l a r i f i e d  (we a r e  r e f e r r in g  to th e  d ro p p in g  o f th e  t e r m s  of 
th e  s e r ie s ) .  L a te r ,  in th e  th e o ry  o f th e  s c a t t e r in g  m a t r ix ,  w h ich  d o e s  n o t 
em p lo y  th e  id e a  o f th e  " b a r e "  p a r t i c le  an d  a s s o c ia te d  c o n c e p t of a  v ac u u m  
of in f in ite  q u a n t i t ie s ,  an  u n d e r s ta n d in g  o f th e  e s s e n c e  o f th e  o p e r a t io n  o f 
r e n o r m a l iz a t io n  i s  d e v e lo p e d .

A m ong  p h e n o m e n o lo g ic a l  c a lc u la t io n  m o d e ls  a r e  th e  p a r t i c u l a r  so lv a b le  
o n e s .

O ne e x a m p le  in  th e  th e o ry  o f e le m e n ta r y  p a r t i c le s  i s  th e  m e th o d  o f m o d 
e l  c a lc u la t io n  p ro p o s e d  by T . D. L e e  in  1954. C h a r a c t e r iz in g  th is  m e th o d , 
V .G . S o lo v 'e v  w ro te :  "O w ing to th e  m a jo r  d i f f ic u lt ie s  o f p r in c ip le  s ta n d in g  
in  th e  w ay o f a  so lu tio n  o f th e  e q u a tio n s  of q u an tu m  f ie ld  th e o ry ,  i t  i s  o f 
m e th o d o lo g ic a l  i n t e r e s t  to  in v e s t ig a te  in d iv id u a l m o d e ls  f o r  w h ich  e x a c t  
s o lu tio n s  o f th e  c o r re s p o n d in g  e q u a tio n s  c a n  be o b ta in e d " * .

T ru e ,  in  a  d e f in it iv e  w o rk  e n t i t le d  " in tr o d u c t io n  to  th e  T h e o r y  o f Q u a n 
t iz e d  F ie ld s "  (V v ed en ie  v te o r iy u  k v a n to v a n n y k h  p o le i)  N .N . B og o ly u b o v  
an d  D. V. S h irk o v  a r r i v e  a t  th e  c o n c lu s io n  th a t  th is  m e th o d  h a s  g iv en  no 
re s u lts * * .

A m ong  p h e n o m e n o lo g ic a l  l o g ic o - m a th e m a t ic a l  m o d e ls  c a n  a l s o  b e  c l a s s e d  
th e  s o - c a l le d  g ra p h ic a l  m o d e ls  w h ich  do n o t c la im  to  e x p la in  th e  p h y s ic a l  
p r o c e s s  bu t m e r e ly  g iv e  a  p i c to r i a l  s c h e m e  o f th e  p r o c e s s  w h ic h  i s  c o n 
v e n ie n t fo r  c a r r y in g  o u t c a lc u la t io n s .

An e x a m p le  i s  th e  " fo r k s "  o f F e y n m a n 's  d ia g r a m s ,  w h ich  r e p r e s e n t  
s c h e m a tic a l ly  th e  m e c h a n is m  o f in te r a c t io n  o f m ic r o p a r t i c l e s .

A s we h av e  a l r e a d y  n o ted , th e  m a th e m a tic a l  m o d e l o f th e  s e c o n d  ty p e , 
g iv e s  a  m a th e m a tic a l  i n t e r p r e ta t io n  of th e  p r o c e s s  a s  a  w h o le , n o t o n ly  
c o v e r in g  i t s  q u a n ti ta t iv e  r e la t io n s  b u t a ls o  c h a r a c t e r i z in g  q u a l i t a t iv e ly  c e r 
ta in  im p o r ta n t  r e la t io n s h ip s  o f th e  g iv e n  p r o c e s s  o r  p h e n o m e n o n . E s s e n t i a l  
m a th e m a tic a l  m o d e ls  of th is  k ind  a r e  th e  m o s t  im p o r ta n t  f o r  th e  d e v e lo p 
m e n t o f p h y s ic a l  k n o w led g e . T h e y  r e p r e s e n t  th e  f i r s t  s te p  to w a rd  th e  c r e 
a tio n  of a  new  p h y s ic a l  m o d e l, w h ich  a s s u m e s  i t s  c o m p le te d  fo r m  s u b s e 
q u en t to  the p h y s ic a l  in te r p r e t a t i o n  o f th e  g iv en  m a th e m a tic a l  m o d e l.

J u s t  b e f o re  th e  b eg in n in g  o f th e  p r e s e n t  c e n tu ry ,  i t  w a s  u s u a l  in  p h y s ic s  
fo r  th e  p ro p o s a l  o f  a  m a th e m a tic a l  f o r m u la  f o r  a  p r o c e s s  to  c o in c id e  in  
t im e  w ith  i t s  p h y s ic a l  i n t e r p r e ta t io n  (b a se d  on  a  n u m b e r  of a s s u m p t io n s  
c o n c e rn in g  th e  c o n te n t o f th e  v e r y  e s s e n c e  o f th e  p r o c e s s ) .  T h e  m a th e 
m a t ic a l  fo r m u la  p la y e d  on a u x i l i a r y  ro le  w ith  r e s p e c t  to  th e  p h y s ic a l  id e a .

T h u s  in  fo u nd ing  th e  th e o ry  o f ra d ia t io n  M ax P la n c k , in  o r d e r  to  ju s ti f y  
th e  e x p e r im e n ta l  fo r m u la , a d v a n c e d  (in v e r y  c a u t io u s  fo rm )  th e  id e a  o f th e

• S o lo v 'e v ,  V.G. Ob odnoi modeli v kvantovoi teorii polya (Concerning One Model in Quantum Field
Theory). DAN, Vol. 108, p. 1041. 1956.

•* See B ogolyubov, N.N. and D. V. S h irk o v . Vvedenie v teoriyu kvantovannykh polei, p.372.
Moscow. 1957 (English translation, "Introduction to the Theory of Quantized Fields". Interscience
Publishers, New York and London, 1959).
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d is c o n t in u ity  o f p h y s ic a l  in te r a c t io n  w h ich  p la y s  a  d e c is iv e  r o le  in  m o d 
e r n  p h y s ic s .

T h e  s i tu a t io n  in  th e  c a s e  o f q u an tu m  m e c h a n ic s  w a s d if fe re n t .  H e re  th e  
fu n d a m e n ta l  m a th e m a tic a l  e q u a tio n s  o r ig in a l ly  p la y e d  th e  r o le  of m a th e 
m a t i c a l  m o d e ls ,  s in c e  th ey  a p p e a re d  e i t h e r  p r i o r  to  th e  c o r re s p o n d in g  
p h y s ic a l  e x p e r im e n ts  an d  id e a s  ( th u s , th e  o b s e r v a t io n  of e le c t r o n  d i f f r a c 
tio n  in  e x p e r im e n t  o c c u r r e d  so m e w h a t l a t e r  th a n  th e  o r ig in a l  w o rk s  of de 
B ro g l ie  an d  H e is e n b e rg ) ,  o r  in  c o m b in a tio n  w ith  i n c o r r e c t  p h y s ic a l  i n t e r 
p r e ta t io n s  ( e .g . ,  S c h r o e d in g e r 's  e q u a tio n  an d  i t s  o r ig in a l  p h y s ic a l  i n t e r 
p r e ta t io n  by th e  a u th o r ) .

T h e  m a th e m a tic a l  m o d e ls  o f th e  s e c o n d  ty p e  c h a r a c t e r i z e  in  an  in d i r e c t  
w ay th e  a c tu a l  q u a l i ta t iv e  n a tu re  of p h y s ic a l  p r o c e s s e s .  T h e s e  a r e  the e s 
s e n t ia l  m a th e m a tic a l  m o d e ls .  D is p e r s io n  re la t io n s  o c c u p y  an  in t e r m e d i 
a te  p o s i tio n  b e tw e e n  m a th e m a tic a l  m o d e ls  o f th e  f i r s t  an d  th e  se c o n d  ty p e . 
S in c e  th is  s c h e m a  d o e s  n o t a d v a n c e  an y  s y s te m a t ic  p h y s ic a l  e x p la n a tio n  fo r  
th e  b e h a v io r  of e le m e n ta r y  p a r t i c le s  an d  s in c e  i t  i s  s t i l l  f a r  fro m  fin ish e d  
(it c o n ta in s  m u ch  th a t  i s  p ro v is io n a l) ,  i t  ca n  be c a l le d  a  m o d e l. T he i n t e r 
m e d ia te  p o s i tio n  o f th is  m o d e l is  due to  th e  f a c t  th a t , on th e  on e  hand , it 
d e v e lo p s  a  p h e n o m e n o lo g ic a l  c a lc u la t io n  p r o c e d u r e  w h ich  d o e s  no t m ak e  
a s s u m p t io n s  c o n c e rn in g  new  p r o p e r t i e s  of th e  p h y s ic a l  p r o c e s s e s ,  and , on 
th e  o th e r  h an d , su c h  e s s e n t i a l  p h y s ic a l  id e a s  a s  r e la t iv i s t i c  in v a r ia n c e ,  m i c r o 
c a u s a l i ty  and  u n i ta r i ty  a r e  m a th e m a tic a l ly  r e a l iz e d  in  d i s p e r s io n  r e la t io n s .

N. N. B o g o lyubov  an d  h is  s tu d e n ts  V. V. M ed v e d ev  an d  M. K. P o liv a n o v  
e m p h a s iz e  th e  bond b e tw e e n  th is  m a th e m a tic a l  c a lc u la t io n  m eth o d  and  th e  
e x p e r im e n ta l  m a te r ia l ,  n o tin g  th a t  th is  m e th o d  a r o s e  fro m  th e  s tu d y  of 
jr -m e so n  s c a t t e r in g  on  n u c le o n s* . R ough ly  s p e a k in g , d is p e r s io n  r e la t io n s  
c o n n e c t q u a n t i t ie s  c h a r a c t e r i z in g  p a r t i c le  s c a t t e r in g  w ith  q u a n t i t ie s  c h a r a c 
t e r i z in g  t h e i r  a b s o r p tio n .

H e re , in  o u r  o p in io n , th e  im p o r ta n t  e le m e n t  is  th e  w e ll-k n o w n  g e n e r a l 
iz a tio n  o f th e  h e r m i t i c i t y  c o n c e p t. T h e q u e s tio n  r a is e d  h e r e  is  th a t  o f the 
r e la t io n s h ip  b e tw e e n  two p a r t s  o f th e  s c a t t e r in g  a m p litu d e , th e  h e r m it ia n  
an d  a n t ih e r m i t ia n  p a r t s .  In  th e  w o rk  r e f e r r e d  to  ab o v e , th e  fo llo w in g  d e 
f in it io n  is  g iv en : " D is p e r s io n  r e la t io n s  a r e  the r e la t io n s  b e tw e en  th e  h e r 
m itia n  p a r t  o f th e  s c a t t e r in g  a m p li tu d e  and  a c e r t a in  i n te g r a l  o v e r  e n e rg y  
o f i t s  a n t ih e r m i t ia n  p a r t " .

S tr e s s in g  th e  v e r y  g e n e r a l  c h a r a c t e r  o f th e s e  r e la t io n s ,  th e  a u th o rs  r e 
m a r k  th a t  " th e  o n ly  th in g  w h ich  i s  im p o r ta n t  fo r  o b ta in in g  th em  is  th e  r e 
q u i re m e n t  o f m ic r o s c o p ic  c a u s a l i ty ,  fo r m u la te d  in  m o s t  w o rk s  a s  th e  r e 
q u i r e m e n t  th a t  th e  c o m m u ta to r s  o f th e  fie ld  q u a n t i t ie s  te n d  to  z e r o  a t  s p a c e 
l ik e  s e p a ra t io n s " * * .

G ra v e  d i f f ic u lt ie s  h av e  y e t  to  b e  o v e r c o m e  in th e  d e v e lo p m e n t o f a  th e o ry  
o f d i s p e r s io n  r e la t io n s .  T h u s , so  f a r  th e  g e n e r a l  s y s te m  o f in te g r a l  e q u a 
t io n s  w h ich  sh o u ld , a c c o rd in g  to  th is  th e o ry ,  c h a r a c t e r i z e  m ic r o p r o c e s s e s  
h a s  n o t b ee n  w r i t t e n  dow n.

In  a  re v ie w  a r t i c l e  I. E . T a m m  n o te s  th e  p h e n o m e n o lo g ic a l  c h a r a c t e r  of 
d i s p e r s io n  r e la t io n s ,  w h ich  s te m s  f ro m  th e  fa c t  th a t  th ey  do n o t go in to  the 
m e c h a n is m  o f e le m e n ta r y  p h y s ic a l  p h e n o m e n a  (c o ll is io n s ) ,  bu t a d m its  of 
th e  p o s s ib i l i ty  o f c o n s tru c t in g , on th e i r  b a s i s ,  a  u n if ie d  p ic tu r e  fo r  low

* See B ogo lyubov , N.N., V. V. M ed v ed ev , and M. K. P o liv a n o v . Voprosy teorii dispersionnykh
sootnoshenii (Problems of the Theory of Dispersion Relations). Moscow. 1958.

••  Ibid., p. 7.
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e n e r g ie s  of the o r d e r  of one b il lio n  ev*. H o w e v e r , T a m m  s t r e s s e s  j u s t i 
fiab ly  th a t  no s u c c e s s  o f th e  th e o ry  o f d i s p e r s io n  r e la t io n s ,  in  th e  p r e s e n t  
o r  in  the fu tu re ,  w ill be a b le  to so lv e  th e  fu n d a m e n ta l  p r o b l e m —th a t  of 
c r e a t in g  an  in te g r a l  p h y s ic a l  th e o ry  b a s e d  on a  l im ite d  n u m b e r  o f g e n e r a l  
p r in c ip le s  an d  p o s tu la te s .

O ne c o u ld  s a y  th a t  in  d i s p e r s io n  r e la t io n s  th e  lo g ic o - m a th e m a t ic a l  m o d 
e l  i s  no t s u p p le m e n te d  by a  new  o n to lo g ic a l  m o d e l c h a r a c t e r i z in g  new  f e a 
tu r e s  o f p h y s ic a l  r e a l i ty .

We b e lie v e  th a t  w h ile  on e  m a y  n o te  th e  l im i ta t io n s  o f d i s p e r s io n  r e l a 
t io n s , on e  ca n  in  no c a s e  c a s t  doub t on th e  v a l id i ty  o f th is  p r o c e d u r e .

By u s in g  the i’- m a t r ix ,  w h ich  c o n n e c ts  th a t  w h ich  to o k  p la c e  b e f o re  the 
c o l l is io n  to  th a t  w h ich  ta k e s  p la c e  a f te r  th e  c o l l is io n  b u t b y - p a s s e s  th e  a c 
tu a l  in te r n a l  m e c h a n is m  o f c o ll is io n , d i s p e r s io n  r e la t io n s  g iv e , a s  i t  w e re , 
a  p h y s ic a l  m o d if ic a tio n  o f th e  c y b e r n e t ic a l  " b la c k  b o x "  m o d e l.

In d e ed , a  p r o c e s s  ca n  be r e p r e s e n te d  by the fo llo w in g  sc h e m e :

H e re  we e n c o u n te r  a  " c y b e rn e t iz a tio n "  o f m ic ro w o r ld  p h y s ic s .  In  o u r  
o p in io n , th is  t e n d e n c y — p ro v id e d  one r e c a l l s  i t s  l im i ta t io n s  a n d  d o e s  no t 
a b s o lu t iz e  i t  —is  n o t o n ly  v a lid  b u t a ls o  f r u it fu l ,  s in c e  by e x p o s in g  th e  e x 
t e r n a l  re la t io n s h ip s  o f m ic ro o b je c t s  w e p r e p a r e  th e  g ro u n d  f o r  th e  c o n q u e s t  
o f th e i r  in te r n a l  s t r u c tu r e .

T h e v a lid ity  of th is  " c y b e r n e t ic a l"  a p p r o a c h  to  m ic r o p h y s ic s  i s  a ls o  
ju s ti f ie d  by a  g e n e ra l  s y n th e tic  te n d e n c y  in  m o d e rn  s c ie n t i f i c  c o g n itio n , 
the e f fe c t  o f w h ich  is  th a t  d i f f e re n t  s c ie n c e s  e q u ip  e a c h  o th e r .  We w ill 
c o n s id e r  th is  p e c u l ia r  f e a tu r e  o f th e  d e v e lo p m e n t o f m ic r o p h y s ic s  in  g r e a t 
e r  d e ta il  in  th e  fo llo w in g  s e c tio n .

A m a th e m a tic a l  r e s u l t  v e r y  o fte n  le a d s  to a  s u b s e q u e n tly  p ro p o s e d  p h y s 
ic a l  c o n s e q u e n c e  (w hich  s e r v e s  a s  th e  p h y s ic a l  in t e r p r e t a t i o n  o f th e  m a th e 
m a t ic a l  m o d e l) in  th e  fo rm  o f an  in te g r a l  p h y s ic a l  th e o ry .

T h u s  the p r e s e n c e  of p o s i tiv e  an d  n e g a tiv e  s o lu tio n s  in  D i r a c 's  e q u a tio n  
se e m e d  h ig h ly  u n e x p e c te d . I t w a s  e v e n  c o n c lu d e d  th a t  th e  e q u a tio n  w a s  i n 
c o r r e c t .  S u b seq u en tly , h o w e v e r, a  p h y s ic a l  in t e r p r e t a t i o n  o f th is  m a th e 
m a t ic a l  r e s u l t  w a s  a d v a n c e d  in  th e  fo r m  o f o n e  o f th e  m o s t  b r i l l i a n t  h y 
p o th e s e s  in th e  h is to r y  o f p h y s ic s ,  on e  w h ich  w a s  to  h a v e  tr e m e n d o u s  p r o g 
n o s tic  v a lu e —th e  id e a  th a t  to  e a c h  p a r t i c le  c o r r e s p o n d s  an  a n t ip a r t i c le .

In m o d e rn  p h y s ic s  th e  d ia le c t ic a l  p a th  o f lo g ic a l  c o g n it io n  f r o m  a b s t r a c t  
to  c o n c re te  i s  f r e q u e n t ly  m a n ife s te d  a s  th e  p a th  fro m  an  a b s t r a c t  m a th e 
m a t ic a l  m o d e l to  th e  p h y s ic a l  th e o ry  w h ich  g iv e s  a  c o n c r e te  i n t e r p r e t a t i o n  
of th is  m o d e l an d  e x p r e s s e s ,  in  th e  la n g u a g e  o f p h y s ic s ,  th e  e s s e n c e  o f th e  
p r o c e s s  h i th e r to  h id d en  in  th e  p e c u l ia r i t i e s  o f th e  m a th e m a tic a l  m o d e l. 
A n a ly s is  of th is  p a th  w ill b e  o f d e c is iv e  im p o r ta n c e  in  an y  c o n s id e r a t io n  
o f th e  ro le  o f m o d e l c o n s tru c t io n  in  th e  fu tu re  d e v e lo p m e n t o f th e  c o g n it io n  
o f e le m e n ta ry  p a r t i c le s .

• See Ta in m, 1. K. Sovretnennoe sostoyanie problemy elementarnykh chastits (Present State of the Problem 
of t'leinentary Particles). Vestnik AN SSSR, No. 10, p. 21. 1960.
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I t  i s  now u n iv e r s a l ly  ac k n o w le d g e d  th a t  th e  p r e s e n t  s i tu a t io n  in  th e  c o g 
n it io n  of e le m e n ta r y  p a r t i c le s  is  c h a r a c t e r i z e d  by th r e e  c i r c u m s ta n c e s .

1. A c o n s id e r a b le  a m o u n t of e x p e r im e n ta l  m a te r ia l  w h ich  d o e s  n o t le a d  
to  e x p l ic i t  c o n t ra d ic t io n  w ith  th e  e x is t in g  th e o ry  h a s  a c c u m u la te d .  T h is  
c i r c u m s ta n c e ,  w h ich  i s  s p e c if ic  to  e le m e n ta r y  p a r t i c le  p h y s ic s ,  w a s  e m 
p h a s iz e d  by M .A . M a rk o v .

2. N e v e r th e le s s ,  th e  f a c t  th a t  th e  e x is t in g  th e o ry  is  u n s a t i s f a c to r y  is  
u n iv e r s a l ly  r e c o g n iz e d , in a s m u c h  a s  t h e r e  i s  no s u f f ic ie n t ly  w e ll-fo u n d e d  
m e th o d  o f s o lv in g  th e  e q u a tio n s  w h ich  fo llow  fro m  th is  th e o ry  (e v en  the 
e x is te n c e  o f s u c h  a  so lu tio n  h a s  n o t b e e n  p ro v e d ) .

3. A n o th e r  d e f e c t  of th e  e x is t in g  th e o ry  i s  th a t  th e  p a r t i c le  s p e c tr a  c a n 
n o t be o b ta in e d  f ro m  it ,  i . e . ,  to  u s e  I S. S h a p i r o 's  h ap p y  e x p r e s s io n , i t  i s  
im p o s s ib le  to  b r in g  a b o u t a s i tu a t io n  w h e re  th e  p a r t i c le s  w ould  be th e  " p r o d 
u c t"  o f th e  th e o ry  r a th e r  th an  i t s  " ra w  m a t e r ia l " .

T h is  in a b i l i ty  to  d e r iv e  th e  c h a r a c t e r i s t i c s  o f th e  p a r t i c le s  fro m  th e  e x 
i s t in g  th e o ry  i s  m a n ife s te d  g r a p h ic a l ly  in  th e  la c k  o f a  r e l ia b le  c r i t e r io n  of 
e l e m e n ta r i t y .  In  an  a t te m p t  to  e lu c id a te  th e  g e n e r a l  c h a r a c t e r  of th e  s i t u 
a t io n  in  e le m e n ta r y  p a r t i c le  r e s e a r c h ,  I .E .  T a m m  w r i te s :  " i t  i s  c o m p le te 
ly  o b v io u s  th a t  w e a r e  now on th e  e v e  o f a  new  s ta g e  in  th e  d e v e lo p m e n t of 
p h y s ic s  an d  th a t  th e  d i f f ic u lt ie s  o f p r in c ip le  w h ich  c o m e  up in  th e  p h y s ic a l  
t h e o ry  a s  m a n  e x p lo r e s  th e  new  w o r ld  o f h ig h -e n e rg y  e le m e n ta ry  p a r t i c le s ,  
t h e i r  in te r a c t io n s  an d  t h e i r  t r a n s m u ta t io n s  w ill  be o v e r c o m e  on ly  on the  
b a s i s  o f a  r e v is io n  a n d  g e n e r a l iz a t io n  o f fu n d a m e n ta l  c o n c e p ts  an d  id e a s ;  
th i s  r e v is io n  w ill  m o s t  p ro b a b ly  be  no l e s s  r a d ic a l  th a n  th e  on e  w h ich  led  
to  th e  fo u n d in g  o f th e  th e o ry  o f r e la t iv i t y  an d  q u an tu m  th e o ry  a t  th e  b e g in 
n in g  o f  th e  p r e s e n t  c e n tu ry " * .

O ne c o u ld  s a y  th a t  f o r m a l ly  th e  p ro b le m  fa c in g  m ic r o p h y s ic s  i s  th a t  of 
s y s te m a t iz in g  th e  e n t i r e  c o l le c t io n  o f e le m e n ta r y  p a r t i c le s .

In  v iew  o f  th i s  w e fe e l  th a t  i t  w ou ld  be  u s e fu l  to  c o m p a re  th e  s i tu a t io n  
in  th e  c a s e  o f e le m e n ta r y  p a r t i c le s  in  th e  n in e t e e n - s ix t ie s  w ith  th e  s i t u 
a t io n  in  th e  c a s e  o f th e  a to m s  o f c h e m ic a l  e le m e n ts  in  th e  e ig h te e n - s ix t ie s .

In  th e  n in e te e n th  a s  w e ll a s  in  th e  tw e n tie th  c e n tu ry ,  th e  p ro b le m  c o n 
s i s t s  o f f in d in g  th e  law  r e la t in g  th e  o b je c ts  in  a  d e f in ite  s p h e r e  of p h y s ic a l  
r e a l i ty .

H o w e v e r , th e  in i t i a l  d a ta  a v a i la b le  in  th e  l a s t  c e n tu ry  on th e  a to m s  and  
th o s e  a v a i la b le  in  th e  p r e s e n t  c e n tu ry  on e le m e n ta r y  p a r t i c le s  a r e  s u b s ta n 
t ia l l y  d i f fe re n t .  In  th e  e ig h t e e n - s ix t ie s  th e  f a c ts  o f th e  t r a n s m u ta t io n s  of 
th e  a to m s  o f c h e m ic a l  e le m e n ts  w a s  n o t know n. T h e  r e la t io n s h ip  b e tw e en  
a to m s  w a s  d is c o v e r e d  by M e n d e le e v  f i r s t  an d  th e  id e a  o f th e  t r a n s m u ta t io n  
o f a to m s  w a s  s u b s e q u e n tly  d e r iv e d  f ro m  i t  by in d i r e c t  m e a n s .

T h e  a b s e n c e  of e x p e r im e n ta l  d a ta  on th e  t r a n s m u ta t io n s  o f a to m s  i m 
p e d e d  th e  s e a r c h  fo r  a  g e n e r a l  b a s i s  fo r  th e  c l a s s i f ic a t io n  o f th e  a to m s .
A s a  r e s u l t  m a n y  s c h e m e s  c o v e r in g  on ly  th e  c h e m ic a l  e le m e n ts  in  in d iv id 
u a l  g ro u p s  an d  n o t th e  e n t i r e  s e t  o f know n e le m e n ts  w e re  p ro p o s e d  in  th is  
p e r io d .  T h e  f a c t  o f th e  t r a n s m u ta t io n  o f e le m e n ta r y  p a r t i c le s  h a s  no t b ee n  
e s ta b l i s h e d  e x p e r im e n ta l ly .

T h is  i s  e v id e n c e  o f  th e  u n ity  o f th e  e le m e n ta r y  p a r t i c le s ,  an d  th e r e f o r e  
m e th o d o lo g ic a l ly  th e  p ro b le m  o f w h a t to  lo o k  f o r  c a n  be fo r m u la te d  v e ry  
c l e a r ly  —th e  v e r y  fa c t  o f th e  t r a n s m u ta t io n  o f e le m e n ta r y  p a r t i c le s  in d ic a te s

* "Sovremennoe sostoyanie problemy elementarnykh chasiits" (Present State of the Problem of Elementary 
Particles). Vestnik AN SSSR, No. 10, p. 12. 1960.
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the w o rk in g  of a  g e n e ra l  law  re la t in g  th e m  to e a c h  o th e r  a n d  c o n tro l l in g  
th e i r  m o tio n  and  d e v e lo p m e n t.

T h e r e  c a n  be d i f fe re n t  c o n c r e te  a p p r o a c h e s  to th e  s e a r c h  fo r  s u c h  a  
law , fo r m u la te d  in  an  e q u a tio n .

We b e lie v e  i t  w ould  be u s e fu l  to m e n tio n  tw o v e r y  im p o r ta n t  t r e n d s  in  
th e  d e v e lo p m e n t o f th e  th e o ry  of e le m e n ta ry  p a r t i c le s .  ^The *-s  r e la t e d
to a  d y n a m ic a l , fu n c tio n a l, so  to  s p e a k , " s u b s t r a t e l e s s "  (of c o u r s e ,  in  the 
s e n s e  of the a b s e n c e  o f a  r e a l  s u b s t r a t e ,  r a th e r  th an  in  th e  s e n s e  o f a  l i q u i 
d a tio n  of an y  o b je c tiv e  s u b s t r a te )  a p p r o a c h  to  e le m e n ta r y  p a r t i c le s .

T h e  b a s i s  o f th is  a p p r o a c h  is  th e  s u b s t r a t e  o f o b je c tiv e  r e la t io n s h ip s  of 
the m ic r o p a r t i c l e s ,  an d  e m p h a s is  is  la id  on in v e s t ig a t io n  o f th e i r  d y n a m i
c a l  p r o p e r t i e s ,  i . e . ,  the  p r o p e r t i e s  m a n ife s te d  in  t h e i r  i n t e r r e l a t i o n s .

T h e  m o s t  im p o r ta n t  p r o b le m s  fa c in g  th is  a p p r o a c h  to th e  m i c r o p a r t i c l e s  
a r e  s e t  fo r th  in  a v e ry  in te r e s t in g  (m e th o d o lo g ic a lly  s p e a k in g ) w o rk  by V. B. 
B e r e s te t s k i i ,  "T h e  D y n a m ic a l P r o p e r t i e s  o f E le m e n ta r y  P a r t i c l e s  an d  th e  
T h e o ry  of th e  S c a t te r in g  M a tr ix "  (D in a m ic h e s k ie  s v o is tv a  e le m e n ta rn y k h  
c h a s t i t s  i te o r iy a  m a t r i t s y  r a s s e y a n iy a ) * .

T h e s e c o n d  a p p r o a c h  to th e  p ro b le m s  o f e le m e n ta r y  p a r t i c le  th e o ry  m ay  
be te rm e d  th e  s u b s t r a te  a p p ro a c h . I t c o n s i s t s  of in c r e a s in g  th e  c o m p le x ity  
of th e  m o d e l of the f ie ld  a s  s u b s t r a t e  of th e  m i c r o p a r t i c l e s  (e . g ., by i n t r o 
du cin g  a  c o n s ta n t  of m in im a l  len g th ) w h e re a s  in  th e  f o r m e r  a p p r o a c h  an  a t 
te m p t is  m a d e  to  c o n s t r u c t  a  th e o ry  o f e le m e n ta ry  p a r t i c le s  w h ich  i s  no t 
b a s e d  on the c o n c e p ts  o f th e  th e o ry  o f f ie ld s .

In  th e  f i r s t  a p p r o a c h  the m o d e l o f m ic r o p a r t i c l e  i n te r a c t io n  is  th e  s c a t 
te r in g  m a tr ix ,  i . e . ,  the  m o d e l h e r e  is  h ig h ly  " u n p ic to r ia l "  (it  is  no flu id  — 
no t ev en  a  s p in o r  flu id ). A s e t  of fu n c tio n s  c a l le d  s c a t t e r in g  a m p li tu d e s  o r  
g e n e ra l iz e d  fo rm  f a c to r s  is  u s e d  to d e s c r ib e  th e  s t r u c t u r e  o f th e s e  i n t e r 
a c t io n s .

T h is  a p p r o a c h  to  th e  c o n s tru c t io n  o f a  th e o ry  o f e le m e n ta r y  p a r t i c le s ,  
a s  w e ll a s  th e  se c o n d  a p p r o a c h , is  in  th e  in i t i a l  s ta g e .  A s B e r e s te t s k i i  
r e m a rk e d , a t  p r e s e n t  th e r e  is  no s y s te m  o f e q u a tio n s  fo r  d e te rm in in g  th e  
s c a t t e r in g  a m p li tu d e s  **.

O ne c o u ld  s a y  th a t  bo th  th e  f i r s t  an d  th e  se c o n d  a p p r o a c h  a r e  a t  th e  s ta g e  
of fo rm u la tio n  of th e  p r o v is io n a l  m o d e l, w h ich  is  th e  f i r s t  s te p  in  th e  c o n 
s t r u c t io n  of a  s y s te m a t ic  th e o ry .  T h is  c i r c u m s ta n c e  a lo n e  a l r e a d y  m a k e s  
it  w o r th w h ile  to c o n s id e r  th e s e  two a p p r o a c h e s  to m i c r o p a r t i c l e s  in  the 
lig h t  of th e  p ro b le m  o f m o d e l c o n s tru c t io n .

F i r s t  o f a l l  i t  sh o u ld  be no ted  th a t  th e s e  a p p r o a c h e s  do n o t r e p r e s e n t  a l 
t e r n a t iv e s .  On the c o n t r a r y ,  th ey  su p p le m e n t e a c h  o th e r :  th e y  c h a r a c t e r 
iz e  two d is t in c t  bu t i n t e r r e l a t e d  a s p e c t s  o f th e  th e o ry  o f e le m e n ta r y  p a r t i 
c l e s .  If in  the f i r s t  a p p r o a c h  the e m p h a s is  is  on in v e s t ig a t io n  o f e x te r n a l  
r e la t io n s  b e tw e en  p a r t i c le s ,  in  th e  s e c o n d  a p p r o a c h  an  a t te m p t  is  m a d e  to 
a n a ly z e  t h e i r  in te r n a l  s u b s t r a t e .  B oth  a p p r o a c h e s  a r e  ju s t i f ie d  by th e  e x 
p e r ie n c e  o f the d e v e lo p m e n t o f p h y s ic a l  kn o w led g e .

T h u s  in  th e  m id d le  o f th e  s e v e n te e n th  c e n tu ry  H ooke an d  o th e r  p h y s ic i s t s  
s tru g g le d  w ith  the q u e s tio n  of the e x is te n c e  (f ro m  th e  s ta n d p o in t  o f a  r e a l  
s u b s t r a te )  o f g ra v ity .  N ew ton d e c lin e d  to so lv e  th is  p ro b le m  b u t by a  s t r o k e  
o f g e n iu s  d is c lo s e d  m a th e m a tic a l ly  th e  s t r u c t u r e  o f th e  r e la t io n s  o p e r a t iv e  
in  th e  p r o c e s s  o f g ra v ita t io n . It i s  w e ll know n th a t  E in s te in  e n la r g e d  o u r

• See UFN, Vol. LXXVI, No. 1. 1962.
•• Ibid., p. 26.
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u n d e r s ta n d in g  o f th e s e  r e la t io n s  b u t he d id  n o t fo llow  H o o k e 's  a p p r o a c h  
(o r  s u b s t r a t e  a p p r o a c h  in  o u r  te rm in o lo g y )  to  g r a v ita t io n .

H e re  w e m u s t  m a k e  a n  im p o r ta n t  (in  o u r  v iew ) te rm in o lo g ic a l  p o in t. In 
th e  l ig h t  o f d ia l e c t ic a l  m a te r ia l i s m ,  th e  l im i ta t io n s  of th e  p h e n o m e n o lo g ic a l  
a n d , so  to  sp e a k , " e s s e n t i a l "  a p p r o a c h  a r e  n o t to  be r e g a r d e d  a s  a b s o lu te .  
A b s o lu t iz a t io n  o f th e s e  l im i ta t io n s  is  c o n n e c te d  w ith  K a n t's  p h ilo so p h y , 
w h ich  a llo w s  c o g n it io n  o n ly  o f p h e n o m e n a . In  n e o p o s i t iv is m , w h ich  h a s  
r e je c t e d  th e  r a t io n a l  e le m e n ts  of K a n t 's  te a c h in g s  an d  a g g r a v a te d  h is  s u b 
j e c t iv i s m ,  th e  o b je c tiv e  e x is te n c e  o f " th in g s - in - th e m s e lv e s "  is  d e n ie d  in  
g e n e r a l  an d , a c c o rd in g ly ,  p h e n o m e n o lo g ic a l  k n o w led g e is  t r e a t e d  a s  p u re ly  
s u b je c t iv i s t ic  —a r b i t r a r y  in  c h a r a c t e r .

I t  i s  c o m m o n  k n o w led g e th a t  s u c h  s u b je c t iv i s t ic  p h e n o m e n o lo g ic a l  a t t i 
tu d e s  w e re  s e v e r e ly  c r i t i c i z e d  by L en in , w ho s t r e s s e d  th e  d ia le c t ic a l  u n ity  
o f p h e n o m e n o n  an d  n o u m en o n , m a n ife s ta t io n  an d  e s s e n c e ,  an d  d e m o n s tra te d  
th e  in e x h a u s t ib i l i ty  o f e s s e n c e .

If  in  d is c lo s in g  th e  e x t e r n a l  r e la t io n s  o f o b je c ts  w e d i s r e g a r d  th e  n a tu re  
o f th e i r  r e a l  s u b s t r a t e  b u t do n o t d eny  th e  o b je c tiv e  e x is te n c e  o f th is  i n t e r 
n a l s u b s t r a t e ,  th e n  w e a r e  n o t a d m it t in g  an y  id e a li s m .  F u r th e r m o r e ,  th is  
a p p r o a c h  p e r m i t s  u s  to  r a t i o n a l i z e —an d  a c c e l e r a t e —th e  p r o c e s s  of c o g n i
t io n  by su p p ly in g  u s  e s s e n t i a l l y  w ith  a l l  th e  in fo rm a tio n  c o n c e rn in g  th e  c o g 
n iz e d  o b je c t  r e q u ir e d  a t  th e  g iv e n  h i s to r i c a l  s ta g e  o f e x p e r ie n c e .  T h e fu n c 
t io n a l  m e th o d , by r e v e a l in g  th e  e x te r n a l  fu n c tio n s  o f a  s y s te m  a s  b e in g  th e  
e x p r e s s io n  o f i t s  o b je c tiv e  i n te r n a l  s t r u c t u r e ,  c h a r a c t e r i z e s  th e  c o n c re te  
m e c h a n is m  o f th e  d i a le c t ic a l  m o v e m e n t o f c o g n itio n  fro m  th e  e x te r n a l  to 
th e  i n te r n a l ,  o r ,  a s  L e n in  e m p h a s iz e d , th e  p r o g r e s s  o f " c o g n it io n  fro m  
e x te r n a l  m a n ife s ta t io n  to  s u b s ta n c e " * . T h e r e in  l i e s  th e  u n iv e r s a l i ty  of the 
fu n c tio n a l m e th o d .

I t  i s  n a tu r a l  fo r  i t s  a p p l ic a t io n  to  be  re q u ir e d  in  th e  c a s e  of th e  m i c r o 
p a r t i c l e s .

T h e  fu n c tio n a l a p p r o a c h  to th e  th e o ry  o f e le m e n ta r y  p a r t i c le s  d o e s  no t 
p ro v id e ,  so  to  s p e a k , " s e c o n d - r a t e  k n o w led g e " ; on th e  c o n t r a r y ,  i t  is  an  
e n t i r e ly  v a lid  an d  f ru it fu l ,  e x t r e m e ly  c o n te m p o r a ry  m eth o d  of co g n iz in g  
m i c r o p r o c e s s e s .

T h is  b e c o m e s  p a r t i c u la r ly  o b v io u s  if  on e  a p p l ie s  a  s l ig h t ly  o ld - fa s h io n e d  
t e r m ,  " th e  g e n e r a l  f e a tu r e  o f th e  s p i r i t u a l  c u l tu r e  of a  d e f in ite  h i s to r i c a l  
s ta g e " .

F ro m  th is  s ta n d p o in t  th e  p r e s e n t  e r a  is  c h a r a c t e r i z e d  by d e v e lo p m e n t 
a n d  p r o l i f e r a t i o n  o f th e  fu n c tio n a l m e th o d , in s e p a r a b ly  l in k e d  to  th a t  r e 
m a r k a b le  ev e n t: th e  a p p e a ra n c e  of c y b e r n e t ic s .

In  o u r  o p in io n , j u s t  a s  on e  r e f e r r e d  to  a  " m a th e m a tiz a tio n "  of p h y s ic s  
a t  th e  b eg in n in g  o f th e  c e n tu ry ,  w e c a n  now s p e a k  o f a  c e r t a in  " c y b e r n e t iz a -  
tio n "  o f p h y s ic s .

P r o g r e s s  in p h y s ic s  is  i n s e p a r a b ly  c o n n e c te d  in  g e n e r a l  w ith  th e  f o r m a l i 
z a tio n  o f p h y s ic a l  k n o w led g e . T h e  c y b e rn e t iz a t io n  o f p h y s ic s ,  w h ich  c l e a r s  
th e  w ay fo r  i t s  f u r th e r  m a th e m a tiz a t io n , c a n  be r e g a r d e d  a s  a  r e g u la r  s ta g e  
in  th is  g e n e r a l  p r o c e s s .

T h e  " b la c k  bo x "  m o d e l a s s o c ia te d  w ith  th e  fu n c tio n a l m e th o d  o f c y b e r 
n e t ic s  m a y  p la y  a  c e r t a in  ro le  in  th e  p h y s ic s  o f m i c r o p a r t i c l e s .  .

In d e e d , in  th e  th e o ry  o f th e  s c a t t e r in g  m a t r ix  (w hich  i s  n o t b a s e d  on the 
a p p a r a tu s  o f th e  th e o ry  o f f ie ld s ) ,  a s  w a s  re m a r k e d  e a r l i e r ,  th e  in te r n a l

♦ L en in , V. I. Sochineniya (Collected Works), Vol. 38, p. 148.
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m e c h a n is m  o f a  s y s te m  of i n te r a c t in g  e le m e n ta r y  p a r t i c l e s  c a n  b e  r e g a r d e d  
a s  a  " b la c k  b o x " , the " in p u t"  an d  " o u tp u t"  o f w h ich  r e p r e s e n t  th e  d y n a m i
c a l  p r o p e r t i e s  o f th e  e le m e n ta r y  p a r t i c le s .  F o r  e x a m p le , th e  s c h e m e  o f 
c r o s s in g  s y m m e try  c a l le d  " te t r o d e "  c a n  be i n t e r p r e t e d  a s  a  fo r m  o f th e  
c y b e rn e t ic  " b la c k b o x "  m o d e l w ith  " in p u t"  an d  "o u tp u t"  ( s e e  F ig u r e )* .

W hile c h a r a c t e r i z in g  th e  s u b s t r a t e  a p p r o a c h  to  th e  th e o ry  o f e l e m e n ta r y  
p a r t i c le s  w e n o ted  th a t  a  p a r t i c u la r ly  i n t e r e s t i n g  m e th o d  w a s , so  to  s p e a k , 

th e  c o n s ta n t  m e th o d , i . e . ,  th e  in tro d u c t io n  o f a  new  
c o n s ta n t  w h ich  w ould  m a k e  i t  p o s s ib le  to  o v e r c o m e  
th e  d if f ic u lt ie s  in  th e  e x is t in g  th e o ry .

In c o n n e c tio n  w ith  o u r  th e m e  a  c e r t a in  a m o u n t o f 
a t te n t io n  sh o u ld  be d e v o te d  to  a n a ly s i s  o f th i s  m e th o d , 
w h ich  p r o v id e s  a  m a n ife s ta t io n  o f th e  e s s e n t i a l  ro le  
o f m o d e ls  in  th e  d e v e lo p m e n t o f p h y s ic a l  k n o w led g e .

In  th e  p re c e d in g  s e c tio n  w e sp o k e  o f th e  s o - c a l l e d  
o n to lo g ic a l  m o d e ls  a s s o c ia t e d  w ith  c o n je c tu r e s  c o n 
c e rn in g  th e  s t r u c t u r e  o f b e in g . We w ill  now d w e ll in  
g r e a t e r  d e ta il  on th e s e  m o d e ls  in  c o n n e c tio n  w ith  th e  
p r o s p e c ts  fo r  e le m e n ta r y  p a r t i c le  r e s e a r c h .

C e r ta in  im p o r ta n t  f e a tu r e s  o f th e  c o n s t r u c t io n  of 
m o d e ls  o f th is  ty p e  c a n  be  d is c e r n e d  by a n a ly z in g  m o d e ls  o f d is c o n tin u o u s  
s p a c e  in  th e  m ic ro w o r ld .

In 1947 H. S n y d er a d v a n c e d  th e  id e a  th a t  th e  c o o r d in a te s  c a n  a s s u m e  
o n ly  a  d i s c r e t e  s e r i e s  o f v a lu e s  (c o n tin u o u s  v a r ia t io n  o f th e  c o o r d in a te s  is  
now a llo w e d  in  p h y s ic s )  w h e re a s  t im e  c h a n g e s  c o n tin u o u s ly .

T h e id e a  of sp a c e  q u a n tiz a tio n  w a s  a d v a n c e d  in  th e  t h i r t i e s  by  W. H e is e n 
b e r g .  A t th a t  t im e , h o w e v e r, it  had  to be d ro p p e d , s in c e  i t  w ou ld  h a v e  le d  
to  v io la tio n  o f th e  is o tr o p y  of s p a c e * * . S n y d e r p ro v e d  th a t  d is c o n t in u ity  
c a n  re m a in  a s s o c ia te d  w ith  is o tr o p y  of s p a c e .

T h e im p o s s ib i l i ty  o f s im u l ta n e o u s  e x a c t  m e a s u r e m e n t  o f th e  c o o r d in a te s  
an d  m o m e n tu m  in th e  m ic ro w o r ld ,  i t  i s  w e ll  know n, i s  r e la t e d  to  th e  n o n 
c o m m u ta tiv ity  of th e  c o r re s p o n d in g  o p e r a to r s :

] > X - X P  = - ih .

S n y d er s u g g e s te d  th a t  i t  w a s  a ls o  im p o s s ib le  s im u l ta n e o u s ly  to  m e a s u r e  
e x a c tly  a l l  th r e e  c o o r d in a te s ,  i . e . ,  he e f fe c te d , a s  i t  w e re ,  a g e n e r a l i z a 
tio n  o f n o n -c o m m u ta tiv ity :  XY — YX = — ilt , w h e re  /0 is  th e  c o n s ta n t  of 
fu n d a m e n ta l  le n g th .

I .S .  S h a p iro  n o te s  th a t  t h e r e  is  a  p e c u l ia r  m o d if ic a tio n  o f n o n lo c a l  th e o 
ry , s in c e  the p o in t  s p r e a d s ,  an d  i t  c a n n o t be lo c a liz e d .

S n y d e r 's  f a i r ly  d r a s t i c  a s s u m p tio n  did n o t m a k e  a  s t r o n g  im p r e s s io n  in  
p h y s ic s  a s  i t  w a s  no t c l e a r  w h e th e r  th e  p o s s ib i l i ty  e x is te d  o r  no t o f u t i l i z in g  
th is  a s s u m p tio n  in  o v e rc o m in g  th e  d i f f ic u lt ie s  o f th e  th e o ry .

See B e re s te ts k i i ,  V. B. Dinamicheskie svoistva elementarnykh chastits i teoriya mairiisy rasseyaniya 
(The Dynamical Properties of Elementary Particles and the Theory of the Scattering Matrix). UFN,
Vol. LXXVI, No. 1, p. 36. 1962.
Here we evidently face an important feature of the cognitive process which involves its consistency: in 
physical theory it is unthinkable to doubt the universality of certain most fundamental features of space, 
at least until such time as all ways of overcoming the difficulties while recognizing the universality of 
these fundamental traits have been exhausted. Extrapolating into the future, from general- logical con
siderations one cannot completely exclude the possibility that limitations will be discovered in certain of 
these features of space.
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In  1959 th e  C a n a d ia n  s c i e n t i s t  H. R. C o ish  p ro p o s e d  th a t  s p a c e  is  no t 
o n ly  d i s c r e t e  b u t i s  a ls o  c o m p o se d  o f a  f in ite  n u m b e r  o f p o in ts* . T h is  m o d 
e l  a r o u s e d  c o n s id e r a b le  i n t e r e s t ;  th e  d iv e rg e n c e s  co u ld  be e lim in a te d  on 
i t s  b a s i s  an d , m o r e o v e r ,  new s y m m e try  p r o p e r t i e s  co u ld  be o b ta in e d . A 
s ig n if ic a n t  c o n tr ib u t io n  to  th e  d e v e lo p m e n t o f th is  m o d e l w a s m a d e  by I. S. 
S h a p iro * * .

F ro m  o u r  s ta n d p o in t  i t  i s  i n t e r e s t in g  to  co n d u c t a  p h i lo so p h ic a l  a n a ly s i s  
o f th e  a r g u m e n t  in  f a v o r  o f the m o d e l o f d is c o n tin u o u s  sp a c e , su c h  a s  is  
c o n ta in e d  in  V .G . K a d y s h e v s k i i 's  "O n a  T h e o ry  o f D i s c r e te  S p a c e -T im e "
(K t e o r i i  d i s k re tn o g o  p r o s t r a n s tv a - v r e m e n i ) * * * .

K a d y s h e v s k ii  u s e s  b o th  p h y s ic a l  (d is c o v e ry  of th e  p e c u l ia r i ty  o f w eak  
in t e r a c t io n s  w ith  r e s p e c t  to  p a r i t y  n o n c o n s e rv a tio n )  an d  lo g ic a l  ( a n a ly s is  
o f th e  c o n s ta n ts  to  " u n iv e r s a l i ty " )  c o n s id e r a t io n s  to  ju s ti f y  th e  a s s u m p 
tio n  o f th e  q u a n tiz e d  c h a r a c t e r  o f fo u r - d im e n s io n a l  s p a c e  w ith  a  u n it of 
le n g th  H av ing  c o r r e c t ly  (in o u r  o p in io n ) n o ted  th e  u n iv e r s a l  d ia le c t ic  
of " l o s s e s  an d  th e  c o m p e n sa t io n s  f o r  th e s e  lo s s e s "  in  th e  p r o c e s s  of c o g 
n itio n , K a d y s h e v s k ii  a p p l ie s  th is  g e n e ra l- m e th o d o lo g ic a l  p ro p o s i t io n  to the 
s i tu a t io n  in  f ie ld  th e o ry .  In d e ed , th e  new ly  in t ro d u c e d  c o n s ta n ts  g iv e  us 
new  in fo rm a tio n  on  p h y s ic a l  r e a l i ty  b u t in  th is  p r o c e s s  so m e th in g  of the  
p re v io u s  p h y s ic a l  in fo rm a tio n  is  lo s t .  T h u s  th e  in t ro d u c t io n  o f th e  c o n s ta n t  
c in  th e  th e o ry  o f r e la t iv i ty  " c o m p e n s a te s "  fo r  th e  lo s s  o f th e  in v a r ia n c e  
o f d i s ta n c e s  an d  t im e  in t e r v a ls  u n d e r  c o o r d in a te  t r a n s f o r m a t io n s  w h ich  had  
b e e n  a c c e p te d  in  c l a s s i c a l  p h y s ic s .  T h e  in t ro d u c t io n  o f th e  c o n s ta n t  h c o m 
p e n s a te s  f o r  th e  lo s s  o f th e  p o s s ib il i ty  of s im u l ta n e o u s  e x a c t  m e a s u r e m e n t  
o f th e  c o o r d in a te  an d  m o m e n tu m  of a  p a r t i c le .

We c a n  d ra w  th e  fo llo w in g  in fe r e n c e :  if  in  p h y s ic s  one d i s c o v e r s  a  l i m i 
ta t io n  on so m e  p ro p o s i t io n  an d  p a r t  o f th e  p r e v io u s  in fo rm a tio n  is  lo s t,  th en  
th is  s i tu a t io n  d e s e r v e s  a  s e a r c h  fo r  th e  " c o n s ta n c y " ,  i . e . ,  th e  q u e s tio n  
a r i s e s ,  i s  t h e r e  s o m e  c o n s ta n t ,  r e s p o n s ib le  fo r  th is  lo s s  o f in fo rm a tio n , 
w h ich  i s  now to " c o m p e n s a te "  f o r  th is  lo s s  by p ro v id in g  new  in fo rm a tio n  
c o n c e rn in g  p h y s ic a l  r e a l i ty ?

In  r e c e n t  y e a r s  a  l im i ta t io n  w a s  d is c o v e r e d  by L e e  an d  Y ang in  one of 
th e  fu n d a m e n ta l  a s s u m p t io n s  o f p h y s ic s ,  th e  law  o f p a r i ty  c o n s e rv a t io n . 
K a d y s h e v s k ii  s u g g e s t s  th a t  th e  c o n s ta n t  U i s  m e a n t  to  c o m p e n sa te  fo r  p a r 
ity  c o n s e r v a t io n  in  w e ak  in te r a c t io n s .  In d e ed , f o r  /o-^O an d  G - > 0 ( i .e . ,  w eak  
in te r a c t io n s  a r e  e x c lu d e d ) i t  h a s  b e e n  e s ta b l i s h e d  v e r y  e x a c tly  th a t  th e  law  
o f p a r i t y  c o n s e rv a t io n  is  o b e y e d  in  s t r o n g  an d  e le c t r o m a g n e tic  in te r a c t io n s .  
K a d y s h e v s k ii  n o te s  th a t  s in c e  th e  " r a n g e "  o f s t r o n g  an d  e le c tro m a g n e tic  
in te r a c t io n s  is  f a r  g r e a t e r  th a n  th e  " r a n g e "  of w e ak  in te r a c t io n s ,  th e  d e 
g r e e  o f p a r i t y  n o n c o n s e rv a t io n  in  th e s e  in te r a c t io n s  i s  v e r y  s m a l l  an d  th ey  
a p p e a r  a s  " c l a s s i c a l "  i n t e r a c t io n s  in  r e la t io n  to  w e ak  in te ra c t io n s * * * * . 
H e re  th e  c o r r e s p o n d e n c e  p r in c ip le ,  w h ich  in d ic a te s  l im it in g  p a s s a g e s  b e 
tw e e n  p h y s ic a l  th e o r i e s  an d  i s  o f g r e a t  h e u r is t i c  fo r c e ,  is  in tro d u c e d .

See C oish , H. R. Elementary Particles in a Finite World Geometry. Physical Review. Vol. 114, 
p. 383. 1959.
See in the present book, S h a p iro , I.S. "Space-Time Quantization in Elementary Particle Theory".
pp. 118-126.
See DAN, Vol. 136, No, 1. 1961.
See DAN, VoL 136, No, 1, p. 70.
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T h is  e x a m p le  i l l u s t r a t e s  th e  c o n s id e r a b le  v a lu e  an d  e v e n  a d v a n ta g e s  
of n e g a tiv e  in fo rm a tio n * . If  i t  i s  e s ta b l i s h e d  th a t  m a s s  is  n o t i n v a r ia b le  
w ith  i n c r e a s in g  v e lo c ity , th e n  th e  c l a s s i c a l  p r in c ip le  o f c o n s ta n c y  o f m a s s  
i s  t r e a t e d  a s  a  v e r y  s m a l l  c h a n g e  o f m a s s  a t  s m a l l  v e lo c i t i e s  ( c o m p a re d  
w ith  c); if  p a r i t y  c o n s e rv a t io n  is  e s ta b l i s h e d  a t  in t e r v a ls  o f L, th e n  p a r 
ity  c o n s e rv a t io n  in  s t r o n g  an d  e le c t r o m a g n e tic  ( " c la s s ic a l " )  i n te r a c t io n s  
c a n  be t r e a t e d  a s  a  v e r y  s m a l l  n o n c o n s e rv a t io n  o f p a r i ty  a t  v e r y  la r g e  i n 
t e r v a l s  ( c o m p a re d  w ith  l0).

F u r th e r ,  s t a r t i n g  fro m  th e  m e th o d o lo g ic a l  p r o p o s i t io n  th a t  a l l  w o r ld  
c o n s ta n ts  a r e  u n iv e r s a l ,  K a d y sh e v sk ii  a n a ly z e s  th e  c o n s ta n ts  o f f ie ld  th e o 
ry  fo r  " u n iv e r s a l i ty " .

Such  c o n s ta n ts  a s  th e  e l e c t r i c  c h a rg e ,  th e  co u p lin g  c o n s ta n t  o f s t r o n g  
in te r a c t io n s  an d  th e  p a r t i c le  m a s s  a r e  o b v io u s ly  n o t u n iv e r s a l .  A s to  F e r 
m i 's  c o n s ta n t  G fo r  w e ak  in te r a c t io n s  (G =  1.410-“  e r g - c m ) ,  i t  i s  u n iv e r s a l  
in  c h a r a c t e r ,  s in c e  th e  in te n s i ty  o f w e ak  in te r a c t io n s  (if th e r e  i s  no c o n 
t r ib u t io n  fro m  o th e r  fo r m s  of in te ra c t io n )  is  th e  s a m e  f o r  a l l  p a r t i c le s ,  
an d , a s  e m p h a s iz e d  by K a d y sh e v sk ii, a l l  p a r t i c le s  o th e r  th a n  th e  pho to n  
h av e  w e ak  in te r a c t io n s .  E l im in a tin g  th e  f a c to r s  h an d  c f r o m  th e  c o n s ta n t  
G, w e o b ta in  /0 =  7 10"17c m . If o n e  i s  to  a n a ly z e  th is  t r e n d  in  th e  th e o ry  of 
e le m e n ta r y  p a r t i c le s  f ro m  g e n e ra l- m e th o d o lo g ic a l  s ta n d p o in ts  o n e  m u s t  
s t r e s s  th e  a d m is s ib i l i ty  of th is  a p p r o a c h .

F i r s t  o f a l l ,  th is  t r e n d  i s  c l e a r ly  v e r y  c lo s e ly  r e la t e d  to  c e r t a in  fu n d a 
m e n ta l  f a c t s  of m ic ro w o r ld  p h y s ic s .  T h u s , o f a l l  th e  p o s s ib le  ty p e s  of 
w e a k  in te r a c t io n  o f e le m e n ta r y  p a r t i c le s  o n ly  o n e  ty p e  is  o b s e r v e d  in  n a 
tu r e ,  p r e c i s e ly  th e  on e  r e a l i z e d  in  th e  s p a c e  o f th e  C o is h - S h a p ir o  m o d e l.
In  th is  p r o c e s s  L a n d a u 's  c o m b in e d  in v e r s io n  is  n e c e s s a r i l y  v a l id .  F u r th e r ,  
s in c e  w e ak  in te r a c t io n s  a r e  r e s p o n s ib le  f o r  a l l  d e c a y s  o f e l e m e n ta r y  p a r t i 
c l e s ,  one c a n  a s s u m e  th a t  th e y  a r e  in d e e d  th e  m i c r o c o r p u s c u la r  f o r c e s  
w h ich  g u a r a n te e  th e  in te g r i ty  o f e le m e n ta r y  p a r t i c le s ,  i . e . ,  (so  to  sp e a k ) 
th o s e  "w h ich  a r e  o p e r a t iv e  in  th e  p a r t i c le " .  T h e  id e a  o f th e  d is c o n t in u ity  
o f s p a c e ,  w h ich  a c k n o w le d g e s  th e  fu n d a m e n ta l  c h a r a c t e r  o f F e r m i 's  c o n s ta n t ,  
m a y  h e lp  d is c lo s e  th e  n a tu re  o f th e s e  m ic r o c o r p u s c u la r  f o r c e s  an d  m a y  
h e lp  in  s e t t in g  up th e  e q u a tio n  fo r  th i s  f o r c e - f ie ld ,  th e  q u a n ta  o f w h ic h  m a y  
b e  th e  h y p o th e tic a l  in te r m e d ia te  v e c to r  b o s o n s . O f c o n s id e r a b le  m e th o d o 
lo g ic a l  s ig n if ic a n c e  f o r  th e  ju s t i f ic a t io n  o f s u c h  an  a p p r o a c h  i s  th e  a c tu a l  
c h a r a c t e r  o f th e  lo g ic  a p p a r e n t  in  th e  d e v e lo p m e n t o f p h y s ic a l  k n o w led g e . 
H e re  w e h av e  in  m in d , in  p a r t i c u la r ,  th e  s e q u e n c e  o f p h y s ic a l  k n o w led g e  — 
m o v e m e n t in  th e  s a m e  d i r e c t io n  a s  lo n g  a s  th e  in te l le c tu a l  p o te n t ia l s  o f th e  
i d e a s  b a s ic  to  th e  g iv en  s ta g e  o f p h y s ic s  h av e  n o t b e e n  e x h a u s te d . In  th is  
l ig h t  i t  i s  n a tu r a l  to  m o v e  f ro m  th e  id e a  o f th e  q u a n tiz e d  c h a r a c t e r  o f i n t e r 
a c tio n  to  th e  id e a  o f th e  q u a n tiz e d  c h a r a c t e r  o f s p a c e .  F u r th e r m o r e ,  f ro m  
th e  g e n e r a l - p h ilo s o p h ic a l  p r o p o s i t io n  r e g a r d in g  th e  u n ity  o f m a t t e r  a n d  i t s  
a t t r ib u te ,  s p a c e ,  one c a n  e v e n  a c k n o w le d g e  th a t  th e  q u a n tiz e d  c h a r a c t e r  o f 
m a t e r ia l  s u b s ta n c e  in e v ita b ly  im p lie s  th e  q u a n tiz e d  c h a r a c t e r  o f i t s  a t t r i 
b u te , s p a c e .  O ne c a n  s a y  th a t  in  m o d e ls  o f th is  k ind  th e r e  i s  a n  e x te n s io n  
o f  th e  id e a  o f q u a n tiz a tio n  to  th e  s p a c e - t im e  re g io n .

N a tu r a l ly ,  th e  fa te  o f th i s  m o d e l w ill  d e p e n d  u l t im a te ly  n o t on th e s e  g e n 
e r a l  c o n s id e r a t io n s  b u t on  how s u c c e s s f u l ly  i t  w il l  b e  a b le  to  o v e r c o m e  th e

• We have already noted that the utilization of negative information is a characteristic trait of human 
consciousness (see the collection entitled "Kibemetika na sluzhbu kommunizmu" (Cybernetics in the 
Service of Communism), p. 46, Moscow. 1961.
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d if f ic u lt i e s  w h ich  a r i s e  in  th e  w ay . T h u s , to  u s e  S h a p i ro 's  w o r d s , th is  
t r e n d  h a s  so  f a r  fa ile d  to  g iv e  u s  th e  d y n a m ic s  o f th e  p r o c e s s .  O b v io u s ly , 
th e  f ie ld  e q u a tio n  sh o u ld  c o in c id e  w ith  th e  e q u a tio n  of m o tio n  u n d e r  th e  in 
f lu e n c e  o f th e  f o r c e s  of th is  f ie ld .  T h is  t r e n d  a ls o  f a c e s  m e th o d o lo g ic a l  
d i f f ic u lt ie s  s te m m in g  f r o m  th e  p ro b le m  o f th e  r e la t io n s h ip  b e tw e e n  th e  f i n 
i te  an d  th e  in f in i te .  S h a p iro  b e l ie v e s  th a t  th e  so lu tio n  h e r e  m a y  be th e  c o n 
c e p tio n  o f a  w o r ld  so  a r r a n g e d  th a t  th e  in f in ite  s e t  o f i t s  e le m e n ts  is  c o l 
le c te d  in  p e r io d ic a l ly  r e p e a te d  c o m p le x e s  e a c h  o f w h ich  h a s  a  f in ite  n u m 
b e r  of e le m e n ts .  P e r h a p s  su c h  s e p a r a t io n  o f th e  f in ite  an d  th e  in f in ite  p r o 
v id e s  m e r e ly  a  p r o v is io n a l  in te r p r e t a t i o n  o f th i s  c o m p le x  m e th o d o lo g ic a l  
p ro b le m .

H o w e v e r , th is  c a n  in  no w ay be c o n s tru e d  a s  a  r e p r o a c h  to th e  C o is h -  
S h a p iro  m o d e l, s in c e  i t  i s  a d v a n c e d  fo r  th e  s o lu tio n  o f p u re ly  c o n c re te  
p r o b le m s .  P r e c i s e l y  th e  s a m e  s i tu a t io n  p r e v a i l s  a t  th e  p r e s e n t  s ta g e  of 
d e v e lo p m e n t of f ie ld  th e o ry  in  c o n n e c tio n  w ith  th e  n e g le c t  o f g ra v ita tio n , 
w h ich  is ,  o f c o u r s e ,  t e m p o r a r y .  W hat is  o p e r a t iv e  h e r e  is  th e  r e g u la r i ty  
o f d e v e lo p m e n t of p h y s ic a l  k n o w led g e d e s c r ib e d  by S .I .  V a v ilo v  in  c o n n e c 
tio n  w ith  an  a n a ly s i s  of N e w to n 's  w o rk . "M any  s ta g e s  in  th e  h i s to r y  of s c i 
e n c e " ,  w r o te  V a v ilo v , " w e r e  a c c o m p a n ie d  by c o n s c io u s  d i s r e g a r d ,  fo r  a 
c e r t a in  t im e , o f g ro u p s  of f a c ts  an d  e n t i r e  re g io n s  of p h e n o m e n a  w h ich  te n d 
ed  to  c o m p lic a te  th e  p ro b le m " * .

I t  i s  s u r e ly  im p o r ta n t  fo r  th e  p u r p o s e s  o f o u r  a r t i c l e  to  c o n s id e r  the 
q u e s tio n  o f w h e th e r  o r  n o t o n e  i s  j u s t i f ie d  in  u s in g  th e  te r m  "m o d e l"  in  
r e la t io n  to  lo g ic a l  c o n s t r u c t io n s  o f th is  k in d . F o r  an  a n s w e r  l e t  u s  a n a ly z e  
th e  lo g ic a l  s t r u c t u r e  of su c h  c o n s t r u c t io n s .

F i r s t  o f a l l ,  w e s e e  th a t , f o r m a l ly ,  in  su c h  c o n s t r u c t io n s  th e  p h y s ic a l  
o b je c t  i s  " c h o s e n "  to  f i t  c e r t a in  m a th e m a tic a l  r e q u ir e m e n ts ;  i t  i s  a s  if 
on e  w e re  s e e k in g  th a t  p h y s ic a l  o b je c t  w h ich  w ould  s a t i s f y  th e s e  r e q u i r e 
m e n ts  (in  th e  g iv en  c a s e  th is  i s  o b v io u s ly  th e  e l im in a t io n  o f th e  in f in ite  
n u m b e r  o f e q u a tio n s  in  th e  s y s te m ) . H e re  w e s e e  th e  g ro w in g  r o le  o f m a th 
e m a t ic a l  " r e q u ir e m e n t" ,  w h ich  c h a r a c t e r i z e s  a  p e c u l ia r  fo rm  of a s c e n t  
fr o m  th e  a b s t r a c t  to  th e  c o n c re te  —th e  p a th  f ro m  r e a l iz a t io n  o f a  m a th e 
m a t ic a l  r e q u ir e m e n t  to  r e p ro d u c t io n  o f p h y s ic a l  r e a l i ty  in  th o u g h t.

M a th e m a tic a l  r e q u ir e m e n t  is  s u r e ly  n o t s u b je c t iv i s t ic a l ly  a r b i t r a r y .
O n th e  c o n t r a r y ,  i t  i s  th e  o b je c tiv e  e x p r e s s io n  o f th e  n e w e s t p h y s ic a l  p r o b 
l e m s  a n d  o f th o s e  r e a l  c o n tra d ic t io n s  ( e .g . ,  in f in ity )  w h ich  a r i s e  in  th e  e x 
i s t in g  th e o ry .

E s s e n t ia l ly ,  in  lo g ic a l  c o n s t r u c t io n s  o f th is  k ind , in s te a d  o f th e  s p h e r e  
o f p h y s ic a l  r e a l i ty  know n to d ay , w h ich  h a s  d e f in ite  p r o p e r t i e s ,  w e p la c e  a  
d i f f e r e n t  p r e s u m e d  s p h e r e  o f p h y s ic a l  r e a l i ty  w ith  o th e r  p r o p e r t i e s .  We 
s e e  th a t  a  p e c u l ia r  fo rm  o f s u b s t i tu t io n  fu n c tio n , c h a r a c t e r i s t i c  o f m o d e l 
f o r m a t io n , i s  o p e r a t iv e  h e r e .  T h is  i s  th e  f i r s t  b a s i s  fo r  b e lie v in g  th a t  in  
lo g ic a l  c o n s t r u c t io n s  o f th is  ty p e  w e a r e  d e a lin g  w ith  a  m o d e l.

T h e  s e c o n d  b a s i s  f o r  u s in g  th e  t e r m  " m o d e l"  in  r e la t io n  to  th e s e  lo g ic a l  
c o n s t r u c t io n s  i s  t h e i r  u n q u e s tio n a b le  te n ta t iv e n e s s ,  a  t r a i t  w h ich  w e r e g a r d  
a s  th e  fu n d a m e n ta l  f e a tu r e  o f m o d e l c o n s t r u c t io n . T h e s e  h y p o th e tic a l  c o n 
s t r u c t io n s  r e p r e s e n t  a  c e r t a in  p r o v is io n a l  p o in t  o f d e p a r tu r e  f o r  th e  f o r m u 
la t io n  o f o n e  o f th e  p o s s ib le  p r o g r a m s  f o r  o v e r c o m in g  th e  d if f ic u lt ie s  in  
e le m e n ta r y  p a r t i c le  r e s e a r c h  an d  b u ild in g  a  s y s te m a t ic  th e o ry  o f th is  s p h e r e  
o f p h y s ic a l  r e a l i ty .

* V a v ilo v , S.I, Isaak N'yuton (Isaac Newton), p. 58, Moscow. 1945.
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E v a lu a tin g  th e  t r e n d  a s s o c ia te d  w ith  th e  d e v e lo p m e n t o f C o is h 's  m o d e l,
I .E .  T a m m  w r ite s :  " T h is ,  h o w e v e r, i s  n o t a  th e o ry ;  i t  i s  m e r e ly  th e  ro u g h  
d r a f t  o f a  p o s s ib le  a p p r o a c h  to  th e  c o n s t r u c t io n  o f th e  th e o ry ,  o n e , i t  i s  t r u e ,  
w h ich  c o m p le te ly  s a t i s f i e s  N ie ls  B o h r 's  r e q u ir e m e n t  w ith  r e g a r d  to  d e g r e e  
o f 'c r a z i n e s s '  "* .

O b v io u s ly , th e  q u e s tio n  h e r e  i s  on e  of s e e k in g  a  r a d ic a l  s o lu t io n —a  ju m p  
in  p h y s ic a l  c o g n itio n . O r ig in a l ly ,  o f c o u r s e ,  th i s  s e a r c h  i s  n o t s u p p o r te d  
by th e  fu ll  w e ig h t o f a r g u m e n ta t io n . H o w e v e r , th e  a r g u m e n ta t io n  m a y  be 
found in  a  l a t e r  s ta g e  of d e v e lo p m e n t o f th e  th e o ry ,  p ro v id e d  a  s y s te m a t ic  
th e o ry  c a n  in  g e n e r a l  b e  c o n s tru c te d  on th e  b a s i s  o f th e  g iv en  m o d e l.

H e re  w e e n c o u n te r  a  p r o p e r ty  o f h u m an  a w a r e n e s s  m e n tio n e d  by  M a rx , 
th e  a b i l i ty  to  p e n e t r a te  in to  the u p p e r  s t o r i e s  o f th e  e d if ic e  o f s c ie n t i f i c  
th e o ry  ev e n  b e f o re  i t s  fo u n d a tio n s  h av e  b ee n  la id .

"U n lik e  o th e r  a r c h i t e c t s " ,  w ro te  M a rx , " s c ie n c e  n o t o n ly  d ra w s  c a s t l e s  
in  th e  a i r  b u t e v e n  e r e c t s  in d iv id u a l h a b ita b le  s t o r i e s  o f th e  b u ild in g  b e f o re  
la y in g  i t s  fo u n d a tio n s"* * .

T h e p o in t of d e p a r tu r e  (h o w ev er " c r a z y "  i t  m ig h t a p p e a r )  sh o u ld  be  o b 
ta in e d  e v e n tu a lly  fro m  th e  th e o ry , w hen  th e  l a t t e r  h a s  a t ta in e d  m a tu r i ty ,  
a s  an  a r g u m e n te d  r e s u l t ;  o n ly  th e n  w ill  th e  th e o ry  ta k e  on a  c lo s e d  fo r m . 
T h u s  if  on e  s p e a k s  h e r e  of " c r a z in e s s " ,  one im p lie s ,  so  to  s p e a k , a  " r a 
t io n a l  c r a z i n e s s " .  T h e  " c r a z in e s s "  o f lo g ic a l  c o n s t r u c t io n s  o f th is  kind  
r e s id e s  in  a  r a d ic a l  b r e a k  w ith  f a m i l i a r  id e a s  (the  c l a s s i c a l  e x a m p le  b e in g  
P la n c k 's  q u a n ta ).

T h e r a tio n a li ty  of su c h  a  c o n s tru c t io n , on th e  o th e r  h an d , c o n s i s t s  of 
two th in g s ;  f i r s t ,  in  th e  s u b s e q u e n t d e v e lo p m e n t of th e  th e o ry  i t  i s  s y s t e 
m a t ic a lly  ju s ti f ie d ;  se c o n d , i t  i s  a d v a n c e d  n o t by a  p u r e ly  a r b i t r a r y ,  s t a 
t i s t i c a l ,  so  to  s p e a k  " m e c h a n ic a l"  s i f t in g  o f h y p o th e s e s  b u t on th e  g ro u n d s  
th a t  i t  m e e ts  c e r t a in  o b je c tiv e  c o n d it io n s . We fe e l  th a t  i t  w ou ld  b e  u s e fu l  
to f o r m u la te  th e  fo u r  b a s ic  c o n d it io n s  f o r  th e  s e le c t io n  o f m o d e ls  o f th is  
k ind  (o n to lo g ic a l  a c c o rd in g  to  o u r  c la s s i f ic a t io n ) .

1. A r a d ic a l  o n to lo g ic a l  m o d e l i s  n o t p ro p o s e d  a r b i t r a r i l y ;  i t  m u s t  
m e e t  a  d e f in ite  ra t io n a lly  r e a l i z e d  re q u ir e m e n t .

In  th e  c a s e  o f th e  C o is h - S h a p ir o  m o d e l th is  r e q u ir e m e n t  is  o b v io u s ly  
th a t  i t  o v e r c o m e s  th e  in f in ity  o f e q u a tio n s  in  th e  s y s te m  o f e q u a tio n s  w h ich  
p r e v e n ts  fo r m u la tio n  o f c o n s i s te n t  m e th o d s  o f so lv in g  i t .  In  m o d e rn  p h y s 
ic s  m a th e m a tic a l  " n e c e s s i ty "  is  a s s u m in g  th e  r o le  o f an  im p o r ta n t  th e o 
r e t i c a l  f a c to r  w ith  an  in flu e n c e  on  th e  lo g ic  o f  p h y s ic a l  c o g n it io n .

2. T h e r a d ic a l  id e a  u n d e r ly in g  su c h  a  m o d e l sh o u ld  b e  n e c e s s a r y  an d  
s u ff ic ie n t  to  o v e r c o m e  th e  d if f ic u lt ie s  o f th e  th e o ry .  T h u s  S n y d e r 's  m o d e l 
is  o b v io u s ly  in s u ff ic ie n t,  s in c e  by i t s e l f  th e  a s s u m p tio n  th a t  s p a c e  i s  q u a n 
t iz e d  d o e s  n o t p ro v id e  th e  o p p o r tu n i t ie s  fu r n is h e d  by th e  m o r e  r a d ic a l  a s 
s u m p tio n s  o f C o is h 's  m o d e l. H e is e n b e r g 's  in d e f in ite  m e t r i c  i s  l ik e w is e ,
to  u s e  B o h r 's  e x p r e s s io n ,  " n o t c r a z y  en o u g h " . I t  i s  v e r y  im p o r ta n t  to  n o te  
th a t  th e  a s s u m p tio n s  o f th e  in i t i a l  o n to lo g ic a l  m o d e l sh o u ld  n o t be  " to o  s t r o n g " ;  
th is  m e a n s  th a t  th e  m o d e ls  s h o u l d  n o t  s k i p  o v e r  l e s s  r a d i c a l  
p o s s i b i l i t i e s  n o t  y e t  i n v e s t i g a t e d .  O n ly  th a t  p a r t  o f th e  e a r l i e r  
in fo rm a tio n  w h ich  ca n  no lo n g e r  b e  p r e s e r v e d  sh o u ld  be r e p u d ia te d .  O ne 
ca n  s a y  th a t  th e  r e q u ir e m e n t  o f u n i ta r i ty  an d  c o m p le te n e s s  o f th e  p h y s ic a l

* T am  m, I. E. Sovremennoe sostoyanie problemy elementarnykh chastits (Present State of the Problem of
Elementary Particles). Vestnik AN SSSR, No. 10, p. 21. 1960.

*• K arl M arx . K krltike politlcheskol ekonomll (A Critique of Political Economy), p. 46. Moscow. 1953.

252



th e o ry  is  v a lid  a l s o  fo r  th e  a c tu a l  p r o c e s s  of s e a r c h in g  fo r  a  s y s te m a t ic  
th e o ry ;  th is  m e a n s  th a t  o n e m u s t  e x p l o r e  i n  d i f f e r e n t  d i r e c 
t i o n s .

H e re ,  o f c o u r s e ,  no u n iv e r s a l  r e c ip e  c a n  be g iv en . In  th e  l a s t  a n a ly s i s  
th e  t r u e  m o d e l w ill  be th a t  on th e  b a s i s  of w h ich  o n e  ca n  b u ild  a  s y s te m a t ic  
th e o ry  i n c o n f o r m i t y  w i t h  t h e  e x p e r i m e n t a l  d a t a .

3. F o r  th e  d e v e lo p m e n t o f a  r a d ic a l  m o d e l i t  i s  n e c e s s a r y  th a t  th e  a m o u n t 
o f in fo rm a tio n  a c q u i re d  on i t s  b a s i s  be g r e a t e r  th a n  th e  a m o u n t o f i n f o r m a 
tio n  lo s t  a s  a  r e s u l t  of a s s u m in g  th is  m o d e l. F ro m  th is  s ta n d p o in t  i t  sh o u ld  
b e  n o te d  th a t  H e is e n b e r g 's  id e a  o f a  u n if ie d  ij)-fie ld  f a i l s ,  p e r h a p s ,  to  s a t i s 
fy th is  c o n d it io n  in a s m u c h  a s  i t  p r e c lu d e s  a p p l ic a t io n  of th e  r e n o r m a l iz a t io n  
p r o c e d u r e  f o r  re m o v in g  th e  in f in i t i e s  b u t d o e s  n o t p ro v id e  an y  a l te r n a t iv e ;  
th is  i s  o b v io u s ly  th e  c h ie f  d if f ic u lty  in  th i s  a p p r o a c h  to  th e  th e o ry  o f e le m e n 
t a r y  p a r t i c l e s .

4. A s w e n o ted  e a r l i e r ,  th e  q u e s tio n  o f w h a t c a n  be re p u d ia te d  and  w h a t 
a s s u m p t io n s  in t ro d u c e d  in  th e  in i t i a l  m o d e l m u s t  a lw a y s  be so lv e d  c o n c r e t e 
ly , in  e a c h  r e a l  s i tu a t io n . H o w e v e r , th e  e n t i r e  e x p e r ie n c e  o f c o g n itio n  sh o w s 
th a t  m y s t i c a l  a s s u m p t io n s ,  i. e . ,  a s s u m p tio n s  c o n c e rn in g  t r a n s c e n d e n ta l  f a c 
t o r s  i n a c c e s s ib l e  in  p r in c ip le  to  r e a s o n  sh o u ld  n o t be in t ro d u c e d . E m p h a 
s iz in g  th i s  c o r r e c t ly ,  J .  von  N e u m a n n  w ro te :  " T h e r e  i s  no dou b t th a t  an y  
s p e c ia l  p h a s e  o f a n y  c o n c e iv a b le  fo rm  o f b e h a v io r  c a n  b e  d e s c r ib e d  'c o m 
p le te ly  a n d  u n a m b ig u o u s ly ' in  w o r d s .  T h is  d e s c r ip t io n  m a y  b e  le n g th y , bu t
i t  i s  a lw a y s  p o s s ib le .  T o  d eny  i t  w ou ld  a m o u n t to  a d h e r in g  to  a  fo rm  o f lo g i 
c a l  m y s t ic is m  w h ich  i s  s u r e ly  f a r  f r o m  m o s t  o f u s " * .

A c h a r a c t e r i s t i c  f e a tu r e  o f th e  p h y s ic a l  (o n to lo g ic a l)  m o d e l i s  i t s  o rg a n ic  
bond  w ith  th e  c o r r e s p o n d in g  m a th e m a tic a l  m o d e l.

A m a th e m a tic a l  m o d e l i s  a  p r o v is io n a l  fo rm  o f r a d ic a l  r e p la c e m e n t  o f th e  
e x is t in g  m a th e m a tic a l  a p p a r a tu s  by a n  e s s e n t i a l l y  new  o n e .

By a  m a th e m a tic a l  m o d e l i s  u n d e r s to o d  new  m a th e m a tic a l  to o ls  w ith  new 
s t r u c t u r a l  f e a tu r e s ,  o f te n  in v o lv in g  r e je c t i o n  o f th e  " u s u a l"  m a th e m a tic a l  
a x io m s . H e re  o n e  m u s t  d is t in g u is h  b e tw e e n  g e n e r a l iz a t io n  o f th e  m a th e 
m a t ic a l  o b je c t  i t s e l f  (th e  " m a th e m a t ic a l  th in g " , so  to  s p e a k ) an d  g e n e r a l 
iz a tio n  o f th e  a x io m a t ic s  ( r e la t io n s h ip s  o f th e  m a th e m a tic a l  o b je c ts ) .  T h e  
f o r m e r  c o n s i s t s  of, s a y , p a s s a g e  f r o m  a  c o n s ta n t  q u a n ti ty  to  a  v a r ia b le  o n e , 
fr o m  i t  to  a  fu n c tio n , f r o m  a  fu n c tio n  to  a  fu n c tio n a l. T h e  l a t t e r  c o n s i s t s  of, 
s a y , t r a n s i t i o n  to  n o n -E u c l id ia n  g e o m e tr ie s ,  t r a n s i t i o n  to  a  m a th e m a tic a l  
m o d e l in  w h ich  th e  o p e r a t io n  o f m u l tip l ic a t io n  i s  n o n c o m m u ta tiv e .

T h e  m a th e m a tic a l  m o d e l o f  n o n r e la t iv i s t i c  q u a n tu m  m e c h a n ic s  is  c o m 
p o s e d  o f tw o e l e m e n t s — l in e a r  o p e r a to r s  (new " m a th e m a t ic a l  th in g s" )  an d  
th e  id e a  o f n o n c o m m u ta tiv ity  (new m a th e m a tic a l  r e la t io n s ) .  T h e  m a th e 
m a t i c a l  m o d e l u s e d  in  th e  C o is h - S h a p ir o  a p p r o a c h  i s  s u b s ta n t ia l ly  d i f f e r 
e n t —h e r e  c o n tin u o u s  i n t e g r a ls  a r e  e m p lo y e d , in s te a d  o f l i n e a r  o p e r a to r s  
o w ing  to  th e  n o n s m o o th n e s s  o f th e  fu n c tio n s  a n d  th e  n e c e s s i ty  o f d e a lin g  
w ith  a  c e r t a in  r e g io n  r a th e r  th a n  a  p o in t .

I t  i s  v e r y  im p o r ta n t  to  s t r e s s  th a t  th e  e s s e n t i a l  s t r u c t u r a l  f e a tu r e s  of 
th e  m a th e m a tic a l  m o d e l a r e  a n a lo g u e s  o f d e f in ite  a s p e c t s  o f th e  p h y s ic a l  
m o d e l, w h ich  g r a s p s  th e  n a tu r e  o f a  d e f in ite  s p h e r e  o f p h y s ic a l  r e a l i ty .
O w ing  to  th i s  c i r c u m s ta n c e  i t  i s  p o s s ib le  to  d ra w  c o n c lu s io n s  c o n c e rn in g  
th e  p h y s ic a l  m o d e l f r o m  th e  m a th e m a tic a l  m o d e l. W hile  o b je c tiv e ly  th e

* von N eum ann , J. The General and Logical Theory of Automata, in: The World ofMathematics,
By James R. Newman. Vol. 4, p. 2010.
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c o n te n t o f th e  s c h e m e  o f p h y s ic a l  k n ow ledge is :  p h y s ic a l  r e a l i t y — p h y s ic a l  
m o d e l —m a th e m a tic a l  m o d e l, in  s c ie n t i f i c  c o g n itio n , f o r m a l ly ,  d e v e lo p m e n t 
p ro c e e d s  in  th e  o p p o s ite  d i re c t io n :  fro m  m a th e m a tic a l  m o d e l to  p h y s ic a l  
m o d e l an d  f ro m  th e r e  to  p h y s ic a l  r e a l i ty .  O f c o u r s e ,  a  " to p s y - tu r v y  s i t u 
a tio n "  is  n o t s p e c if ic  on ly  to  p h y s ic s ;  i t  i s  in h e re n t  in  g e n e r a l  in lo g ic a l  
co g n itio n , w h ich  a s c e n d s  fro m  th e  a b s t r a c t  to  th e  c o n c r e te  on  th e  b a s i s  of 
f o r m s  of lo g ic a l  c o n te n t. T h e c o n te n t- s ig n if ic a n c e  o f a  m a th e m a tic a l  m o d 
e l  r e s id e s  in  th e  fa c t  th a t  ev e n  p r i o r  to  th e  c o n s t r u c t io n  o f a  c l e a r - c u t  p h y s 
ic a l  th e o ry  c e r t a in  im p o r ta n t  a s p e c ts  of p h y s ic a l  r e a l i ty  a r e  e x p r e s s e d  in  
th e  c o r re s p o n d in g  m a th e m a tic a l  s t r u c t u r e s .  M o re o v e r ,  th e  a b s e n c e  o f an  
a d e q u a te  m a th e m a tic a l  e x p r e s s io n  fo r  a  g iv en  p h y s ic a l  p r in c ip le  m a k e s  i t  
d if f ic u lt  to  o p e r a te  w ith  th e  l a t t e r .  T h u s  in  m o d e rn  p h y s ic s  an d  in  p a r t i c 
u l a r  in  d i s p e r s io n  re la t io n s ,  th e  m a th e m a tic a l  e x p r e s s io n  fo r  m ic r o c a u s a l 
ity  h a s  b e e n  e s ta b l is h e d , b u t th e  p r in c ip le  o f m a c r o c a u s a l i ty  h a s  no c o r r e 
sp o n d in g  m a th e m a tic a l  e x p r e s s io n ;  th e r e f o r e  a t  p r e s e n t  on e  c a n n o t show  
in  th e  lan g u a g e  of m a th e m a tic s  w h a t v io la tio n  o f th e  p r in c ip le  o f m a c r o c a u 
s a l i ty  m e a n s .  T h e fo llo w in g  e x a m p le s  w ill su f f ic e  to  show  th e  m u tu a l  c o r 
re s p o n d e n c e  b e tw e en  th e  s t r u c t u r a l  f e a tu r e s  o f th e  m a th e m a tic a l  a p p a r a tu s  
an d  d e f in ite  t r a i t s  o f p h y s ic a l  r e a l i ty .  T h u s , th e  u t i l i z a t io n  o f D i r a c 's  d e lta  
fu n c tio n  i s  c lo s e ly  c o n n e c te d  w ith  th e  m o d e l of th e  p o in t  e le c t r o n ,  th e  n o n 
l in e a r i ty  o f th e  e q u a tio n s  e x p r e s s e s  th e  c a p a c ity  o f p h y s ic a l  o b je c ts  fo r  s e lf-  
a c tio n  an d  so  on .

F u r th e r ,  s p e a k in g  of th e  c o n te n t- s ig n if ic a n c e  o f m a th e m a tic a l  m o d e ls  in  
m o d e rn  p h y s ic s ,  i t  sh o u ld  be  n o ted  th a t  an  i n c r e a s in g ly  l a r g e  r o le  i s  b e in g  
p la y e d  by m a th e m a tic a l  c r i t e r i a  th ro u g h  w h ich  a  c e r t a in  a m o u n t o f in d i r e c t  
s u p p o r t  ca n  be o b ta in e d  fo r  t h e o r e t ic a l  h y p o th e s e s  p r i o r  to  d e c i s iv e  e x p e r i 
m e n ta l  v e r if ic a t io n . An e x a m p le  o f su c h  a n  in d i r e c t  c r i t e r i o n  i s  th e  u n iq u e 
n e s s  o f th e  m a th e m a tic a l  a p p r o a c h  (" u n iq u e n e s s  o f s o lu tio n " ,  to  u s e  E i n s t e in 's  
e x p r e s s io n ) ,  th e  u n iq u e n e ss  of th e  m a th e m a tic a l  m o d e l, w h ich  fo llo w s  f ro m  th e  
g iv en  th e o r e t ic a l  h y p o th e s is . In  ju s ti f y in g  th e  a p p r o a c h  u s e d  to  d ev e lo p  C o is h 's  
m o d e l (w hich  a s s u m e s  a  f in ite  n u m b e r  of p o in ts  in  th e  w o r ld ) , I S .  S h a p iro  u s e s  
th is  c r i t e r io n  a s  an  a r g u m e n t  in  fa v o r  o f h is  t h e o r e t ic a l  c o n s t r u c t io n s ,  and  
s t r e s s e s  th a t  th e  g iv en  m a th e m a tic a l  a p p a r a tu s  is  c lo s e ly  c o n n e c te d  w ith  
th e  m o d e l. In  g e n e ra l  th e  c r i t e r io n  o f u n iq u e n e ss  o f th is  p a r t i c u la r  a p p r o a c h  
p la y s  a c e r t a in  m e th o d o lo g ic a l  r o le  in  th e  d e v e lo p m e n t o f p h y s ic s .

In  1856 in  a  w o rk  e n t i t le d  " F a r a d a y 's  L in e s  o f F o r c e "  J . C .  M ax w ell had  
th e  p e r s p ic a c i ty  to  w r ite :  "A m a tu r e  th e o ry  in  w h ich  p h y s ic a l  f a c t s  a r e  
p h y s ic a l ly  e x p la in e d  w ill  be  c o n s t r u c te d  by s o m e o n e  w ho, by  q u e s tio n in g  
n a tu re  i t s e l f ,  w il l  s u c c e e d  in  f in d in g  th e  o n ly  t r u e  s o lu tio n  to  th e  p r o b le m s  
r a is e d  by m a th e m a tic a l  th e o ry " * .

We s e e  th a t  in  n o tin g  th e  im p o r ta n c e  o f th e  " p ro b le m s  r a i s e d  by m a th e 
m a t ic a l  th e o ry "  M ax w ell e m p h a s iz e d  th e  f a c t  th a t  t h e i r  o n ly  t r u e  s o lu tio n  
co u ld  be found on ly  by  " q u e s tio n in g  n a tu re  i t s e l f " .

I t i s  o b v io u s  th a t  th e  d e c is iv e  an d  h ig h e s t  w ay  to  " q u e s t io n  n a tu r e "  is  
e x p e r im e n t .  T h e r e  c a n  be no doub t th a t  fo r  a  d e c is iv e  v e r i f ic a t io n  o f an y  
th e o ry  on e  m u s t  e x p lo re  beyond  i t s  c o n f in e s  an d  tu r n  to  th e  a c tu a l  r e a l  b e 
in g . H o w e v er, e v e n  th e  m o s t  a b s t r a c t  an d  m a th e m a tiz e d  th e o ry  q u e r ie s  
n a tu re ,  u s in g , so  lo n g  a s  th e  d e c is iv e  e x p e r i m e n t u m  c r u c i s  h a s  n o t 
b ee n  c a r r i e d  o u t, su c h  a u x i l i a r y  c r i t e r i a  o f t r u th  a s  u n iq u e n e ss  o f s o lu tio n  
an d  lo g ic a l  n o n c o n tra d ic tio n .

• M a x w e 11, J. C. Izbrannye sochineniya po teorii elektromagnitnogo polya (Selected Works on the Theory 
of the Electromagnetic Field), p. 17.
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T h is  s ta te m e n t  o f th e  p ro b le m , w h ile  c a s tin g  no doub t on th e  d e c is iv e  
r o l e  o f e x p e r im e n t  in  th e  d e v e lo p m e n t of p h y s ic a l  k n o w led g e , s t r e s s e s  the 
h ig h  d e g r e e  o f l iv e l in e s s  o f p h y s ic a l  th e o ry  i t s e l f ,  w h ich  c a n n o t w a it  p a s 
s iv e ly  u n ti l  th e  a c c e le r a t o r s ,  h av in g  a t ta in e d  c o n s id e r a b ly  h ig h e r  e n e r g ie s  
th a n  to d a y , " m a k e  e v e ry th in g  c l e a r " .

In  th i s  c o n te x t i t  sh o u ld , w e fe e l , be  e m p h a s iz e d  th a t  th e  d e v e lo p m e n t 
an d  r e f in e m e n t  o f th e  s t r u c t u r a l  e le m e n ts  o f th e  m a th e m a tic a l  lan g u a g e  and  
th e  id e n t i f ic a tio n  o f t h e i r  a s s u m e d  p h y s ic a l  " p ro to ty p e "  c o n s t i tu te  one of 
th e  im p o r ta n t  t a s k s  o f m o d e rn  p h y s ic s .  T h is  t a s k  i s  p a r t i c u la r ly  im p o r ta n t  
in  v iew  o f th e  f a c t  th a t , w h ile  p r e v io u s ly  p h y s ic s  co u ld  s e l e c t  i t s  m a th e m a ti 
c a l  to o ls  f r o m  th e  r e a lm  o f p u re  m a th e m a tic s  (th u s  a t  th e  b e g in n in g  o f the 
tw e n tie th  c e n tu ry  th e  th e o ry  o f r e la t iv i t y  m a d e  u s e  o f t e n s o r  c a lc u lu s ,  p r o 
p o se d  by th e  m a th e m a tic ia n  L e v i- C iv i ta  in  th e  l a s t  th i r d  of th e  n in e te e n th  
c e n tu ry ) ,  th e  p r e s e n t  s ta g e  of p h y s ic s  is  c h a r a c t e r i z e d  by a  re f in e m e n t  of 
th e  m a th e m a tic a l  la n g u a g e  s te m m in g  d i r e c t ly  f ro m  th e  p ro b le m s  in v o lv ed  
in  d e v e lo p in g  p h y s ic a l  th e o ry  an d  a c c o m p a n y in g  th i s  d e v e lo p m e n t. E x a m 
p le s  a r e  th e  id e a  o f n o n c o m m u ta tiv ity  in  q u an tu m  m e c h a n ic s ,  n e g a tiv e  p r o b 
a b i l i t i e s  in  H e is e n b e r g 's  u n if ie d  f ie ld  th e o ry ,  e tc .

O f c o u r s e ,  th e  p r o s p e c ts  f o r  th e  a p p l ic a t io n  of a d v a n c e s  in  p u re  m a th e 
m a t ic s ,  a s s u m in g  th e i r  p h y s ic a l  in te r p r e ta t io n ,  a r e  h ig h . T h is  is  show n, 
fo r  in s ta n c e ,  in  I. A. A k c h u r in 's  a r t i c l e  in  th e  p r e s e n t  c o l le c t io n  w ith  r e 
g a r d  to  th e  B o u rb a k i m a n y -d im e n s io n a l  " k e r n e l  s p a c e " .

T h e  d iv e r s i t y  o f s t r u c t u r e s  in  th e  m a th e m a tic a l  a p p a r a tu s  o f m o d e rn  
p h y s ic s  sh o u ld  in  o u r  v iew  a llo w  u s  to  r a i s e  th e  q u e s tio n  o f th e  d iv e r s i ty  
o f th e  lo g ic a l  s t r u c t u r e s ;  fo r , a s  n o ted  e a r l i e r ,  th e  la n g u a g e  o f m a th e m a t 
ic s  is  n o t a  c o n v e n tio n a l, p u re ly  sy m b o lic  s y s te m : i t  h a s  i t s  ow n r e la t iv e 
ly  in d e p e n d e n t lo g ic .

We fe e l  th a t  i t  i s  a d m is s ib le  to  su p p o se  th a t  th e  p e c u l ia r  c h a r a c t e r  of 
th e  m ic ro w o r ld  c a n  b e  e x p r e s s e d  in  p e c u l ia r  f o r m a l - lo g ic a l  m o d e ls , c o n 
n e c te d  by a  l im it in g  t r a n s i t io n  b a s e d  on th e  c o r re s p o n d e n c e  p r in c ip le  to 
o r d in a r y  tw o -v a lu e d  f o r m a l  lo g ic . T h is  a p p r o a c h  c o n f o rm s  to  th e  g e n e ra l  
m e th o d o lo g ic a l  id e a  o f r e g a rd in g  lo g ic a l  f o r m s  a s  c o n te n t- s ig n if ic a n t .

A. A . Z in o v 'e v  h a s  th is  to s a y  c o n c e rn in g  th e  p ro b le m  o f th e  u n iv e r s a l 
ity  o f lo g ic : " F in a lly ,  f ro m  th e  m a te r ia l  c o n s id e r e d  in  th e  p r e s e n t  w o rk  
i t  fo llo w s  th a t  th e  la w s  o f tw o -v a lu e d  lo g ic  a r e  n o t r e fu te d  by th e  la w s  of m a n y 
v a lu e d  lo g ic , n o r  a r e  th e  la w s  o f th e  l a t t e r  re fu te d  by th e  la w s  o f th e  fo r m e r .  
T h e r e f o r e  to  i n t e r p r e t  th e  n o n u n iv e r s a l i ty  o f th e  la w s  o f lo g ic  a s  a  d iv is io n  
o f th e  w o r ld  in to  s p h e r e s ,  in  s o m e  o f w h ich  c e r t a in  lo g ic a l  la w s  ho ld  t r u e  
w h ile  in  o th e r s  th e y  a r e  re p u d ia te d  w ould  be to  c o m m it  th e  g r o s s e s t  o f e r 
r o r s " * .

O b v io u s ly , the c o r r e s p o n d e n c e  p r in c ip le  is  n o t s u f f ic ie n t ly  ta k e n  in to  
a c c o u n t  in  th e  a b o v e  q u o ta tio n . E u c lid ia n  g e o m e tr y ,  fo r  e x a m p le , d o es  
n o t c o n t r a d ic t  L o b a c h e v s k i i 's  g e o m e tr y  b u t is  a  l im it in g  c a s e  o f th e  la t t e r ;  
y e t  on e  o f i t s  a x io m s  (th e  a x io m  c o n c e rn in g  p a r a l l e l s )  i s  th e  n e g a tio n  of 
th e  c o r r e s p o n d in g  a x io m  in L o b a c h e v s k i i 's  g e o m e tr y .  In  a n y  c a s e  w e fe e l  
th a t  o n e  c a n n o t a g r e e  w ith  Z in o v 'e v  w hen h e  w r i te s :  "ow ing  to  th e  a m b ig 
u ity  o f th e  a c tu a l  c o n c e p ts  o f u n iv e r s a l i ty  an d  n o n u n iv e r s a l i ty ,  th e  c a t e g o r i 
c a l  c h a r a c t e r  o f p ro n o u n c e m e n ts  on th is  q u e s tio n  i s  d u b io u s"* * . We fe e l

* Z i n o v ' e v, A. A. Filosofskie problemy mnogoznachnoi logiki (Philosophical Problems of Many- Valued
Logic), pp. 101- 102. Moscow. 1960.

•* Ibid., p. 101.
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th a t  i t  w ould  be a p p r o p r ia te  to  d i s c u s s  th e  q u e s tio n  o f th e  p o s s ib i l i ty  of 
d e v is in g  lo g ic a l  m o d e ls  fo r  th e  s p h e r e  of e le m e n ta r y  p a r t i c le s  w ith  a x io m s  
d i f fe re n t  f ro m  th e  a x io m s  of o r d in a r y  " m a c r o s c o p ic "  f o r m a l  lo g ic . L e t  
u s  e x a m in e  f ro m  th is  p o in t o f v iew  th e  fa c t  o f A '-m eso n  d e c a y  w h ich  i s  so  
fu n d a m e n ta l  fo r  th e  p h y s ic s  o f th e  m ic ro w o r ld  an d , in  p a r t i c u la r ,  fo r  an  
u n d e r s ta n d in g  of w e ak  in te r a c t io n s .

In th is  d e c a y  o n e  o b ta in s  e q u a tio n s  the le f t - h a n d  s id e s  o f w h ich  c o n ta in  
e q u a l o b je c ts  (A « -m e so n s), an d  th e  r ig h t-h a n d  s id e s  u n e q u a l o b je c ts .  A p p a r 
e n tly  th e  a x io m  th a t  tw o q u a n t i t ie s  s e p a r a te ly  e q u a l to  a  t h i r d  (o r  to  tw o 
e q u a l q u a n t i t ie s )  a r e  e q u a l to  e a c h  o th e r  d o e s  n o t ho ld  t r u e  in  th is  c a s e .
If th is  is  so , th e n  th e  m a th e m a tic a l  a p p a r a tu s  w h ich  r e s t s  on th i s  lo g ic a l  
c a lc u lu s  w ill  h av e  fu n d a m e n ta l  p e c u l ia r i t i e s .  P o s s ib ly  in  s u c h  a  m a th e 
m a t ic a l  a p p a r a tu s  th e  c o m m u ta tiv e  law  o f a d d it io n  w ill  n o t ho ld  t r u e ,  an d , 
t h e r e f o r e ,  th e  r e s u l t  o f a d d it io n  w ill  d e p e n d  on th e  o r d e r  o f th e  a d d e n d s .
O ne c a n n o t e x c lu d e  th e  p o s s ib i l i ty  o f a  d e f in ite  c o n n e c tio n  h e r e  w ith  th e  
" c r a z y "  f e a tu r e  o f th e  C o is h - S h a p ir o  m o d e l, w h ich  i s  a p p a re n t ly  c o n d i
t io n ed  by th e  fu n d a m e n ta li ty  o f w e ak  in te r a c t io n s  to  th e  e l e m e n ta r y  p a r t i c le  
w o r ld . T h is  f e a tu r e  i s  th a t , in  a  s p a c e  w ith  a  f in i te  n u m b e r  o f e le m e n ts  
h av in g  th e  p r o p e r t i e s  o f a  g ro u p , th e  su m  o f tw o p o s i t iv e  q u a n t i t i e s  i s  o f te n  
n e g a tiv e . F u r th e r ,  if  o n e  ta k e s  v i r t u a l  p r o c e s s e s  in to  c o n s id e r a t io n  th e n  
in  a  s in g le  p a r t i c le  a  m u l tip l ic i ty  o f o th e r s  c a n  b e  found . A p p a re n tly , th e  
q u e s tio n  "w h a t c o n s i s t s  of w h a t? "  i s  e i t h e r  m e a n in g le s s  fo r  th e  e l e m e n ta r y  
p a r t i c le  w o r ld  in  g e n e r a l  o r ,  a t  l e a s t ,  h a s  a  s u b s ta n t ia l ly  d i f f e r e n t  m e a n 
in g . T h e  s p e c if ic  c h a r a c t e r  o f th is  s p h e r e  o f p h y s ic a l  r e a l i ty  i s  so  e s s e n 
t ia l  th a t  in  i t  th e  re la t io n s h ip  b e tw e e n  th e  p a r t  an d  th e  w h o le  w h ich  h o ld s  in  
th e  m a c ro w o r ld  i s  t r a n s f o r m e d  in  s u c h  a  w ay  th a t  th e  fu n d a m e n ta l  f o r m a l -  
lo g ic a l  a x io m  — " W h a te v e r  in c lu d e s  th e  in c lu d in g  in c lu d e s  a l s o  th e  in c lu d e d "  — 
u n d e r ly in g  th e  e n t i r e  s y l lo g is t ic s  lo s e s  i t s  v a l id i ty .

F ro m  th is  a p p r o a c h  to  an  a n a ly s i s  o f th e s e  tw o e x a m p le s  ta k e n  fro m  
m o d e rn  m ic r o p h y s ic s  on e  c a n  in fe r ,  w e b e lie v e , th a t  th e  p ro b le m  o f th e  
p e c u l ia r i ty  o f lo g ic a l  c a lc u lu s  in  th e  s p h e r e  o f e le m e n ta r y  p a r t i c l e s  r e 
q u i r e s  d i s c u s s io n . I t i s  c o m p le te ly  o b v io u s  th a t  su c h  lo g ic a l  s y s t e m s  g e n 
e r a l i z e ,  r a th e r  th an  n e g a te , o r d in a r y  fo r m a l  lo g ic .

T h e v is u a l iz a b i l i ty  o f th e  m o d e l i s  c lo s e ly  r e la t e d  to  +he n a tu r e  o f th e  
la n g u a g e  o f s c ie n c e .  S u re ly  th is  la n g u a g e  i s  n o t s o m e th in g  s e l f - c o n ta in e d  
(as  c la im e d  by the p a r t i s a n s  o f s e m a n t ic  p h ilo so p h y ) , n o r  i s  i t  an  " in d e 
p e n d e n t s u b s ta n c e " .

In o r d e r  to  be a d e q u a te  fo r  th e  c o g n iz e d  o b je c ts ,  th e  la n g u a g e  o f s c ie n c e  
m u s t  d ev e lo p  in  c o n fo rm ity  w ith  th e  s p e c if ic  c h a r a c t e r  o f th e  g iv en  s p h e r e  
o f r e a l i ty .  S uch  a  c o n te n t- o r ie n te d  a p p r o a c h  to  th e  la n g u a g e  o f s c ie n c e  
b r in g s  o u t i t s  d e p e n d e n c e  on  p h y s ic a l  r e a l i ty  an d  p r o v id e s  th e  key  to  u n 
d e r s ta n d in g  th e  c h a r a c t e r  o f i t s  d e v e lo p m e n t. We saw  f ro m  th e  p re c e d in g  
d i s c u s s io n  th a t  on e  o f th e  im p o r ta n t  fu n c tio n s  of th e  m o d e l in  m ic ro w o r ld  
p h y s ic s  is  e x p r e s s e d  by th e  fo llo w in g  th e s i s :  w ith  th e  h e lp  o f m o d e ls  w e 
t r a n s l a te  n o n c la s s ic a l  p h e n o m e n a  in to  th e  la n g u a g e  o f c l a s s i c a l  p h y s ic s .
M any a u th o r s  d e r iv e  th e  n e c e s s i ty  f o r  u s in g  m o d e ls  f r o m  th e  fa c t  th a t ,  in  
th e  l a s t  a n a ly s i s ,  th e  lan g u a g e  o f c l a s s i c a l  p h y s ic s  c a n n o t b e  s e p a r a t e d  f ro m  
th e  s c ie n t i f i c  p ic tu r e  of th e  w o r ld . T h a t i t  c a n n o t be " s e p a r a t e d "  i s  o f te n  
a t t r ib u te d  to  th e  m a c ro s c o p ic  n a tu re  o f m a n . In d e ed , h u m an  s e n s i t i v i t y  i s  
m a c ro s c o p ic  an d , o f c o u r s e ,  th e o r e t ic a l  th in k in g  c a n n o t be i s o la te d  f ro m  
s e n s i t iv ity .  H o w e v er , th e  id e a  th a t  th e  la n g u a g e  o f s c ie n c e  i s  in s e p a r a b ly  
m a c ro s c o p ic  te n d s  to w a rd  a  c e r t a in  a b s o lu t iz a t io n  o f th e  r o le  o f s e n s i t iv i ty
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in  th e  c o g n it iv e  p r o c e s s .  A s w e s e e  it ,  s u c h  an  id e a  is , in su m , a  m o d 
e r n  v e r s io n  of th e  c o m m o n  i l lu s io n  w h ich  d e r iv e s  v a r io u s  f o r m s  o f l i m i t a 
t io n  on  c o g n it io n  f ro m  th e  f in i te  p o s s ib i l i t i e s  o f th e  s e n s e  o r g a n s  of f in ite  
m a n .

Y e t f o r  th e  m in d  a l l  l a y e r s  of r e a l i ty ,  f ro m  th e  u l t r a m a c r o s c o p ic  to  the 
s u b m ic r o s c o p ic ,  a r e  e q u iv a le n t. T o  s e t  th e  m a c ro s c o p ic  s c a le  a s id e  a s  
a n  a b s o lu te  f r a m e  of r e f e r e n c e  f o r  th e  c o g n it iv e  p r o c e s s  is  one o f th e  i l l u 
s io n s  o f a n th r o p o c e n t r i s m .  In  o u r  o p in io n  th e r e  i s  n o th in g  u n n a tu ra l  in d i s 
c u s s in g  th e  p o s s ib i l i ty  o f th e  e m e rg e n c e  o f p h y s ic a l  lan g u a g e  beyond  the 
c o n f in e s  o f N e w to n ia n  c o n c e p ts .

In  th e  e v o lu tio n  o f m o d e rn  p h y s ic a l  th e o ry ,  th e  p h en o m e n o n  is  f i r s t  d e 
s c r ib e d  in  m a th e m a tic a l  la n g u a g e  an d  th e n  th is  d e s c r ip t io n  is  t r a n s la te d  
in to  p h y s ic a l  la n g u a g e . T h is  i s  th e  e s s e n c e  o f th e  m eth o d  o f th e  m a th e m a t 
i c a l  m o d e l, o r  m e th o d  o f m a th e m a tic a l  e x tra p o la t io n . A c h a r a c t e r i s t i c  
f e a tu r e  o f th is  fu n d a m e n ta l  m e th o d o lo g ic a l  p r o c e d u r e ,  in  i t s  p r e s e n t  c o n 
c r e t e - h i s t o r i c a l  t r e a tm e n t ,  i s  th e  fa c t  th a t  m a th e m a tic a l  m o d e ls  ca n  be 
e x c e p t io n a l ly  d iv e r s e  b u t th e y  m u s t,  in  th e  l a s t  a n a ly s i s ,  p e r m i t  t r a n s l a 
tio n  to  o n ly  on e  c l a s s i c a l  p h y s ic a l  la n g u a g e . If w e a s s u m e  th a t  th e  p e c u l i 
a r i t i e s  o f e le m e n ta r y  p a r t i c le s  a r e  r e la t e d  to  th e  r e g u la r i t i e s  of th e  s u b 
m ic ro w o r ld ,  th e n  w e c a n  s u p p o se  th a t  a  d e s c r ip t io n  o f e le m e n ta r y  p a r t i c le s ,  
b e f o re  b e in g  i n t e r p r e t e d  in  the la n g u a g e  o f c l a s s i c a l  p h y s ic s ,  w il l  r e q u ir e  
a  p r e l im in a r y  i n te r m e d ia te  t r a n s la t io n  in to  th e  la n g u a g e  o f " o r d in a r y "  
q u a n tu m -m e c h a n ic a l  c o n c e p ts ,  w h ich  d e s c r ib e  p h e n o m e n a  on  th e  a to m ic  
s c a le .  In d e p e n d e n tly  of w h e th e r  o r  n o t th e  " f in a l  la n g u a g e "  of th e  p h y s 
i c a l  in t e r p r e t a t i o n  is  c l a s s i c a l ,  i t  c a n  be in f e r r e d  f ro m  th e  c o r re s p o n d e n c e  
p r in c ip le  (th e  u n iv e r s a l i ty  o f w h ich  is  d e te rm in e d  by th e  m o s t  fu n d a m e n ta l  
o f th e  p e c u l ia r i t i e s  o f b e in g ) th a t  in  an y  c a s e  a  t r a n s la t io n  w ill  be r e q u ir e d  
o f th e  d e s c r ip t io n  o f e le m e n ta r y  p a r t i c le s  in to  th e  p h y s ic a l  lan g u a g e  of p h e 
n o m e n a  on  th e  a to m ic  s c a le .  T h is  t r a n s la t io n  b e c o m e s  a l l  th e  m o re  n e c e s 
s a r y  if  th e  la n g u a g e  o f th e  p h y s ic s  o f p h e n o m e n a  on  th e  a to m ic  s c a le  ta k e s  
on  a  '. 'c la s s ic a l"  ro le .

W e c a n  c o n c lu d e  th a t  th e  f in a l , o r  c l a s s i c a l ,  la n g u a g e  m ay  ch a n g e  w ith  
th e  p r o g r e s s  o f p h y s ic s ,  b u t th e  a c tu a l  q u a l i ta t iv e  in f in ity  o f m a t t e r  an d  the 
a c tu a l  s t r u c t u r e  o f th e  c o g n it iv e  p r o c e s s  (s e e n  a s  th e  p r o g r e s s iv e  c o n q u e s t  
o f o b je c tiv e  r e a l i ty  by  th e  m in d ) d e te r m in e  th e  n e c e s s i ty  fo r  " t r a n s la t io n s "  
f r o m  th e  la n g u a g e  o f o n e  l a y e r  o f r e a l i ty  to  th a t  o f a n o th e r .  T h is ,  in  o u r  
v iew , i s  th e  e s s e n c e  o f th e  p r o c e s s  o f m e d ia tio n  in  s c ie n t i f i c  c o g n itio n . 
L o g ic a l  m o d e l c o n s t r u c t io n  w ill  p la y  an  im p o r ta n t  p a r t  in  th e  d e v e lo p m e n t 
o f th is  p r o c e s s  in  th e  f u tu re  a s  w e ll . L o g ic a l  (m a th e m a tic a l)  m o d e ls  a r e  
f r e e  f r o m  s e n s o r y  v is u a l iz a b i l i ty ,  a r e  e x c e p t io n a l ly  f le x ib le  an d  th e r e f o r e  
a d a p te d  to  th is  k ind  o f  t r a n s l a t i o n .  S ta g e s  c h a r a c t e r i z e d  by d r a s t i c  c h a n g e s  
in  p h y s ic a l  id e a s  a r e  a s s o c ia t e d  w ith  th e  c o n s t r u c t io n  o f m o d e ls  o f th is  k ind .

T h e  d e v is in g  o f s u c h  a  r a d ic a l  n a tu r a l - s c i e n t i f i c  m o d e l sh o u ld , o f c o u r s e ,  
b e  b a s e d  on  c e r t a in  o n to lo g ic a l  p a r a m e t e r s .  Such  p a r a m e t e r s  in c lu d e  the 
i d e a  o f th e  m a t e r ia l i t y  o f th e  w o r ld , w h ich  p r e c lu d e s  m y s t ic a l  a s s u m p tio n s ,  
an d  th e  g e n e r a l iz e d  p r in c ip le  o f c a u s a l i ty  (in  th e  s e n s e  o f a  g e n e r a l  i n t e r 
a c t io n  r a th e r  th a n  a  t e m p o r a r y  d y n a m ic a l  o r  s t a t i s t i c a l  r e la t io n s h ip  b e 
tw e e n  tw o e v e n ts ) .  H o w e v e r , i n c r e a s e  o f th e  n u m b e r  o f s u c h  o n to lo g ic a l  
p a r a m e t e r s  i s  a  d a n g e ro u s  i l lu s io n  w h ich  c a n  d e la y  th e  d e v e lo p m e n t of s c i 
e n c e . A n e x a m p le  o f th e  d a n g e r  in v o lv ed  i s  p ro v id e d  by th e  s i tu a t io n  in 
p h y s ic s  in  th e  la te  n in e te e n th  —e a r ly  tw e n tie th  c e n tu ry  w hen a  r ig id  co u p lin g  
o f  th e  r a t i o n a l  m a t e r i a l i s t i c  i n t e r p r e t a t i o n  of th e  w o r ld  an d  th e  id e a  o f the
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in d iv is ib i l i ty  o f th e  a to m  led  to  g ra v e  d e lu s io n s .  G a u s s 's  e le g a n t  a p h o 
r i s m  p la y s  an  e x c e p tio n a l ro le  in  th e  m eth o d o lo g y  o f th e  d e v e lo p m e n t o f 
s c ie n t i f ic  know ledge : "W e m u s t  n o t c o n fu se  th a t  w h ich  s e e m s  to  u s  u n 
n a tu r a l  w ith  th a t  w h ich  is  a b s o lu te ly  im p o s s ib le " .

A c o n te m p o r a ry  e x a m p le  o f th e  d e la y in g  in flu e n c e  on  s c ie n c e  o f th e  a b -  
s o lu tiz a t io n  of c e r t a in  s e e m in g ly  u n iv e r s a l  p ro p o s i t io n s  is  p ro v id e d  by th e  
s i tu a t io n  in  th e  th e o ry  o f w e ak  in te r a c t io n s  b e f o re  L e e  an d  Y a n g 's  d i s c o v 
e r y .  In c h a r a c t e r i z in g  th is  s i tu a t io n  Y a. A . S m o r o d in s k i i  w r o te  th a t  W u 's  
e x p e r im e n ts  c o u ld  h av e  b e e n  c a r r i e d  o u t c o n s id e r a b ly  e a r l i e r  h ad  p h y s i 
c i s t s  n o t b ee n  c o n v in c e d  th a t  p a r i ty  n o n c o n s e rv a tio n  c o u ld  n o t o c c u r  in  n a 
tu r e .

O b v io u s ly , p h i lo so p h ic a l  r e s e a r c h  c a n n o t p r e s c r i b e  re a d y  s o lu tio n s  fo r  
n a tu r a l  s c ie n c e ,  i t  ca n  on ly  d ra w  th e  a t te n t io n  o f n a tu r a l - s c i e n t i f i c  th in k 
in g  to c e r t a in  p o s s ib i l i t i e s  in th e  d e v e lo p m e n t o f p h y s ic a l  c o g n it io n . T h is  
g e n e r a l  c o n s id e r a t io n , o f c o u r s e ,  r e q u i r e s  f u r th e r  e la b o ra t io n . H o w e v er, 
e v e n  in  th is  g e n e r a l  fo r m u la tio n  one ca n  d ra w  an  im p o r ta n t  m e th o d o lo g ic a l  
c o n c lu s io n  fro m  i t .  So long  a s  th e  d e c is iv e  e x p e r im e n t  h a s  n o t b e e n  c a r 
r ie d  o u t, on e  m u s t  e x p lo re  in  d i f fe re n t  d i r e c t io n s  an d  n o t a b s o lu t iz e  any  
s in g le  t r e n d  o f th o u g h t. In  c o n s tru c t in g  a  s e t  o f a l t e r n a t iv e s  a  c e r t a in  p a r t  
m a y  a ls o  be p la y e d  by p h ilo so p h ic a l  a n a ly s i s ,  p ro v id e d , o f c o u r s e ,  th a t  it  
ac k n o w le d g e s  th e  p r o g r e s s iv e  c h a r a c t e r  o f s c ie n t i f i c  d e v e lo p m e n t an d  d o es  
n o t l im i t  i t s e l f  to  a  fu ti le  r e tu r n  to  f a m i l i a r  c o n c e p tio n s . I t  i s  im p o r ta n t  to 
n o te  th a t  th e  f u r th e r  d e v e lo p m e n t of m ic ro w o r ld  p h y s ic s  w ill  n o t be o f th e  
o r d e r  of a  s im p le  r e tu r n  to  v i s u a l iz a b le  c l a s s i c a l  id e a s .  T h u s  in  o n e  o f th e  
m o s t  i n te r e s t in g  c o n te m p o r a ry  t r e n d s  in  e le m e n ta ry  p a r t i c le  th e o ry ,  th e  
t r e n d  a s s o c ia te d  w ith  R egge p o le s  (in  th is  c o u n try  th is  t r e n d  i s  b e in g  c u l t i 
v a te d  by V. N.  G r ib o v  an d  I .Y a . P o m e ra n c h u k ) , c o m p a ra t iv e ly  s im p le  d e 
p e n d e n c e s  a r e  o b ta in e d  in  th e  n o n r e la t iv i s t i c  th e o ry  f o r  th e  s c a t t e r in g  a m 
p li tu d e  a t  h igh  e n e r g ie s .  R eg g e p o le s  a r e  m o v in g  p o le s  o f th e  s c a t t e r in g  
a m p litu d e  a s  fu n c tio n s  o f th e  a n g u la r  m o m e n tu m  (w ith  th e  c o n d it io n  th a t  
n o n in te g ra l  v a lu e s  of the a n g u la r  m o m e n tu m  a ls o  be  ta k e n  in to  a c c o u n t) . 
H o w e v er, th e  u t i l iz a t io n  o f a  d ep e n d e n c e  on  a n g u la r  m o m e n tu m , w h ich  is  
a  c l a s s i c a l  q u a n tity , d o e s  n o t m ak e  th e  R egge p o le  m o d e l c l a s s i c a l .  T h u s  
in  a  w o rk  e n t i t le d  " F e rm io n ic  R egge P o le s  an d  th e  A s y m p to tic  B e h a v io r  
o f M e so n -N u c le o n  L a r g e -A n g le  S c a t te r in g  (F e r m io n n y e  p o ly u s a  R ed zh e  i 
a s im p to tik a  r a s s e y a n iy a  m ez o n o v  na n u k lo n ak h  n a  b o l 's h ie  ugly) G r ib o v  
s t r e s s e s  th a t: " in  th is  p r o c e s s  th e  a s y m p to t ic  b e h a v io r  o f s c a t t e r in g ,  e s 
p e c ia l ly  in  th e  re g io n  of s m a l l  a n g le s , i s  c o m p a ra t iv e ly  s im p le ,  a l th o u g h  
i t  h a s  n o  s i m p l e  c l a s s i c a l  d e s  c r  i p t  i o n "  (o u r  e m p h a s is  —I. N. )*.

T h e  a b i l i ty  to  e x p lo re  in  d i f fe re n t  d i r e c t io n s ,  a s  w e r e m a r k e d  e a r l i e r ,  
e m b o d ie s  a  g e n e ra l  t r a i t  o f th e  c r e a t iv e  a c t iv i ty  o f h u m an  c o n s c io u s n e s s ,  
to  w h ich  th e  id e a  o f p a s s iv e ly  w a itin g  u n ti l  h ig h -e n e rg y  a c c e l e r a t o r s  r e 
v e a l  th e  s e c r e t s  o f e le m e n ta r y  p a r t i c le s  in  th e  c o l l i s io n  o f o p p o s in g  b e a m s  
is  fo re ig n . By th is  w e do no t w ish  to  d e n ig ra te  th e  r o le  o f e x p e r im e n t  bu t 
m e re ly  to  s t r e s s  th e  a c t iv e  ro le  o f th e o r e t ic a l  m e th o d s , a m o n g  w h ich  lo g ic o -  
m a th e m a tic a l  and  o n to lo g ic o -p h y s ic a l  m o d e ls  a r e  o f c o n s id e r a b le  s ig n if ic a n c e .

F ro m  o u r  d is c u s s io n  w e c a n  c o n c lu d e  th a t  th e  r i s i n g  a b s t r a c t i o n  o f p h y s 
ic a l  know ledge an d  th e  d e c lin e  in  th e  e le m e n t  of v i s u a l iz a b i l i ty  by no m e a n s
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im p ly  th e  n e g a tio n  o f th e  ro le  o f m o d e ls  in  i t s  d e v e lo p m e n t. O n th e  c o n 
t r a r y ,  th e  c o n c e p t of m o d e l h a s  b e c o m e  g e n e r a l iz e d .  T h e  m o d e l, r e v e a l 
ing  i t s e l f  a s  a  fo r m  o f p r o v is io n a l  in t e r p r e t a t i o n  o f new  d a ta , b e c o m e s  a  
n a tu r a l  s ta g e  on  th e  ro a d  to  th e  d e v e lo p m e n t o f a  s y s te m a t ic  p h y s ic a l  th e o 
ry , in c lu d in g  th e  th e o ry  o f e le m e n ta r y  p a r t i c l e s .  T h is  ro a d  to c o g n itio n  is  
h ig h ly  c h a r a c t e r i s t i c  o f m o d e rn  p h y s ic s  —new  f a c t s ,  t h e i r  d y n a m ic a l  and  
m a th e m a tic a l  e x p r e s s io n  in  a  m o d e l, and , f in a lly , p h y s ic a l  i n te r p r e ta t io n  
o f th e  m a th e m a tic a l  m o d e l in  a  s y s te m a t ic  th e o ry .  T h e  p r o p o s i t io n  o f a  
m a th e m a tic a l  m o d e l p r i o r  to  i t s  p h y s ic a l  u n d e r s ta n d in g  is  b e c o m in g  an  in 
c r e a s in g ly  a c t iv e  r e g u la r i t y  in  th e  d e v e lo p m e n t o f m o d e rn  p h y s ic s .  It 
w ould  be w ro n g  to  r e g a r d  m o d e l kn o w led g e a s  s e c o n d - r a te  k n o w led g e o p e r 
a t in g  (to u s e  U. A s h b y 's  e x p r e s s io n )  w ith  h a l f - t r u th s ,  o r  a s  a  kind  o f " q u a s i 
k n o w led g e "  o r  ( th is  i s  R . B r a i th w a i te 's  e x p r e s s io n )  " a s - i f  th in k in g " * . S uch  
an  a p p r o a c h  is  a  m o d e rn  fo rm  of th e  g n o s e o lo g ic a l  i l lu s io n  o f co m m o n  s e n s e ,  
c o n n e c te d  in  th e  o ld  p h ilo so p h y  w ith  th e  d iv is io n  o f kn o w led g e in to  " d a r k "  
a n d  " l ig h t"  an d  c a r r i e d  to i t s  lo g ic a l  c o n c lu s io n  in  th e  id e a s  o f o n e  m o d e rn  
p h i lo s o p h e r  who h a s  s te a d i ly  d e fe n d e d  f o r  te n  y e a r s  th e  th e s i s  th a t  a  co lu m n  
i s  " n e v e r th e l e s s  m o re  o b je c tiv e "  th a n  i t s  sh ad o w .

T h e  v iew  th a t  i t  i s  m e a n in g le s s  in  g e n e r a l  to s p e a k  o f m o d e ls  in  c o n n e c 
tio n  w ith  e x p la n a tio n  (w hich  is  how, fo r  e x a m p le , H. G ro n e w a ld  o f G ro n in g e n  
U n iv e r s i ty  s t a t e s  the  p ro b le m  in h is  w o rk  " M o d e ls  in  P h y s ic s " ) * *  i s ,  in  o u r  
o p in io n , u n fo u n d e d .

T h e r e  a r e  no g ro u n d s  fo r  d e n y in g  th e  h e u r is t i c  r o le  o f th e  m o d e l a s  a 
p r o v is io n a l  fo rm  o f s c ie n t i f i c  e x p la n a tio n  w h ich  p r e p a r e s  th e  g ro u n d  fo r  a  
s y s te m a t ic  th e o ry .

T o  u n d e r s ta n d  th e  p e c u l ia r  c h a r a c t e r  o f m o d e rn  s c ie n t i f i c  k n ow ledge it 
i s  v e r y  im p o r ta n t  to  n o te  th e  w id e s p r e a d  u s e  (both  in  p h y s ic s  an d  in  o th e r  
s c ie n c e s )  o f th e  fo llo w in g  p a th  o f t h e o r e t ic a l  r e s e a r c h :  f r o m  e m p ir ic a l  d a ta  
to  lo g ic o - m a th e m a t ic a l  and  o n to lo g ic a l  m o d e ls , an d  f ro m  th e s e  to  a  s y s t e 
m a t ic  th e o ry  o f th e  g iv en  s p h e r e  of e x is te n c e .

T h e  m a t e r ia l  p r e s e n te d  in  th is  w o rk  e n a b le s  u s  to  c o n c lu d e  th a t  th e  m a th 
e m a t ic a l  a p p a r a tu s  a n d  th e  p h y s ic a l  c o n c e p ts  an d  id e a s  a r e  n o t th e  o n ly  o n e s  
to  b e  s u b je c te d  to g e n e r a l iz a t io n  in  c o n te m p o r a ry  p h y s ic s .  A lso  g e n e r a l 
iz e d  in  m o d e rn  p h y s ic s  a r e  th e  a c tu a l  c o n c e p t o f s c ie n t i f i c  e x p la n a tio n , th e  
m e th o d s  o f r e s e a r c h  an d , in  p a r t i c u la r ,  th e  m e th o d  o f m o d e l c o n s tru c t io n .

T h e  p o s s ib i l i ty  c a n n o t be e x c lu d e d  th a t  th e  s o - c a l l e d  " c r a z y  id e a "  r a d i 
c a l ly  t r a n s f o r m s  o u r  lo g ic a l  a p p a r a tu s  (p e rh a p s  ev e n  to  a  g r e a t e r  d e g r e e  
th a n  o u r  id e a s  c o n c e rn in g  th e  w o r ld ) .

F ig u r a t iv e ly  sp e a k in g , one m ig h t s a y  th a t  th e  p ro b le m  l i e s  (p o ss ib ly )  
no t so  m u ch  in  f o r m u la tin g  th e  " c r a z y "  id e a  in r e a s o n a b le  la n g u a g e  a s  in 
" g o in g  c r a z y " ,  th e re b y  ra d ic a l ly  c h a n g in g  o u r  v e r y  c o n c e p tio n  o f th e  s t r u c 
tu r e  o f s c ie n t i f i c  k n o w led g e . An e x a m p le  in f a v o r  of th is  p o s s ib il i ty  is  the 
fu n d a m e n ta l  in c r e a s e  in  th e  r o le  of fu n c tio n a l kn o w led g e now n o tic e a b le  in 
a l l  s c ie n c e s .

T h e  p o s s ib i l i ty  of a  r a d ic a l  r e v is io n  o f th e  fo u n d a tio n s  o f th e  lo g ic a l  l a n 
g u ag e  h a s  a  c e r t a in  b a s i s  in  th e  e x p e r ie n c e  o f th e  h i s to r y  o f p h y s ic s .  L . 
B o ltz m a n n , f o r  in s ta n c e ,  n o tin g  th a t  " in e f f ic a c y  o f th o u g h t h a b i ts "  is  
c o m m o n , a d m i ts  o f th e  p o s s ib il i ty  o f a  c h a n g e  in  th e  la w s  o f th in k in g * * * .

• B ra i th w a ite ,  R. Scientific Explanation, p. 93. Cambridge. 1953.
•• See Syntlifcse, Vol.XII, No. 2/3, 1960.

•••  See B o ltz m a n n , L. Ocherki metodologii fiziki (Essays on Methodology of Physics), pp. 121, 124.
Moscow. 1929.
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A nd, f in a lly , in  view  of th e  g e n e ra l - m e th o d o lo g ic a l  id e a  o f th e  u n ity  o f th e  
lo g ic a l  an d  the o n to lo g ic a l , i t  i s  n a tu r a l  th a t  th e  g e n e r a l iz a t io n  of th e  c o n 
c e p ts  w h ich  c o n s t i tu te  p h y s ic a l  k n o w led g e b e  su p p le m e n te d  by g e n e r a l i z a 
tio n  o f th e  m e th o d s  an d  to o ls  by w h ich  th is  k n o w led g e is  a t t a in e d .

T h u s , w hen d is c u s s in g  th e  p r o s p e c ts  fo r  th e  d e v e lo p m e n t o f m ic r o p h y s 
i c s ,  in  a d d it io n  to  th e  tw o t r a d i t io n a l  p o s s ib i l i t i e s  ( r e f in e m e n t  o f th e  m a th 
e m a t ic a l  to o ls  of th e  e x is t in g  th e o ry  an d  a d v a n c e m e n t  o f a  r a d ic a l ly  new  
p h y s ic a l  id e a ) i t  i s  u s e f u l  (in  o u r  op in io n ) to  c o n s id e r  a  th i r d  p o s s ib i l i ty  
in v o lv in g  c h a n g e  in  th e  a c tu a l  m e th o d o lo g ic a l  s t r u c t u r e  o f k n o w led g e . It 
sh o u ld  be n o ted  th a t , in  c o n f o rm ity  w ith  th e s e  new  te n d e n c ie s ,  w h ich  s te m  
fro m  th e  g ro w in g  p ro b le m  o f lo g ic a l  la n g u a g e , th e  f o r m s  o f d o g m a tis m  a r e  
a ls o  m o d if ie d . If a t  th e  b eg in n in g  o f th e  c e n tu ry  d o g m a tis m  w a s  a s s o c ia t e d  
p re d o m in a n tly  w ith  o n to lo g ic a l  c o n s id e r a t io n  (" th e  a to m  i s  in d iv is ib le " ) ,  in  
o u r  ep o c h  d o g m a tism  is  b e c o m in g  in c r e a s in g ly  p ro m in e n t  in  th e  m e th o d o 
lo g ic a l  s p h e r e .  Such  d o g m a tism  is  l e s s  c o n c e rn e d  w ith  w h a t a  s c ie n t i f i c  
r e s u l t  r e p r e s e n ts  b u t is  c a p a b le  o f c a s tin g  do u b t on  th i s  r e s u l t  on th e  g ro u n d s  
th a t  i t  w a s o b ta in e d  "n o t a c c o rd in g  to  th e  r u l e s " .

O ne ca n  s t i l l  e n c o u n te r  s ta te m e n ts  c la im in g  th a t  r e a l l y  lo g ic a l  d i s c u s 
s io n s  m u s t  n e c e s s a r i l y  h av e  th e  fo rm  S — P an d  c a s tin g  doub t on th e  lo g ic  o f 
r e la t io n s  w ith  th e  fo r m u la  aR b . In  o u r  o p in io n  a b s o lu t iz a t io n  o f c a u s a l  r e 
la t io n s  to  th e  d e t r im e n t  of fu n c tio n a l r e la t io n s  ca n  a l s o  be  a  c o n s id e r a b le  
h in d ra n c e  to  th e  d e v e lo p m e n t of p h y s ic s .  A nd th e r e  c a n  be no dou b t now 
a s  to  the h a r m f u ln e s s  o f i l lu s io n s  a c c o rd in g  to  w h ich  th e  a b a n d o n m e n t o f 
v i s u a l iz a b i l i ty  (in th e  s e n s e  o f o r d in a r y  s e n s o r y  r e p r e s e n ta t io n  o f p h e n o m 
en a ) i s  m e re ly  a  p a s s in g  e p is o d ic  " f lu c tu a t io n "  w h ich  w ill be  fo llo w ed  by 
a  "so u n d  an d  c o m p le te ly  v i s u a l iz a b le  e q u i l ib r iu m "  in  fu tu re  p h y s ic s .

We b e lie v e  th a t  th e  te n d e n c y  o f th e  i n c r e a s e  in  a b s t r a c t i o n  o f p h y s ic a l  
kn o w led g e , i t s  m a th e m a tiz a t io n  an d  i t s  c y b e r n e t iz a t io n  w il l  g ro w . In  v iew  
o f th is  on e  ca n  c o n c lu d e  th a t  a b s t r a c t - l o g i c a l  m o d e l c o n s t r u c t io n  i s  o n e  of 
the m o s t  c o n te m p o r a ry  an d  c l e a r - c u t  m a n ife s ta t io n s  o f th e  l i v e l in e s s  of 
hu m an  c o n s c io u s n e s s .

In th e  th e o ry  o f e le m e n ta ry  p a r t i c le s  a s  i t  i s  fo r m in g  to d a y  s c ie n t i f i c  
co g n itio n  is  b ec o m in g  l e s s  an d  l e s s  v i s u a l iz a b le  a s  i t  e n c o u n te r s  th e  m a s s  
o f " r e m a r k a b le "  p e c u l ia r i t ie s  o f r e a l  o b je c ts .  T h e i r  e x p r e s s io n  w ill  r e 
q u ire  in c r e a s in g ly  ro u n d a b o u t an d  a b s t r a c t  lo g ic a l  to o ls  an d  p r o c e d u r e s ,  
a m o n g  w h ich  a b s t r a c t  m o d e ls  a r e ,  w e b e lie v e , d e s t in e d  to  p la y  a  g ro w in g  
r o le .
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T H E  T H E O R Y  O F  E L E M E N T A R Y  P A R T IC L E S  AND 
IN FO R M A T IO N  T H EO RY

I. A. A k c h u rin

T o d a y  th e  g r e a t e s t  p h y s ic i s t s  of o u r  t im e s  ac k n o w led g e  th a t  th e  c r e a t io n  
o f th e  g e n e r a l  th e o ry  of e le m e n ta r y  p a r t i c le s  w ill in v o lv e  ta k in g  a new  s te p  
th e  l ik e  o f w h ich  h a s  b ee n  s e e n  on ly  t h r e e  o r  fo u r  t im e s  in th e  h i s to r y  of 
th e  " l e a d e r  o f n a tu r a l  s c ie n c e " .  M o re o v e r ,  th is  s te p  w ill a p p a re n t ly  r iv a l  
in  s ig n if ic a n c e  th o s e  w e now a s s o c ia t e  w ith  th e  n a m e s  o f G a li le o  an d  N e w 
to n , F a r a d a y  an d  M ax w ell, L o re n tz  and  E in s te in ,  P la n c k  and  B o h r, 
S c h ro e d in g e r ,  H e is e n b e rg ,  D ira c  and  o th e r  fo u n d e rs  o f q u an tu m  th e o ry .
T h a t th e  u n d e r s ta n d in g  and  e x p la n a tio n  o f th e  v e r y  g e n e ra l  (and  y e t  h igh ly  
s p e c if ic )  r e g u la r i t i e s  of th e  b e h a v io r  of e le m e n ta r y  p a r t i c le s  w ill r e q u ir e  
th e  c r e a t io n  o f an  e s s e n t i a l l y  new  th e o ry  d i s t in c t  fro m  q u an tu m  m e c h a n ic s  
o r  r e la t iv i t y  is  a  t r u th  w h ich , on th e  w ho le , is  w id e ly  a c k n o w led g e d . S o m e 
w h a t f e w e r , bu t s t i l l  th e  m a jo r i ty  o f s c i e n t i s t s  b e l ie v e  th a t  m o d e rn  q u a n 
tu m  th e o r y  is  s a t i s f a c to r y  on ly  fo r  p h y s ic a l  p r o c e s s e s  a t  c o m p a ra t iv e ly  low 
e n e r g i e s  — a p p r o x im a te ly  up to  one b i l lio n  e le c t r o n  v o lts  (109 ev). L e t  u s  
r e c a l l  th a t  th e  s o - c a l le d  e x te n s iv e  a i r  s h o w e rs  in c o s m ic  r a d ia t io n  a r e  due 
to  p a r t i c le s  w ith  e n e r g ie s  of 1017- 1 0 2°e v . On th e  b a s i s  o f th e  r e p o r t s  and  
d i s c u s s io n s  a t  th e  c e le b r a te d  R o c h e s te r  c o n f e re n c e s ,  one m a y  c la im  th a t  
s c ie n t i f i c  "p u b lic  o p in io n "  is  m o re  o r  l e s s  u n a n im o u s  in c o n c e d in g  th a t  a 
th e o r e t ic a l  i n t e r p r e ta t io n  o f th e  h ig h ly  u n u su a l and  " s t r a n g e "  r e g u la r i t i e s  
o f th e  e le m e n ta r y  p a r t i c le  w o r ld  w ill h av e  to  a w a it  a new , f a r  m o re  g e n e ra l  
th e o r y ,  in w h ich  q u an tu m  m e c h a n ic s ,  th e  th e o ry  o f r e la t iv i ty  and  q u an tu m  
fie ld  th e o r y  w ill m e r e ly  a p p e a r  a s  p a r t i c u la r  l im i t in g  c a s e s .

W h e n e v e r  th i s  fu tu re  th e o ry  — w hich  is  y e t  to  b e  c r e a te d  — is  m e n tio n e d , 
it  is  N ie ls  B o h r 's  w o rd s  c o n c e rn in g  th e  " c r a z y "  id e a  w h ich , l ik e  a f la s h  
o f l ig h tn in g , i s  to  i l lu m in a te  th e  w ay to  th e  new  th e o ry ,  th a t  a r e  m o s t o ften  
q u o ted . In  th e s e  few w o rd s  is  e v id e n tly  fo r m u la te d  a  v e r y  i n te r e s t in g  and  
e f fe c t iv e  h e u r is t i c  p r in c ip le .  S o m e tim e s ,  h o w e v e r, th e y  a r e  in te r p r e te d  
a t  a f a i r l y  l im ite d  le v e l,  n a m e ly  a s  th e  r e q u ir e m e n t  th a t  c e r t a in  c o m p le te ly  
e x t r a o r d in a r y ,  in a c e r t a in  s e n s e  u t t e r ly  "w ild "  e q u a tio n s  o f m o tio n  o f th e  
p r im i t iv e  p h y s ic a l  o b je c ts  be  w r it te n  dow n.

O ne p o in t w h ich  is  so m eh o w  lo s t  s ig h t o f in  th is  p r o c e s s  is  th a t  e q u a tio n s  
o f m o tio n  — o r  an y  e q u a tio n s  a t  a l l  — r e p r e s e n t  m e r e ly  a  p a r t  o f an y  p h y s ic a l  
th e o r y :  a v e r y  im p o r ta n t  o n e , a v e r y  s ig n if ic a n t  o n e , b u t n o n e th e le s s  
m e r e ly  a  p a r t  o f e v e ry ,  e v e n  p ro fo u n d ly  " m a th e m a tiz e d "  b ra n c h  of m o d e rn  
t h e o r e t ic a l  p h y s ic s .  A no l e s s  im p o r ta n t  p a r t  i s  m a d e  up of th e  fu n d a m e n ta l 
c o n c e p ts  an d  th e o r e t ic a l  id e a s  o f th e  p h y s ic a l  th e o ry :  th e  e x a c t  c a te g o r ie s  
w h ich  c h a r a c t e r i z e  th e  p r im i t iv e  p h y s ic a l  o b je c ts  an d  t h e i r  s ta te  o f m o tio n  
an d  a r e  s u s c e p tib le  o f m a th e m a tic a l  fo r m a l iz a t io n ;  th e  c o m p le te ly  d e f in ite  
an d  u n iv o c a l s c h e m e  o f i n t e r r e l a t i o n  b e tw e e n  th e s e  fu n d a m e n ta l  c o n c e p ts ;  
t h e i r  c o r r e l a t i o n  w ith  th e  o ld  c o n c e p ts  o f e a r l i e r  p h y s ic a l  t h e o r i e s ,  an d , 
f in a l ly ,  w ith  e x p e r im e n t .
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J u d g in g  by B o h r 's  l a s t  a r t i c l e s  and  e s p e c ia l ly  by h is  l e c tu r e s  a t  th e  
M o sco w  S ta te  U n iv e r s i ty  in 1961, he se e m e d  to  b e l ie v e  th a t  th e  m o s t  d i f 
f ic u lt  and  c o m p le x  p ro b le m  in c o n s t r u c t in g  a new  p h y s ic a l  th e o ry  w a s  p r e 
c i s e ly  th e  d e v is in g  of a  s y s te m  o f fu n d a m e n ta lly  new , lo g ic a l ly  c o n s i s te n t  
id e a s ,  co u p le d  w ith  an  o b je c tiv e  s t r u c t u r e  of r e c ip r o c a l  s u b o rd in a t io n  and  
c o r r e l a t i o n  w ith  e x p e r im e n t .  In d e e d , B o h r 's  ow n s c ie n t i f i c  r e s u l t s  f u r n is h  
a m p le  c a u s e  fo r  r e f le c tio n  on th i s  to p ic . F o r  h e , a s  is  w e ll know n, w ro te  
no su c h  r e la t io n s  and  e q u a tio n s  a s  p e r p e tu a l ly  p r e s e r v e  th e  fa m e  o f t h e i r  
a u th o r s ,  o b ta in e d  no e x a c t  s o lu tio n s  and  fo r m u la s  su c h  a s  a r e  to  b e  found 
in th e  m a n u a ls  n ex t to  th e  a p p r o p r ia te  n a m e s . H is  c o n tr ib u t io n  w a s  f a r  
m o re  im p o r ta n t ,  im m e a s u ra b ly  m o re  d if f ic u lt . U n d e r h i s ,  a n d , p o s s ib ly ,  
M ax B o r n 's  g u id a n c e , a  b r i l l ia n t  sc h o o l o f y o ung  p h y s ic i s t s  o f  v a r io u s  
n a t io n a l i t ie s  ev o lv e d  a lo g ic a lly  c o n s i s te n t  s y s te m  o f c o n c e p ts  c a p a b le  of 
e x p r e s s in g  th e  m o s t a m a z in g  an d  in t r i c a t e  p e c u l ia r i t i e s  o f th e  b e h a v io r  o f 
i n t r a - a to m ic  p a r t i c le s .  And if  to d ay  we h av e m a s te r e d  th e  s e c r e t s  o f 
a to m ic  and  th e r m o n u c le a r  e n e rg y , c a n  c r e a t e  s u b s ta n c e s  w ith  r e q u ir e d  
p r o p e r t i e s  and  a r e  c lo s e  to  d is e n ta n g l in g  th e  p h y s ic o c h e m is t r y  o f l iv in g  
b e in g s ,  th e n  th i s  is  in no l i t t l e  m e a s u r e  du e  to  th e  s c i e n t i s t  w ho, by h is  own 
a c c o u n t, n e v e r  f e a re d  to  r e f e r  to  h im s e l f  b e f o re  h is  ow n p u p i ls  a s  a  m a n  
in c a p a b le  of c o m p re h e n d in g  in  i t s  e n t i r e ty  th e  m u l ti f a r io u s  an d  in e x h a u s t ib le  
c h a r a c t e r  o f th e  p h en o m e n a  o f n a tu re .

O f c o u r s e ,  it m u s t b e  s ta te d  c l e a r ly  th a t  in so lv in g  a ll  th e s e  h ig h ly  i n 
t r i c a te  p ro b le m s , th e  g r e a t  D a n ish  s c i e n t i s t  o ften , to o  o fte n , fo r m u la te d  
h is  th o u g h ts  in su c h  a  w ay a s  to  e n a b le  id e a l i s t s  o f a l l  s h a d e s  to  c lu tc h  a t  
th e m  and  in t e r p r e t  th e m  f o r  t h e i r  ow n e n d s .

B ut w h ile  c r i t i c i z in g  th e s e  e r r o r s  we m u s t a lw a y s  b e a r  in m in d  L e n in 's  
r e m a r k  th a t  " m o d e rn  p h y s ic s .  . . i s  m o v in g  to w a rd  th e  on ly  t r u e  m e th o d  
and  th e  on ly  t r u e  p h ilo so p h y  of s c ie n c e  no t d i r e c t ly  b u t by z ig z a g s ,  n o t c o n 
s c io u s ly  b u t s p o n ta n e o u s ly , no t w ith  th e  'u l t im a te  a im ' c l e a r ly  in  v iew  bu t 
g ro p in g  to w a rd  i t . . . "*

P r e c i s e ly  th e s e  w o r d s , sp o k e n  o v e r  h a lf  a c e n tu ry  ag o , sh o u ld  d e t e r 
m in e  o u r  a t t i tu d e  to  th e  g r e a t  D a n ish  s c ie n t i s t .  W h ile  p e r s i s t e n t ly  an d  c o n 
s i s te n t ly  c r i t i c i z in g  B o h r 's  i d e a l i s t i c  s ta te m e n ts  — p a r t i c u la r ly  th o s e  b e 
lo n g in g  to  th e  e r a  o f th e  t h i r t i e s  — we h av e  a  v e r y  g r e a t  d e a l  to  l e a r n  fro m  
h im . F i r s t  and  f o r e m o s t  we c a n  l e a r n  to  ad o p t a v e r y  s e r io u s ,  fu n d a m e n ta l  
a t t i tu d e  to  q u e s t io n s  o f m e th o d o lo g y , to  q u e s t io n s  r e la t in g  to  th e  fo r m a t io n  
of new  id e a s  a d e q u a te  to  e x p e r im e n t  an d  o f a lo g ic a l ly  c o n s i s te n t  s y s te m  of 
su c h  id e a s . N a tu r a l ly ,  e q u a tio n s  and  a b s t r a c t  sy m b o lic  r e la t io n s  in  g e n e ra l  
w ill p la y  a v e r y  im p o r ta n t  r o le  in an y  fu tu re  th e o ry ,  b u t c o m p le te ly  new  
id e a s  — c o n c e rn in g  th e  s ta te  o f m o tio n  o f p h y s ic a l  o b je c ts ,  th e  r e a s o n s  f o r  
c h a n g e s  in th is  s ta te  — w ill p lay  ju s t  a s  g r e a t  a ro le .  T h e fo r m a t io n  of 
su c h  id e a s ,  a s  th e  e x p e r ie n c e  o f b u ild in g  th e  th e o ry  o f r e la t iv i ty  an d  q u a n 
tu m  m e c h a n ic s  sh o w s, is  a v e r y  te d io u s ,  i n t r ic a te  and  e v e n  w o r r i s o m e  
b u s in e s s .  O f c o u r s e ,  it m u s t not b e  im a g in e d  th a t  th e s e  new  id e a s  an d  new  
c h a r a c t e r i z a t io n s  of th e  s t a t e  o f p h y s ic a l  o b je c ts  a t  th e  e le m e n ta r y  p a r t i c le  
le v e l  w ill b e  w o rk e d  ou t f i r s t ,  and  th a t  th e  c o r re s p o n d in g  e q u a t io n s  o f m o 
tio n  w ill be  w r it te n  dow n la t e r .  T h e h i s to r y  o f q u an tu m  th e o ry  sh o w s  th a t  
th e  fo r m a t io n  o f th e  new  id e a s  w h ich  e x p r e s s e d  a d e q u a te ly  an d  p ro fo u n d ly  
th e  r e g u la r i t i e s  o f th e  b e h a v io r  o f i n t r a - a to m ic  p a r t i c le s  w a s  c lo s e ly  i n t e r 
c o n n e c te d  w ith  th e  d is c o v e r y  of th o s e  new  m a th e m a tic a l  o b je c ts  (H e is e n b e r g 's

• L e n in , V.I. Sochineniya (Collected Works), Vol. 14, p. 299.
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m a t r i c e s  an d  S c h r o e d in g e r 's  w ave fu n c tio n s )  w h ich  p ro v e d  c a p a b le  of q u a n 
t i ta t iv e ly  e x p r e s s in g  th e  new  r e g u la r i t i e s .  B ut now th a t  s e v e r a l  d i f f e re n t  
v a r ia n t s  o f th e  e q u a t io n s  h av e  a l r e a d y  b e e n  w r it te n  fo r  " a l l "  e le m e n ta ry  
p a r t i c l e s ,  it s e e m s  im p e r a tiv e  to  sh if t  th e  e m p h a s is  to  th e  q u e s tio n  o f th e  
f o r m a t io n  of e s s e n t i a l l y  new  p h y s ic a l  an d  m a th e m a tic a l  id e a s ,  w h ich  a r e  
b o und  to  b e  d i s t in c t  fro m  q u an tu m  m e c h a n ic a l  id e a s  and  to  p la y  a fu n d a m e n 
ta l  ro le  in  a n y  f u tu re  th e o ry .

O ne th in g  i s  a p p a re n t ly  c e r t a in :  th e  fo r m a t io n  of th e  new  id e a s  and 
s u p e r s t r u c t u r e s  o f  a g e n e ra l  th e o ry  o f e le m e n ta r y  p a r t i c le s  is  u n th in k a b le  
w ith o u t s e r io u s  d i s c u s s io n  o f p ro b le m s  r e la t in g  to  th e  m eth o d o lo g y  of 
m o d e rn  s c ie n c e  an d  to  th e  p h i lo so p h ic a l  i n t e r p r e ta t io n  and  a s s im i la t io n  o f 
i t s  l a t e s t  r e s u l t s .  R oughly  s p e a k in g , one m ig h t e v e n  sa y  th a t  th e  fu tu re  
th e o r y  o f e le m e n ta r y  p a r t i c le s  w ill c o n s i s t ,  a s  it w e re ,  o f tw o p a r t s :  v e r y  
p ro fo u n d  p h i lo so p h ic a l ,  o r  m e th o d o lo g ic a l , c o n s id e r a t io n s ,  w h ich  w ill r e 
v e a l  th e  c o n te n t, m e a n in g  an d  r e la t io n s h ip  to  e x p e r im e n t  o f th e  fu n d a m e n ta l 
id e a s  o f th e  th e o r y ,  an d  f u r th e r ,  an  e n t i r e ly  new  m a th e m a tic a l  a p p a ra tu s  
(w h ic h  w e w ill c o n s id e r  in th e  fo llo w in g  se c tio n ) . T h e d e v e lo p m e n t of new 
id e a s  is  im p o s s ib le  w ith o u t th e  m o s t s e r io u s  and  c a re f u l  c o n s id e r a t io n  of 
th e  p h i lo so p h ic a l  q u e s t io n s  o f s c ie n c e ,  w ith o u t s o lid  p h i lo so p h ic a l  g ro u n d in g  
on  p a r t  o f th e  s c i e n t i s t s  d e a l in g  w ith  th e s e  p ro b le m s . T he in t e r e s t  o f M ax 
P la n c k , A lb e r t  E in s te in ,  N ie ls  B o h r , E rw in  S c h ro e d in g e r ,  W e rn e r  H e is e n 
b e r g  an d  o th e r  g r e a t  s c i e n t i s t s  o f m o d e rn  t im e s  in  th e  p h i lo so p h ic a l  p r o b le 
m a t i c s  o f t h e i r  s c ie n c e  is  in  a c e r t a in  s e n s e  p u re ly  " u t i l i t a r i a n "  — th e i r  
ow n p r a c t i c a l  s c ie n t i f i c  w o rk  h a s  led  th e m  to  c o n c lu d e  th a t  th e  fo r m a t io n  
of th e  fu n d a m e n ta l  id e a s  o f an y  d e v e lo p in g  th e o ry ,  a s  w e ll a s  th e  i n t e r p r e 
ta t io n  o f  t h e i r  c o n n e c tio n  w ith  e x p e r im e n t  an d  e a r l i e r  id e a s ,  a r e  a lw a y s  
d u e , u l t im a te ly ,  to  a  c r e a t iv e  u t i l iz a t io n  o f th e  s e c u la r  e x p e r ie n c e  in d e a l 
ing  w ith  h ig h ly  c o m p le x  and  d if f ic u lt  a b s t r a c t i o n s  w h ich  is  s to r e d  in th e  
m o s t  g e n e r a l iz e d  e x p r e s s io n  of a l l  h u m a n  c u l tu r e ,  p h ilo so p h y .

In  th i s  c o n n e c tio n  it is  v e r y  c h a r a c t e r i s t i c  th a t  in ta lk in g  ab o u t th e  o u t 
s ta n d in g  c o n t r ib u t io n s  of B o h r  to  th e  fo r m a t io n  of th e  s y s te m  o f id e a s  of 
q u an tu m  m e c h a n ic s ,  a l l  h i s  s tu d e n ts ,  w ho l a t e r  b e c a m e  v e r y  g r e a t  s c i e n 
t i s t s  th e m s e lv e s  (H e is e n b e r g ,  P a u l i ,  R o sen fe ld  e t a l . ), n e v e r  m e n tio n e d  
th e  p u r e ly  " S o c r a t ic "  m e th o d  w h ich  h e  em p lo y e d  in h is  t a lk s  on th e  s u b je c t  
o f an y  s c ie n t i f i c  w o rk  o r  in  c o n n e c tio n  w ith  an y  s c ie n t i f ic  p ro b le m .

In  o u r  o p in io n  th i s  m e th o d  o f d i s c u s s io n  is  a n o th e r  m a n ife s ta t io n  of 
B o h r 's  r e m a r k a b le  a b i l i ty  to  fe e l  d e e p ly , and  c o m m u n ic a te  to  o th e r s ,  th e  
o b je c tiv e  d i a l e c t ic s  o f th e  p h e n o m e n a  o f  th e  a to m ic  an d  s u b a to m ic  w o rld .

In  t h i s  c o n n e c tio n  it sh o u ld  b e  s t r e s s e d  th a t  th e  e le m e n ta r y  p a r t i c le  
w o r ld  is  a l r e a d y  d is p la y in g  in c r e a s in g ly  p ro fo u n d  an d  u n u su a l f e a tu r e s  of 
d ia l e c t ic a l  c o n t ra d ic t io n  ( v i r tu a l  " p a r t i c l e s " ,  " v a c u u m " , " s t r a n g e n e s s " ,  
p a r i t y  n o n c o n s e rv a t io n , e tc .) .

T h e  p o s s ib i l i ty  is  no t e x c lu d e d  — an d  th e  h i s to r y  of q u an tu m  th e o ry  s p e a k s  
in  f a v o r  o f it  — th a t  th e  th e o ry  of e le m e n ta r y  p a r t i c le s  w ill b e  c r e a te d  not 
by  o n e  m a n  b u t by  a n  e n t i r e  g ro u p  of s c i e n t i s t s  w o rk in g  on th e  p r in c ip le  of 
d iv is io n  o f l a b o r :  so m e  w ill d e a l  p r im a r i l y  w ith  m e th o d o lo g ic a l  p ro b le m s  
an d  o t h e r s  w ith  th e  d e v e lo p m e n t o f a c o r r e s p o n d in g  m a th e m a tic a l  a p p a ra tu s .  
T h e  s u c c e s s  o f  th i s  g ro u p  w ill d ep e n d  a g r e a t  d e a l  on th e  e x te n t to  w hich  its  
m e m b e r s  a r e  f a m i l i a r  no t m e r e ly  w ith  t h e i r  ow n " s p e c ia l i ty "  b u t a ls o  w ith  
th e  l im i t in g  b r a n c h e s  o f s c ie n c e ,  e s p e c ia l ly  w ith  th e  tw o  w h ich  h av e  lo n g  
b e e n  r e g a r d e d  a s  b o r d e r in g  upon e v e ry  b ra n c h  o f h u m a n  k n o w led g e , n a m e ly  
p h ilo so p h y  an d  m a th e m a tic s .
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A s a  v e r y  s e r io u s  m e th o d o lo g ic a l  p ro b le m  we s u g g e s t  s tu d y in g  th e  e x 
p e r ie n c e  o f c o l le c t iv e  s c ie n t i f ic  c r e a t io n  by m a n y  e m in e n t s c i e n t i s t s  w o r k 
in g  s im u l ta n e o u s ly ;  in d ee d , it is  p r e c i s e ly  in t h i s  w ay th a t  su c h  g r e a t  
p h y s ic a l  th e o r ie s  of th e  tw e n tie th  c e n tu ry  a s  q u an tu m  m e c h a n ic s  an d  q u a n 
tu m  f ie ld  th e o ry  w e re  d e v e lo p e d . S im i la r ly ,  e n t i r e  c o l le c t iv e s  — an d  v e r y  
s t ro n g  c o l le c t iv e s  a t  th a t ,  ev e n  " c o n s te l la t io n s "  of c o l le c t iv e s  — w e re  r e s 
p o n s ib le  f o r  c r e a t in g  c y b e r n e t ic s  and  th e  le a d in g  b r a n c h e s  o f m o d e rn  
m a th e m a tic s  ( th e  m e th o d o lo g ic a l  s e m in a r  in New M ex ico  an d  th e  B o u rb a k i 
g ro u p , re s p e c t iv e ly ) .  And it is  e n t i r e ly  p o s s ib le  th a t  th e  l a s t  p h y s ic a l  
th e o ry  c r e a te d ,  so  to  s p e a k , to  a  l a r g e  d e g r e e  " p e r s o n a l ly "  w ill h a v e  b e e n  
A lb e r t  E in s t e in 's  th e o ry  of re la t iv i ty .  T o d ay  and  in  th e  fu tu re  — o w ing  to  
th e  q u a l i ta t iv e  ju m p  in th e  c o m p le x ity  an d  p ro fu n d ity  of h u m a n  k n o w led g e — 
e v e ry  s c i e n t i s t  w o rk in g  by h im s e lf ,  h o w e v e r g r e a t  h i s  c a p a b i l i t i e s  and  
ta le n ts ,  w ill b e  a b le  to  d e v e lo p  on ly  a c e r t a in  f r a g m e n t  ol th e  th e o ry ,  on ly  
c e r t a in  of i t s  s e c tio n s .  T h is  is  w hy to d a y , in th e  p e r io d  im m e d ia te ly  p r e 
c e d in g  th e  c r e a t io n  o f th e  th e o ry  of e le m e n ta r y  p a r t i c le s ,  th e  s lo g a n  of g r e a t e r  
un ion  and  e f f ic ie n t  c o o p e ra t io n  a m o n g  p h y s ic i s t s  an d  p h i lo s o p h e rs  a s s u m e s  
v e r y  c o n c re te  s ig n if ic a n c e  and  is  o f c o n s id e r a b le  p r a c t i c a l  im p o r ta n c e .

H o w e v e r d if f ic u lt  and  c o m p lic a te d  th e  w o rk  c a r r i e d  out by B o h r  in 
c r e a t in g  q u an tu m  th e o ry , s o m e o n e  w ill h av e  to  p e r f o r m  a s i m i l a r ,  an d  a p 
p a r e n t ly  ev e n  im m e a s u ra b ly  m o re  d if f ic u lt , fe a t  to  d e v e lo p  th e  g e n e ra l  
th e o ry  o f e le m e n ta ry  p a r t i c le s .  . .

T h u s  in  th e  p re v io u s  s e c tio n  we t r i e d  to  d ra w  a few " m e th o d o lo g ic a l  
l e s s o n s "  fro m  th e  e x p e r ie n c e  o f c r e a t in g  th e  m o s t  fu n d a m e n ta l  p h y s ic a l  
th e o r i e s  o f th e  tw e n tie th  c e n tu ry  — t he th e o ry  of r e la t iv i ty  an d  q u an tu m  m e 
c h a n ic s .  W e c a m e  to  th e  c o n c lu s io n  th a t  in  an y  fu tu re  th e o ry  o f e le m e n ta r y  
p a r t i c le s ,  and  e s p e c ia l ly  in  th e  p e r io d  o f c r e a t io n  an d  f o r m a t io n  o f th e  
l a t t e r ,  p r o b le m s  o f g n o se o lo g ic a l  o r d e r  and  v e r y  g e n e r a l  o n to lo g ic a l  a s 
su m p tio n s  r e g a r d in g  a t t r i b u t e s  and  p r o p e r t i e s  o f m o v in g  m a t t e r  w ould  p la y  
a v e r y  im p o r ta n t ,  in d ee d  d e c is iv e  ro le .

In  th e  p r e s e n t  s e c tio n  we w ill c o n s id e r  th e s e  s a m e  " le s s o n s "  d ra w n  
fro m  e a r l i e r  fu n d a m e n ta l p h y s ic a l  t h e o r i e s  fro m  th e  s ta n d p o in t  o f f o r e s e e 
in g  th e  m a th e m a tic a l  a p p a r a tu s  w h ich  w ill b e  u se d  in  th e  f u tu re  g e n e ra l  
th e o ry  of e le m e n ta ry  p a r t i c le s .  In  th is  c o n n e c tio n  it sh o u ld  b e  u n d e r lin e d  
th a t  th e  m a th e m a tic a l  a p p a r a tu s  o f a p h y s ic a l  th e o ry  — th e  fu n d a m e n ta l  
m a th e m a tic a l  c o n c e p ts ,  th e  s y s te m  of t h e i r  m u tu a l  s u b o rd in a t io n , th e  a b 
s t r a c t  sy m b o lic  r e la t io n s  w h ich  e x p r e s s  th is  s y s te m , a n d , f in a l ly ,  th e  a l 
g o r i th m s  f o r  t r a n s f o r m a t io n  o f c e r t a in  sy m b o lic  r e la t io n s  in to  o th e r s  — a l l  
o f th e s e  th in g s  a r e  r e la te d  in a c o m p le te ly  d e f in ite  m a n n e r  to  th e  o b je c tiv e  
c o n te n t o f th is  th e o ry .

I t  is  no a c c id e n t  th a t  N ew ton , in o r d e r  to  c r e a t e  g e n e r a l  d y n a m ic s ,  had  
to  d e v e lo p  an  e s s e n t ia l ly  new  b ra n c h  o f m a th e m a tic a l  s c ie n c e  f o r  i t s  q u a n 
t i ta t iv e  fo r m u la tio n  — d i f f e r e n t ia l  and  in te g r a l  c a lc u lu s .  In  th e  la n g u a g e  
of  p re -N e w to n ia n  m a th e m a tic s ,  w h ich  w a s  in n o c e n t o f l im i t in g  p r o c e s s e s  
an d  w h ich  u ti l iz e d  e x c lu s iv e ly  in v a r ia n t ,  c o n s ta n t  q u a n t i t i e s ,  f o r m u la tio n  
o f th e  g e n e ra l  p r in c ip le s  o f m e c h a n ic s  w ould  s im p ly  h av e  b e e n  im p o s s ib le .

In l a t e r  y e a r s ,  ow ing  to  i n c r e a s in g  s p e c ia l iz a t io n  o f h u m a n  k n o w led g e , 
th e r e  w a s  not a s in g le  c a s e  o f  th e  fo u n d e r  o f a new  p h y s ic a l  th e o r y  a l s o  
b e in g  th e  c r e a t o r  of i ts  m a th e m a tic a l  a p p a r a tu s .  D iv is io n  o f l a b o r  in 
s c ie n c e  and  th e  c o lo s s a l  g ro w th  o f h u m an  k n o w led g e h a v e  c o n v e r te d  e v e r y
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m o r e  o r  l e s s  s e r io u s  s c i e n t i s t  in to  a v e r y  n a r ro w  s p e c ia l is t .  B ut a c e r t a in  
p a r a l l e l i s m  b e tw e e n  th e  d e v e lo p m e n t of p h y s ic s  and  th a t  of m a th e m a tic s  
h a s  p e r s i s t e d  an d  c o n t in u e s  to  be  m a n ife s te d  ev e n  u n d e r  th e s e  c o n d it io n s .

T o fo r m u la te  th e  c o m p le te  s y s te m  of e q u a tio n s  of th e  e le c tro m a g n e tic  
f ie ld .  M ax w ell w a s  c o m p e lle d  to  u s e  th e  a p p a r a tu s  of v e c to r  a n a ly s i s  and 
th e  th e o r y  of p a r t i a l  d i f f e r e n t ia l  e q u a tio n s , th e  m o s t im p o r ta n t  s e c tio n s  of 
w h ich  w e re  d e v e lo p e d  a v e r y  s h o r t  w h ile  b e f o re  th e  p u b lic a tio n  o f h is  fu n d a 
m e n ta l  " T r e a t i s e  on E l e c t r i c i ty  and  M a g n e tis m " . T e n s o r  c a lc u lu s  in th e  
fo rm  of th e  s o - c a l le d  " a b s o lu te  d i f fe re n t ia l  c a lc u lu s "  w a s d e v e lo p e d  by th e  
I ta l i a n  m a th e m a tic ia n s  R ic c i and  L e v i- C iv i ta  a g a in  only  a few  d e c a d e s  
p r i o r  to  i t s  u t i l iz a t io n  a s  th e  fu n d a m e n ta l  m a th e m a tic a l  a p p a ra tu s  o f the 
g e n e r a l  and  s p e c ia l  th e o ry  o f r e la t iv i ty .

E v en  m o r e  in s t r u c t iv e  is  th e  h i s to r y  of th e  c r e a t io n  o f th e  m a th e m a tic a l  
a p p a r a tu s  o f q u an tu m  m e c h a n ic s  — th e  th e o ry  o f s e l f - a d jo in t  o p e r a to r s  in 
in f in i te -d im e n s io n a l  H i lb e r t  s p a c e s .  An in t e r e s t  in th e s e  s o - c a l le d  H e r -  
m itia n  o p e r a to r s  a r o s e  a t  th e  b e g in n in g  o f th e  p r e s e n t  c e n tu ry ,  o r ig in a l ly  
in r e s p o n s e  to  p u re ly  in te r n a l  m a th e m a tic a l  r e q u ir e m e n ts  r e la te d  to  th e  
d e v e lo p m e n t o f th e  th e o ry  o f in te g r a l  e q u a tio n s  an d  in f in i te -d im e n s io n a l  
m a t r i c e s .  B u t no m o r e  th a n  tw o d e c a d e s  l a t e r  th e s e ,  w h ich  had  s e e m e d  so  
v e r y  a b s t r a c t  an d  re m o te  fro m  c o n c r e te  p ro b le m a t ic s ,  p ro v e d  to  b e  a b s o 
lu te ly  n e c e s s a r y  c o m p o n e n ts , o r  e v e n , one m ig h t s a y ,  th e  fu n d a m e n ta l 
b u ild in g  b r i c k s ,  of th e  a b s t r a c t - m a th e m a t ic a l  m o d e ls  o f i n t r a - a to m ic  p r o 
c e s s e s  d e v e lo p e d  in q u an tu m  th e o ry .

If  w e now r a i s e  th e  q u e s tio n  o f th e  m a th e m a tic a l  a p p a r a tu s  of th e  fu tu re  
th e o r y  of e le m e n ta r y  p a r t i c le s ,  in i t s  m o s t g e n e ra l  fo rm  th e  a n s w e r  w ill 
a p p a r e n t ly  b e  a s  fo llo w s ; th i s  a p p a r a tu s ,  in i t s  fo u n d a tio n s , w ill b e  v e r y  
c lo s e ly  r e la t e d  to  th e  m o s t  im p o r ta n t ,  m o s t fu n d a m e n ta l  c o n c e p ts  o f m o d e rn  
m a th e m a tic s  — c a te g o r y , fu n c to r ,  d ia g ra m , a b s t r a c t  m e a s u r e ,  a lg o r i th m , 
an d  so  on. I t  sh o u ld  p a r t i c u la r ly  be  e m p h a s iz e d  th a t  th e s e  c o n c e p ts  w ill 
b e  an  e s s e n t i a l  p a r t  o f th e  fo r m u la tio n  o f th e  o r ig in a l ,  m o s t g e n e ra l  p r i n 
c ip le s  o f th e  th e o ry ;  th e y  w ill no t s im p ly  b e  u se d  a s  an  a u x i l i a r y  m e a n s  to  
s e e k  th e  s o lu tio n s  o f c e r t a in  e q u a t io n s ,  a s  is  th e  c a s e ,  fo r  e x a m p le , in 
th e  a p p l ic a t io n  o f g ro u p  th e o r y  in q u an tu m  m e c h a n ic s .

T h is  a n s w e r  is ,  of c o u r s e ,  so  g e n e r a l  a s  to  fa il  to  g iv e  an y  c o n c r e te  in 
d ic a tio n  a s  to  th e  p a th  o f d e v e lo p m e n t o f th e  m a th e m a tic a l  a p p a r a tu s  o f th e  
fu tu re  th e o ry  o f e le m e n ta r y  p a r t i c le s .  In  a l a t e r  s e c tio n  of th e  p r e s e n t  
a r t i c l e  w e w ill g iv e  m o r e  e f fe c t iv e  c r i t e r i a  f o r  th e  a p p r o p r ia te n e s s  of 
v a r io u s  c o n c r e te  m a th e m a tic a l  s t r u c t u r e s  a s  an  a d e q u a te  e x p r e s s io n  of 
" s t r a n g e "  an d  u n u su a l p e c u l ia r i t i e s  in  th e  b e h a v io r  o f e le m e n ta r y  p a r t i c le s .  
B u t a l r e a d y  f ro m  th e  c o n s id e r a t io n s  g iv en  a b o v e , c e r t a in  p e r f e c t ly  d e f in ite  
c o n c lu s io n s  m a y  b e  d ra w n  c o n c e rn in g  th e  ro le  of m o d e rn  m a th e m a tic s  in 
th e  s o lu tio n  o f th e  c e n t r a l  p ro b le m  of m o d e rn  p h y s ic s .

T h e  m o s t  im p o r ta n t  c o n c lu s io n  is  th a t  it is  n e c e s s a r y  f o r  th e  p h y s ic i s t s  
to  m a k e  a  p e r s i s t e n t  an d  s y s te m a t ic  s tu d y  of m a th e m a tic s ,  a s c ie n c e  w h ich  
h a s  b e e n  p r o g r e s s in g  a t  a  fa n ta s t ic  p a c e  and  h a s  u n d e rg o n e  tw o c a rd in a l  
c h a n g e s  in th e  p r e s e n t  c e n tu ry .  I t i s  w e ll know n th a t  th e  f i r s t  o f th e s e  
c h a n g e s  w a s  d u e  to  th e  w id e s p r e a d  in t ro d u c t io n  in to  m a th e m a tic s  of th e  
m e th o d s  o f  s e t  th e o r y  an d  g ro u p  th e o r y  an d  th e  a x io m a t ic  m e th o d . T h e sec o n d  
c h a n g e , w h ich  b e g a n  a f t e r  th e  se c o n d  w o r ld  w a r  an d  h a s  ev o lv e d  p a r t i c u l a r 
ly  r a p id ly  in  th e  l a s t  d e c a d e , i s  u s u a l ly  a t t r ib u te d  to  th e  d e v e lo p m e n t of 
c y b e r n e t ic a l  c a lc u la t in g  te c h n iq u e s ,  on th e  one h an d , an d , on th e  o th e r ,  to  
th e  b r i l l i a n t  w o rk  o f an  in te rn a tio n a l  g ro u p  o f  yo u n g  an d  ta le n te d
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m a th e m a tic ia n s  who ad o p te d  th e  p seu d o n y m  of N ic o la s  B o u rb a k i ( s o  th a t  
to d ay  m an y  s p e a k  of th e  p r o c e s s  o f " B o u r b a k iz a t io n " ).

If  o n e  e x a m in e s  th e  s c ie n t i f i c  w o rk s  p u b lish e d  in an y  m o d e rn  p h y s ic a l  
jo u rn a l  fro m  th e  s ta n d p o in t  of th e  m a th e m a tic a l  m e th o d s  th e y  e m p lo y , one 
find th a t  th e s e  m e th o d s , in th e  o v e rw h e lm in g  m a jo r i ty  o f c a s e s ,  go b a c k  
to  n in e te e n th , o r  a t  b e s t ,  e a r ly  tw e n tie th  c e n tu ry  m a th e m a tic s .  I n t e g r a 
t io n  o v e r  so m e  c o n to u r  o r  o th e r  in th e  c o m p le x  p la n e , v a r io u s  m a t r ix  r e 
la t io n s  and  t r a n s f o r m a t io n s ,  fo r m u la s  f ro m  th e  th e o ry  of s p e c ia l  fu n c tio n s  
— th is  a c c o u n ts  fo r  90%  of th e  m a th e m a tic a l  b ag g a g e  o f a n y  m o d e rn  th e o 
r e t i c a l  p h y s ic is t .

T h e g r e a t  A m e r ic a n  m a th e m a tic ia n  M a r s h a l l  S to n e , a u th o r  o f a  m o n o 
g ra p h  fu n d a m e n ta l to  qu an tu m  th e o ry  ( " L in e a r  T r a n s f o r m a t io n s  in  H i lb e r t  
S p a c e " ) , w r i te s  p o in t-b la n k  in h is  e s s a y  on " M a th e m a tic s  an d  th e  F u tu r e  
of S c ie n c e "  th a t  th e  a b s e n c e  o f p r o g r e s s  in th e  th e o ry  of e l e m e n ta r y  p a r t i c 
le s  is  du e  to  th e  fa c t  th a t  m o d e rn  p h y s ic i s t s  do not know  m o d e rn  m a th e m a 
t ic s * .  O f c o u r s e ,  su c h  a s ta te m e n t  is  v e r y  e a s y  to  m a k e  fo r  a s p e c ia l i s t  
in m a th e m a tic s ,  w h ile  f o r  an y  n o n m a th e m a tic ia n  it is  e x t r e m e ly  d if f ic u lt  
to  ta k e  ev e n  th e  f i r s t  s te p s  to w a rd  an  a c q u a in ta n c e  w ith  " B o u rb a k i  m a th e 
m a t ic s " ;  s t i l l  th e r e  is  o b v io u s ly  a  m e a s u r e  o f t r u th  in M a r s h a l l  S to n e 's  
w o rd s .

F u r t h e r  p r o g r e s s  in t h e o r e t ic a l  p h y s ic s  is  c l e a r ly  u n th in k a b le  w ith o u t 
a c e r t a in  " B o u rb a k iz a t io n " ,  a " B o u rb a k iz a t io n "  w h ich  w ill in v o lv e  i ts  
d e e p e s t  ro o ts  and  i t s  m o s t fu n d a m e n ta l  and  p ro fo u n d  th e o r e m s .  F o r  if  one 
ta k e s  th e  e d if ic e  o f th e  " l e a d e r  o f m o d e rn  s c ie n c e "  a s  a  w h o le , i t s  m o s t  
d e e p - s e a te d  b a s e  o f m a th e m a tic a l  c o n c e p ts  c o n s i s t s  o f th e  c o n te n t o f th e  
f i r s t  s ix  c h a p te r s  o f D i r a c 's  w e ll-k n o w n  " P r in c ip le s  o f Q u a n tu m  M e c h a n ic s "  
(w h ic h , a s  w e m ay  n o te  p a r e n th e t ic a lly ,  p la y s  th e  p a r t  o f  N e w to n 's  " O r i 
g in s"  in  m o d e rn  p h y s ic s ) . Y e t th e s e  s ix  c h a p te r s  a r e  n o th in g  b u t a  " p h y s i -  
c iz e d "  e x p o s it io n  o f th e  a x io m a t ic s  o f H i lb e r t  s p a c e ,  w h ich  w a s  in tro d u c e d  
o v e r  a h a l f - c e n tu r y  b a c k , w h e re a s  m o d e rn  m a th e m a tic s  c a n  su p p ly  p h y s ic s  
w ith  s p a c e s  o f a f a r  m o re  a b s t r a c t ,  " e x o t ic "  and  ev e n  c o m p le te ly  " s t r a n g e "  
n a tu re .

O ne sh o u ld  not fo r g e t  th e  im m e n s e  h e u r is t i c  v a lu e  w h ich  a c o r r e c t ly  
c h o se n  m a th e m a tic a l  a p p a r a tu s  h a s  a lw a y s  had  in  p h y s ic s .  In d e e d , N e w 
to n 's  d y n a m ic s  is , f i r s t  and  fo r e m o s t,  N e w to n 's  e q u a tio n s  of m o tio n , ju s t  
a s  M a x w e ll 's  e le c t ro d y n a m ic s  i s ,  f i r s t  an d  fo r e m o s t.  M a x w e ll 's  e q u a tio n s . 
T h e m a th e m a tic a l  a p p a r a tu s  o f d i f f e re n t ia l  and  in te g r a l  c a lc u lu s  m a d e  it 
p o s s ib le  to  fo r m u la te  su c h  fu n d a m e n ta l  p h y s ic a l  c o n c e p ts  of m e c h a n ic s  a s  
v e lo c ity ,  a c c e le r a t io n ,  e tc . , an d  th e  a p p a r a tu s  o f v e c to r  a n a ly s i s  an d  o f 
th e  th e o ry  of p a r t ia l  d i f f e r e n t ia l  e q u a tio n s  d id  th e  s a m e  f o r  su c h  fu n d a m e n 
ta l  p h y s ic a l  c o n c e p ts  o f th e  th e o ry  of e l e c t r i c i t y  a s  th e  p o te n t ia l  o r  ed d y  
f ie ld , p o n d e ro m o tiv e  f o r c e s ,  e tc . It is  th e  h e u r is t i c  fo r c e  of th e  e q u a t io n s  
w h ich  led  N ew ton to  d i s c o v e r  th e  law  o f u n iv e r s a l  g ra v ita t io n , an d  M ax w ell 
to  d i s c o v e r  th e  d i s p la c e m e n t  c u r r e n t  an d  to  e s ta b l i s h  th e  id e n t i ty  o f lig h t  
an d  e le c t ro m a g n e tic  o s c i l l a t io n s .

T h e  tre m e n d o u s  h e u r is t i c  ro le  o f fo u r -d im e n s io n a l  f o r m a l is m  in th e  
c r e a t io n  o f th e  s p e c ia l  th e o ry  of r e la t iv i ty  an d  o f t e n s o r  a n a ly s i s  in th e  
c r e a t io n  of th e  g e n e ra l  th e o ry  o f r e la t iv i ty  is  u n iv e r s a l ly  know n. M a t r i c e s  
and  w ave fu n c tio n s  (a s  d i s t in c t  th o u g h  e q u iv a le n t r e p r e s e n ta t io n s  o f " v e c 
to r s "  in in f in i te -d im e n s io n a l  H i lb e r t  s p a c e )  w e re ,  a s  is  w e ll know n, th e

• See Matematicheskoe prosveshchenie (Mathematical Education), No. 4, p. 111. 1959.
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in i t ia l  m a th e m a tic a l  o b je c ts  w h ich  s e r v e d  a s  th e  h e u r is t i c  fo u n d a tio n  fo r  
th e  f o r m a t io n  of a l l  th e  fu n d a m e n ta l  p h y s ic a l  c o n c e p ts  o f q u an tu m  th e o ry  — 
s t a t e ,  o b s e r v a b le ,  e tc . It is  t h e r e f o r e  e n t i r e ly  n a tu r a l  to  e x p e c t th a t  th e  
r e v e la t io n  of th e  m o s t  fu n d a m e n ta l  p h y s ic a l  c o n c e p ts  o f th e  fu tu re  g e n e ra l  
th e o ry  o f e le m e n ta r y  p a r t i c le s  w ill ta k e  p la c e  in v e r y  in t im a te  c o n ta c t  w ith  
th e  r e v e la t io n  o f th o s e  new  and  h ig h ly  a b s t r a c t  m a th e m a tic a l  s p a c e s ,  w hich  
w ill p ro v e  to  b e  th e  on ly  o n e s  s u i ta b le  fo r  th e  c o n s tru c t io n  of a d e q u a te  
lo g ic o - m a th e m a t ic a l  m o d e ls  o f th e  m o tio n  of m a t t e r  a t  th e  e le m e n ta ry  p a r 
t i c l e  le v e l.

B e lo w , a t  th e  end  of th e  p r e s e n t  a r t i c l e ,  we w ill sp e a k  in g r e a t e r  d e ta il  
a b o u t th e s e  s p a c e s ;  h e r e  we w ill co n f in e  o u r s e lv e s  to  re p e a t in g  w hat s e e m s  
to  u s  a v e r y  l ik e ly  h y p o th e s is ,  n a m e ly  th a t  in th e  fu tu re  th e o ry  o f e le m e n t 
a r y  p a r t i c le s  th e  m a th e m a tic a l  id e a s  o f th e  f i r s t  s ix  c h a p te r s  o f D i r a c 's  
b o o k  w ill b e  r e p la c e d , a p p a re n t ly ,  by a " p h y s ic iz e d "  e x p o s it io n  of th e  a x io -  
m a t i c s  o f a m a th e m a tic a l  s p a c e  m o re  a b s t r a c t  th a n  H ilb e r t  s p a c e ,  one out 
o f th e  v a s t  n u m b e r  in tro d u c e d  in  m o d e rn  m a th e m a tic s  in  th e  l a s t  tw o to  
t h r e e  d e c a d e s .  O f c o u r s e ,  th i s  w ill b e  p o s s ib le  on ly  if, f i r s t l y ,  one ca n  
c o p e  m o r e  o r  l e s s  a c c e p ta b ly  w ith  a l l  su c h  s p a c e s ,  an d , s e c o n d ly , if one 
h a s  so m e  c r i t e r i o n  on th e  b a s i s  o f w h ich  to  t r y  to  a d a p t c e r t a in  a b s t r a c t  
m a th e m a tic a l  s p a c e s  to  th e  d e s c r ip t io n  o f th e  m o tio n  o f m a t t e r  a t  th e  e l e 
m e n ta r y  p a r t i c le  le v e l  w h ile  r e je c t in g  th e  r e s t  f ro m  th e  v e r y  s t a r t .

T o  a t te m p t  to  p ro p o s e  su c h  a c r i t e r i o n  is  th e  m a in  a im  of th e  p r e s e n t  
a r t i c l e ,  one w h ich  w ill b e  r e a l iz e d  in th e  fo llo w in g  s e c tio n s .  H e re  we 
sh o u ld  l ik e  s im p ly  to  a d d u c e  y e t  a n o th e r  a r g u m e n t  in  fa v o r  o f th e  
" B o u rb a k iz a t io n "  o f th e o r e t ic a l  p h y s ic s ,  n a m e ly  th a t  th e  " B o u rb a k is m "  is  
h ig h ly  r e m in is c e n t  o f th e  s ty le  o f th e  s c h o o l of p h y s ic i s t s  h e a d e d  by B o h r —the 
p h y s ic i s t s  who founded  q u an tu m  m e c h a n ic s  an d  q u an tu m  f ie ld  th e o ry . A 
d e ta ile d  c o n s id e r a t io n  h e r e  w ould ta k e  u s  too  f a r  a f ie ld  (on th is  s u b je c t  s e e  
P . R. H a li-n o s 's  a r t i c l e  " N ic o la s  B o u rb a k i" * )  b u t w e fe e l th a t  in th e  w hole 
o f m o d e rn  s c ie n c e  it w ould  b e  d if f ic u lt  to  find  a m o r e  s t r ik in g  e x a m p le  of 
a l iv in g , a c t iv e ,  c o n s t r u c t iv e  (th o u g h  sp o n ta n e o u s )  d ia le c t ic ,  b u r s t in g  w ith  
c r e a t iv e  f l ig h ts .  T h e " s im p le "  is  s e e n  by  B o u rb a k i in t e r m s  of th e  c o m 
p l e x — tho u g h  th e  m o s t  i n t r i c a t e  m a th e m a tic a l  c o n s t r u c t io n s  on " s im p le "  
m a th e m a tic a l  s p a c e s  — an d , c o n v e rs e ly ,  in th e  c o m p le x  th e y  s e e  th e  v e r y  
" s im p le "  — f o r  e x a m p le , th e y  t r e a t  a l l  o f m o d e rn  m a th e m a tic s  a s  an  i n t e r 
w e a v in g  of a  few b a s ic  m a th e m a tic a l  s t r u c t u r e s  ( f o r  g r e a t e r  d e ta il  s e e  th e  
a r t i c l e  by  th e  " m a n y -h e a d e d "  a u th o r  h im s e lf ,  e n ti t le d  "T h e  A r c h i te c tu r e  of 
M a th e m a tic s " * * ) .

In  e v e ry  m a th e m a tic a l  c o n s t r u c t io n  th e s e  b a s ic  s t r u c t u r e s  — a lg e b r a ic ,  
to p o lo g ic a l  an d  o r d e r in g  — o c c u r  in c o m p le x , c o n t r a d ic to r y  in te ra c t io n ;  th e  
e x te n t to  w h ich  a lg e b r a ic  o r  to p o lo g ic a l  a x io m a t ic s  a r e  em p lo y ed  in a g iven  
th e o r y  d e te r m in e s  th a t  q u a l i ta t iv e  t r a i t  w h ich  c h a r a c t e r i z e s  th i s  d iv is io n  
o f m a th e m a tic s  a s  fu n c tio n a l a n a ly s i s  o r ,  s a y , th e  a b s t r a c t  th e o ry  of m e a s 
u r e .  C le a r ly ,  p r o g r e s s  in  s c ie n c e  is  a lw a y s  m o s t  l ik e ly  a lo n g  th o s e  l in e s  
w h ich  u s e ,  in  t h e i r  c o n s t r u c t io n s ,  th e  m a th e m a tic a l  m e th o d s  m o s t th o 
ro u g h ly  p e n e t ra te d  by a c r e a t iv e  d ia le c t ic .  T h e h i s to r y  o f th e  fo u nd ing  of 
th e  m o s t  fu n d a m e n ta l  t h e o r i e s  d e m o n s t r a te s  th is  a b s o lu te ly  u n e q u iv o c a lly . 
T h e  e n t i r e  p ro b le m  is , w h ich  o f th e  t r e n d s  in  m o d e rn  m a th e m a tic s  h a s  
m o s t  m in u te ly  c a p tu re d  th e  im m a n e n t d ia le c t ic  o f th e  w o r ld  an d  o f i t s  own

• See Matemaiicheskoe prosveshchenie. No. 5, p.229. 1956.
•• Ibid. , p. 99.
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su b je c t . W e m a in ta in  th a t  th e  " B o u rb a k is t"  t r e n d  is  th e  a n s w e r .  T h is  s p e 
c if ic  a n s w e r  m ay  p o s s ib ly  b e  in a c c u r a te ,  o r  e v e n  w o r s e ,  an  e r r o r .  B ut 
on e  c a n n o t e v a d e  so lv in g  th i s  p ro b le m : if it is  no t p o n d e re d  o v e r  an d  d i s 
c u s s e d , th e  fu tu re  fo u n d e rs  o f e le m e n ta r y  p a r t i c le  th e o ry  w ill s t i l l  h a v e  to  
so lv e  it " p r a g m a tic a l ly "  by c h o o s in g  th e  on ly  m a th e m a tic a l  o b je c ts  w h ich  
ca n  p o s s ib ly  e n a b le  th e  c o n s tru c t io n  of a s y s te m a t ic ,  lo g ic a l ly  c o n s i s te n t  
th e o ry  o f th e  " s t r a n g e "  w o r ld  of in te r a c t in g  le p to n s ,  m e s o n s ,  n u c le o n s  and  
h y p e ro n s .

And now , one l a s t  r e m a r k  c o n c e rn in g  th e  ro le  o f m a th e m a tic s  in  th e  
c o n s tru c t io n  o f th e  fu tu re  th e o ry  of e le m e n ta r y  p a r t i c le s ,  o r ,  m o r e  p r e c i s e 
ly , c o n c e rn in g  th e  r o le  o f th e  fo r e m o s t  m a th e m a tic ia n s  o f o u r  t im e s  in 
th i s  m a t te r .  H e re  th e  h i s to r y  of s c ie n c e  in th e  p r e c e d in g  h a lf  c e n tu ry  
s u p p l ie s  u s  a g a in  w ith  e x t r e m e ly  in s t r u c t iv e  e x a m p le s . How m u ch  th e  
th e o ry  of r e la t iv i ty  o w e s  to  th e  p a r t ic ip a t io n  of g r e a t  m a th e m a tic ia n s  o f th e  
e a r ly  tw e n tie th  c e n tu ry  (su c h  a s  H e rm a n n  M in k o w sk i, C a r l  S c h w a rz s c h ild  
an d  H e rm a n n  W eyl) fro m  th e  v e r y  b e g in n in g  o f i t s  d e v e lo p m e n t i s  co m m o n  
kn o w led g e . W ey l, w ho w a s  on e  of th e  m o s t p o w e rfu l g e o m e te r s  in  th e  
w o r ld , in te r r u p te d  h is  p u re ly  m a th e m a tic a l  r e s e a r c h  fo r  so m e  t im e  an d  
p lu n g ed  in to  " p u re "  t h e o r e t ic a l  p h y s ic s  to  w r ite  h is  w o r ld - re n o w n e d  book  
" S p a c e - T im e - M a tte r " ,  w h ich  w ith in  a v e r y  s h o r t  t im e  w e n t in to  fiv e  p r i n t 
in g s  in th e  G e rm a n  la n g u a g e  a lo n e .

T h e h i s to r y  of th e  c r e a t io n  of th e  m a th e m a tic a l  a p p a r a tu s  o f q u an tu m  
m e c h a n ic s  is  in d is s o lu b ly  l in k e d  w ith  o th e r  e v e n  g r e a t e r  s t a r s  an d  c o n s t e l 
la t io n s  o f th e  m a th e m a tic a l  h o r iz o n  — D avid  H ilb e r t ,  Jo h n  von N e u m a n n , 
M a r s h a l l  S to n e , and  o th e r s .  T h ro u g h o u t h is  l ife  th a t  p a t r i a r c h  o f th e  m a 
th e m a t ic s  o f th e  f i r s t  h a lf  o f o u r  c e n tu ry ,  D avid H ilb e r t ,  c o n tin u in g  th e  
t r a d i t io n  of h is  p r e d e c e s s o r s  in G o ttin g e n , G a u s s  and  K le in , n o u r is h e d  a 
d e e p  in t e r e s t  in th e  a f f a i r s  and  p ro b le m s  of h is  c lo s e s t  " s c ie n t i f i c  n e ig h 
b o r s " ,  th e  p h y s ic i s t s .  He w a s  th e  f i r s t  in G e rm a n y  — and on e o f th e  f i r s t  
in  th e  w o r ld  — to  g r a s p  and  e v a lu a te  th e  im p o r ta n c e  o f th e o r e t ic a l  p h y s ic s  
a s  a new  s c ie n c e  w h ich  had  d e ta c h e d  i t s e l f  f ro m  i t s  p a r e n t  ( p h y s ic s )  o n ly  
a t  th e  c lo s e  o f th e  p r e v io u s  c e n tu ry .  N ot o n ly  d id  he g r a s p  an d  e v a lu a te  
t h i s  ev e n t f o r  h im s e lf :  he c r e a te d  a t  G o ttin g e n  th e  m o s t  f a v o ra b le  c o n d i 
t io n s  f o r  th e  d e v e lo p m e n t of th e  new  s c ie n c e  by in v itin g  th e  g r e a t e s t  t h e o 
r e t i c ia n s  o f th e  b e g in n in g  of th e  c e n tu ry  — B o rn  an d  S o m m e rfe ld ,  th e  fu tu re  
t e a c h e r s  o f H e is e n b e rg ,  P a u l i ,  W e issk o p f , J o r d a n ,  F e r m i ,  O p p e n h e im e r  
and  o th e r  g r e a t  n a m e s  of m a th e m a tic s  an d  m a th e m a tic a l  p h y s ic s .

N ot on ly  w a s he e v e r  re a d y  w ith  f r ie n d ly  a id  an d  r e a s s u r a n c e ,  w ith  
q u a lif ie d  m a th e m a tic a l  a d v ic e , w ith  h e lp  in s o lv in g  p r o b le m s  o r  e v e n  w ith  
an  a s s i s t a n t 's  p o s t  — H ilb e r t  h im s e lf  w a s  v e r y  a c t iv e ly  in t e r e s te d  in  how 
m a t t e r s  s to o d  in th e  m o s t fu n d a m e n ta l , m o s t  " p h i lo s o p h ic a l"  s e c tio n s  of 
p h y s ic a l  s c ie n c e .  A c c o rd in g  to  G o ttin g en  t r a d i t io n ,  h e  u s e d  to  b e g in  w o rk  
a t  h is  own s e m in a r s  w ith  th e  fo llo w in g  s e n te n c e :  "N ow , g e n t le m e n , who 
w ill te l l  m e  w hat is  an  a to m ? "  T h e s t im u la t in g  in flu e n c e  o f  a m a th e m a tic ia n  
o f th is  c a l ib e r  c o u ld  not fa il to  a f fe c t  th e  c o u r s e  of t h e o r e t ic a l  p h y s ic s  in 
th e  m o s t f r u it fu l ,  p o s i tiv e  m a n n e r .

A lso  t r e m e n d o u s ly  im p o r ta n t  fo r  th e  d e v e lo p m e n t o f th e  m a th e m a tic a l  
a p p a r a tu s  o f q u an tu m  th e o ry  w e re  su c h  b o o k s  a s  " M a th e m a tic a l  F o u n d a tio n s  
o f Q u a n tu m  M e c h a n ic s "  an d  " L in e a r  T r a n s f o r m a t io n s  in  H i lb e r t  S p a c e "  by  
th e  g r e a t  c o n te m p o r a ry  m a th e m a tic ia n s  J . von  N e u m a n n  an d  M. S to n e , 
th e  w o rk s  o f G a r r e t  B irk h o ff  an d  o th e r s .
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A nd now , if  f ro m  a l l  th e s e  f a c ts  s o m e  c o n c lu s io n  is  to  b e  d ra w n , it is  
e n t i r e ly  p o s s ib le  (in  o u r  o p in io n ) th a t  an  a d e q u a te  th e o ry  of e le m e n ta r y  
p a r t i c l e s  w ill no t be  c r e a t e d  b e f o re  on e  o f  th e  p ro m in e n t  m a th e m a tic a l  
s e m i n a r s  i s  o p e n e d  by ro u g h ly  th e  fo llo w in g  q u e s tio n : "W ho c a n  te l l  u s  w hat 
is  a n  e le m e n ta r y  p a r t i c l e ? " .  . .

W e fu lly  a p p r e c ia te  th a t  m o d e rn  m a th e m a tic ia n s  h av e  m o re  th a n  enough  
in t e r e s t i n g  p r o b le m s  o f t h e i r  ow n to  s o lv e ,  an d  th a t  fo r  th e m  to  ta k e  on 
p h y s ic s  a s  w e ll w ould  m e a n  th e i r  s t r e t c h in g  th e m s e lv e s  too  f a r  and  ev e n  
t r y in g  to  " e n v e lo p  th e  u n b o u n d ed " . N e v e r th e le s s  it  is  a b s o lu te ly  im p e r a 
t iv e  to  t r y  to  c o m b in e  m o d e rn  m a th e m a tic s  w ith  th e  la t e s t  e x p e r im e n ta l  
m a te r ia l .  F o r  it is  p r e c i s e ly  f ro m  su c h  a t te m p ts  th a t  th e  m o s t  v a lu a b le  
an d  a m a z in g  o f  th e  c o n q u e s ts  o f m a n 's  g e n iu s  w e re  b o rn  in th e  p a s t  — c o n 
q u e s t s  w h ich  w ill re m a in  f o r  a l l  t im e  to  c o m e  in  th e  gold  r e s e r v e  o f  w o r ld  
s c ie n c e .

H o w e v e r d i f f ic u lt  an d  te d io u s  D avid  H i lb e r t 's  m is s io n  in th e  b o r d e r l in e  
b e tw e e n  m a th e m a tic s  an d  p h y s ic s  m ay  h av e  b e e n  in th e  tw e n t ie s ,  so m e o n e  
w ill h a v e  to  c a r r y  ou t a  s i m i l a r ,  a p p a re n t ly  ev e n  im m e a s u ra b ly  m o re  c o m 
p le x  m is s io n  in o u r  t i m e s . . .

T h e  m o m e n t w e m a in ta in  th a t  th e  c r e a t io n  of a g e n e ra l  th e o ry  o f e l e 
m e n ta r y  p a r t i c l e s  w ill n e c e s s a r i l y  in c lu d e  th e  u t i l iz a t io n  o f th e  l a t e s t  s c i e n 
t i f i c  m e th o d s  d e v e lo p e d  in th e  l a s t  d e c a d e s ,  w e ca n n o t a f fo rd  to  o v e r lo o k  
c y b e r n e t i c s ,  th e  new  s c ie n t i f i c  t r e n d  w h ich  is  t r iu m p h a n t ly  s te p p in g  a c r o s s  
th e  m o s t  v a r ie d  s c ie n t i f i c  d i s c ip l in e s  an d , m o r e  o fte n  th a n  n o t, o v e r  th e  
" b la n k  a r e a s " ,  o v e r  "n o  m a n 's  la n d " . F ro m  th e  s ta n d p o in t  expounded  
a b o v e  i t  is  c o m p le te ly  n a tu r a l  to  e x p e c t th a t  c y b e r n e t ic s  w ill m a k e  v e r y  
s ig n if ic a n t  c o n tr ib u t io n s  to  th e  b u s in e s s  o f  f in d in g  new  w a y s o f b u ild in g  an  
a d e q u a te  th e o ry  of e le m e n ta r y  p a r t i c le s .  In  w ha t c o n c r e te  w ay is  s o m e 
th in g  w e s h a l l  t r y  to  e lu c id a te  in th i s  and  l a t e r  s e c tio n s  o f th e  p r e s e n t  
a r t i c le .

In  o u r  o p in io n  c y b e r n e t ic s  sh o u ld  b e  t r e a t e d  a s  th e  g e n e ra l  th e o ry  of 
c o n s t r u c t io n  of a lg o r i th m iz a b le  lo g ic o - m a th e m a t ic a l  m o d e ls  of m a te r ia l  
o b je c ts ,  r e la t e d  in  so m e  w ay o r  o th e r  to  th e  p ro b le m s  o f g u id a n c e  of g o a l-  
d i r e c t e d  a c t iv i ty .  In  e a c h  s u b d iv is io n  of c y b e r n e t ic s  a  b a s ic  s e t  o f s t r u c 
t u r e s  o r  o p e r a t io n s ,  w h ich  a r e  r e g a r d e d  a s  e le m e n ta r y ,  is  s p e c if ie d  fro m  
th e  v e r y  b e g in n in g ; th e n  one t r i e s  to  s e e  how an  o b je c t  o r  g u id a n c e  s y s te m  
w ith  th e  s p e c if ie d  ( r e q u i r e d )  p r o p e r t i e s  is  b u i l t  o r  c a n  ra tio n a lly  b e  b u il t  
o u t o f th e s e  s t r u c t u r e s  o r  o p e r a t io n s .

T h e  s im p le s t  is  th e  m o d e l c o n s t r u c te d  in  in fo rm a tio n  th e o ry ,  in w hich  
o b je c ts  a r e  o n ly  d i s t in g u is h e d , on ly  d e n o te d  — b in a ry  e le m e n ts  a r e  ta k e n  a s  
th e  b a s ic  s t r u c t u r e s  an d  th e n  a s tu d y  is  m a d e  o f how , w ith  th e  h e lp  o f s e t s  
o f s u c h  b in a r y  e le m e n ts ,  on e  co u ld  d e f in i t iv e ly  an d  u n iq u e ly  c h a r a c t e r i z e  
n u m b e r s ,  l e t t e r s ,  c o o r d in a te s ,  w o r d s ,  fu n c tio n s , p ro p o s i t io n s ,  fu n c tio n a ls , 
e tc . In  th e  th e o r y  o f p ro g r a m m in g  th e  m o d e l i s  m o re  c o m p lic a te d ;  th e  
o p e r a t io n s  o f a  g iv e n  c o m p u te r  ( o r  o f so m e  g e n e r a l iz e d  d e v ic e )  a r e  re g a rd e d  
a s  th e  e l e m e n ta r y  s t r u c t u r e s ,  an d  th e  p ro b le m  is  to  e x p r e s s  m o s t r a t i o n a l 
ly  th e  s o lu tio n  o f a  c e r t a in  m a th e m a tic a l ,  lo g ic a l ,  l in g u is t ic  o r  o th e r  p r o b 
le m  in th e  fo rm  of a  s e q u e n c e  o f  su c h  o p e r a t io n s .  In  a u to m a ta  th e o ry  th e  
m o d e l i s  ev e n  m o r e  c o m p le x : a  s tu d y  is  m a d e  of w ha t c o m b in a tio n  and  
m u tu a l  s u b o rd in a t io n  o f  th e  s p e c if ie d  b a s e  e le m e n ts  w ill e n s u r e  r e l ia b le
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o p e r a t io n  o f an  a u to m a t ic  d e v ic e  w ith  r e q u ir e d  r e a c t io n s  to  a " u n iv e r s e "  of 
p o s s ib le  in f lu e n c e s  fro m  th e  e x te r n a l  w o r ld  — to a c e r t a in  s e t  o f s i tu a t io n s  
w h ich  th e  a u to m a to n  c a n  " e n c o u n te r" .  T h e m o s t c o m p le x  m o d e ls  in  c y b e r 
n e t ic s  a r e  now b e in g  s tu d ie d  in th e  th e o ry  o f g a m e s :  th e  " u n iv e r s e "  of 
p o s s ib le  e x te r n a l  and  in te rn a l  s i tu a t io n s  b e c o m e s  so  v a s t  th a t  no w ay o f 
s o r t in g  o r  l i s t in g  th em  e x is t s ;  th e r e f o r e  o n ly  a llo w e d  r e a c t io n s  to  a c e r t a in  
s i tu a t io n  (" in p u t" )  a r e  s p e c if ie d ,  and  one is  r e q u ir e d  to  find  th e  m o s t  r a 
t io n a l  ( " p ro f i ta b le " )  lin e  of b e h a v io r  ( " s t r a te g y " )  w h ich  if  a d o p te d  w ould 
a llo w  on e to  " c o p e "  w ith  an y  c o n f lic tin g  s i tu a tio n .

T h e  f i r s t  lo g ic o -a lg o r i th m ic  m o d e ls  o f c e r t a in  o b je c ts  w e re  c o n s t r u c te d  
d u r in g  th e  f i r s t  h a lf  o f th is  c e n tu ry  in m a th e m a tic s :  th e  s o - c a l le d  c o n s t r u c 
t iv e  t r e n d  s e t  i t s e l f  th e  a im  o f s tu d y in g  how v a r io u s  m a th e m a tic a l  th e o r i e s  
an d  s t r u c t u r e s  w ould ch a n g e  if one w e re  to  r e je c t  fro m  the s t a r t  th e  v e r y  
g e n e r a l ,  n o n -c o n c re te ,  d if fu s e  id ea  o f  in f in ity  a s  s o m e th in g  o p p o se d  to  
e v e ry th in g  f in ite , and  in tro d u c e  in i t s  p la c e  a c e r t a in  m o r e  o r  l e s s  r e a l  
" m o d e l"  o f i n f in i ty — th e  n a tu r a l  s e r i e s  o f in te g r a l  n u m b e rs  w ith  i t s  r e c u r 
s iv e  d e f in it io n  o f th e  s u c c e e d in g  e le m e n t  in t e r m s  of th e  p re c e d in g  one.
T h e  c o n s t r u c t iv e  t r e n d  d o e s  not p e r m i t  th a t  th e  e x is te n c e  of m a th e m a tic a l  
o b je c ts  o f an y  kind  b e  s im p ly  p o s tu la te d  — it r e q u i r e s  th a t  th e  m e th o d  of 
t h e i r  c o n s tru c t io n  f ro m  c e r t a in  s im p le r  o b je c ts ,  ta k e n  to  be th e  b a s ic  o n e s , 
a lw a y s  b e  in d ic a te d . In th i s  s e n s e  it s tu d ie s  th e  o b je c tiv e ly  e x is t in g  s t r u c 
tu r e  o f d i f f e re n t  m a th e m a tic a l  o b je c ts ,  th e  r e a l  c o m p le x ity  o f t h e i r  c o n s t r u c 
t io n  is  a r e f le c tio n  o f c e r t a in  r e la t io n s  o f m a te r ia l  r e a l i ty  of g r e a t  m o m e n t 
f o r  m o d e rn  s c ie n c e  and  tec h n o lo g y .

C y b e rn e t ic s  h a s  beg u n  to  b u ild  s i m i l a r  " c o n s t r u c tiv e "  m o d e ls  o f a l l  
n a tu r a l  s c ie n c e  an d , p o s s ib ly ,  o f a l l  h u m an  k n o w led g e a s  a w ho le . A nd a l 
tho u g h  f o r  th i s  r e a s o n  i t s  le v e l  of r i g o r  is  f a r  b e lo w  th a t  a c c e p te d  in m a th e 
m a t ic a l  s c ie n c e ,  th i s  le v e l  e x e r t s  a s t ro n g  d i s c ip l in a r y  in flu e n c e  on su c h  
s c ie n c e s  a s  b io lo g y , l in g u is t ic s ,  l e a r n in g  th e o ry ,  e tc . In o u r  o p in io n  th i s  
le v e l  w ill a ls o  p ro v e  b e n e f ic ia l  in d e te rm in in g  w ha t m e a n in g  ca n  be  a t t r i b u 
ted  in  m o d e rn  p h y s ic s  to  th e  c o n c e p t of " s t r u c tu r e "  of th e  e le m e n ta r y  p a r 
t i c l e s  and  w hat id e a s  an d  c o n c e p tio n s  m u s t b e  e x c lu d e d  fro m  su c h  c o n s i 
d e r a t io n  fro m  th e  v e r y  s t a r t .  T o d ay  th e  c o n c e p t of s t r u c t u r e  in m a th e m a tic s  
is  to ta l ly  i s o la te d  fro m  in tu it iv e  s p a t ia l  c o n c e p tio n s ;  it is  a h ig h ly  a b s t r a c t  
lo g ic a l  c o n s tru c t io n  s a t is fy in g  a d e f in ite  s y s te m  of a x io m s . N a tu r a l ly ,  th i s  
c o n s tru c t io n  and  th e s e  a x io m s  a r e  not a r b i t r a r y  p r o d u c ts  of m a n 's  m in d ; 
th e y  r e v e a l  m o re  p ro fo u n d  and  m o re  s ig n if ic a n t  a s p e c ts  of m a th e m a tic o -  
g e o m e tr ic a l  r e la t io n s  in th e  r e a l  w o r ld , b u t th e s e  a s p e c t s  and  r e la t io n s  a r e  
a l r e a d y  h ig h ly  a b s t r a c t  an d  e s s e n t ia l ly  n o n - in tu itiv e .

In th e  p r e s e n t  a r t i c l e  w e w ill em p lo y  th e  f i r s t  and  s im p le s t  (in  s t r u c 
tu r a l  a s p e c t)  su b d iv is io n  o f c y b e r n e t ic s ,  n a m e ly  in fo rm a tio n  th e o ry ,  in an  
a t te m p t  to  d e te r m in e  a few q u a n t i ta t iv e  c r i t e r i a  by  w h ich  to  d is t in g u is h  b e 
tw ee n  th o s e  h ig h ly  a b s t r a c t  o b je c ts  w h ich  ca n  b e  u se d  to  c r e a t e  a b s t r a c t -  
m a th e m a tic a l  m o d e ls  o f p r o c e s s e s  in th e  e le m e n ta ry  p a r t i c le  w o r ld  and  
th o s e  w h ich  ca n n o t. In o r d e r  to  do so  w e s h a l l  h av e  to  g iv e  a m o r e  o r  l e s s  
g e n e ra l  d e f in it io n  of th e  am o u n t o f in fo rm a tio n , p r e s e n t  c e r t a in  h ig h ly  n o n 
r ig o r o u s  q u a l i ta t iv e  c o n s id e r a t io n s  r e la t in g  to  th e  s o - c a l le d  in fo rm a tio n  
c a p a c ity  of v a r io u s  m a th e m a tic a l  o b je c ts ,  and  fo r m u la te  a c e r t a in  o n to lo 
g ic a l  h y p o th e s is  c o n c e rn in g  th e  n a tu r e  o f th e  d i f fe re n t  le v e ls  of s t r u c t u r e  
o f m a t te r .

E a r l i e r  we in d ic a te d  th a t  th e  a m o u n t o f in fo rm a tio n  is ,  f ig u ra t iv e ly  
sp e a k in g , th e  n u m b e r  of " v e r y  s im p le  b u ild in g  b r i c k s "  — b in a r y  e le m e n ts  —
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w h ich  m u s t  b e  "e x p e n d e d "  to  c r e a t e  th e  s im p le s t  lo g ic a l  m o d e l o f th e  o b 
je c t  u n d e r  in v e s t ig a t io n , a m o d e l in  w h ich  th e  o b je c t  an d  th e  d e t a i l s  o f i ts  
s t r u c t u r e  a r e  o n ly  d i s t in g u is h e d , m e r e ly  fe n ced  o ff f ro m  e v e ry th in g  th a t  
is  r e la te d  to  th e m  o r  th a t  e x i s t s  s im u l ta n e o u s ly  w ith  th e m .

In th e  s im p le s t  c a s e ,  w h e re  N d i f f e re n t  o b je c ts  (d ig i ts ,  l e t t e r s ,  e tc .)  
a r e  g iv en  an d  th e  p r o b a b i l i t i e s  pt f o r  th e  o c c u r r e n c e  o f e a c h  o f th e s e  a r e  
th e  s a m e , in o r d e r  to  s p e c ify  a p a r t i c u la r  o b je c t  one m u s t  u s e  a t  l e a s t  lo^N 

b in a r y  e le m e n ts .  T h is  q u a n ti ty  I -  log,A ' -  l o g , - -  -- — lo g ,p t — th e  n u m b e r  of 

c h a r a c t e r i s t i c  b in a ry  e le m e n ts  — is  ta k e n , by d e f in it io n , a s  th e  q u a n ti ty  of 
in fo rm a tio n  c o n ta in e d  in th e  s p e c if ic a t io n  o f on e  o f th e  e q u a lly  p ro b a b le  
s y m b o ls .

T h u s  on e  m u s t  d i s t in g u is h  b e tw e e n  th e  c o n c e p t of th e  q u a n ti ty  o f i n f o r m a 
tio n  an d  th e  c o n c e p t o f in fo rm a tio n  in g e n e ra l .

In th e  m o s t  g e n e ra l  fo rm  th e  c o n c e p t o f in fo rm a tio n  sh o u ld  be a s s o c ia te d  
w ith  th e  p h ilo so p h ic a l  c a t e g o r i e s  o f b e in g , p o s s ib il i ty  and  re a l i ty .  W h e n 
e v e r  t h e r e  e x i s t  s e v e r a l  d i f f e r e n t  p o s s i b i l i t i e s  b u t  o n l y  
o n e  i s  t r u l y  r e a l i z e d ,  o n l y  o n e  m o v e s  i n t o  r e a l i t y ,  o n l y  
o n e  a s s u m e s  a n  e x i s t e n c e ,  i t  i s  m e a n i n g f u l  t o  s p e a k  o f  
t h e  i n f o r m a t i o n  c a r r i e d  b y  t h i s  r e a l i z e d  p o s s i b i l i t y .  It 
i s  c o m p le te ly  o b v io u s  th a t  th is  c o n c e p t o f in fo rm a tio n  is  e n t i r e ly  o b je c tiv e  
an d  a b s o lu te ly  in d e p e n d e n t of w h e th e r  o r  no t so m e  s u b je c t  w ill c o g n iz e  th is  
in fo rm a tio n . It a g r e e s  w ith  th e  in tu it iv e  m e a n in g  of th e  w o rd  " in fo rm a t io n "  
and  is  so  b ro a d  a s  to  in c lu d e , f o r  e x a m p le , th e  id ea  of " in fo rm a t io n "  w hich  
is  " c o n v e y e d "  by a w o rk  o f a r t  o r  l i t e r a t u r e :  fo r  th e  p a in te r  o r  w r i t e r  h a s  
a t  h is  d is p o s a l  an  a b s o lu te ly  in c o n c e iv a b le  n u m b e r  o f p o s s ib i l i t i e s  o f c h o o s 
ing  c e r t a in  l i n e s ,  c o lo r s ,  c o m p o s it io n , th e m e , p e r s o n s ,  la n d s c a p e , e tc . , 
o r  w o r d s ,  f ig u r e s ,  s u b je c t s ,  c h a r a c t e r s ,  e tc . B ut he a lw a y s  c h o o s e s  c o m 
p le te ly  d e f in i te  o n e s  — th o s e  w h ich  e x p r e s s  h is  th o u g h t, fe e l in g s ,  and  e x 
p e r ie n c e  m o s t c l e a r ly  and  p ro fo u n d ly .

I t is  e n t i r e ly  e v id e n t, h o w e v e r, th a t  so  g e n e ra l  a c o n c e p t o f in fo rm a tio n  
w ould  r e m a in  a s im p le  ta u to lo g y  u n le s s  it p ro v id e d  so m e th in g  e s s e n t ia l ly  
new  r e la t iv e  to  th e  o ld  c a t e g o r i e s  of b e in g , p o s s ib il i ty  and  r e a l i ty .  T h is  
new  e le m e n t ,  f i r s t  r e a l iz e d  in c y b e r n e t ic s ,  r e s id e s  in th e  fa c t  th a t ,  in a 
w h o le  s e r i e s  o f c a s e s ,  one c a n  in tro d u c e  an  e x a c t  q u a l i ta t iv e  c h a r a c t e r i z a 
t io n  o f th e  " c o m p le x i ty "  o f  th e  in fo rm a tio n  in q u e s tio n  — i t s  q u a n tity . W hen 
an d  o n ly  w hen  th e  o b je c tiv e  p r o b a b i l i t i e s  ( th e y  m u s t  b e  o b je c tiv e  — o t h e r 
w is e  it w ould  b e  n o n s e n s e )  o f th e  v a r io u s  p o s s ib i l i t i e s  a r e  know n, one c a n , 
it  s e e m s ,  in t ro d u c e  an  a b s o lu te ly  o b je c tiv e  m e a s u r e  o f th e  " s t r u c t u r a l  
c o m p le x i ty "  o f th e  in fo rm a tio n , r e la te d  to  th e  m e a s u r e  o f th e  " im p r o b a b i 
l i ty "  th a t  e a c h  p o s s ib il i ty  w ill b e  r e a l iz e d .  T h is  m e a s u r e  o f th e  " im p r o b a 
b i l i ty " ,  so  it  a p p e a r s ,  c h a r a c t e r i z e s  th e  q u a n ti ty  o f in fo rm a tio n  c a r r i e d  by 
th e  o c c u r r e n c e  in r e a l i ty  o f p r e c i s e ly  th e  g iv en  p o s s ib il i ty .  T he m o re  
im p ro b a b le  a  c e r t a in  e v e n t, th e  g r e a t e r  th e  a m o u n t o f in fo rm a tio n  i ts  r e a 
l i z a t io n  c o n ta in s ,  an d , c o n v e r s e ly ,  th e  o c c u r r e n c e  of an  ev e n t th e  p r o b a b i 
l i ty  o f w h ich  is  v e r y  h igh  c a r r i e s  v e r y  l i t t l e  in fo rm a tio n . (T h e  " s t r u c tu r a l  
c o m p le x i ty "  of t h i s  in fo rm a tio n , on th e  o th e r  h an d , is  v e r y  lo w .) T h e o b 
j e c t iv i ty  of c o n c e p ts  r e la t in g  to  th e  q u a n ti ty  of in fo rm a tio n  an d  th e i r  in d e 
p e n d e n c e  f ro m  th e  s u b je c t  a r e  g u a r a n te e d  h e r e  by th e  u t i l iz a t io n  of on ly  o b 
j e c t iv e  p r o b a b i l i t i e s .  T h is  v e r y  im p o r ta n t  r e q u ir e m e n t  d e s t r o y s  n o t on ly  
a l l  s o r t s  o f i d e a li s t i c  in v e n tio n s  b u t a l s o ,  u n fo r tu n a te ly ,  s o m e  f a i r ly  i n 
t e r e s t i n g  an d  h ig h ly  p ro m is in g  a t te m p ts  to  e s ta b l i s h  an  a n a lo g o u s
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q u a n t i ta t iv e  c h a r a c t e r i z a t io n  of th e  in fo rm a tio n  c o n ta in e d  in a b s t r a c t  c o n 
c e p ts .  E v e ry  a b s t r a c t  c o n c e p t s u r e ly  h a s  a  c e r t a in  o b je c tiv e  m e a n in g  i n 
d e p e n d e n t of m a n , bu t a t t e m p ts  to  e v a lu a te  q u a n t i ta t iv e ly  th e  c o r r e s p o n d in g  
p r o b a b i l i t i e s ,  and  a ls o  to  e v a lu a te ,  in t e r m s  of th e  l a t t e r ,  th e  q u a n ti ty  of 
in fo rm a tio n  " a c c u m u la te d "  w hen th is  a b s t r a c t  c o n c e p t is  in t ro d u c e d  an d  
u s e d , h av e  so  f a r  fa ile d  to  g iv e  d e f in ite  r e s u l t s .

R e tu rn in g  to  th e  g e n e ra l  c o n c e p t o f q u a n tity  of in fo rm a tio n , l e t  u s  s t r e s s  
th a t  i t s  r ig o r o u s  m a th e m a tic a l  d e f in it io n , th e  e s s e n c e  of w h ich  w a s  s e t  ou t 
a b o v e  in a p u re ly  q u a l i ta t iv e ,  d e s c r ip t iv e  m a n n e r ,  fu r n is h e s  a b s o lu te ly  no 
g ro u n d s  fo r  an y  s u b je c t iv e  lo o s e n in g  of th e  th o u g h t. J u s t  a s  th e  E a r th  and  
o th e r  c e l e s t ia l  b o d ie s  w e re  in e x is te n c e  m ill io n s  of y e a r s  b e f o re  th e  a p 
p e a r a n c e  o f m a n , so  th e  e a r th  h a s  b ee n  a c c u m u la t in g  w ith in  i t s e l f  a v a s t  
q u a n ti ty  of in fo rm a tio n  c o n c e rn in g  i t s  p a s t  fo r  m an y  m i ll io n s  of y e a r s ,  
w h ile  lig h t  w a v e s  h av e  b e e n  b r in g in g  a d i f f e r e n t  k in d  o f in fo rm a tio n  fro m  i n 
c o n c e iv a b ly  r e m o te  d e p th s  o f th e  u n iv e r s e  c o n c e rn in g  th e  c o m p o s i t io n , 
s t r u c t u r e ,  m o tio n  and  ev o lu tio n  of s t a r s ,  g a la x ie s  an d  o th e r  c e l e s t ia l  b o 
d ie s .  M an d o e s  n o t c r e a te ,  he m e r e ly  c o g n iz e s  th i s  o b je c tiv e ly  e x is t in g  i n 
fo r m a t io n  w h ich , ta k e n  a s  a w ho le , e x p r e s s e s  th e  p e c u l ia r  an d  th e  u n iq u e  
w h ich  c h a r a c t e r i z e  th e  b e in g  o f e v e ry  s in g le  p a r t i c le  o f e te r n a l ly  e x is t in g  
an d  e te r n a l ly  d e v e lo p in g  m a t te r .

O w ing to  th e  c o m p re h e n s iv e  w o rk  of A. N. K o lm o g o ro v  and  h is  s tu d e n ts  
on th e  s o - c a l le d  in fo rm a tio n  c a p a c ity  of v a r io u s  k in d s  o f a b s t r a c t  m a th e 
m a t ic a l  s p a c e s ,  it is  now p o s s ib le  to  g r a s p  th e  fu n d a m e n ta l  o n to lo g ic a l  
s ig n if ic a n c e  o f th e  c o n c e p t of th e  q u a n ti ty  of in fo rm a tio n * . T h e r e  i s  a p 
p a r e n t ly  e v e ry  re a s o n  to  b e l ie v e  th a t  th e  s p e c if ic  q u a li ty  an d  p e c u l ia r i ty  o f 
th e  v a r io u s  le v e ls  in th e  s t r u c t u r e  o f m a t t e r  a r e  r e la te d  to  th e  fa c t  th a t  
e le m e n ta r y  o b je c ts  b e lo n g in g  to  d i f fe re n t  le v e ls  c a r r y  a p p r e c ia b ly  d if f e r e n t  
a m o u n ts  of in fo rm a tio n . In d e e d , th e  s ta te  of an y  e le m e n ta r y  o b je c t  o f th e  
m a c ro w o r ld  ( m a te r ia l  p o in t, fie ld  s t r e n g th  v e c to r  a t  a g iv e n  p o in t, e tc . )  
ca n  a lw a y s  be s p e c if ie d  e x h a u s tiv e ly  w ith  th e  h e lp  o f a c e r t a in  e le m e n t  of 
a E u c lid ia n  s p a c e  o f g iv en  d im e n s io n a l i ty .  In  1932 th e  S o v ie t m a th e m a t i 
c ia n s  L . S. P o n tr ja g in  and  L. G. S h n ir e l 'm a n  o b ta in e d  a r e m a r k a b le  r e s u l t  
w h ich , in m o d e rn  t e r m s ,  m a y  be  in te r p r e te d  a s  th e  p ro o f  th a t  in a E u c l i 
d ia n  s p a c e  o f an y  f in ite  d im e n s io n a l i ty  th e  in fo rm a tio n  c a p a c ity  of an y  s y s 
te m  o f p o in ts  i n c r e a s e s  no f a s t e r  th an  th e  lo g a r i th m ic  fu n c tio n  m u ltip l ie d  
by  th e  d im e n s io n a l i ty  of th e  sp a c e . T h e  in fo rm a tio n  c a p a c ity  is  th e  m a x i 
m u m  a m o u n t o f in fo rm a tio n  w h ich  is  g iv en  w hen o n e  s p e c if ie s  a s in g le  d e 
f in ite  e le m e n t  of a s e t  o f p o in ts  in th e  g iv en  s p a c e ,  s e p a r a te d  f ro m  e a c h  
o th e r  by a d is ta n c e  n o t l e s s  th a n  a c e r t a in  p r e - a s s ig n e d  one. T h e  a r g u m e n t  
o f th e  lo g a r i th m ic  fu n c tio n  is  th e  in v e r s e  o f th i s  s p e c if ie d  m in im u m  d i s 
ta n c e  b e tw e e n  p o in ts .

P o n tr ja g in  an d  S h n ir e l 'm a n 's  th e o re m  h a s  an  in tu it iv e ly  c l e a r ,  t r a n s 
p a r e n t  m e a n in g : if th e  p o in ts  a r e  c h o se n  ly in g  no c l o s e r  th a n  th e  d i s ta n c e  
e fro m  e a c h  o th e r ,  th e n  it i s  o b v io u s  th a t  we c a n  p la c e  n o t m o r e  th a n  -  

d i f f e re n t  p o in ts  on a s e g m e n t  o f u n it le n g th , an d  no t m o r e  th a n  in  a u n it  

cu b e  in a s p a c e  o f d im e n s io n a l i ty  n. F ro m  th e  d e f in it io n  o f th e  q u a n ti ty  of 
in fo rm a tio n , in o r d e r  to  in d ic a te  a  d e f in ite  p o in t in  th e  s e t  o f — p o in ts  
(w ith  id e n tic a l  p r o b a b il i t i e s )  w ith  th e  a id  of b in a r y  e le m e n ts ,  on e  r e q u i r e s
• See K o lm o g o ro v , A. N. and V.M. T i k ho m i ro v . p.-Entropiya 1 e-emkost' mnozhestv v funktslonal'nykh 

prostransrvakh (e-Entiopy and e-Capacity of Sets in Functional Spaces). Uspekhi Matematicheskikh Nauk. 
Vol. XIV, No. 2. 1959.
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a t  l e a s t  th e  q u a n ti ty  o f in fo rm a tio n  ( n u m b e r  of b in a r y  e le m e n ts )  /  = log2 -1- =
= 'dog. 7 » th e  r e s u l t  p r e s e n te d  ab o v e  in v e r b a l  fo rm u la tio n .

H e re  it  i s  a g a in  im p o r ta n t  to  s t r e s s  th a t  th e  in fo rm a tio n  c a p a c ity  is  an  
a b s o lu te ly  o b je c tiv e  p r o p e r ty  o f th e  g iv en  s p a c e :  w h a te v e r  e we ch o o se , 
th e  c a p a c ity  i n c r e a s e s  o n ly  in  a c c o rd a n c e  w ith  th e  ab o v e  fo rm u la . T h is  
g ro w th  c h a r a c t e r i z e s  in a c o m p le te ly  d e f in ite  w ay th e  " in te r n a l  s t r u c tu r e "  
o f a l l  E u c l id ia n  s p a c e s ,  a s t r u c t u r e  w h ich  is  o b je c tiv e  and  in d e p e n d e n t of 
o u r  a w a r e n e s s .  W hen on e  m o v e s  to  o th e r  a b s t r a c t  m a th e m a tic a l  s p a c e s  
th e  in fo rm a tio n  c a p a c ity  d i s p la y s  a s ig n if ic a n t ly  d i f fe re n t  c h a r a c t e r  of 
g ro w th . T h u s  upon t r a n s i t i o n  to  th e  s p a c e  of a n a ly tic  fu n c tio n s  it b e g in s  to 
g ro w  a s  a  c e r t a in  p o w e r  o f th e  lo g a r i th m , and  f o r  th e  s p a c e  o f r e a l  fu n c 

t io n s  a s  a  c e r t a in  p o w e r o f W hen o n e  m o v e s  to  y e t  m o re  a b s t r a c t  

m a th e m a tic a l  s p a c e s  — fu n c tio n a l s p a c e s  — th e  in fo rm a tio n  c a p a c ity  g ro w s  
a s  th e  e x p o n e n t (e x p o n e n tia l  fu n c tio n ) to  th e  b a s e  2 of log o r

O ne c a n  s e e  w hy th e  s p e c if ic a t io n  o f a d e f in ite  p o in t in th e  sp a c e  of fu n c 
t io n s  c o n ta in s  f a r  m o r e  in fo rm a tio n  th a n  th e  s p e c if ic a t io n  of a p o in t in 
o r d in a r y  E u c lid ia n  s p a c e  fro m  th e  fo llo w in g  h ig h ly  n o n r ig o ro u s  c o n s id e r a 
t io n s .  L e t  u s  co u n t th e  to ta l  " n u m b e r"  of d i f f e re n t  fu n c tio n s  on th e  se g m e n t 
0,1 w h ich  ta k e  on v a lu e s  a ls o  in  th e  in te r v a l  0,1 — f o r  an  a c c u r a c y  o f e in 
th e  s p e c if ic a t io n  o f th e  v a lu e s  o f th e  a r g u m e n t  an d  of th e  fu n c tio n : one 

p o in t on th e  s e g m e n t  0,1 c a n  d e te r m in e  N =  V e s s e n t ia l ly  d i f fe re n t  fu n c tio n s , 

tw o s u c h  p o in ts  c a n  d e te r m in e  N* =  ^  d i f f e re n t  fu n c tio n s , th r e e  p o in ts  

N3 =  -  d i f f e r e n t  fu n c tio n s  an d , f in a lly , a l l  N =  -  p o in ts  o f th e  s e g m e n t 0,1 

c a n  d e te r m in e  N" d i s t in c t  fu n c tio n s  d if fe re n t  fro m  e a c h  o th e r  — if on ly  a t  

o n e  s in g le  p o in t ( f o r  an  n -d im e n s io n a l  s p a c e  w ith  i ts  Nn =  -  p o in ts , th is  

b e c o m e s  fu n c tio n s ) . T h en  th e  s p e c if ic a t io n  of a d e f in ite  fu n c tio n  out 
o f t h i s  to ta l  " n u m b e r"  of fu n c tio n s  w ill c o n ta in  th e  a m o u n t of in fo rm a tio n  

(b y  d e f in i t io n ,  w ill r e q u ir e  th e  n u m b e r  o f  b in a ry  e le m e n ts )  /  = |-log2j-, a 
r e s u l t  in  w h ich  th e  f i r s t  f a c to r  m u s t b e  r a is e d  to  th e  n -th  p o w e r f o r  an  n- 
d im e n s io n a l  s p a c e .  A n a lo g o u s  a r g u m e n ts  f o r  th e  s p a c e  o f fu n c tio n a ls  — 
f o r  th e  s p a c e  o f a l l  k in d s  o f m e th o d s  o f ju x ta p o s in g  d e f in ite  ( r e a l  o r  c o m 
p le x )  n u m b e rs  to  th e  fu n c tio n s  — g iv e  a to ta l  n u m b e r  of " d if fe re n t"  fu n c tio n 
a l s  NnN an d , c o r r e s p o n d in g ly ,  an  e x p o n e n tia l  g ro w th  o f th e  q u a n ti ty  of i n 
fo r m a t io n  w ith  d e c r e a s in g  " e r r o r "  o f s p e c if ic a t io n  e. P u r e ly  q u a l i ta t iv e ly ,  
f ro m  th e  s ta n d p o in t  of ta b u la t io n  o f th e  fu n c tio n s  and  fu n c tio n a ls , th is  
g ro w th  o f th e  q u a n ti ty  o f in fo rm a tio n  c a n  be  u n d e rs to o d  to  m e a n  th a t  a c o m 
p le te ly  d e f in i te  fu n c tio n  ( o r  fu n c tio n a l)  is  s p e c if ie d  not o n ly  by  i ts  v a lu e  a t 
a  c e r t a i n  p o in t b u t a l s o  by  th e  v a lu e s  o f th e  c o e f f ic ie n ts  o f i t s  T a y lo r  
s e r i e s  e x p a n s io n  a t  th i s  p o in t ( o r  by  th e  v a lu e s  o f th e  fu n c tio n a l d e r iv a t iv e s  
o f th e  fu n c tio n a l a t  th i s  p o in t). T h is  e x p la in s  why r e s t r ic t io n  o f th e  c l a s s  
o f a d m is s ib le  fu n c tio n s  o r  fu n c tio n a ls  by r e q u ir e m e n ts  o f d e f in ite  " s m o o th 
n e s s "  ( f o r  e x a m p le , r e p r e s e n ta b i l i t y  in  p o w e r s e r i e s  — a n a ly tic i ty )  r e 
d u c e s  th e  q u a n ti ty  o f  in fo rm a tio n  c o n ta in e d  in th e  in d ic a tio n  o f a  d e f in ite  
e le m e n t  o f th e  s p a c e  o f a n a ly tic  fu n c tio n s  o r  o f fu n c tio n s  s a t is fy in g  th e  s o -  
c a l le d  L ip s h i tz  c o n d it io n s .

I t  is  w e ll know n th a t  th e  s t a t e s  o f e le m e n ta ry  o b je c ts  in  th e  m ic ro w o r ld  
c a n n o t b e  s p e c if ie d  w ith  E u c lid ia n  s p a c e s ;  q u an tu m  m e c h a n ic s  c h a r a c t e r i z e s
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th e  s t a t e  o f p a r t i c le s  o f  a to m ic  d im e n s io n s  by  m e a n s  o f a  c e r t a in  e le m e n t  
o f  th e  s p a c e  o f fu n c tio n s  — a " v e c to r "  in th e  H ilb e r t  s p a c e  of s q u a r e - i n t e -  
g r a b le  fu n c tio n s . F o r  in d iv id u a l lo c a liz a t io n  o f  th e  e le m e n ta r y  o b je c ts  o f 
th e  s u b -m ic ro w o r ld  — th e  e le m e n ta r y  p a r t i c le s  — D ira c  w a s  o b lig e d  to  
in tro d u c e , in  th e  t h i r t i e s ,  th e  s o - c a l le d  d e l ta  fu n c tio n , w h ich  tu rn e d  o u t to  
b e , in th e  l ig h t  o f  th e  l a t e s t  p o s t - w a r  r e s e a r c h e s  o f  L a u r e n t  S c h w a r tz  an d  
o th e r  m a th e m a tic ia n s  in th e  B o u rb a k i g ro u p , an  e le m e n t  no t o f th e  s p a c e  
o f fu n c tio n s  b u t r a th e r  o f th e  s p a c e  of m o r e  g e n e ra l  m a th e m a tic a l  o b je c ts ,  
th e  fu n c tio n a ls . T h e w o rk  o f V. A. F o k  in  th e  t h i r t i e s  an d  th e  p o s t - w a r  
w o rk s  o f  th e  A m e r ic a n  m a th e m a tic ia n  K .O . F r i e d r i c h s  an d  o f N .N . B o g o ly u b o v  
p ro v e d  th a t  th e  c o n s tru c t io n  o f a r ig o r o u s  m a th e m a tic a l  th e o r y  o f e le m e n ta r y  
p a r t i c le s  — th e o ry  of q u an tu m  f ie ld s  — a s  a s y s te m  w ith  a v a r ia b le  n u m b e r  
o f p a r t i c le s  in d i f f e r e n t  s t a t e s  (a n d , t h e r e f o r e ,  w ith  an  in f in ite  n u m b e r  of 
d e g r e e s  o f f r e e d o m ) is  no t p o s s ib le  w ith in  th e  f r a m e w o r k  o f  H i lb e r t  s p a c e  
a lo n e . E v e n  th e  s im p le s t  p ro b le m s  in v o lv in g  o n e  f ie ld  a l r e a d y  r e q u i r e  i t s  
e x p a n s io n  to  th e  s p a c e  of c e r t a in  fu n c tio n a ls  (to  th e  s p a c e  o f s o - c a l le d  
g e n e r a l iz e d  fu n c tio n s ) .

F in a l ly ,  W. G ilt tin g e r  and  N. N. B o go lyubov  and  h is  c o l le a g u e s  w e re  a b le  
to  show  th a t  e v e ry  r e c e n t  s u c c e s s  in  th e  th e o ry  of e le m e n ta r y  p a r t i c le s  — 
th e  d e v e lo p m e n t of g e n e ra l  p r o c e d u r e s  o f r e n o r m a l iz a t io n  in th e  q u an tu m  
th e o ry  o f f ie ld s  ( th e  s e p a r a t io n  of th e  f in i te ,  e x p e r im e n ta l ly  o b s e r v a b le  
p a r t s  fro m  th e  d iv e rg e n t  in te g r a ls )  — a r e  du e  s im p ly  to  th e  e s ta b l i s h m e n t  
in  th e  s p a c e  o f g e n e ra l iz e d  fu n c tio n s  o f a u n iq u e  o p e r a t io n  o f d iv is io n . T h e  
q u e s tio n  is  th a t  in th i s  s p a c e ,  ow ing  to  th e  s o - c a l le d  d iv i s o r s  of z e r o  — 
a r b i t r a r y  fu n c tio n s  eq u a l to  z e r o  a t  th e  o r ig in  of c o o r d in a te s ,  m u l tip l ie d  by 
th e  d e l ta  fu n c tio n s  w h ich  a r e  n o n z e ro , by  d e f in it io n , on ly  a t  th e  o r ig in  — 
th e  o p e r a t io n  in v e r s e  to  m u ltip l ic a t io n  b e c o m e s  u n iq u e  o n ly  o w in g  to  a d d i 
t io n a l  e x te r n a l ly  im p o se d  r e q u ir e m e n ts .  T h is  is  em p lo y e d  in th e  th e o r y  o f 
r e n o r m a l iz a t io n s ;  it is  on ly  by v i r tu e  o f th is  th a t  th e  m a s s e s ,  c h a r g e s ,  
an d  o th e r  c h a r a c t e r i s t i c s  o f e le m e n ta ry  p a r t i c le s  c a n  b e  m a d e  f in i te  an d  
eq u a l to  t h e i r  e x p e r im e n ta l ly  o b s e r v e d  v a lu e s .

T h u s  in m o d e rn  q u an tu m  th e o ry  in d iv id u a liz a tio n  of th e  e le m e n ta r y  p a r 
t i c l e s  is  a c h ie v e d  o n ly  a t  th e  c o s t  o f e x c e e d in g  th e  l im i t s  o f H i lb e r t  s p a c e ,  
by  u s in g  f a r  m o re  g e n e ra l  s p a c e s  o f fu n c tio n a ls . S in c e  th e  m e a n s  o f  m a th e 
m a t ic a l  e x p r e s s io n  o f th e  r e g u la r i t i e s  o f a c e r t a in  f r a g m e n t  o f m a te r ia l  
r e a l i ty  (m a c ro w o r ld ,  m ic ro w o r ld  and  s u b -m ic ro w o r ld  o f e l e m e n ta r y  p a r 
t i c l e s )  r e f le c t  c e r t a in  v e r y  a b s t r a c t  b u t s t i l l  h ig h ly  s ig n if ic a n t  a s p e c t s  an d  
r e la t io n s  o b je c tiv e ly  v a lid  in th e  g iv en  f r a g m e n t ,  it is  lo g ic a l  to  a s s u m e  
th a t  th e  e le m e n ta r y  o b je c ts  b e lo n g in g  to  d i f fe re n t  le v e ls  of s t r u c t u r e  of 
m a t t e r  a c c u m u la te  w ith in  th e m s e lv e s  s ig n if ic a n t ly  d i f f e r e n t  q u a n t i t i e s  o f 
in fo rm a tio n .

In th is  h ig h ly  n o n tr iv ia l  c i r c u m s ta n c e  m ay  b e  s e e n  y e t  a n o th e r  fo r m  o f 
m a n ife s ta t io n  o f th e  d ia le c t ic a l  r e g u la r i ty  w h ich  p r o c la im s  th e  u n io n  o f th e  
q u a l i ta t iv e  and  q u a n t i ta t iv e  d e f in i te n e s s  o f a l l  o b je c ts  in  th e  m a t e r ia l  w o r ld  
an d  th e  in e v i ta b i l i ty  o f q u a l i ta t iv e  ju m p s  a t  th e  t r a n s i t i o n s  fro m  c e r t a i n  r a n 
g e s  o f q u a n ti ty  v a r ia t io n  to  o th e r s .  F o r  it is  to  th e  d i f fe re n t  in fo rm a tio n  
c a p a c i t i e s  of e le m e n ta r y  o b je c ts  b e lo n g in g  to  d i f fe re n t  le v e ls  in th e  s t r u c 
tu r e  o f m a t t e r  th a t  i s  d u e , in o u r  o p in io n , th e  s p e c if ic  q u a l i ta t iv e  c h a r a c t e r  
o f e a c h  su c h  le v e l  and  th e  q u a l i ta t iv e  p e c u l ia r i ty  o f th e  b e h a v io r  of i ts  
o b je c ts .

A t th e  le v e l  o f  a to m ic  p a r t i c le s ,  fo r  in s ta n c e ,  a  c h a r a c t e r i s t i c  r e g u la r i t y  
o f t h e i r  m o tio n  — w a v e - p a r t ic le  d u a l is m  — is  lin k e d , in  o u r  v iew , to  th e
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.fo llo w in g  c i r c u m s ta n c e :  q u a n tu m -m e c h a n ic a l  p a r t i c le s  c a r r y ,  o r  ca n  a c 
c u m u la te ,  so  m u c h  in fo rm a tio n  th a t  w hen  w e a p p ly  to  th e m  m a c ro s c o p ic  
c a t e g o r i e s  an d  c o n c e p ts ,  w h ich  e s s e n t ia l ly  u s e  E u c lid ia n  s p a c e s ,  th e y  m ay  
b e h a v e  b o th  a s  w a v e s  an d  a s  c o r p u s c le s .  In  th i s ,  w e b e l ie v e ,  l i e s  th e  so lu tio n  
to  th e  r id d le  o f th e  h y b r id ,  o r  d u a l , " c e n ta u r ia n "  n a tu r e  o f q u an tu m  o b je c ts .

T h u s  o n e  sh o u ld  s p e a k  no t o f th e  in d e te r m in a te n e s s ,  o r  in d e f in i te n e s s ,  
o f i n t r a - a to m ic  p r o c e s s e s  b u t r a th e r  o f t h e i r  e x c e s s iv e ly  g r e a t ,  m a c r o -  
s c o p ic a l ly  in c o m p re h e n s ib le  " s u p e r - d e f in i t e n e s s "  — to  w h ich  is  d u e , in  o u r  
o p in io n , th e  m a rk e d  s t a t i s t i c i t y  o f m a n y  q u an tu m  m e c h a n ic a l  r e g u la r i t i e s .
In  th i s  v iew  th e  m a rk e d  s t a t i s t i c a l  c h a r a c t e r  of m an y  p r e d ic t io n s  in q u an tu m  
th e o r y  o w e s  i ts  e x is te n c e  to  th e  fa c t  th a t  th e  d e ta ile d  b e h a v io r  o f an  a to m ic  
o b je c t  is  d e te r m in e d  by  so  la r g e  a q u a n ti ty  o f in fo rm a tio n  th a t  m a c r o -  
d e v ic e s  a r e  a s  y e t  s im p ly  in c a p a b le  o f d e te c t in g  it a l l .

T h is  is  th e  r e a s o n  w hy, in q u an tu m  m e c h a n ic s ,  w e ca n n o t p r e d ic t  w hat 
p o in t on th e  s c r e e n  a g iv en  e le c t r o n  w ill s t r i k e  in  e x p e r im e n ts  on d i f f r a c 
t io n , a t  w h a t in s ta n t  in t im e  a g iv en  u ra n iu m  n u c le u s  w ill d e c a y , and  so  on. 
T h e  q u e s t io n  o f  w h e th e r  on e  c a n , in p r in c ip le ,  e x p r e s s  by  m e a n s  of 
" E u c l id ia n  in fo rm a tio n  c a p a c i t i e s "  th e  q u a n t i t ie s  of in fo rm a tio n  a s s o c ia te d ,  
f o r  e x a m p le ,  w ith  th e  H i lb e r t  s p a c e  o f fu n c tio n s  — i. e. , th e  fu n d a m e n ta l 
q u e s t io n  in  th e  d i s c u s s io n s  s u rr o u n d in g  q u an tu m  m e c h a n ic s  — is  th u s  f o r 
m u la te d  a s  a h ig h ly  c o m p le x  b u t m o r e  o r  l e s s  c l e a r ly  s ta te d  m a th e m a tic a l  
p ro b le m . I t s  so lu tio n  i s  a  f a r  f ro m  t r i v i a l  m a t t e r ,  and  f o r  th e  t im e  b e in g  
it i s  no t ev e n  c l e a r  w h e th e r  th e  a n s w e r  w ill b e  p o s i tiv e  o r  n e g a tiv e .

F r o m  th i s  " in f o r m a t io n - th e o r e t ic "  p o in t o f v iew , h o w e v e r, th e  o b je c tiv ity  
o f  th e  s t a t i s t i c a l  r e g u la r i t i e s  o f q u an tu m  th e o ry  b e c o m e s  a b s o lu te ly  e x p lic i t  
an d  e v id e n t:  m a c r o in s t r u m e n t s  do no t c r e a t e  s t a t i s t i c s ,  th e y  m e r e ly  re v e a l  
it .  T h e  th e r m o m e te r ,  s u r e ly ,  d o e s  no t c r e a t e  th e  M a x w e llia n  s t a t i s t i c a l  
d i s t r ib u t io n  o f th e  g a s  m o le c u le s  o v e r  th e  v e lo c i t i e s  — it m e r e ly  r e v e a ls  a 
c e r t a i n  a v e ra g e d  c h a r a c t e r i s t i c  of m o tio n  o f th e  m o le c u le s ,  n a m e ly  t h e i r  
r o o t - m e a n - s q u a r e  v e lo c ity . S im ila r ly ,  th e  m a c r o in s t r u m e n t  u s u a l ly  " e x 
t r a c t s "  so  " l im i te d "  a  q u a n ti ty  of in fo rm a tio n  f ro m  th e  m ic ro w o r ld  th a t  it 
i s  a b s o lu te ly  im p o s s ib le  to  d e te r m in e  u n iv o c a lly  f ro m  th i s  in fo rm a tio n  th e  
fu tu r e  b e h a v io r  o f th e  m ic r o o b je c t  — ju s t  a s  it i s  im p o s s ib le  to  d e te rm in e  
th e  in d iv id u a l t r a j e c t o r y  o f a c e r t a in  m o le c u le  s o le ly  fro m  a th e r m o m e te r .

In  th i s  c a s e  th e  u n c e r ta in ty  r e la t io n  is  i n te r p r e te d  a s  a th e o r e t ic a l ly  and  
e x p e r im e n ta l ly  c o n f ir m e d  p r in c ip le  w h ich  in d ic a te s  th e  s p h e r e  o f a p p l i c a 
b i l i ty  o f m a c r o s c o p ic  c o n c e p ts  in th e  m ic ro w o r ld  — th a t  is ,  th e  re g io n  of 
p h e n o m e n a  w ith in  w h ich  " m a c r o in f o r m a t io n "  c o n c e rn in g  a m ic ro o b je c t  c o m 
p le te ly  d e t e r m in e s  i t s  b e h a v io r .  T h e  u n c e r ta in ty  r e la t io n  p ro v id e s ,  a s  it 
w e r e ,  th e  r u l e s  f o r  m o v in g  f ro m  " m ic r o in f o r m a tio n "  to  " m a c r o in f o rm a t io n "  
by  sh o w in g  in  w hich  c a s e s  th e  f o r m e r  r e d u c e s  e n t i r e ly  to  th e  l a t t e r  and  in 
w h ich  c a s e s  su c h  re d u c t io n  is  im p o s s ib le  in  p r in c ip le ,  r e q u ir in g  th e  i n t r o 
d u c tio n  of th e  w av e fu n c tio n , h e r m i t ia n  o p e r a to r s  an d  o th e r  a p p a r a tu s  of 
q u a n tu m  m e c h a n ic s .

T h u s  w e s e e  th a t  th e  " in f o r m a t io n - th e o r e t ic "  a p p r o a c h  p e r m i t s  a s o m e 
w h a t n o v e l v iew  o f th e  b a s ic  f e a tu r e s  o f th e  q u a n tu m -m e c h a n ic a l  fo rm  of 
m o tio n  o f m a t t e r .  S ti l l  m o r e  i n t e r e s t i n g  p o s s ib i l i t i e s  a r e  o p en e d  up w hen 
th i s  a p p r o a c h  is  a p p lie d  to  th e  b a s ic  an d  m o s t fu n d a m e n ta l  id e a ls  o f th e  
m o d e rn  th e o r y  o f e le m e n ta r y  p a r t i c le s  — th e  q u an tu m  th e o ry  o f f ie ld s .  A bove 
i t  w a s  p o in te d  ou t th a t  w hen w e m o v e fro m  q u a n tu m -m e c h a n ic a l  p ro b le m s  
to  th e  p ro b le m  o f th e  th e o r y  o f e le m e n ta r y  p a r t i c le s ,  w e m u s t  so m eh o w
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in d iv id u a liz e  th e  p a r t i c le  u n d e r  in v e s t ig a t io n  — e i t h e r  lo c a liz in g  it by  m e a n s  
o f  a d e l ta  fu n c tio n , o r  t r e a t in g  it a s  a  c e r t a in  s ta te  of a  s y s te m  w ith  a n  i n 
fin ite  n u m b e r  o f d e g r e e s  of fr e e d o m  (in  th e  m e th o d  of se c o n d  q u a n tiz a tio n ) , 
o r  s e e k in g  to  a c c o u n t fo r  i t s  in d iv id u a l c h a r a c t e r i s t i c s  ( m a s s ,  c h a r g e ,  
e tc .)  w ith  th e  h e lp  o f th e  r e n o r m a l iz a t io n  m e th o d . In  a l l  th e s e  c a s e s  we 
a r e  o b lig e d  to  e x c e e d  th e  l im i t s  o f  H i lb e r t  s p a c e  o f fu n c tio n s  and  to  i n t r o 
d u c e  a s  "w o rk in g  m a th e m a tic a l  to o l"  of th e  th e o ry  an  a b s t r a c t  s p a c e  o f 
g r e a t e r  in fo rm a tio n  c a p a c ity  — th e  s p a c e  o f fu n c tio n a ls . To w h a t m e th o d o 
lo g ic a l  c o n c lu s io n s  th is  id e a  of an  in c r e a s in g  in fo rm a tio n  c a p a c ity  o f th e  
d e e p e r  l e v e ls  o f s t r u c t u r e  o f m a t t e r  m a y  le a d  u s  w ill b e  th e  s u b je c t  o f th e  
fo llo w in g  s e c tio n  of th i s  a r t i c l e ,  in w h ich  th e  g e n e r a l  c o n s id e r a t io n s  o f 
e a r l i e r  s e c tio n s  w ill b e  m a d e  m o re  c o n c r e te  w ith  th e  h e lp  o f th is  id ea .

L e t  u s  now a t te m p t  to  g iv e  so m e  s o r t  o f s y n th e s i s  of th e  m e th o d o lo g ic a l , 
m a th e m a tic a l  an d  c y b e r n e t ic a l  c o n s id e r a t io n s  a d v a n c e d  ab o v e . In  e a r l i e r  
s e c tio n s  th e s e  c o n s id e r a t io n s  w e re  d e v e lo p e d  m o re  o r  l e s s  th o ro u g h ly  b u t 
a lw a y s  in d iv id u a lly . I t  sh o u ld  b e  a b s o lu te ly  o b v io u s , h o w e v e r , th a t  it  is  
t h e i r  jo in t  a p p l ic a t io n  w h ich  is  o f th e  g r e a t e s t  i n t e r e s t ;  in d e e d , u t i l i z a t io n  
o f a s y n th e s is  of a l l  know n h e u r is t i c  id e a s  u s u a l ly  g iv e s  th e  m o s t  ra p id  an d  
e f fe c t iv e  m e a n s  of so lv in g  an y  p ro b le m . S u re ly  w h a t w e w ill u l t im a te ly  o b 
ta in  h e r e  i s  a g a in  c e r t a in  h e u r is t i c  id e a s ,  b u t id e a s  of a  m o r e  s p e c ia l  fo rm  
w h ich  w ill v e r y  s e v e r e ly  l im i t  th e  p a th s  r e s e a r c h  c a n  ta k e  to w a rd  th e  c o n 
s t r u c t io n  o f a g e n e ra l  th e o ry  o f e le m e n ta r y  p a r t i c le s .

A s p o in t o f d e p a r tu r e  w e c a n  ta k e  th e  o n to lo g ic a l  id e a  ex p o u n d e d  in  th e  
p re c e d in g  s e c tio n  th a t  th e  in fo rm a tio n  c a p a c ity  of e le m e n ta r y ,  o r  s im p le s t ,  
o b je c ts  i n c r e a s e s  a s  on e  m o v e s  in w a rd  th ro u g h  m a t t e r  — to  e le m e n ta r y  o b 
j e c t s  w ith  c h a r a c t e r i s t i c  d im e n s io n s  o f 1 0 “8 o r  1 0 “13cm . Q u a li ta t iv e  ju m p s  
in  th e  a b i l i ty  of m a te r ia l  p a r t i c le s  to  a c c u m u la te  g iv en  (E u c l id ia n ,  p o w e r 
o r  e x p o n e n tia l)  a m o u n ts  o f in fo rm a tio n  o c c u r  a t  p r e c i s e ly  su c h  " l in e a r  
d im e n s io n s " .

B u t o n ce  th e  o n to lo g ic a l  p r o p e r t i e s  o f e le m e n ta r y  p a r t i c le s  a r e  su c h  th a t  
t h e i r  s ta te  c a n  b e  s p e c if ie d  on ly  w ith  th e  h e lp  o f o b je c ts  h a v in g  a n  e x p o n e n tia l  
in c r e a s e  in in fo rm a tio n  c a p a c ity ,  it  i s  c o m p le te ly  u s e l e s s  to  t r y  to  c o n 
s t r u c t  a  c o m p le te  th e o ry  of e le m e n ta r y  p a r t i c le s  s o le ly  w ith  w ave fu n c tio n s , 
no m a t t e r  w ha t t h e i r  ty p e  an d  no m a t t e r  how c o m p le x  th e  e q u a t io n s  th e y  
obey . T h e f e a tu r e s  p e c u l ia r  to  th e  b e h a v io r  o f s u b - m ic r o w o r ld  p a r t i c le s  
a r e  so  s p e c ia l  th a t  t h e i r  e x p r e s s io n  in  a  u n if ie d , s y s te m a t ic  an d  lo g ic a l ly  
c o n s i s te n t  th e o ry  is  p o s s ib le  o n ly  by  m e a n s  o f m a th e m a tic a l  o b je c ts  c a p a b le  
o f a c c u m u la t in g  in fo rm a tio n  e x p o n e n tia l ly  — th e  fu n c tio n a ls .

T h e r e f o r e ,  in  a l l  g e n e ra l  t h e o r ie s  o f e le m e n ta r y  p a r t i c le s  — w h e th e r  it  
b e  H e is e n b e r g 's  u n ified  s p in o r  th e o ry  o r  m o d e ls  o f th e  S a k a ta  ty p e  ( s o -  
c a l le d  "N ag o y a "  m o d e l, p e r h a p s  th e  m o s t  a d v a n c e d  o f a l l  c o n te m p o r a r y  
m o d e ls  of th e  e le m e n ta r y  p a r t i c le s )  — a l l  w ave fu n c tio n s  a r e  to  b e  re g a r d e d  
a s  fu n c tio n a ls ;  fu n c tio n a ls ,  th a t  i s ,  w h ich  b e c o m e  o f th e  fu n c tio n  ty p e  (i. e. , 
r e d u c e  to  fu n c tio n s )  on ly  a t  l a r g e  d i s ta n c e s  (s ig n if ic a n tly  l a r g e r  th a n  
1 0 -13cm ). A t d i s ta n c e s  o f th e  o r d e r  o f 1 0 " 13c m  r e p r e s e n ta t io n  o f g e n e r a l  
fu n c tio n a ls  by o r d in a r y  fu n c tio n s  c e a s e s  to  b e  v a l id ,  an d  " s t r a n g e "  an d  
u n u su a l p r o p e r t i e s  o f  o b je c ts  o f t r e m e n d o u s  (e x p o n e n tia l)  in fo rm a tio n  c a p a 
c i ty  b e g in  to  a p p e a r .

O ne of th e  m o s t  s t r ik in g  m a n ife s ta t io n s  o f th e  i n c r e a s e  in  th e  in fo rm a tio n  
c a p a c ity  of e le m e n ta r y  o b je c ts  a s  on e  c r o s s e s  th e  1 0 " 13c m  b o u n d a r y  i s  th e
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a p p e a r a n c e ,  a t  th e s e  d i s ta n c e s  and  a t  e n e r g ie s  s u ff ic ie n t  f o r  lo c a liz a t io n  
o f th e  m i c r o p a r t i c l e s  in  s u c h  s p a t ia l  r e g io n s ,  of a new  la r g e  g ro u p  o f s y m 
m e t r y  p r o p e r t i e s  a s s o c ia te d  w ith  is o to p ic  sp in  in v a r ia n c e ,  c o n s e rv a t io n  o r  
v io la t io n  o f p a r i ty  an d  s t r a n g e n e s s ,  " c h i r a l i t y "  t r a n s f o r m a t io n  p r o p e r t i e s ,  
th e  P a u l i -G U r s e y  and  S a la m -T o u s c h e k  s y m m e tr y  g ro u p s  an d  o th e r s .  It is  
w e ll know n th a t  th e  b a s ic  d i f f ic u lty  w ith  a l l  th e  t h e o r i e s  o f e le m e n ta r y  p a r 
t i c l e s  th a t  h a v e  b e e n  p ro p o s e d  so  f a r  is  th e  n e a r - im p o s s ib i l i t y  o f e x p la in in g  
th e  a p p e a r a n c e  o f th is  new  and  f a i r ly  l a r g e  g ro u p  o f s y m m e try  p r o p e r t i e s  
a t  a  d e f in i te  s p a t ia l  o r  e n e rg y  l im i t  w ith o u t s t r a in in g  th e  th e o ry  o r  i n t r o 
d u c in g  a r b i t r a r y  a s s u m p t io n s .  W ith  th e  in f o r m a t io n - th e o r e t ic  a p p ro a c h , 
on th e  o th e r  h an d , a l l  th e s e  th in g s  ca n  b e  g iv en  a f a i r ly  n a tu r a l  e x p la n a tio n : 
a ju m p  in in fo rm a tio n  c a p a c ity  a lw a y s  in v o lv e s  th e  a p p e a r a n c e  o f  new  s y m 
m e t r y  g ro u p s ;  in d e e d , th e  s y m m e tr y  g ro u p s  w h ich  a p p e a r  in  th e  s p a c e  o f 
fu n c tio n s  a r e  q u a l i t a t iv e ly  d if f e r e n t  fro m  th o s e  in  E u c lid ia n  s p a c e  — th e  
s y m m e tr y  g ro u p s  in  th e  s p a c e  o f  fu n c tio n s  a r e  a l l  th e  m o r e  l ik e ly  to  b e  
q u a l i t a t iv e ly  s p e c ia l .

F r o m  th e  p u re ly  p h i lo so p h ic a l  s ta n d p o in t  th e  id e a  o f an  in c r e a s e  in in 
fo r m a t io n  c a p a c ity  " in w a r d "  r e v e a l s  a v e r y  in t e r e s t i n g  c o n n e c tio n  w ith  a 
th o u g h t e x p r e s s e d  by  H e is e n b e rg  a f a i r ly  lo n g  t im e  ag o , th a t  th e  p e c u l ia r  
q u a l i t a t iv e  c h a r a c t e r  o f th e  m ic ro w o r ld  is  du e  to  th e  fa c t  th a t  new  and  m o re  
s p e c ia l  r e la t io n s h ip s  b e tw e e n  th e  c a t e g o r i e s  o f p o s s ib i l i ty  an d  r e a l i ty  a r e  
o p e r a t iv e  in  th i s  r e g io n . H e is e n b e rg  b e l ie v e s  th a t  th e  e q u a tio n s  o f q u an tu m  
m e c h a n ic s  a r e  p r e c i s e ly  th e  e q u a tio n s  f o r  th e  d i f fe re n t  p o s s ib i l i t i e s  ( c h a 
r a c t e r iz e d  by  e x p a n s io n  o f th e  w a v e fu n c tio n  in  a c e r t a in  c o m p le te  s e t  of 
s t a t e s ) .  A nd it i s  t h i s  c i r c u m s ta n c e  w h ich  a c c o u n ts  f o r  th e  r a d ic a l  d i f 
f e r e n c e  b e tw e e n  th e  q u an tu m  e q u a tio n s  an d  th e  c l a s s i c a l  e q u a tio n s , w h ich  
d e s c r ib e  r e a l  m o tio n s .

T h is  m o r e  re f in e d  re la t io n s h ip  b e tw e e n  p o s s ib il i ty  an d  r e a l i ty  in th e  
m ic r o w o r ld  h a s  th e  fo llo w in g  in t e r p r e t a t i o n  in  o u r  v iew  o f th e  v a r ia t io n s  in 
in fo rm a tio n  c a p a c ity .  E v e r y  in fo rm a tio n  is  r e la te d  to  c e r t a in  p o s s ib i l i t i e s  
— th e  m o r e  s u c h  p o s s ib i l i t i e s  t h e r e  a r e ,  th e  g r e a t e r  th e  in fo rm a tio n  c o n 
ta in e d  in  th e  r e a l iz a t io n  o f  on e  of th e s e .  N a tu r a l ly ,  i f  w e s p e a k  o f a  ju m p  
in  in fo rm a tio n  c a p a c ity  a s  on e  p a s s e s  o v e r  to  e le m e n ta ry  o b je c ts  in th e  
m ic r o w o r ld ,  it im p lie s  a s i m i l a r  ju m p  in  th e  " a m o u n t"  o f d i f f e re n t  p o s s i 
b i l i t i e s  o f  b e h a v io r  f o r  th e  m ic r o o b je c t s .

T h is  s h a r p  i n c r e a s e  in  th e  " n u m b e r"  o f d i f f e re n t  p o s s ib i l i t i e s  o f b e 
h a v io r  i s  a l s o  r e f le c te d  in  th e  fa c t  th a t  th e  m ic ro w o r ld  r e g u la r i t i e s  f o r m u 
la te d  so  f a r  do n o t p ro v id e  r u l e s  f o r  e x c lu d in g  a l l  p o s s ib i l i t i e s  o f b e h a v io r  
in  th e  m ic ro w o r ld  o th e r  th a n  th e  one a c tu a l ly  r e a l iz e d ;  t h e r e  a r e  so  m an y  
p o s s ib i l i t i e s  th a t  th e s e  r e g u la r i t i e s  w h ich  a r e  know n so  f a r  do no t a llo w  u s , 
f o r  i n s ta n c e ,  to  c a lc u la te  w h a t p o in t o f th e  s c r e e n  a  g iv en  e le c t r o n  w ill 
s t r i k e  a f t e r  d i f f r a c t io n ,  o r  a t  w ha t in s ta n t  in t im e  a g iv en  n u c le u s  o f u ra n iu m  
w ill  d e c a y .

T h is  p r o b a b i l i s t i c  c h a r a c t e r  o f th e  p r e d ic t io n s  w ill a p p a re n t ly  p e r s i s t  
in  a l l  fu tu re  t h e o r i e s  o f m ic ro p h e n o m e n a . T h e  q u e s tio n  h e r e ,  a s  w a s 
p o in te d  o u t v e r y  r e c e n t ly  by  th e  yo u n g  S o v ie t m a th e m a tic ia n s  R. A. M in lo s* , 
A. G. K o s tu y c h e n k o  an d  B. S. M ity a g in , i s  th a t  th e  a b s t r a c t  m e a s u r e  
r e q u ir e d  f o r  e v e r y  i n te g r a tio n  c a n n o t be  in t ro d u c e d in  e v e ry  m a th e m ta t ic a l

• See Ml n lo s , R.A. Obobshchennye sluchainye protsessy i ikh prodolzhenie do mery (Generalized Random
Processes and their Continuation to the Measure). Trudy Moskovskogo matematicheskogo obshchestva.
Vol. 8. 1959.
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sp a c e * . In s p a c e s  w ith  to o  r ic h  a v a r ie ty  o f p o s s ib i l i t i e s  — an d  a l a r g e  i n 
fo r m a t io n  c a p a c ity  — su c h  a s  th e  s p a c e  o f fu n c tio n s , it  is  by  no m e a n s  a l 
w a y s  p o s s ib le  to  in tro d u c e  th e  m e a s u r e  of a r b i t r a r y  s e t s  r e q u ir e d  f o r  i n 
te g r a t io n  an d , h e n c e , f o r  th e  c o n s t r u c t io n  o f e v e ry  th e o ry .  A nd, a s  a  r u le ,  
th i s  m e a s u r e  p ro v e s  to  b e  no t u n iq u e ly  d e f in e d  ( a s  o p p o se d  to  le n g th , a r e a  
o r  v o lu m e  in  E u c lid ia n  sp a c e )  b u t r a th e r  r e la te d  to  a  c e r t a in  p r o b a b i l i s t i c  
d is tr ib u tio n .

T h a n k s  to  th e  a b o v e -m e n tio n e d  w o r k s ,  fo r  w h ich  th e  l a t t e r  tw o r e 
s e a r c h e r s  w e re  r e c e n t ly  a w a rd e d  th e  M o sco w  M a th e m a tic a l  S o c ie ty  p r iz e ,  
one c a n  now s y s te m a t ic a l ly  c o n s t r u c t  th e  e n t i r e  s y s te m  o f m o d e rn  q u an tu m  
th e o ry  s t a r t i n g  e x c lu s iv e ly  fro m  th e  h y p o th e s is  th a t  th e r e  is  a ju m p - l ik e  
in c r e a s e  in in fo rm a tio n  c a p a c ity  of e le m e n ta ry  o b je c ts  a s  one m o v e s  i n 
w a rd  th ro u g h  m a t te r .  T he id e a s  and  w o rk s  o f A. N. K o lm o g o ro v  an d  h is  
s tu d e n ts ,  w h ich  w e re  m e n tio n e d  e a r l i e r ,  c o n s t i tu te  th e  m a th e m a tic a l  b a s i s  
of th is  h y p o th e s is . And now th e  w o rk s  o f M in lo s , K o s ty u c h e n k o  an d  M ity a -  
g in  m a k e  i t  p o s s ib le  to  b r id g e  th e  gap  b e tw e e n  th e s e  v e r y  g e n e r a l ,  p u re ly  
m a th e m a tic a l  c o n s id e r a t io n s  and  th e  c o n s t r u c t io n s  o f  th e  A m e r ic a n  t h e o r e 
t ic a l  p h y s ic is t  R. P . F e y n m a n , who su c c e e d e d  in o b ta in in g  a l l  th e  b a s ic  r e 
s u l ts  o f q u an tu m  m e c h a n ic s  and  q u an tu m  f ie ld  th e o ry  s o le ly  f ro m  on e id e a , 
th a t  in th e  m o tio n  o f a  p h y s ic a l  o b je c t  fro m  a c e r t a in  in i t i a l  s t a t e  in to  a 
c e r t a in  f in a l on e  e v e ry  p o s s ib le  in te r m e d ia te  s t a t e  m a k e s  a c e r t a in  s t a t i s 
t i c a l ,  p ro b a b i l i s t i c  c o n tr ib u tio n * * .

If  w e now r e g a r d  th e  s e t  o f a l l  s t a t e s  of th e  p h y s ic a l  s y s te m  u n d e r  in v e s 
t ig a t io n  a s  a  c e r t a in  a b s t r a c t  m a th e m a tic a l  s p a c e ,  th e n  th e  s t a t i s t i c a l  
w e ig h t f a c to r  w h ich  e v a lu a te s  th e  c o n tr ib u t io n  o f e a c h  in te r m e d ia te  s t a t e  is  
none o th e r  th a n  a c e r t a in  p ro b a b il i ty  m e a s u r e ,  th e  o n ly  o n e  p o s s ib le  in  
s p a c e s  of th e  g iv en  in fo rm a tio n  c a p a c ity . In p a r t i c u la r ,  in  q u a n tu m  e l e c 
t ro d y n a m ic s  a  fu n d a m e n ta l  ro le  is  p la y e d  by  th e  s o - c a l le d  W ie n e r  m e a s u r e ,  
a  c e r t a in  ra n d o m  d is t r ib u t io n  s i m i l a r  to  th e  G a u s s ia n  one b u t c o n tin u e d  to  
th e  m e a s u r e  fo r  an y  s u b - s e t  o f th e  s p a c e  of fu n c tio n s .

W e m e n tio n  h e r e  ( f o r  d e ta i l s  th e  r e a d e r  is  r e f e r r e d  to  th e  re v ie w  a r t i c l e  
by  I. M. G e l'f a n d  and  A. M. Y ag lom  and th e  b ib l io g r a p h y  g iv en  th e re * * * )  
th a t  w ith  W ie n e r 's  m e a s u r e  e v e ry  b a s ic  r e s u l t  in  m o d e rn  q u an tu m  th e o r y  
i s  o b ta in e d  in  th e  fo rm  of s o - c a l le d  fu n c tio n a l i n t e g r a ls ,  i. e. , in  a  c lo s e d  
and  c o m p a c t fo r m , a s  d i s t in c t  f r o m , s a y , th e  o r d in a r y  th e o ry  in w h ich  th e  
r e s u l t s  a r e  o b ta in e d  a s  a r u le  in  th e  fo rm  o f an  e x p a n s io n  in  s e r i e s  ( p e r 
tu rb a t io n  th e o ry ) ,  w h ich  im m e d ia te ly  r a i s e s  th e  v e r y  d if f ic u lt  p r o b le m s  o f 
th e  c o n v e rg e n c e  o r  o f th e  s e p a r a t io n  o f i t s  in f in ite  t e r m s  f ro m  th e  f in i te  and  
e x p e r im e n ta l ly  o b s e r v e d  p a r t s ,  an d  so  on.

M in lo s ' b a s ic  r e s u l t  i s  th a t  a m e a s u r e  in a c e r t a in  a b s t r a c t  m a th e m a tic a l  
s p a c e  c a n  b e  in tro d u c e d  by  c o n tin u in g  a c e r t a in  ra n d o m  d is t r ib u t io n  to  
W ie n e r 's  m e a s u r e  on ly  u n d e r  th e  c o n d it io n  th a t  th i s  s p a c e  b e  a  k e r n e l  s p a c e ,  
i. e. , on ly  if  an y  e le m e n t  o f th i s  s p a c e  c a n  be  r e p r e s e n te d  in  th e  fo rm  o f a 
su m  of a  c e r t a in  s y s te m  of v e c to r s  m u ltip lie d  by c e r t a in  n u m b e rs  — fu n c tio n s  
o f an  a r b i t r a r y  e le m e n t  an d  b a s i s  v e c to r s .

• See K os t y uc he nk o , A.C. and B.S. M i t y a gi n . Polozhitel'no-opredelennye funktsionaly nayadernykh pro- 
stransivakh (Positive-Definite Functionals on Kernel Spaces). Trudy Moskovskogo matemaiicheskogo 
obshchestva. Vol. 9. 1960.

•• See F e y n m a n , R.P. An OperatorCalculusHaving Applications in Quantum Electrodynamics. Phys. Rev., 
84, 108. 1951; Theory of Positrons, ibid., 76, 749. 1949; Space-Time Approach to Quantum Electro
dynamics, ibid. , 76, 769. 1949.

••• See Uspekhi Matematicheskikh Nauk, Vol. XI. No. 1. 1956.
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K o s ty u c h e n k o  and  M ity a g in  p ro v e d  th a t  th i s  p r o p e r ty  of b e in g  a k e r n e l  
s p a c e  is  v e r y  c lo s e ly  r e la te d  to  i t s  in fo rm a tio n  c a p a c ity  an d  is  o p e r a t iv e  
o n ly  f o r  c o m p le te ly  d e f in i te  p o w e rs  o f g ro w th  o f th e  q u a n ti ty  o f in fo rm a tio n  
(w ith  re d u c t io n  o f th e  " s e p a r a t io n "  b e tw e e n  p o in ts  c a r r y in g  th is  in f o r m a 
tio n ) . T h u s , fo r  a  v e r y  r ic h  " n u m b e r"  of p o s s ib i l i t i e s  of b e h a v io r  of 
p h y s ic a l  o b je c ts ,  e v e n  p ro b a b i l i s t i c  e v a lu a t io n s  m a y  p ro v e  im p o ss ib le  and  
c e r t a i n  q u a l i ta t iv e ly  new  r e g u la r i t i e s  g o v e rn in g  th e  b e h a v io r  sh o u ld  a p p e a r .

In  th e  c a s e  o f p a r t i c le s  of a to m ic  d im e n s io n s ,  th e  s p a c e  o f p a r t i c le  
s t a t e s  is  r i g o r o u s ly  " k e r n e l " ,  and  th e r e f o r e  in  th e  th e o ry  of q u an tu m  p a r 
t i c l e s  o n ly  p r o b a b i l i s t i c  e v a lu a t io n s  o f t h e i r  b e h a v io r  a r e  p o s s ib le . T he 
s p a c e  o f s t a t e s  in  se c o n d  q u a n tiz e d  th e o ry  (q u a n tu m  f ie ld  th e o ry ) , ow ing  
to  th e  fa c t  th a t  th e  s o - c a l le d  v ac u u m  f lu c tu a tio n s  a r e  ta k e n  in to  a c c o u n t, is  
no lo n g e r  r i g o r o u s ly  k e r n e l  b u t r a th e r  " s te p w is e "  k e rn e l .

T h e  p ro b le m  h e r e  i s  th a t  a t  s u f f ic ie n t ly  s m a l l  d i s ta n c e s  fro m  a g iv en  
p a r t i c le  o n e  c a n  h av e  th e  v i r tu a l  a p p e a ra n c e  o f a s ta te  c o n s is t in g  o f th e  g i 
v e n  p a r t i c le  p lu s  a p a i r  o f an y  o th e r  p a r t i c le s ,  o r  one ca n  ev e n  h av e  su ch  
s t a t e s  a s  a r e  no t know n to  u s  to d ay . F u r th e r ,  th e  s m a l l e r  th e  s p a c e  i n t e r 
v a l  (a n d  c o r re s p o n d in g ly  th e  t im e  in te r v a l)  o f i n t e r e s t  to  u s ,  th e  g r e a t e r  
th e  m a s s e s  o f th e  p a r t i c le s  w h ich  ca n  c o n tr ib u te ,  and  th u s  th e  e x p a n s io n  
of th e  s t a t e  v e c to r  of th e  p h y s ic a l  s y s te m  in  a c e r t a in  s y s te m  o f b a s i s  
v e c to r s ,  w h ich  a c c o u n t f o r  a l l  in te r m e d ia te  s t a t e s ,  c e a s e s  to  be  v a lid  fo r  
d e f in i te  le n g th s ,  w h ich  m e a n s  th a t  th e  c o r r e s p o n d in g  s p a c e  a ls o  c e a s e s  to  
b e  k e r n e l .  In  o r d e r  to  m a k e  th e  s p a c e  o f s t a t e s  k e r n e l  a g a in , one m u s t, 
w h ile  c h o o s in g  th e  b a s i s  v e c to r s ,  ta k e  in to  a c c o u n t th e  new  in te rm e d ia te  
s t a t e s  w ith  p a i r s  o f v i r t u a l  p a r t i c le s  o f l a r g e  m a s s  — an d  in  th i s  m a n n e r  
t h i s  p r o c e s s  of s te p w is e  in c lu s io n  o f th e  in f lu e n c e  o f p a r t i c le s  o f i n c r e a s 
in g ly  l a r g e  m a s s  w ill c o n tin u e  to  in fin ity .

A ll o f m o d e rn  q u an tu m  f ie ld  th e o ry  is  b u il t  on  th i s  k ind  of a p p r o x im a 
tio n . In  o r d in a r y  q u an tu m  m e c h a n ic s  th e  s p a c e  o f p o s s ib le  p a r t i c le  s t a t e s  
is  a s s u m e d  to  b e  r ig o r o u s ly  k e r n e l  an d  a c o m p le te  s e t  o f in te rm e d ia te  
s t a t e s  is  fo r m e d  by  th e  s t a t e s  o f m o tio n  s o le ly  o f th e  g iv en  p a r t i c le s .  In 
q u an tu m  e le c t r o d y n a m ic s  th e  e f fe c ts  o f th e  v i r tu a l  s t a t e s  o f th e  e le c t r o n -  
p o s i tr o n  an d  pho to n  v a c u a  — th e  e f fe c ts  o f th e  p o s s ib le  p r e s e n c e  in i n t e r 
m e d ia te  s t a t e s  o f th e  g iv en  p a r t i c le s  p lu s  a c e r t a in  n u m b e r  o f p h o to n s  and  
e le c t r o n - p o s i t r o n  p a i r s  — a r e  ta k e n  in to  ac c o u n t. In  th is  w ay it b e c o m e s  
p o s s ib le  to  c o n s t r u c t  a " n e a r ly  c lo s e d "  th e o ry  o f lo n g - ra n g e  e le c t r o m a g 
n e tic  f o r c e s .

So f a r  a l l  a t t e m p ts  to  c o n s t r u c t  a th e o ry  of s h o r t - r a n g e  n u c le a r  f o r c e s  
e n d e d  in  f a i lu r e  fo r  th e  v e r y  r e a s o n  th a t  we do no t a s  y e t  know p r e c i s e ly  
w h a t s p a c e  o f s t a t e s  o f s t r o n g ly - in t e r a c t in g  n u c le a r  p a r t i c le s  is  e v e n  a p 
p r o x im a te ly  k e r n e l  — o r ,  ro u g h ly  s p e a k in g , w h ich  h y p e ro n s  an d  m e s o n s  
c o n t r ib u te  a p p r e c ia b ly  in th e  in te r m e d ia te  s t a t e s  and  w h ich  v i r tu a l  p a r t i c 
l e s  an d  t h e i r  p a i r s  c a n  b e  d i s r e g a r d e d .

T h e  m o s t  r e l i a b le  a p p r o a c h  in th e  th e o ry  o f s t r o n g  in te r a c t io n s ,  th e  one 
w h ich  m a k e s  th e  l e a s t  n u m b e r  of h y p o th e tic a l  a s s u m p tio n s ,  i s  th e  s o -  
c a l le d  d i s p e r s io n  r e la t io n s .  T he in f o r m a t io n - th e o r e t ic  a p p r o a c h  e m e r g e s  
in c r e a s in g ly  e x p l ic i t ly  in t h e i r  d e r iv a t io n  — th e  d o u b le  d i s p e r s io n  r e la t io n s ,  
f o r  in s ta n c e ,  h av e  n o t b e e n  g iv en  an y  r ig o r o u s  p ro o f  so  f a r ,  and  h e u r is t i c  
a r g u m e n ta t io n  (o f th e  ty p e  p r e s e n te d  ab o v e ) is  s u b s t i tu te d  f o r  p ro o f :  in  a 
su m  o v e r  in te r m e d ia te  s t a t e s ,  on ly  th e  l ig h te s t  p a r t i c le s  c a n  m a k e  an  a p 
p r e c ia b le  c o n tr ib u t io n .
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J u s t i f ic a t io n  of th i s  a s s u m p tio n , in  o u r  o p in io n , w ill b e  p o s s ib le  o n ly  in 
a fu tu re  " c o m p le te "  th e o ry  o f e le m e n ta r y  p a r t i c le s ,  w h ich , l e t  u s  h o p e , 
w ill h av e  ro u g h ly  th e  fo llo w in g  id e a liz e d  f e a tu r e s .  W hen th e  s tu d y  o f an y  
c o m p le te ly  new  p h y s ic a l  p h en o m e n a  an d  p r o c e s s e s  in v o lv in g  p a r t i c le s  is  
in i t ia te d ,  c e r t a in ,  so  f a r  unknow n, c h a r a c t e r i s t i c s  o f th e  l a t t e r  a r e  m e a s 
u re d , an d  f ro m  th e s e  c h a r a c t e r i s t i c s  on e  d e c id e s  w h a t in fo rm a tio n  c a p a c ity  
and  " k e r n e l  p r o p e r ty "  s p a c e s  m u s t  h av e  if  th e y  a r e  to  b e  u s e d  in  c o n s t r u c t 
in g  an  a d e q u a te  th e o ry  o f th e  g iv e n  p r o c e s s e s  an d  p h e n o m e n a . In  th i s  
way one a v o id s  w a n d e r in g  th ro u g h  th e  n e a r ly  in e x h a u s t ib le  s u p p ly  o f a b 
s t r a c t  s p a c e s  in  c o n te m p o r a ry  m a th e m a tic s  — a  fa te  to  w h ich  a r e  c o n 
d e m n e d  to d a y  th e  m an y  in v e s t ig a t io n s  on p ro b le m s  o f p r in c ip le  in  th e  s o -  
c a l le d  a b s t r a c t  th e o ry  of f ie ld s  ( s t a r t i n g  w ith  th e  w o rk s  o f F r i e d r i c h s ,  V an 
H ove, M. S c h w a r tz , and  o th e r  s c ie n t i s t s ) .

In  t h e s e  in v e s t ig a t io n s  it  is  d e m o n s tra te d  th a t  H i lb e r t  s p a c e  is  n o t a t  a l l  
" l a r g e "  enough  f o r  th e  c o n s t ru c t io n  o f a  r ig o r o u s  m a th e m a tic a l  th e o r y  o f 
q u a n tiz e d  f ie ld s  and  th a t  i t  sh o u ld  b e  r e p la c e d  by  so m e  in f in i te  p ro d u c t  o f 
H i lb e r t  s p a c e s  (i. e. , by  a c e r t a in  m o re  g e n e r a l ,  an d  p o s s ib ly  ev e n  n o n 
k e r n e l  s p a c e ) . B ut w ha t c o n c r e te  kind  of s p a c e  is  r e q u ir e d  in , s a y ,  th e  
th e o ry  o f n u c le a r  i n te r a c t io n s  i s  a  q u e s tio n  w h ich  c a n  b e  a n s w e re d  o n ly  by  
a d d u c in g  in f o r m a t io n - th e o r e t ic  c o n s id e r a t io n s .

T h e  th e o ry  o f d i s p e r s io n  r e la t io n s  h a s  a l r e a d y  ta k e n  th i s  ro a d  — it h a s  
ab a n d o n ed  a t te m p ts  to  p ro v e  r ig o r o u s ly  M a n d e ls ta m 's  id e a  (d o u b le  d i s p e r 
s io n  r e la t io n s )  an d  in s te a d  s im p ly  p o s tu la te s  a  c l a s s  o f fu n c tio n s  a m o n g  
w h ich  c a n  b e  so u g h t th e  s o lu tio n  to  th e  p ro b le m  o f n u c le a r  i n te r a c t io n s  a t  
low  e n e r g ie s ,  i. e . , a s  i t s  fu n d a m e n ta l  p o s tu la te  i t  h a s  e s ta b l i s h e d  th e  r e 
q u ire m e n t  th a t  o n ly  a b s t r a c t  m a th e m a tic a l  s p a c e s  o f a  d e f in i te  ty p e , an d , 
t h e r e f o r e ,  o f d e f in ite  in fo rm a tio n  c a p a c ity ,  b e  u s e d  in  c o n s t r u c t in g  th e  
th e o ry .

W e a r e  c o n v in c e d  th a t  w ith in  a  v e r y  few  y e a r s  th i s  a p p r o a c h  w ill b e  u n i 
v e r s a l l y  a c k n o w led g e d  a s  th e  o n ly  p o s s ib le  a p p r o a c h  to  th e  c o n s t r u c t io n  o f 
a  g e n e ra l  th e o ry  o f e le m e n ta r y  p a r t i c le s .
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APPENDIX

T H E O R E T IC A L  C O N F E R E N C E  ON T H E  PH IL O S O P H IC A L  
P R O B L E M S  O F  E L E M E N T A R Y  P A R T IC L E  PH Y SICS

V .I. S k u r la to v

T h e  t h e o r e t ic a l  c o n f e re n c e  on  th e  p h i lo so p h ic a l  p ro b le m s  o f e le m e n ta r y  
p a r t i c l e  p h y s ic s ,  co n v e n e d  by th e  S c ie n tif ic  S o v ie t on the co m p le x  q u e s tio n  
" T h e  p h i lo s o p h ic a l  p r o b le m s  o f m o d e rn  s c ie n c e " ,  w a s  h e ld  on 2 5 -2 6  A p r il  
1962 in  M oscow  a t  th e  P h y s ic a l  I n s t i tu te  o f th e  A c a d e m y  o f S c ie n c e s  o f th e  
USSR im . P .N .  L e b e d e v  (F IA N ).

O v e r  250 p h y s i c i s t s  an d  p h i lo s o p h e rs  f ro m  th e  le a d in g  s c ie n t i f i c  i n s t i t u 
t io n s  a n d  u n iv e r s i t i e s  o f e ig h te e n  c i t i e s  to o k  p a r t  in  th e  c o n f e re n c e .

In  th e  o p e n in g  a d d r e s s  D .I .  B lo k h in tse v  (J o in t  In s t i tu te  f o r  N u c le a r  R e 
s e a r c h ,  D ubna, O IY al) n o te d  th a t  th e  p h i lo so p h ic a l  p r o b le m s  o f e le m e n ta ry  
p a r t i c l e  p h y s ic s  w e re  lin k e d  in d is s o lu b ly  to  b a s ic  p ro b le m s  o f p h ilo so p h y .
A s th e  c l a s s i c s  o f M a r x is m - L e n in is m  p o in t  o u t, m a te r ia l i s m  a s s u m e s  a 
new  fo r m  w ith  e v e r y  new  s u c c e s s  in  n a tu r a l  s c ie n c e .  T h e  c r e a t io n  o f q u a n 
tu m  p h y s ic s  w a s  a  v e r y  g r e a t  s u c c e s s  of s c ie n c e ,  on e  w h ich  re v e a le d  e x 
t r a o r d i n a r y  a s p e c t s  o f m a t t e r  an d  d is c lo s e d  th e  d ia le c t ic a l  c h a r a c t e r  of 
m ic ro p h e n o m e n a . T o  th is  day , s c ie n t i f i c  m a te r ia l i s m  c o n tin u e s  to  a s s i m i 
l a te  a n d  in t e r p r e t  new  s i tu a t io n s ,  e n r ic h in g  an d  d e v e lo p in g  i t s  ow n b a s e s .
O n th e  o th e r  h an d , f u r th e r  a d v a n c e s  in to  th e  i n t e r i o r  o f m a t t e r  an d  in  e l e 
m e n ta r y  p a r t i c l e s  h a v e  r a i s e d  s u b s ta n t ia l  d i f f ic u lt ie s  th e  o v e r c o m in g  of 
w h ic h  w il l  r e q u i r e  a  f u r th e r  " d i a le c tiz a t io n "  o f p h y s ic s .  T h e r e f o r e ,  no t 
o n ly  i s  d ia l e c t ic a l  m a te r ia l i s m  in  i t s  c r e a t iv e  fo r m  c a p a b le  o f a c t in g  a s  a 
s o u r c e  o f  new  p h y s ic a l  id e a s  an d  c o n c e p ts ,  b u t on e  o u g h t to  r e g a r d  i t  a s  a 
s p e c ia l  " c o m p a s s "  fo r  p h y s ic s .  I f  p h y s ic s  " g iv e s  b i r th  to  d ia le c t ic a l  m a 
t e r i a l i s m " ,  th e n  d i a le c t ic a l  m a te r ia l i s m ,  in  tu rn ,  sh o u ld  a s s i s t  in  th e  b i r th  
o f new  p h y s ic a l  t h e o r i e s .  B lo k h in tse v  s t r e s s e d  th a t  a t  th e  p r e s e n t  t im e  f u r 
th e r  p r o g r e s s ,  p h i lo s o p h ic a l  o r  p h y s ic a l ,  w a s  im p o s s ib le  w ith o u t in t im a te  
c r e a t iv e  c o o p e ra t io n  b e tw e e n  p h y s ic s  an d  p h ilo so p h y .

T h e  c o n f e re n c e  h e a r d  r e p o r t s  by B lo k h in tse v , M .E .  O m e l 'y a n o v sk i i  
( P h i lo s o p h ic a l  I n s t i tu te  o f th e  A c a d e m y  of S c ie n c e s  o f th e  USSR, IFA N ),
V. B . B e r e s te t s k i i  (F IA N ), V .Y a . F a in b e rg  (F IA N ), I. V. K u z n e tso v  (IFA N ), 
A . A . S oko lov  (M o sco w  S ta te  U n iv e r s i ty ,  MGU), A . A . T y a p k in  (O IY al), Ya. 
P . T e r l e t s k i i  (M GU ), N. F . O v c h in n ik o v  (IFA N ), I. S. S h a p iro  (F IA N ), 
a n d  Y u. V. S ach k o v  (IFA N ). T h e  a r t i c l e s  w r i t t e n  by  th e  s p e a k e r s  fo r  the 
p r e s e n t  boo k  d e v e lo p  th e  b a s ic  id e a s  o f th e s e  r e p o r t s .  T h e  d i s c u s s io n  c e n 
t e r e d  a b o u t th e  m o s t  im p o r ta n t  m e th o d o lo g ic a l  p r o b le m s  o f m o d e rn  th e o 
r e t i c a l  p h y s ic s ,  a m o n g  w h ich  w e re  w a v e - p a r t i c l e  d u a l is m , th e  p ro b le m s  
o f th e  s t r u c t u r e  o f e le m e n ta r y  p a r t i c le s  an d  th e  c o n n e c tio n  b e tw e e n  th e  in 
f in i te ly  s m a l l  an d  th e  in f in i te ly  l a r g e .

I t  i s  e n t i r e ly  a d m is s ib le  th a t  th e  fu n d a m e n ta l  c o n c e p tio n  o f w a v e - p a r t ic le  
d u a l is m  in  " o ld "  q u a n tu m  m e c h a n ic s  w ill  b e  s u b je c te d  to  r e - in t e r p r e t a t i o n
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on th e  th re s h o ld  o f th e  c r e a t io n  o f th e  n e w e r  an d  d e e p e r  th e o ry .  By i t s e l f  
q u an tu m  m e c h a n ic s  c a n n o t e x p la in  why in  p a r t i c u la r  w a v e - p a r t i c l e  d u a lis m  
e x is t s ,  an d  w hy m ic r o p a r t i c l e s  a p p e a r  a s  d is c o n tin u o u s  an d  f in i te  ( c o r p u s 
c le ) an d  a s  co n tin u o u s  an d  in f in ite  (w ave) in  m a c r o e x p e r im e n ts .  F u r t h e r 
m o re ,  o th e r  " p a r a d o x e s "  o f q u an tu m  m e c h a n ic s  a r e  a s s o c ia t e d  w ith  th e  
w a v e - p a r t ic le  d u a lis m  — th e  id e n ti ty  o f m i c r o p a r t i c l e s  o f o n e  k ind , th e  u n 
c e r ta in ty  r e la t io n , e tc .  E v e r y  on e  o f th e s e  " p a r a d o x e s "  m e r e ly  in d ic a te s  
th e  u n u su a l c h a r a c t e r  o f th e  c o n c lu s io n s  w h ich  fo llow  f r o m  th e  q u a n tu m - 
m e c h a n ic a l  f o r m a l is m .

T h e  fa c t  o f w a v e - p a r t ic le  d u a lis m  led  to  th e  c r e a t io n  by  B o h r o f th e  id e a  
of c o m p le m e n ta r i ty .  In  th is  id e a  B o h r a llo w e d  fo r  th e  c o m p le m e n ta ry  a s 
p e c t  o f th e  m u tu a lly  e x c lu s iv e  c h a r a c t e r i s t i c s  o f m ic r o o b je c t s .  T h e  d e b a te  
s u rro u n d in g  th e  id e a  o f c o m p le m e n ta r i ty  i s  l a r g e ly  due to  th e  f a c t  th a t  i t  
w a s  u s e d  in  p o s i t iv i s t i c  p h ilo so p h y .

I t i s  n a tu r a l  th a t  th e  d e v e lo p m e n t o f th e  p h y s ic s  o f th e  m ic ro w o r ld  an d  
o f th e  th e o ry  o f e le m e n ta ry  p a r t i c le s  sh o u ld  h av e  r e q u ir e d  th a t  th e  l im i t s  
o f q u an tu m  m e c h a n ic s  be e x c e e d e d . F o r m a l  s u b je c t iv e  " s o lu tio n "  o f th e  
" p a r a d o x e s "  had  b e c o m e  a  h in d ra n c e .  It i s  n o t w ith o u t r e a s o n  th a t  de B r o g 
lie  an d  H e is e n b e rg  t r a n s f e r r e d  th e  p ro b le m a t ic s  o f th e  " p a r a d o x e s "  to  th e  
" o n to lo g ic a l"  p la n e  w hen th e y  e n c o u n te re d  the n e c e s s i ty  o f d e v is in g  new  
id e a s  fo r  th e  c r e a t io n  o f a  u n if ie d  th e o ry  o f e le m e n ta r y  p a r t i c le s .

O ne p ro m is in g  d ire c t io n  in  p h y s ic s  c o n s i s t s  o f re c o g n iz in g  th e  in s e p a 
ra b le  l in k  b e tw e e n  th e  in f in i te ly  s m a l l  an d  th e  in f in i te ly  l a r g e .  In  de B r o g 
l i e 's  " c a u s a l"  i n t e r p r e ta t io n  o f q u an tu m  m e c h a n ic s  th is  l in k  i s  g u a r a n te e d  
e s s e n t ia l ly  by "h id d e n  p a r a m e t e r s "  ow ing  to w h ich  th e  m ic r o o b je c t  i s  i n 
s ta n ta n e o u s ly  in fo rm e d  of c h a n g e s  in  th e  s u r r o u n d in g  w o r ld .  In  h is  n o n 
l i n e a r  s p in o r  th e o ry  o f m a t t e r  H e is e n b e rg  a r r i v e s  a t  th is  l in k  in d i r e c t ly  
f ro m  th e  " w o rld  e q u a tio n " . In  an  a r t i c l e  e n t i t le d  " R e m a r k s  on E in s t e in 's  
p r o g r a m  f o r  a u n if ie d  f ie ld  th e o r y " ,  in  th e  c h a p te r  on " R e la t io n s h ip  to  p r o b 
le m s  o f c o sm o lo g y " , he w r i t e s  th a t  " in  th e  n o n l in e a r  s p in o r  th e o ry  f ie ld s  
c a n n o t be t r e a te d  w ith o u t ta k in g  c o s m o lo g ic a l  p r o b le m s  in to  c o n s id e r a t io n .  . . 
a  lo c a l  s y s te m  ca n n o t be s e p a r a te d  c o m p le te ly  f ro m  th e  e n t i r e  w o r ld  . . .
E v e n  w hen th e  fu n d a m e n ta l  f ie ld  e q u a tio n  i s  r e la t iv e ly  s im p le  — an d  th i s  is  
a s s u m e d  in  th e  n o n l in e a r  s p in o r  th e o ry  — th e  g ro u n d  s t a t e  f r o m  w h ich  th e  
e le m e n ta r y  p a r t i c le s  a p p e a r  upon a p p l ic a t io n  of th e  f ie ld  o p e r a to r s  n e e d  
n o t a t  a l l  b e  s im p le .  T h is  g ro u n d  s ta te  c a n n o t be d e s ig n a te d  s im p ly  a s  a  
v ac u u m  an d  ca n n o t b e  a s s ig n e d  a l l  th e  in v a r ia n c e  p r o p e r t i e s  w h ic h  th e  f ie ld  
e q u a tio n  p o s s e s s e s .  T h is  g ro u n d  s ta te  is  n o t a  v a c u u m  b u t r a th e r  a  w o r ld " * .  
No l e s s  r a d ic a l  a t t e m p ts  to  a c c o u n t fo r  th e  c o n n e c tio n  b e tw e e n  th e  in f in i te ly  
s m a l l  an d  th e  in f in i te ly  l a r g e  h av e  b e e n  m a d e  in  th e  in v e s t ig a t io n s  o f o th e r  
p h y s i c i s t s .  T h is  q u e s tio n  i s  on e  of th e  m o s t  u rg e n t  o n e s  in  m o d e rn  s c ie n c e .  
I t  i s  th e r e f o r e  n a tu r a l  f o r  i t  to  h av e  o c c u p ie d  a  f i t t in g  p o s i t io n  in  th e  c o n 
f e r e n c e  ta lk s .

B elow  we w ill  g iv e  a  s u m m a ry  o f th e  ta lk s  in  " c h r o n o lo g ic a l"  o r d e r .
T h e  f i r s t  to s p e a k  w a s  B . Y a. P a k h o m o v  (B iisk ) . H e e x p r e s s e d  th e  o p in 

ion  th a t  one c o u ld  s c a r c e ly  e m b r a c e  th e  e n t i r e  m ic r o p a r t i c l e  w o r ld  in  a  
s in g le  fo r m u la ,  s in c e  m i c r o p a r t i c l e s  w e re  in te r n a l ly  " in h o m o g e n e o u s "  an d  
q u a l i ta t iv e ly  d i f fe re n t  f ro m  on e a n o th e r .

• See the collection entitled: "Einstein and the Development of Physico-Mathematical Thinking". Moscow, 
pp. 67-68. 1962.
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A. I. U e m o v 's  (Ivanovo) ta lk  w a s  d e v o te d  to  th e  ro le  o f a n a lo g y  in the 
c o n s t r u c t io n  o f th e  th e o ry  o f e le m e n ta r y  p a r t i c le s .  U em ov  n o ted  in  p a r t i 
c u l a r  th a t  p h y s i c i s t s  w ou ld  b e c o m e  c o n v in c e d  o f th e  p r a c t i c a l  s ig n if ic a n c e  
o f p h ilo so p h y  o n ly  w hen  i t  p la y e d  a  p a r t  n o t o n ly  in  a n a ly s i s  an d  g e n e r a l 
iz a tio n  o f know n r e s u l t s  b u t a l s o  in  th e  a c tu a l  p r o c e s s  o f o b ta in in g  r e s u l t s  
a n d  in  d e te rm in in g  th e  d ir e c t io n  an d  m e th o d s  o f r e s e a r c h .  W hile p r e v io u s 
ly  p h i lo s o p h e r s  w e re  c h ie f ly  c o n c e rn e d  w ith  s e e k in g  e x a m p le s  to  i l lu s t r a t e  
v a r io u s  p r o p o s i t io n s  of d i a le c t ic a l  m a te r ia l i s m  an d  re je c t in g  th e o r ie s  w h ich  
s e e m e d  a t  f i r s t  g la n c e  to  c o n t r a d ic t  th e s e  p r e m is e s ,  to d ay  th e  fo c u s  is  on 
u t i l i z a t io n  o f p h i lo s o p h ic a l  k n o w led g e in  th e  d e v e lo p m e n t of th e  n a tu r a l  s c i 
e n c e s .  In  v iew  o f th i s ,  p r o b le m s  o f lo g ic , s u c h  a s  the p ro b le m  o f a n a lo g y , 
h a v e  b e c o m e  in c o r p o r a te d  a s  a n  o rg a n ic  p a r t  in  th e  p h ilo so p h y  of n a tu r a l  
s c ie n c e .

A s r e c e n t ly  s t r e s s e d  by O p p e n h e im e r , a n a lo g y  i s  a  n e c e s s a r y  to o l o f a l l  
s c ie n t i f i c  c o g n it io n . H e re  by a n a lo g y  i s  u n d e r s to o d  a  ta k in g  o v e r  of r e l a 
t io n s  f r o m  o n e  s y s te m  o f o b je c ts  to  a n o th e r .  T h u s , a n a lo g y  w a s  r e p e a t e d 
ly e x p lo ite d  in  th e  r e p o r t s .  F o r  e x a m p le , M .E .  O m e l 'y a n o v sk i i  m e n tio n e d  
th e  a n a lo g y  b e tw e e n  th e  e le m e n ta r y  p a r t i c le  an d  th e  u n iv e r s e .  V. Y a . F a in -  
b e r g  p r o p o s e d  th a t  th e  p o s s ib i l i ty  o f ta k in g  o v e r  g iv en  p r o b le m s  o f p h y s ic s  
to  o th e r  re g io n s  o f c o g n it io n  (e . g ., B o h r 's  ta k in g  o v e r  o f the id e a  o f c o m 
p le m e n ta r i ty  f ro m  p h y s ic s  to  b io lo g y , p sy c h o lo g y  an d  o th e r  s c ie n c e s )  be 
u s e d  a s  a  c r i t e r i o n  o f t h e i r  p h i lo so p h ic a l  n a tu re .

N o t a l l  a n a lo g ie s  a r e  a d o p te d , h o w e v e r. S o m e tim e s  on e  a n a lo g y  is  r e 
fu te d  by m e a n s  o f a n o th e r .  T h e  s a y in g  " c o m p a r is o n  i s  no p ro o f "  is  w e ll 
know n. S o m e tim e s  o p p o n e n ts  o f a  c e r t a in  an a lo g y  c a l l  th is  s a y in g  to  w i t 
n e s s .  B u t on  th e  s p o t th e y  a d v a n c e  a n o th e r  a n a lo g y , in  th e  f i rm  c o n v ic tio n  
th a t  i t  i s  v a lid  an d  e v e n  d e m o n s tra b le .

A f in a l  e s t im a t io n  o f th e  v a lu e  of a  g iv e n  an a lo g y  c a n  b e  g iv en , of c o u r s e ,  
o n ly  by  e x p e r ie n c e .  H o w e v e r , th e  d e te rm in a t io n  of a  lo g ic a l  c r i t e r i o n  fo r  
a n a lo g ie s  w ould  be v e r y  u s e f u l  in  so lv in g  th e  p ro b le m  o f w h ich  a n a lo g ie s  
a r e  to  be p r e f e r r e d  i r r e s p e c t i v e  o f an y  s u b je c t iv e  p r e d is p o s i t io n s .  T h e  e s 
t a b l i s h m e n t  of s u c h  a  c r i t e r i o n  in  m o d e rn  lo g ic  w ould  in v o lv e  c e r t a in  id e a s  
c o n c e rn in g  th e  is o m o r p h is m  o f  r e la t io n s .

U e m o v  p ro p o s e d  a  s c h e m e  fo r  p ro o f  by a n a lo g y , w ith  th e  h e lp  of w h ich  
h e  sh o w e d  th a t  th e r e  w a s  no a n a lo g y  b e tw e e n  s u c h  d i f fe re n t  le v e ls  o f s t r u c 
tu r e  o f m a t t e r  a s  a to m s  an d  e le m e n ta r y  p a r t i c le s .

In h is  ta lk  G . B . Z h d an o v  (FIA N ) e n g a g e d  in  a  p o le m ic  w ith  V. Y a. F a in -  
b e r g  c o n c e rn in g  th e  r e la t io n s h ip  b e tw e e n  th e  ra n d o m  an d  th e  n e c e s s a r y .
T h e  w e ll  know n th e s i s  o f d ia le c t ic a l  m a te r ia l i s m  — " c h a n c e  is  a  fo rm  of 
m a n i f e s ta t io n  o f n e c e s s i ty "  — im p lie s  th a t  th e  d y n a m ic a l  r e g u la r i t i e s  o f the 
m a c r o w o r ld  a r e  n o t a  ra n d o m  e x p r e s s io n  o f th e  r e g u la r i t i e s  o f th e  m i c r o 
w o r ld . I t  i s  e v id e n t f ro m  th e  v e r y  fa c t  th a t  a v e ra g in g  of c h a n c e  a t  th e  m a c 
ro w o r ld  le v e l  y ie ld s  c e r t a in  r e g u la r i t i e s  an d  a  u n iv o c a l n e c e s s i ty ,  th a t  
th e  c h a n c e  w h ich  i s  m a n ife s te d  a t  lo w e r  le v e ls  i s  a  d e f in ite  fo rm  of n e c e s 
s i ty .  I t  i s  d i f f e r e n t  f r o m  d y n a m ic a l  r e g u la r i ty ,  b u t s t i l l  a  fo rm  o f n e c e s 
s i ty .  T h u s  the g ro w in g  r o le  o f s t a t i s t i c a l  r e g u la r i t i e s  in  e le m e n ta r y  p a r t i 
c le  p h y s ic s ,  an d , p o s s ib ly ,  in  th e  d e e p e r  p h y s ic a l  th e o r i e s  y e t  to  c o m e , 
c a n n o t s e r v e  a s  a  b a s i s  fo r  F a in b e r g 's  t h e s i s  th a t  " n e c e s s i ty  is  a  fo rm  of 
m a n i f e s ta t io n  o f c h a n c e " .

I. S. A le k s e e v 's  (MGU) ta lk  w a s  d e v o te d  to  th e  q u e s tio n  o f th e  p a r t  an d  
th e  w h o le  an d  t h e i r  r e la t io n s h ip  in  th e  m ic ro w o r ld .  If  th e  a to m  c o n s i s t s  
o f o th e r  o b je c ts ,  n a m e ly  e le m e n ta r y  p a r t i c l e s  (the  w h o le  is  g r e a t e r  th an
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th e  p a r t) ,  th en  e le m e n ta ry  p a r t i c le s  c o n s i s t  o f e le m e n ta r y  p a r t i c l e s  (th e  
p a r t  i s  e q u a l to  th e  w h o le) . T h is  f a c t  r e f l e c t s  th e  s p e c if ic  c h a r a c t e r  o f 
e le m e n ta ry  p a r t i c le  p h y s ic s .  A le k s e e v  s in g le d  o u t tw o t r e n d s  in  th e  th e o 
ry  of e le m e n ta r y  p a r t i c le s .  T h e  f i r s t ,  s t a r t i n g  f ro m  th e  t r a n s m u ta b i l i ty  
o f e le m e n ta r y  p a r t i c le s ,  s e e k s  t h e i r  in te r n a l  s t r u c t u r e  in  th e  i n t e r n a l  s t r u c 
tu re  of an  " o r ig in a l  m o th e r " ,  th e  e x c ite d  s t a t e s  o f w h ich  a r e  p a r t i c l e s .  T h e  
se c o n d  t r e n d  i s  p h e n o m e n o lo g ic a l , an d  d ra w s  aw ay  fro m  s t r u c t u r a l  le v e ls  
d e e p e r  th an  th e  e le m e n ta r y  p a r t i c le s .  T h e  s p e a k e r  r e m a r k e d  in  th i s  c o n 
n e c tio n  th a t  e v e n  if  m o re  p ro fo u n d  le v e ls  do e x is t ,  th e y  m ig h t o c c u r  b ey o n d  
th e  l im i t s  w h ich  c a n  b e  r e a c h e d  w ith  th e  a id  o f e le m e n ta r y  p a r t i c l e s .  T o  
e m p h a s iz e  th e  r e a l i ty  o f th i s  p e c u l ia r  "b o u n d a ry  o f c o g n it io n " , A le k s e e v  
r e c a l le d  D .I .  B lo k h in ts e v 's  id e a  th a t  in  th e  i n t e r a c t io n  o f tw o v e r y  e n e r g e t 
ic  p a r t i c le s  i t  w a s  p o s s ib le  to h av e  th e  fo r m a t io n  o f g a la x ie s ,  s u p e r g a l a x 
ie s ,  an d  so  on. T h e r e f o r e  the u n iv e r s a l  c o n s ta n t  c im p lie s ,  a p p a re n t ly ,  
th a t  w hen th e  sp e e d  o f a  p a r t i c le  a p p r o a c h e s  in f in ity , i . e . ,  w hen  th e  p a r t i 
c le  e n e rg y  te n d s  to  in f in ity , th e  p a r t i c le ,  a s  i t  w e re ,  " d ra w s  a lo n g "  th e  
e n t i r e  u n iv e r s e .  H e n ce  i t  s e e m s  u n lik e ly  th a t  e le m e n ta r y  p a r t i c le  r e s e a r c h  
a t  in c re a s in g ly  h ig h e r  e n e r g ie s  w ou ld  e v e n tu a lly  le a d  to  th e  d i s c o v e r y  o f a  
m o re  p ro fo u n d  le v e l  o f m a t t e r ,  a  le v e l  o f " s u b e le m e n ta r y  p a r t i c l e s " .  A t 
th e  s a m e  t im e  th e  o n ly  m e a n s  o f c o g n iz in g  an  e le m e n ta r y  p a r t i c le  is  by th e  
a c t io n  upon i t  o f a n o th e r  e le m e n ta r y  p a r t i c le .  B ut th e r e  s e e m s  to  b e  no w ay 
o u t a t  th e  p r e s e n t  t im e  fro m  th e  v ic io u s  c i r c l e  o f t r a n s m u ta b i l i ty  an d  m u tu a l  
c o m p o s i te n e s s .  A le k s e e v  e x p r e s s e d  th e  o p in io n  th a t  th is  c i r c l e  i s  due to  th e  
p o s i t io n  o f th e  m a c ro s c o p ic  s u b je c t  in  th e  o b je c tiv e  w o r ld  a n d  to  th e  a c t iv e  
n a tu re  of m a n 's  e x p r e s s io n  of r e a l i ty .  In th e  l a s t  a n a ly s i s  th e  s p e a k e r  d id  
n o t p ro p o s e  an y  h y p o th e s is  c o n c e rn in g  th e  c o n q u e s t  o f th e  " b o u n d a ry  o f c o g 
n it io n " .  H e n o ted  m e r e ly  th a t  th e  d i f f ic u lt ie s  s te m m e d  f r o m  th e  u n ity  o f th e  
e le m e n ta r y  p a r t i c le  an d  th e  u n iv e r s e .

In  h is  ta lk  A . L . S e rd y u k o v  (M oscow ) s ta te d  th a t  a n  e r r o n e o u s  i n t e r p r e t a 
t io n  o f th e  e s s e n c e  o f w a v e - p a r t ic le  d u a lis m  had  s u p p o s e d ly  b e c o m e  w id e 
s p r e a d  in  th e  p h i lo so p h ic a l  l i t e r a t u r e ;  w h ile  p r e v io u s ly  on e  f r e q u e n t ly  e n 
c o u n te re d  c la im s  th a t  th e  p a r t i c le  c a n  c h a n g e  in to  a  w a v e an d  th e  w a v e in to  
a  p a r t i c le ,  now on e e n c o u n te re d  c la im s  th a t  m ic r o o b je c t s  w e r e  n e i th e r  p a r 
t i c l e s  n o r  w a v e s  b u t a  d ia le c t ic a l  un io n  o f w av e an d  p a r t i c le s ,  w h ich  r e p r e 
s e n t  p o la r  o p p o s i te s .  S e rd y u k o v 's  m a in  a r g u m e n t  w a s  a s  fo llo w s : in  p h y s 
ic s  by  th e  w o rd  "w a v e "  i s  m e a n t n o t a  c e r t a in  m a t e r ia l  fo r m a t io n  b u t a  
fo r m  o f m o tio n . O b v io u s ly , a  fo rm  o f m o tio n  c a n n o t in  an y  w ay  c h a n g e  in 
to  a  p a r t i c le  of m a t t e r ,  an d  a  p a r t i c le  of m a t t e r  c a n n o t c h a n g e  in to  a  fo rm  
o f m o tio n . H e n ce  i t  i s  e v id e n t th a t  th e  " d ia le c t ic a l  s y n th e s i s "  o f " w a v e "  
(co n tin u o u s) an d  " p a r t i c l e "  (d isc o n tin u o u s )  a s  p o la r  o p p o s i te s  i s  e r r o n e 
o u s . In S e rd y u k o v 's  o p in io n , d ia le c t ic a l  u n io n  i s  a c tu a l ly  v a l id  in  w a v e - 
p a r t i c le  d u a lis m  in  th e  s e n s e  th a t  th e  w av e an d  th e  p a r t i c le  r e p r e s e n t  fo rm  
an d  c o n te n t.

S e rd y u k o v 's  a s s e r t io n  w a s s u b je c te d  to  c r i t i c i s m  by  th e  v e r y  n e x t s p e a k 
e r ,  L . A . G leb o v  ( I n s ti tu te  o f H is to ry  o f N a tu r a l  S c ie n c e s  an d  T e c h n o lo g y ,
AN SSSR), in  th e  b e g in n in g  o f h is  ta lk .  No p h y s ic i s t  a n d  no p h i lo s o p h e r  
s a y s  th a t  the p a r t i c le  c h a n g e s  in to  a  w ave an d  th e  w av e in to  a  p a r t i c l e .  It 
i s  a l s o  v e r y  n a iv e  to  t r e a t  th e  w ave a s  fo rm  an d  th e  p a r t i c le  a s  c o n te n t.  In  
r e a l i ty  w a v e - p a r t ic le  d u a lis m  im p lie s  th a t , d ep e n d in g  on  m a c ro c o n d i t io n s ,  
an  e le m e n ta r y  o b je c t  m a n i f e s ts  i t s e l f  in  c e r t a in  c a s e s  a s  a  w a v e  a n d  in  o th 
e r s  a s  a  p a r t i c le .
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G leb o v  d w e lt on  c e r t a in  m e th o d o lo g ic a l  p ro b le m s  o f p h y s ic s .  He 
r e m a r k e d  th a t  th e  c l a s s i f ic a t io n  o f p h y s ic a l  th e o r ie s  a s  p h e n o m e n o lo g ic a l  
(d e s c r ip t iv e )  an d  t r u e  (e x p la n a to ry )  w a s  a  r e la t iv e  o n e , s in c e  one an d  th e  
s a m e  th e o ry  m a y  be  d e s c r ip t iv e  in  r e la t io n  to  c e r t a in  p h en o m e n a  an d  e x 
p la n a to r y  in  r e la t io n  to  o th e r s .  F o r  e x a m p le , K e p le r 's  la w s  a r e  e x p la in e d  
by  N e w to n 's  th e o ry ,  b u t N e w to n 's  th e o ry  ta k e n  a s  w ho le is  d e s c r ip t iv e .

N e x t G leb o v  d e a l t  w ith  th e  c o r re s p o n d e n c e  p r in c ip le .  He s t r e s s e d  th a t  
th e  c o r r e s p o n d e n c e  p r in c ip le  w a s  d e te rm in e d  by th e  m a te r ia l  u n ity  o f th e  
w o r ld  an d  th a t  i t  e x p r e s s e d  th e  n e c e s s a r y  c o n n e c tio n  b e tw e e n  th e  s c ie n t i f ic  
t h e o r i e s  w h ich  d e s c r ib e  i n c r e a s in g ly  p ro fo u n d  le v e ls  o f m a t t e r .  H o w e v er, 
in  G le b o v 's  o p in io n , th e  c o r re s p o n d e n c e  p r in c ip le  ca n n o t be a b s o lu tiz e d , 
s in c e  th e  c a s e  w h e re  two d if fe re n t  th e o r ie s  g iv e  id e n t ic a l  r e s u l t s  in  a  c e r 
ta in  r e g io n  i s  p o s s ib le .

G leb o v  m a d e  so m e  r e m a r k s  c o n c e rn in g  th e  p r in c ip le  o f c o m p le m e n ta 
r i t y .  A c c o rd in g  to  th e  id e a  o f c o m p le m e n ta r i ty ,  on e  c a n  s tu d y  the p h y s ic o 
c h e m ic a l  s t r u c t u r e  o f th e  o rg a n is m  in b io lo g y , b u t th en  i t s  v i ta l  a c t iv i ty  is  
d e s t ro y e d  an d  in  p r in c ip le  i t  i s  im p o s s ib le  to  l e a r n  how th e  l ife  p r o c e s s  
ta k e s  p la c e  in  r e a l i ty .  H o w e v e r , w hen I . P .  P a v lo v  s u g g e s te d  a p p ly in g  the  
c o n d it io n e d  r e f le x  in  b io lo g y , he p ro v id e d  th e  b io lo g is ts  w ith  an  a p p a ra tu s  
w h ich , w ith o u t in v o lv in g  th e  fu n d a m e n ta l  fu n c tio n s  o f th e  o rg a n is m , m a d e  
i t  p o s s ib le  to  a d v a n c e  v e r y  f a r  in to  th e  e s s e n c e  of b io lo g ic a l  p h e n o m e n a .
In  p r e c i s e ly  th e  s a m e  w ay , o n e  ca n  " c i rc u m v e n t"  th e  p r in c ip le  o f c o m p le 
m e n ta r i ty  in  p h y s ic s  w ith  th e  h e lp  o f t h e o r e t ic a l  th in k in g , bo ld  m a th e m a ti 
c a l  h y p o th e s e s  a n d  so  o n .

In  c o n c lu s io n  G leb o v  in d ic a te d  th a t  th e  new  " c r a z y "  th e o ry  w ould  hav e  
to  e x p la in  n o t o n ly  new  p h e n o m e n a , b u t a ls o ,  an d  c h ie f ly , to  sh e d  an  e n t i r e 
ly  new  lig h t on o ld  p h e n o m e n a . T h u s , P to le m y 's  w o r ld  s y s te m  d e s c r ib e d  
th e  a s t r o n o m ic a l  p h e n o m e n a  th e n  know n, w ith  th e  a id , h o w e v e r, o f a  l a r g e  
n u m b e r  o f a r t i f i c i a l  c o n s t r u c t io n s  in s e r t e d  in  th e  th e o ry .  In  th is  r e s p e c t  
i t  i s  r e m in i s c e n t  o f th e  m o d e rn  th e o ry  o f e le m e n ta r y  p a r t i c le s .  C o p e rn i
c u s ' w o r ld  s y s te m , on  th e  o th e r  hand , e x p la in e d  th e  s a m e  p h e n o m e n a  fro m  
a  u n if ie d  p o in t  o f v iew , s im p lify in g  th e  p ic tu r e  by m e a n s  o f th e  " c r a z y "  id e a  
th a t  th e  e a r th  r e v o lv e s  a ro u n d  th e  su n . I t i s  p o s s ib le  th a t  th e  fu tu re  th e o ry  
o f e le m e n ta r y  p a r t i c le s  w ill  fo llow  th e  C o p e rn ic a n  t r a i l .  B ut th a t  w h ich , a t  
f i r s t ,  w il l  s e e m  " c r a z y "  in  th is  th e o ry  w ill  e v e n tu a lly  b e c o m e  a s  n a tu r a l  
a s  th e  id e a  o f th e  e a r t h 's  r e v o lu t io n  a r o u n d  th e  su n  h a s  b e c o m e  in  o u r  t im e s .

V .I .  S k u r la to v 's  (IFA N ) ta lk  c e n te r e d  a b o u t th e  q u e s tio n  o f in f in ity . Tw o 
an d  a  h a lf  m ille n n ia  ag o  Z en o  o f E le a  a sk e d : "W ill A c h il le s  o v e r ta k e  th e  T o r 
t o i s e ? "  an d  a n s w e re d  th a t  he  w ould  n o t o v e r ta k e  i t  if  s p a c e  an d  t im e  w e re  
in f in i te ly  d iv is ib le .  Z e n o 's  a r g u m e n t  c o n c e rn in g  th e  im p o s s ib i l i ty  o f a  
c o u n te d , f in ite  in f in ity  i s  i r r e f u t a b l e  to  th is  d ay . F o r  e x a m p le , in  m o d e rn  
m a th e m a tic s  C a n to r 's  in f in ite  s e r i e s  o f t r a n s f in i t e  o r d in a l s  c o n ta in s  d i f f i 
c u l t i e s  o f th e  s a m e  n a tu r e  a s  Z e n o 's  in f in ite  n u m b e r  s e r i e s .  T he d if f ic u l
t i e s  o f m o d e rn  p h y s ic s  a r e  a ls o  r e la te d  in  th e  l a s t  a n a ly s i s  to  in fin ity .

P a r t i c u l a r  a t te n t io n  in  s o lv in g  th e  p r o b le m s  o f th e  in f in ite  sh o u ld  be p a id  
to  th e  p h ilo so p h y  o f D e m o c r i tu s ,  w h ich  c o n ta in s  a  c o n c e p tu a l  a p p a ra tu s  
w h ich  r e s o lv e s  Z e n o 's  " a r g u m e n ts "  o f th e  in f in ite . D e m o c r i tu s  re g a rd e d  th e  
c o s m o s  a s  a  s in g le  o rg a n ic  w h o le , in d is s o lu b ly  l in k e d  to  e v e ry  one o f i t s  
p a r t s ,  to  e v e ry  " a to m " . H e b e lie v e d  th a t  e v e ry  a to m  " f e e l s "  in s ta n t ly  th e  
e n t i r e  c o s m o s , j u s t  a s  m an  in  h is  b e in g , in  h is  im a g in a tio n , in s ta n t ly  e m 
b r a c e s  th e  e n t i r e  w o r ld  a n d  i s  th e r e f o r e  a  " m ic r o c o s m " .  F ig u r a t iv e ly  
sp e a k in g , " to  d e s t r o y "  a  s in g le  a to m  m e a n s  to  d e s t ro y  th e  e n t i r e  u n iv e r s e .
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T h e  u n ity  o f th e  " a to m "  an d  " c o s m o s " ,  o f th e  in f in i te ly  s m a l l  a n d  th e  
in f in ite ly  la r g e ,  i s  b e c o m in g  in c r e a s in g ly  im p o r ta n t  in  m o d e rn  s c ie n c e .

In th is  c o n n e c tio n  S k u r la to v  e x a m in e d  a t s o m e  le n g th  th e  m a th e m a tic a l  
f o r m a l is m  o f q u an tu m  m e c h a n ic s ,  w h ic h , a p p a r e n t ly ,  p o in ts  to  th e  in te g r i ty  
o f th e  q u a n tu m -m e c h a n ic a l  d e s c r ip t io n  o f th e  u n iv e r s e .  I t  c a n n o t b e  ru le d  
ou t th a t  th is  m a th e m a tic a l  f o r m a l is m ,  w h ich  l e a d s  to  " n o n - f o r c e "  i n s ta n 
ta n e o u s  i n t e r a c t io n s ,  c a n  b e  endow ed  w ith  p h y s ic a l  c o n te n t by  in t ro d u c in g  
an  " in te r n a l"  s p a c e - t im e  o f e le m e n ta r y  p a r t i c le s .

In  c o n c lu s io n  S k u r la to v  d w e lle d  upon th e  p ro b le m  o f th e  " b o u n d a ry  o f 
c o g n it io n "  r a i s e d  by I .S .  A le k s e e v . It i s  p o s s ib le  th a t  w e , a s  m a t e r ia l  o b 
je c t s  in  o u r  own o r d in a r y  s p a c e - t im e ,  c a n  p h y s ic a l ly  p e n e t r a te  n e i th e r  in to  
th e  i n t e r i o r  of th e  " a to m " , i . e . ,  of e le m e n ta r y  p a r t i c le s ,  n o r  bey o n d  th e  
l im i t s  of th e  " c o s m o s " ,  i . e . ,  th e  m e ta g a la x y . In  o r d e r  to  do th is  w e m a y  
h av e  to  ch a n g e  o u r  p r e s e n t  s p a c e - t im e  s t r u c t u r e .  B ut o n e  th in g  i s  c e r ta in :  
th e  w o r ld  is  no t e x h a u s te d  by th e  " a to m "  an d  th e  " c o s m o s " .  E v e n  if  w e 
s u c c e e d  in  c r e a t in g  a  u n if ie d  th e o ry  o f the " a to m "  an d  th e  " c o s m o s " ,  w e 
m a y  a s k : fro m  w h e re  w ill  we d ed u c e  th e  c o n s ta n ts  an d  s p e c if ic  r e la t io n s  
o f o u r  " u n iv e r s a l  e q u a t io n " ?  T h is  q u e s tio n  n e c e s s a r i l y  r e q u i r e s  f u r th e r  
c o g n itio n  of th e  w o r ld .

T h e  n ex t s p e a k e r ,  I. P . B a z a ro v  (M GU ), c la im e d  th a t  th e  d ia le c t ic a l  m a t e r i 
a l i s t i c  id ea  of th e  c o n t r a d ic to r y  n a tu re  o f m o tio n , e v o lv e d  fo llo w in g  H e g e l, by 
E n g e ls ,  o v e r c a m e  Z e n o 1 s  a r g u m e n ts  an d  sh o w e d  th a t  a body o c c u r r e d  a t  a 
g iv en  p la c e  w ith  a  c e r t a in  p ro b a b il i ty  an d  s im u lta n e o u s ly  a t  a  d i f f e re n t  p la c e  
w ith  a n o th e r  p ro b a b il i ty ,  i . e . ,  th e  s t a t e  of m o tio n  o f th e  body  sh o u ld  b e  d e 
te rm in e d  by th e  w av e fu n c tio n . Q u a n tu m  m e c h a n ic s ,  h av in g  o v e r c o m e  th e  
r e s t r i c t e d  m e c h a n is t ic  c o n c e p tio n  o f m o tio n  in  a  t r a j e c t o r y  in  c l a s s i c a l  m e 
c h a n ic s ,  c o n f ir m e d  th e  d ia le c t ic a l  t r a j e c t o r y l e s s  c h a r a c t e r  o f m o tio n  an d  
th e  sp o n ta n e o u s  p r o b a b i l i s t i c  b e h a v io r  of in d iv id u a l m ic r o p a r t i c l e s ,  w h ich  
is  n o t to  be " e x p la in e d "  by fo r c e  f ie ld s ,  q u an tu m  f lu c tu a tio n s  o r  o th e r  " h id 
d en "  c a u s e s .

T h e  c o n t r a d ic to r y  n a tu re  o f m o tio n  i s  a ls o  e x p r e s s e d  in  th e  f a c t  th a t  a t  
a  g iv e n  in s ta n t  a  m o v in g  body o c c u r s  an d  d o e s  n o t o c c u r  a t  th e  v e r y  s a m e  
p la c e ,  i . e . ,  it , a s  i t  w e re ,  " g la n c e s  in to  th e  f u tu re " ,  w h ich  e x e r c i s e s  a  
" n o n - fo r c e "  in f lu e n c e  on  i t s  p r e s e n t .  In th e  o p in io n  o f th e  s p e a k e r ,  th is  
in f lu e n c e  is  e x p r e s s e d  in  p h y s ic s  in  th e  im p o s s ib i l i ty  o f r e p r e s e n t in g  th e  
m o tio n  o f a  m ic ro o b je c t  in  is o la t io n  f ro m  o th e r  b o d ie s  (m e a n s  o f o b s e r v a 
tio n ), w h ich  le a d s  to  w a v e - p a r t ic le  d u a lis m  an d  so  f o r th .  T h e  in f lu e n c e  o f 
th e  fu tu re  on th e  p r e s e n t  i s  a ls o  n e c e s s a r i l y  r e s p o n s ib le  f o r  th e  p r o b a b i l 
i s t i c  b e h a v io r  o f th e  m ic ro o b je c t .

In c o n c lu s io n  B a z a ro v  in d ic a te d  th a t  th e  n o n - f o rc e  in f lu e n c e  o f th e  fu tu re  
on th e  p r e s e n t ,  w h ich  i s  an  e x p r e s s io n  o f th e  c o n t r a d ic to r y  n a tu re  o f m o 
tio n , m a d e  i t  p o s s ib le  to  re m o v e  th e  w e ll-k n o w n  d i f f ic u lt ie s  w ith  th e  p r i n 
c ip le  o f c a u s a l i ty  in  q u an tu m  m e c h a n ic s ,  d i s c lo s e  th e  " r a t i o n a l  k e r n e l"  in  
B o h r 's  p r in c ip le  o f c o m p le m e n ta r i ty ,  so lv e  e a s i ly  th e  E in s te in - P o d o ls k y -  
R o se n  p a ra d o x  an d  e v a lu a te  e x is t in g  in t e r p r e t a t i o n s  o f q u a n tu m  m e c h a n ic s .

T h e  m a in  id e a s  in  R. A . A r o n o v 's  (K ish in ev ) ta lk  w ill  b e  found  in  h is  c o n 
t r ib u t io n  to  th e  p r e s e n t  c o l le c t io n .

In a  se c o n d  ta lk  G . B. Z h d an o v  c o n s id e r e d  th e  r e la t io n s h ip  b e tw e e n  c h a n c e  
an d  n e c e s s i ty  in  th e  m ic ro w o r ld  an d  in d ic a te d  th a t  th e r e  w a s  no re a s o n  to 
s e e k  to  re d u c e  th e  s t a t i s t i c a l  la w s  o f q u an tu m  m e c h a n ic s  to  d y n a m ic a l  la w s , 
s in c e  n e g a tio n  o f c h a n c e  c o n tra d ic te d  d ia le c t ic a l  m a te r ia l i s m  a n d  le d  to  f a 
ta l i s m .
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In  th e  b e g in n in g  o f h i s  ta lk  M . F . S h iro k o v  (MGU) e x p r e s s e d  s u r p r i s e  
a t  th e  f a c t  th a t  d e b a te  c o n t in u e s  a ro u n d  m an y  p r o b le m s  o f m o d e rn  p h y s ic s  
w h ic h  s e e m e d  c o m p le te ly  so lv e d , w ith  s u c h  e m in e n t  s c i e n t i s t s  a s  E in s te in  
a n d  de B ro g l ie  ta k in g  p a r t .  Y e t, in  S h ir o k o v 's  o p in io n , th e r e  is  n o th in g  to 
d i s c u s s ,  e v e ry th in g  i s  c l e a r .  F o r  e x a m p le , i t  i s  c l e a r  th a t  th e  s t a t i s t i c a l  
c h a r a c t e r  o f q u an tu m  m e c h a n ic s  r e f e r s  to th e  in d iv id u a l p a r t i c le  an d  n o t to 
th e  e n s e m b le ,  th a t  th e  w a v e fu n c tio n  r e p r e s e n ts  a  " r e c o r d  o f m y in f o r m a 
tio n  on  th e  s t a t e  o f  th e  m ic r o o b je c t" ,  an d  so  fo r th .  A ll th e  d is c u s s io n s  a r e  
du e  to  th e  p h i lo s o p h ic a l  p o in ts  o f v iew  o f th e  n u m e ro u s  s c i e n t i s t s  an d  a r e  
e s s e n t i a l l y  f r u i t l e s s .  A c tu a lly , one n e e d  o n ly  fu se  the g e n e r a l  th e o ry  of 
r e la t iv i t y  an d  q u a n tu m  th e o ry , an d  th e  d i f f ic u lt ie s  o f m o d e rn  p h y s ic s  w ill 
v a n is h .

A . I. K o m p a n e e ts  (IFA N ) sp o k e  s t ro n g ly  a g a in s t  th e  p r in c ip le  of c o m p le 
m e n ta r i t y  a n d  d e n ie d  th a t  B o h r 's  p h i lo so p h ic a l  e v o lu tio n  w a s p r o g r e s s iv e .

I. B . N o v ik  (IFA N ) c r i t i c i z e d  th e  s ta te m e n ts  m a d e  by  K o m p a n e e ts  and  
s t r e s s e d  th a t  i t  w a s  w ro n g  to  r e v e r t  to  th e  n o n a r g u m e n ta t iv e  c r i t i c i s m  
p r e v a l e n t  e a r l i e r  w ith  r e f e r e n c e  to  e m in e n t  fo r e ig n  s c i e n t i s t s .  T h is  s ty le  
h a d  c a u s e d  m u c h  d a m a g e  in  p h i lo so p h ic a l  w o rk s  an d  had  e n g e n d e re d  d i s 
s a t i s f a c t io n  an d  e v e n  e x a s p e r a t io n  am o n g  s c i e n t i s t s .  A t th e  p r e s e n t  t im e  
l i f e  r e q u ir e d  p o s i t iv e  p h i lo so p h ic a l  e n d e a v o u r  an d  c r e a t iv e  p a r t ic ip a t io n  of 
p h i lo so p h y  in  th e  d e v e lo p m e n t o f s c ie n c e .

N ov ik  p o in te d  o u t th a t  th e  p h ilo so p h ic a l  p r o b le m s  o f n a tu r a l  s c ie n c e  b e 
c a m e  p a r t i c u la r l y  s ig n if ic a n t  in  t im e s  o f u p h e a v a l in  p h y s ic s .  T h is  i s  due 
to  th e  f a c t  th a t  w hen  th e  u s u a l  f o r m a l is m  f a i l s  to  w o rk , p h y s ic s  i s  o b lig ed  
to  u s e  th e  la n g u a g e  o f th e  g e n e r a l  c o n c e p tu a l  s y s te m s ,  am o n g  w h ich  b e lo n g s  
th e  p h i lo s o p h ic a l  s y s te m  a s  w e ll . I t  i s  th u s  u n d e r s ta n d a b le  th a t  p h i lo so p h i
c a l  p r o b le m s  sh o u ld  p la y  a  v e r y  im p o r ta n t  ro le  a t  th e  b e g in n in g  o f the  p r e s 
e n t c e n tu ry ,  in  a  p e r io d  o f r a d ic a l  b re a k d o w n  o f id e a s  c o n c e rn in g  th e  w o r ld .

In  th e  o p in io n  o f th e  s p e a k e r ,  an  e v e n  m o re  fu n d a m e n ta l  b r e a k  th a n  e v e r  
b e f o re  i s  now ta k in g  p la c e  in  th e  d e v e lo p m e n t o f p h y s ic s .  T h is  b r e a k  i n 
v o lv e s  a  to ta l  c o l la p s e  o f b a s ic  p h y s ic a l  id e a s  an d  a  s h a r p  in c r e a s e  in  th e  
r o l e  o f th e  fu n c tio n a l m e th o d  o f in v e s t ig a t io n . If  th e  b e g in n in g  o f th e  c e n 
tu r y  saw  a  m a th e m a tiz a t io n  o f p h y s ic s ,  a t  m id - c e n tu r y  w e a r e  w i tn e s s in g  
a  c y b e r n e t iz a t io n  o f th e  p h y s ic a l  th e o r i e s .  F o r  e x a m p le , H e is e n b e r g 's  
c e l e b r a te d  5 - m a t r ix  i s  a  ty p ic a l  c y b e r n e t ic a l  s c h e m e  w ith  in p u t, ou tp u t and  
" b la c k  b o x " .

I t  c o u ld  b e  th a t  th e  w a y  o u t o f th e  d i f f ic u lt ie s  o f m o d e rn  p h y s ic s  l i e s  in 
a b a n d o n in g  th e  " a n th ro p o m o rp h ic "  N e w to n ia n  la n g u a g e , in  m o v in g  aw ay  fro m  
th e  s t r u c t u r e  o f th e  " b la c k  b o x e s " ,  in  the  c y b e rn e t ic  a p p r o a c h  to p h y s ic a l  
p h e n o m e n a . C o g n itio n  i s  u n i ta ry ;  i t  a t t a in s  th e  t ru th  by  m o v in g  a lo n g  d if 
f e r e n t  d i r e c t io n s  an d  c o v e r in g  a l l  th e  p o s s ib i l i t i e s .  We m u s t  t h e r e f o r e  s e e k  
w a y s  o f ch a n g in g  o u r  id e a s  c o n c e rn in g  bo th  p h y s ic a l  r e a l i ty  an d  p h y s ic a l  c o g 
n i t io n .

In  th is  c o n n e c tio n  a  v e r y  im p o r ta n t  q u e s tio n  i s  th a t  o f th e  ro le  of p h i lo s 
o p h y . N a tu r a l ly ,  p h ilo so p h y  c a n n o t r e p la c e  the n a tu r a l  s c ie n c e s ,  an d  g r e a t  
c a u t io n  m u s t  be e x e r c i s e d  w hen  u s in g  p h ilo so p h y  in  n a tu r a l  s c ie n c e s ,  a s  
p h i lo s o p h ic a l  p r e m i s e s  a r e  v e r y  l ia b le  to d o g m a tiz a tio n . O ne c a n n o t s a y  
th a t  o w in g  to  s u c h - a n d - s u c h  p h i lo so p h ic a l  c o n s id e r a t io n s  n a tu re  m u s t obey  
c e r t a i n  r e g u la r i t i e s .  S uch  a  te n d e n c y  w a s  a p p a r e n t  in  Y a .P .  T e r l e t s k i i 's  
r e p o r t  in  th e  s t a te m e n t  th a t , o w ing  to  th e  law  o f n e g a tio n  o f n e g a tio n , q u a n 
tu m  p h y s ic s  sh o u ld  be  re p la c e d  a t  s m a l l  d i s ta n c e s  by a  q u a s i - c l a s s i c a l  th e o 
r y .  B u t n a tu r e  o w e s  u s  n o th in g . O n th e  c o n t r a r y ,  n a tu re  i s  th e  to u c h s to n e
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of o u r  k n ow ledge , of o u r  p h y s ic a l  an d  p h i lo so p h ic a l  a s s e r t i o n s .  H e n ce  
e v e ry  ra t io n a l  p h y s ic a l  id e a , h o w e v e r m u c h  i t  m ig h t s e e m  to  c o n t r a d ic t  
f a m i l i a r  c o n c e p tio n s , m u s t  be a s s im i la t e d  by s c ie n t i f i c  p h ilo so p h y . F o r  
e x a m p le , sh o u ld  o u r  w o r ld  p ro v e  to c o n s i s t  o f a  f in i te  n u m b e r  of p o in ts ,  
a s  s ta te d  in  th e  C o is h - S h a p ir o  th e o ry , t h e r e  w ou ld  b e  n o th in g  to  c o n t r a d ic t  
p h i lo so p h ic a l  te a c h in g s  c o n c e rn in g  th e  in f in ity  o f th e  w o r ld . T h e r e  i s  n o 
th in g  m y s tic a l  ab o u t th is  th e o ry , an d  i t  i s  e n t i r e ly  p o s s ib le  th a t  i t  e x p r e s s 
e s  an  e s s e n t i a l  a s p e c t  o f r e a l i ty .  T h e r e f o r e  th o s e  w ho, re a s o n in g  u n d ia le c -  
t ic a l ly ,  d e c la r e  th e m s e lv e s  o p p o se d  to s u c h  th e o r i e s  on  th e  g ro u n d s  of th e  
" d e m o n ic  p o w e r"  w h ich  th e y  a t t r i b u t e  to  s u p e r f ic ia l ly  a s s im i la t e d  p h i lo s o p h 
ic a l  p ro p o s i t io n s ,  a r e  in  e r r o r .

In  h is  ta lk  M .E .  O m e l 'y a n o v sk i i  c r i t i c i z e d  A . L . S e rd y u k o v 's  a t t e m p t  to 
a t t r ib u te  to p h i lo s o p h e rs  a  m e a n in g le s s  c o n v ic tio n  in  th e  t r a n s f o r m a t io n  of 
w ave to  p a r t i c le  an d  v ic e  v e r s a  on th e  g ro u n d s  th a t  i t  w a s  b a s e le s s .  S e r d 
y u kov  a p p a re n t ly  h ad  an  e x t re m e ly  " p e c u l ia r "  u n d e r s ta n d in g  o f  w h e re  th e  
d ia le c t ic a l  e s s e n c e  o f w a v e - p a r t ic le  d u a lis m  la y . H e o b v io u s ly  r e fu s e d  to 
a llo w  f o r  th e  f a c t  th a t , fo llo w in g  S .I .  V a v ilo v , S o v ie t p h i lo s o p h e r s  r e g a r d  
m a t t e r ,  i . e . ,  s u b s ta n c e  an d  f ie ld , n e i th e r  a s  a  c o l le c t io n  o f p a r t i c le s  an d  
w a v e s  n o r  a s  a  m ix tu r e  of th e  tw o; m a t t e r  s im u l ta n e o u s ly  h a s  th e  p r o p e r 
t i e s  o f p a r t i c le s  an d  th o s e  o f w a v e s .

In  th e  b eg in n in g  o f h is  ta lk  S. F . S h u sh u rin  (MGU) p a u s e d  o v e r  th e  d e f in i 
t io n  o f th e  s u o je c t  of th e  p h i lo so p h ic a l  p ro b le m s  o f p h y s ic s .  T h e  l a t t e r  r e p 
r e s e n t  g e n e ra l  p ro b le m s  o f c o n c re te  s c ie n c e  (p h y s ic s )  an d  a t  th e  s a m e  t im e  
th e  p r a c t i c a l  a p p l ic a t io n  of g e n e r a l - p h ilo s o p h ic a l  p ro p o s i t io n s .  If  u n t i l  r e 
c e n tly , fo r  th e  m a in , p h y s ic s  o p e r a te d  upon p h ilo so p h y , in  th e  s e n s e  th a t  
c o n c re te  p h y s ic a l  a c h ie v e m e n ts  w e re  u s e d  to  s u p p o r t  p ro p o s i t io n s  o f d ia 
le c t i c a l  m a te r ia l is m ,  to d ay  p h y s ic s  p r o v id e s  p h i lo s o p h e rs  w ith  a  n u m b e r  
o f p ro b le m s  r e q u ir in g  c r e a t iv e  s o lu tio n . T h e  f i r s t  a c tu a l  p r o b le m  i s  th a t  
o f th e  c h a r a c t e r  o f p h y s ic a l  t h e o r i e s .  M u st a  p h y s ic a l  th e o ry  re d u c e  e x 
c lu s iv e ly  to  a  q u a n t i ta t iv e  th e o ry ,  an d  ca n  i t  b e  q u a l i t a t iv e ?  Is  n o t th e  u s e 
fu l an d  v e r y  n e c e s s a r y  m e th o d  o f q u a n t i ta t iv e  d e s c r ip t io n  (w h ich , o f c o u r s e ,  
m u s t be u s e d  to th e  u tm o s t)  m e r e ly  a  to o l by w h ich  to  g r a s p  th o s e  r e g u l a r 
i t ie s  o v e r  w h ich  w e b u ild  th e  q u a l i ta t iv e  p ic tu r e  o f th e  o b je c tiv e  w o r ld ?  T h e  
p o in t i s  th a t  on e  ca n n o t co n f in e  o n e s e lf  to q u a n t i ta t iv e  s tu d y  o f th e  w o r ld , f o r  
q u a l i ta t iv e  k n ow ledge is  a ls o  n e c e s s a r y ;  th is  c a l ls  f o r  f u r th e r  d e v e lo p m e n t 
o f th e  o n to lo g y  of d ia le c t ic a l  m a te r ia l i s m  an d  th e  d e v e lo p m e n t o f a  p h i lo s o p h 
ic a l  th e o ry  o f th e  s t r u c t u r a l  o r g a n iz a t io n  o f m a t t e r .

T h e  p ro b le m  o f e le m e n ta r i ty  i s  im p o r ta n t .  T h e  c o n c e p tio n  o f a n  in f in i te  
s e t  o f d if f e re n t  q u a l i ta t iv e  le v e ls  o u tl in e d  in  O m e l 'y a n o v s k i i 's  ta lk  i s  h ig h ly  
in te r e s t in g .  H o w e v er , h is  a t t i tu d e  to w a rd  i t  w a s  s c e p t ic a l  an d  (in  th e  p r e s 
e n t s p e a k e r 's  op in io n ) h is  p r e f e r e n c e  fo r  th e  c o n c e p tio n  o f e l e m e n ta r y -  
s t r u c t u r a l  d u a lis m  w a s  n o t s u f f ic ie n tly  j u s ti f ie d .  S h u sh u r in  b e l ie v e s  th a t  
one ca n n o t deny  th e  p o s s ib il i ty  o f th e r e  e x is t in g  a  m o re  e le m e n ta r y  le v e l  
o f s t r u c tu r e  o f m a t t e r  on  th e  g ro u n d s  th a t  e le m e n ta r y  p a r t i c le s  c a n  t r a n s 
m u te  in to  e a c h  o th e r .  M o le c u le s  t r a n s m u te  in to  e a c h  o th e r ,  y e t  t h e r e  a r e  
a to m s ;  a to m s  t r a n s m u te  in to  e a c h  o th e r ,  y e t  t h e r e  a r e  n u c le o n s .  T h e  
s p e a k e r  s t r e s s e d  th a t  th e  " s u b e le m e n ta ry  p a r t i c le s "  a p p a re n t ly  la c k e d  a  
r e s t  m a s s .

In c o n c lu s io n  S h u sh u rin  r e m a r k e d  th a t  th e  m o r e  e le m e n ta r y  w a s  o r d i 
n a r i ly  i n t e r p r e te d  a s  th e  p a r t  o f a  w h o le . T h e r e f o r e  th e  p ro b le m  o f e l e 
m e n ta r i ty  i s  c lo s e ly  c o n n e c te d  w ith  th a t  o f th e  p a r t  an d  th e  w h o le , w h ich  
h a s  n o t b ee n  s u ff ic ie n t ly  d e v e lo p e d . T h e  p a r t  i s  u s u a l ly  u n d e r s to o d  in  a
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d e s t r u c t iv e  s e n s e  a s  so m e th in g  th a t  ca n  be  " d e ta c h e d "  fro m  an  o b je c t.
T h is  i n t e r p r e t a t i o n  c a n n o t c la im  p h i lo so p h ic a l  g e n e r a l i ty ,  s in c e  in b io lo g y , 
fo r  in s ta n c e ,  i t  i s  u n s u i ta b le .  It is  a p p a re n t ly  a l s o  in a p p l ic a b le  in  e le m e n 
ta r y  p a r t i c le  p h y s ic s .

W h e re  c a n  o n e  lo o k  fo r  o b je c ts  m o re  e le m e n ta r y  th a n  th e  e le m e n ta r y  
p a r t i c l e s ?  P e r h a p s  i t  w ould  be m e a n in g fu l to a n a ly z e  — an d  r e - c l a s s i f y  
a c c o rd in g ly  ( e .g . ,  by the n u m b e r  of p r o p e r t i e s )  — the known m ic r o o b je c t s .  
P h o to n s  h a v e  fe w e r  p r o p e r t i e s  th an  m o s t  o th e r  e le m e n ta r y  p a r t i c le s ,  w h ile  
th e  n e u tr in o  an d  g ra v ito n  h av e  e v e n  fe w e r  p r o p e r t i e s  th an  th e  pho ton . T h e r e 
fo r e ,  to  th e  s p e a k e r ,  th e  p ro b le m  o f e le m e n ta r i ty  is  no t a  c o m p le te ly  h o p e 
l e s s  o n e , though  i t  d o e s  c a l l  fo r  a n a ly s i s  o f o u r  id e a s  c o n c e rn in g  th e  fu n d a 
m e n ta l  p r o p e r t i e s  o f th e  s t r u c t u r a l  fo r m s  o f m a t t e r  an d  th e  r e g u la r i t i e s  of 
t h e i r  c o g n it io n .

In  h is  ta lk  I. V. K u z n e tso v  d w e lle d  upon th e  p ro fo u n d  th o u g h t c o n c e rn in g  
th e  bond b e tw e e n  the in f in ite ly  s m a l l  an d  the in f in ite ly  l a r g e  so  s t r ik in g ly  
e x p r e s s e d  in  th e  C o is h - S h a p ir o  id e a  of a f in ite  n u m b e r  o f p o in ts  in  s p a c e .  
T h is  th o u g h t th ro w s  a  c l e a r ly  p e r c e p t ib le  b r id g e  b e tw e en  m ic r o p r o c e s s e s  
a n d  th e  p r o p e r t i e s  o f th e  u n iv e r s e .

H o w e v e r , th e  a s s u m p tio n  o f a  f in ite  n u m b e r  o f p o in ts  in the C o is h -  
S h a p iro  th e o ry  d o e s  no t n e c e s s a r i l y  im p ly  the f in i te n e s s  of m a te r ia l  o b je c ts  
in  th e  e n t i r e  u n iv e r s e  an d  the  s p a t ia l  f in i te n e s s  of th e  u n iv e r s e  a s  a  w ho le . 
T h e  a s s u m p tio n  o f a  f in ite  n u m b e r  o f p o in ts  ca n  be in t e r p r e t e d  a s  fo llo w s: 
in d iv id u a l e le m e n ta r y  o b je c ts  do not e x is t  by th e m s e lv e s ;  th ey  o c c u r  in  o r 
g a n ic  r e la t io n  w ith  a  d e f in ite  m a c ro s c o p ic  c o m p le x  of o th e r  e le m e n ta ry  o b 
j e c t s ,  a  c o m p le x  h av in g  a  l a r g e  n u m b e r  o f su c h  e le m e n ts  b u t a t  th e  s a m e  
t im e  a  f in i te  s p a t ia l  e x te n s io n . T h e  m ic r o o b je c t  sh o u ld  no t be c o n s id e r e d  
o u ts id e  o f th is  s e t  o f e le m e n ta r y  o b je c ts ,  in d e p e n d e n tly  o f i t s  c o o rd in a tio n  
w ith  th e s e  o b je c ts .  T h e  r e la t io n s h ip  w ith  th is  f in ite , s p a t ia l ly  bounded 
c o m p le x  o f m a te r ia l  o b je c ts  sh o u ld  e x p la in  th e  p r o p e r t i e s  o f th e  in d iv id u a l 
e le m e n ta r y  o b je c ts .

In K u z n e ts o v 's  v iew , th a t  w h ich  f ig u r e s  a s  a  " f in i te  s p a c e "  w ith  a  fin ite  
n u m b e r  o f p o in ts  in  th e  C o is h - S h a p ir o  th e o ry  is  n o th in g , b u t an  in d iv id u a l 
u l t r a - l a r g e  c e l l  o f th e  t r u ly  in f in ite  s p a c e  o f th e  u n iv e r s e .  I t  i s  m e r e ly  one 
c e l l  in  th e  in f in i te  e x te n s io n  o f th e  u n iv e r s e ,  an d  o n e  c a n  im a g in e  an  in fin ite  
s e t  o f s u c h  c e l l s  in  th e  u n iv e r s e .

T h u s  th e  id e a  a d v a n c e d  by C o ish  an d  S h a p iro  th a t  o u r  s p a c e  is  f in ite  can  
b e  r e c o n c i le d  c o m p le te ly  w ith  the p r e m is e  o f th e  s p a t ia l  in f in ity  o f th e  u n i 
v e r s e .

O ne c a n n o t e x c lu d e  o th e r  in t e r p r e t a t i o n s  o f th is  id e a  w h ich  c o u ld  r e c o n 
c i le  the f in i te n e s s  o f o u r  s p a c e  w ith  th e  in f in ity  of th e  u n iv e r s e .

A t th e  v e r y  l e a s t  a l l  p o s s ib le  p h ilo so p h ic a l  o b je c tio n s  to  th e  C o is h -  
S h a p iro  th e o ry  c o l la p s e  in  th is  a p p r o a c h . T h is  th e o ry  sh o u ld  b e  e x p lo re d  
f u r th e r  an d  a l l  p o s s ib le  c o n s e q u e n c e s  d ra w n  f ro m  it  in  o r d e r  to d e te rm in e  
w h a t i t  c o u ld  c o n tr ib u te  to  th e  b u ild in g  of a  s y s te m a t ic  th e o ry  o f e le m e n 
t a r y  p a r t i c le s .

N e x t K u z n e tso v  r e m a r k e d  w ith  r e g a r d  to  I. B. N o v ik 's  ta lk  th a t  p h i lo s 
ophy w a s  n o t a lo n e  in  e n jo y in g  th e  " a d v a n ta g e "  of e a s y  d o g m a tiz a tio n  of 
i t s  p r e m i s e s ,  an d  th a t  b o th  in  p h y s ic s  an d  in  o th e r  s c ie n t i f i c  d i s c ip l in e s  
m a n y  c o n c e p ts  w e re  d o g m a tiz e d . F o r  e x a m p le , su c h  d o g m a tiz a tio n  w a s 
e x p e r ie n c e d  by th e  c o n c e p t o f th e  a to m , s im u l ta n e i ty ,  an d  th e  c o n c e p ts  of 
c l a s s i c a l  m e c h a n ic s .  A n o th e r  e x a m p le  o f su c h  d o g m a tiz a tio n  o f c o n c e p ts  
i s  p ro v id e d  by th e  m ic ro o b je c t ,  a  c o n c e p t w h ich  h a s  lo n g  f ig u re d  in  o u r
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l i t e r a t u r e ,  h a s  s u f f e re d  e x c e s s iv e  o s s i f ic a t io n  an d  d e la y e d  th e  d e v e lo p 
m e n t o f e le m e n ta r y  p a r t i c le  p h y s ic s .

C it in g  de B r o g l i e 's  fo r m u la s ,  w h ich  e s t a b l i s h  th e  c o n n e c tio n  b e tw e e n  
th e  c o r p u s c u la r  (e n e rg y  an d  m o m e n tu m ) an d  w av e ( f re q u e n c y  a n d  w a v e 
len g th ) c h a r a c t e r i s t i c s  o f an  o b je c t, K u z n e tso v  d e m o n s tra te d ,  f ro m  th e  
s ta n d p o in t  o f p h y s ic s  i t s e l f ,  th e  u n s o u n d n e s s  o f A . L . S e rd y u k o v 's  a t te m p t  
to  re fu te  the c o n c e p t of w a v e - p a r t ic le  d u a l is m . K u z n e tso v  s t r e s s e d  th a t  
th e  te r m  " d u a l is m "  b o re  no re la t io n  to the p h ilo so p h ic a l  c o n c e p t o f d u a l 
is m  ( e .g . ,  p s y c h o - p h y s ic a l  d u a lism ) b u t s im p ly  e x p r e s s e d  th e  c o n n e c tio n  
b e tw e e n  two ty p e s  o f c h a r a c t e r i s t i c s  of m ic r o o b je c t s .  In  r e a l i ty  th e  m i 
c r o o b je c t  i s  e v id e n tly  n e i th e r  w ave n o r  p a r t i c le  bu t so m e  h ig h e r ,  s y n th e 
s iz in g  th i r d  th ing .

In h is  ta lk  A. V. S h u g a ilin  (K iev) p r o te s te d  a g a in s t  F a in b e r g 's  c la im  th a t  
no new  p h i lo so p h ic a l  p r o b le m s  a r o s e  in  r e la t iv i s t i c  q u an tu m  th e o ry  a s  c o m 
p a r e d  w ith  o r d in a r y  q u an tu m  m e c h a n ic s .  S h u g a ilin  p o in te d  o u t th a t  th e  p r o b 
le m  o f th e  un ion  o f th e  w ave a n d  p a r t i c le  p r o p e r t i e s  to o k  on a  d i f f e r e n t  c h a r 
a c t e r  in  r e la t iv i s t i c  q u an tu m  th e o ry . In  q u an tu m  m e c h a n ic s  th i s  u n io n  w a s  
e s ta b l i s h e d  fo r  an  in d iv id u a l " in v a r ia n t"  m ic ro o b je c t ,  bu t r e la t iv i s t i c  q u a n 
tum  th e o ry  a llo w s  th e  t r a n s f o r m a t io n  o f o n e  p a r t i c le  in to  o th e r  p a r t i c l e s  an d  
in to  a n t ip a r t i c le s .  F o r  e x a m p le , if th e  in te r a c t io n  b e tw e e n  tw o m ic r o o b je c t s  
ta k e s  p la c e  w ith  a  v e r y  h igh  e n e rg y , th en  m ic r o o b je c t s  p r a c t i c a l l y  d ev o id  o f 
w av e p r o p e r t i e s  m ay  a r i s e  in  th is  p r o c e s s .  In th is  c o n n e c tio n  S h u g a ilin  n o t 
ed  th a t  r e la t iv i s t i c  q u an tu m  th e o ry  d e a lt  w ith  v e r y  la r g e  v a lu e s  o f th e  m o 
m e n tu m  an d  e n e rg y , an d  th a t  fo r  p r e c i s e ly  th is  r e a s o n  th e  m a n i fe s ta t io n  o f 
w av e p r o p e r t i e s  in  r e la t iv i s t i c  m ic r o o b je c t s  w a s  in s ig n if ic a n t .  S h u g a ilin  
a ls o  d w e lle d  on the p ro b le m  o f e le m e n ta r i ty ,  on th e  p h i lo s o p h ic a l  u n d e r 
s ta n d in g  o f th e  c a te g o r ie s  o f p a r t  an d  w h o le . He e m p h a s iz e d  th a t  th e  p r o b 
le m s  o f e le m e n ta r i ty  an d  in t e r r e l a t i o n  b e tw e e n  th e  p a r t  an d  th e  w h o le  had  
to  be s ta te d  an ew , a llo w in g  fo r  th e  id e a s  o f r e la t iv i s t i c  q u a n tu m  th e o ry  c o n 
c e rn in g  th e  t r a n s m u ta b i l i ty  o f e le m e n ta r y  p a r t i c le s .  O ne c o u ld  th u s  c o n c lu d e  
th a t  in  c o n s tru c t in g  th e  fu tu re  th e o ry  o f e le m e n ta r y  p a r t i c l e s  i t  w ou ld  be n e 
c e s s a r y  to  c o n s id e r  n o t o n ly  th e  p r o b le m a t ic s  r a i s e d  by o r d in a r y  q u an tu m  
m e c h a n ic s  bu t a ls o  th a t  r a is e d  by r e la t iv i s t i c  q u an tu m  th e o ry . In  th i s  p r o c 
e s s ,  S h u g a ilin  s t r e s s e d ,  a  v e r y  im p o r ta n t  p a r t  w ould  be p la y e d  by th e  c o r 
re s p o n d e n c e  p r in c ip le ,  w h ich  e x p r e s s e d  in  p h y s ic s  th e  d i a le c t ic a l  c o r r e l a 
tio n  b e tw e e n  th e  a b s o lu te  an d  r e la t iv e  t ru th .  T h e r e  c a n  be  no do u b t b u t th a t  
th e  c o r re s p o n d e n c e  p r in c ip le  i s  an  e s s e n t i a l  m e th o d o lo g ic a l  " l e v e r "  f o r  th e  
c o n s tru c t io n  o f p h y s ic a l  th e o r ie s .

A t th e  b e g in n in g  o f h is  ta lk  S .T .  M ely u k h in  (L e n in g ra d )  d e f in e d  th e  e l e 
m e n ta r y  p a r t i c le  a s  a  m a te r ia l  o b je c t  in  w h ich  the b in d in g  e n e rg y  b e tw e e n  
s t r u c t u r a l  e le m e n ts  w as o f th e  s a m e  o r d e r  a s  th e  r e s t  m a s s  e n e rg y . T h is  
d i s t in g u is h e s  th e  e le m e n ta r y  p a r t i c le  fro m  a l l  th e  r e s t  (m a c ro s c o p ic  b o d 
ie s ,  m o le c u le s  an d  a to m s )  in  an  e s s e n t i a l  w ay . It i s  p r e c i s e ly  f o r  th is  r e a 
son  th a t  w ith  i n c r e a s in g  e n e rg y  o f in te r a c t io n  th e  e le m e n ta r y  p a r t i c le  d o e s  
no t " s p l i t "  b u t r a th e r  u n d e rg o e s  a  q u a l i ta t iv e  t r a n s f o r m a t io n  in to  o th e r  e l e 
m e n ta r y  p a r t i c le s  h av in g  th e  s a m e  d e g r e e  of e le m e n ta r i ty .

M ely u k h in  c r i t i c i z e d  th o se  p h i lo s o p h e rs  w ho, u n d e r  th e  in f lu e n c e  o f i n 
c o m p le te  h y p o th e s e s , w e re  in c lin e d  to sh in e  by t h e i r  o r ig in a l i ty  an d  u p - to -  
d a te n e s s  an d  to a b a n d o n  p ro v e n  p h i lo so p h ic a l  p r in c ip le s ,  th e re b y  e v in c in g  
a  la c k  of r e s p e c t  fo r  p h ilo so p h y .

A s an  i l lu s t r a t io n  M ely u k h in  m e n tio n e d  th e  s u p e r f i c i a l  a s s im i la t io n  by 
c e r t a in  p h i lo s o p h e rs  of a  n u m b e r  o f p h y s ic a l  id e a s  o f Y a. P . T e r l e t s k i i
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(n e g a tiv e  m a s s e s ,  i . e . ,  n e g a tiv e  e n e r g ie s ,  f a s te r - t h a n - l ig h t  s ig n a ls  w h ich  
t r a n s m i t  in fo rm a tio n  b u t n o t e n e rg y , an d  so  on), w h ich  w e re  p r o c la im e d  
th e  l a s t  w o rd  in  s c ie n c e  an d  f ro m  w h ich  " o r ig in a l"  c o n c lu s io n s  w e re  d ra w n  
c o n c e rn in g  n o n c o n s e rv a t io n  o f e n e rg y , m o tio n  w ith o u t m a t t e r  an d  so  fo r th . 
M ely u k h in  e x p r e s s e d  th e  o p in io n  th a t  in  c o n s tru c t in g  an y  new th e o ry  o f e l e 
m e n ta r y  p a r t i c le s  i t  w a s  n e c e s s a r y  to ta k e  in to  a c c o u n t th e  "d e e p ly  b a se d , 
e s ta b l i s h e d  g e n e r a l - p h i lo s o p h ic a l  p r in c ip l e s " .

T h e  m a in  th e m e  o f Y u .P .  M a r k o v 's  (MGU) ta lk  w a s  th e  q u a n tu m -m e c h a 
n ic a l  u n c e r ta in ty  r e la t io n  ApAq^h. M ark o v  p o in te d  o u t th a t  in  c l a s s i c a l  
p h y s ic s  th e  u n c e r ta in ty  r e la t io n  ApAq~~D,  w h e re  D is  th e  c o e ff ic ie n t  
o f d iffu s io n , w a s  v a lid  w hen  c o n s id e r in g  th e  b e h a v io r  of a  g a s  m o le c u le .
F o r  a  m o le c u le  i s o la te d  f ro m  o th e r  p a r t i c le s ,  i . e . ,  fo r  /)->■ 0, th e  m o m e n 
tu m  p an d  th e  c o o r d in a te  q c a n  b e  a c c u r a te ly  d e te rm in e d  a t  the s a m e  t im e .
A d if f e r e n t  s i tu a t io n  p r e v a i l s  in  q u an tu m  th e o ry , w h e re  A is  a  c o n s ta n t .  In  
M a r k o v 's  v iew , th is  r e f l e c t s  the fa c t  th a t the q u an tu m  o b je c t  c a n n o t ev en  
c o n c e p tu a l ly  be r e p r e s e n te d  a s  is o la te d  f ro m  the e n v iro n -  o r  m a c ro s c o p ic  
s i tu a t io n  in  w h ich  th e  q u a n tu m -m e c h a n ic a l  p r o c e s s  is  b e in g  s tu d ie d . M a r 
kov d e fe n d e d  th o s e  h y p o th e s e s  w h ich  c la im  th a t  th e  q u a n tu m -m e c h a n ic a l  o b 
j e c t  e x i s t s  o n ly  a s  a  r e s u l t  o f in te r a c t io n  w ith  th e  s u rro u n d in g  s i tu a t io n  o r  
v a c u u m . A n o b je c t  e x i s t s  a t  a l l  on ly  in a s m u c h  a s  i t  i n t e r a c t s  w ith  th e  v a c u 
u m , an d , m o r e o v e r ,  in  a  d i s c r e t e  w ay . T h e  r e a l  f a c t  o f th e  e x is te n c e  of 
v i r t u a l  p a r t i c le s ,  w h ich  r e f l e c t s  the  in te ra c t io n  o f e le m e n ta ry  p a r t i c le s  w ith  
th e  v a c u u m , s u p p o r ts  th is  h y p o th e s is . A llo w an c e  fo r  p a r t i c le  in te ra c t io n  
w ith  th e  v ac u u m  a u to m a t ic a lly  le a d s  to the r e q u ir e m e n t  o f n o n l in e a r ity  of 
the  g e n e r a l iz e d  th e o ry  o f e le m e n ta r y  p a r t i c le s .

1.1. D a v le tsh in  (MGU) so u g h t to  ju s ti f y  the a p p r o a c h  to  th e  th e o ry  of e l e 
m e n ta r y  p a r t i c le s  f r o m  th e  s ta n d p o in t  o f in fo rm a tio n  th e o ry .  He no ted  th a t  
c o g n it io n  an d  e x p r e s s io n  o f th e  r e a l  w o r ld  o c c u r r e d  by w ay of c o n s tru c t io n  
o f a  m o d e l o f th is  w o r ld  w ith  a  c e r t a in  d e g r e e  o f a c c u ra c y , w ith  an  e le m e n t  
o f id e a liz a t io n  o f th e  o b je c tiv e .  In  th e  p r o c e s s  o f d e v e lo p m e n t we o b ta in  an  
in c r e a s in g ly  a d e q u a te  e x p r e s s io n ,  i . e . ,  c o n s t r u c t  m o d e ls  w ith  in c re a s in g  
d e g r e e  o f a c c u r a c y .  T h is  p r o c e s s  m u s t  be e x a m in e d  fro m  the in fo rm a tio n -  
t h e o r e t ic  c y b e r n e t ic a l  p o in t  o f v iew , s in c e  c y b e r n e t ic s  d e a ls  w ith  the g e n e r 
a l  th e o ry  o f a lg o r i th m iz in g  lo g ic o - m a th e m a t ic a l  m o d e ls  o f m a te r ia l  o b je c ts .  
S uch  e x a m in a t io n  w ould  d o u b t le s s  be o f h e u r is t i c  v a lu e .

M o d e rn  th e o r e t ic a l  p h y s ic s  h a s  d e m o n s tra te d  th a t  in  o r d e r  to  c o n s tru c t  
a  th e o ry  o f e le m e n ta r y  p a r t i c le s  i t  i s  n e c e s s a r y  to  go bey o n d  th e  l im i t s  of 
H i lb e r t  s p a c e .  T h is  c o n s tru c t io n  m u s t  a p p a re n t ly  be c a r r i e d  o u t in  th e  s p a c e  
o f fu n c tio n a ls ,  s in c e  d e s c r ip t io n  in  th e  lan g u a g e  o f fu n c tio n a ls  c a r r i e s  f a r  
m o r e  in fo rm a tio n  c a p a c ity  p e r  e le m e n t  of s p a c e .

In tu rn ,  in fo rm a tio n  c a p a c ity  i s  c lo s e ly  c o n n e c te d  to  th e  k e r n e l  p r o p e r ty  
o f m a th e m a tic a l  s p a c e .  In th e  c a s e  w h e re  th e  k e r n e l  p r o p e r ty  is  r ig o ro u s ly  
v a lid  fo r  th e  s p a c e  o f s t a t e s  o f a  c e r t a in  o b je c t, th e  e v a lu a tio n  o f th e  b e h a v i
o r  o f th e  o b je c t  i s  on ly  p r o b a b i l i s t i c .  B ut th e  s p a c e  o f s t a t e s  o f e le m e n ta ry  
p a r t i c l e s  is ,  s t r i c t l y  sp e a k in g , n o t a  k e r n e l  s p a c e  an d  th e r e f o r e  i t  i s  e n t i r e 
ly  p o s s ib le  th a t  in  c e r t a in  c a s e s  ( s t ro n g  in te r a c t io n s )  ev e n  p r o b a b il i s t i c  e v a l 
u a t io n s  o f th e  b e h a v io r  o f e le m e n ta r y  p a r t i c le s  w ill  p ro v e  in a p p lic a b le .

I t sh o u ld  be r e m a r k e d  th a t  th e  in fo r m a t io n - th e o r e t ic  a p p r o a c h  to  the p h y s 
ic s  o f e le m e n ta r y  p a r t i c le s  h a s  a ls o  b ee n  d e v e lo p e d  in th e  a r t i c l e  by I. A. A k 
c h u r in  p r in te d  in  th e  p r e s e n t  c o l le c t io n .

T h e  n e x t s p e a k e r ,  A . R. P o z n e r  (M GU), c e n te r e d  h is  ta lk  a ro u n d  B o h r 's  
id e a  o f c o m p le m e n ta r i ty .
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T h e  in t e r e s t  in th e  id e a  of c o m p le m e n ta r i ty  m a n ife s te d  a t  th e  c o n f e r 
e n c e  i s  due, f i r s t  o f a l l ,  to th e  d ia le c t ic s  o f c o g n it io n . T h e  e le m e n ta r y  
p a r t i c le  th e o r ie s  r e v e r t  so m eh o w  o r  th e  o th e r  to  th e  q u e s tio n  w h ich , tho u g h  
b o rn  in  q u an tu m  m e c h a n ic s ,  w a s no t s o lv e d  by i t  e x h a u s tiv e ly  en o u g h  — th e  
q u e s tio n  o f w a v e - p a r t ic le  d u a l is m .

S eco n d ly , the d if f ic u lt ie s  e n c o u n te re d  in  th e  d e v e lo p m e n t o f e le m e n ta r y  
p a r t i c le  p h y s ic s  a r e  c o n n e c te d  w ith  the  d e v is in g  o f d e f in ite  m e th o d o lo g ic a l  
id e a s  an d  the c r e a t io n  o f a  d e f in ite  m a th e m a tic a l  a p p a r a tu s .  T h e  p r e s e n t  
s ta g e  o f d e v e lo p m e n t of p h y s ic s  is  r e m in is c e n t  o f th e  in i t i a l  s ta g e  o f q u a n 
tum  m e c h a n ic s  w hen i t s  m a th e m a tic a l  an d  c o n c e p tu a l  a p p a r a tu s  ( in c lu d in g  
the id e a  o f c o m p le m e n ta r i ty )  w e re  b e in g  c r e a t e d .

T h e  id e a  of c o m p le m e n ta r i ty  w a s s u b je c te d  in  i t s  t im e  to ju s t i f ie d  c r i t i 
c is m  on a c c o u n t of th e  id e a  of u n c o n tro l la b i l i ty .  H o w e v er, th is  id e a  a ls o  
c o n ta in s  m an y  r a tio n a l  a s p e c ts  an  a n a ly s i s  o f w h ich  w ould  be o f i n t e r e s t  
fo r  m o d e rn  p h y s ic s .  T h e  m a in  p o in t  ab o u t it  i s  th a t  it  s t r e s s e s  th e  d e f ic i 
e n c ie s  o f th e  c l a s s i c a l  id e a s  and  the n ee d  fo r  d i s r e g a r d in g  th e m . S e c o n d 
ly , B o h r so u g h t in  h is  c o n c e p tio n  to a c c o u n t fo r  th e  c o n t r a d ic to r y  c h a r a c 
t e r  o f m ic ro p h e n o m e n a . T h ird ly ,  th e  id e a  o f c o m p le m e n ta r i ty  sh o w s up 
th e  n ee d  fo r  c o n s id e r in g  th e  i n s e p a r a b le  c o n n e c tio n  b e tw e e n  m ic ro o b je c t  
an d  e x p e r im e n ta l  c o n d it io n s .

P o z n e r  n o ted  th a t th e  id e a  o f c o m p le m e n ta r i ty  had  b e e n  g iv e n  a  d i f f e r 
e n t i n te r p r e ta t io n  in  a  n u m b e r  o f the ta lk s .  T h is  r e c a l l s  th e  c y b e r n e t ic a l  
s c h e m e  p ro p o s e d  by I. B. N ovik, w h e re  the in p u t w a s  a  c e r t a in  id e a  an d  the 
o u tp u t i t s  v a r io u s  e v a lu a tio n s  (w ith  a  " b la c k  bo x "  in  th e  m id d le ) . T h e  id e a  
of c o m p le m e n ta r i ty  is ,  on  the  on e  han d , m e ta p h y s ic a l  an d  on  th e  o th e r  hand , 
d ia le c t ic a l .  In r e a l i ty  a  m a te r ia l i s t i c  e v a lu a tio n  i s  r e q u ir e d ,  s in c e  e v e n  
B o h r h im se lf ,  in  the l a s t  y e a r s  o f h is  l ife , re p u d ia te d  m an y  p o s i t iv i s t i c  
t e r m s  an d  e m p h a s iz e d  th a t  th e  f u r th e r  d e v e lo p m e n t o f p h y s ic s  w ou ld  r e 
q u ire  g e n e ra l iz a t io n  of th e  id e a  o f c o m p le m e n ta r i ty .

A lso  w ro n g  a r e  th o se  (V. Y a. F a in b e rg )  who m a in ta in  th a t  th e  id e a  of 
c o m p le m e n ta r i ty  c o n tin u e s  to o p e r a te  in  th e  s a m e  fo rm  in th e  p h y s ic s  o f 
e le m e n ta r y  p a r t i c le s .  In fa c t, e le m e n ta r y  p a r t i c le  p h y s ic s  h a s  r e v e a le d  
new  p r o p e r t i e s  o f c o m p le m e n ta r i ty  d i s t in c t  fro m  th e  q u a n tu m -m e c h a n ic a l  
p r o p e r t i e s  (p a r i ty  n o n c o n s e rv a tio n  an d  so  on). It i s  th e r e f o r e  n e c e s s a r y  
to  g e n e r a l iz e  th e  p r in c ip le  o f c o m p le m e n ta r i ty  an d  to  p u r s u e  th e  c o u r s e  of 
r e p u d ia t io n  o f the c l a s s i c a l  id e a s .

A . A . T y ap k in  b e g a n  h is  ta lk  w ith  a  c r i t iq u e  o f th e  ta lk  d e l iv e r e d  by I . P .  
B a z a ro v . T y ap k in  a n n o u n c ed  th a t  H e g e l had  n o t know n o f q u an tu m  m e c h a 
n ic s ,  an d  th e r e f o r e  h is  th e s i s  c o n c e rn in g  the fa c t  th a t  a body o c c u r s  a t  a 
p o in t  an d  d o e s  not o c c u r  a t  a  p o in t  r e f e r r e d  to  m e c h a n ic a l  m o tio n . T h is  
B a z a ro v  c o u n te re d  by s a y in g  th a t  H e g e l had  a n a ly z e d  d ia le c t ic a l ly  in  a  g e n 
e r a l  a b s t r a c t  fo rm  th e  m o tio n  o f any  body in s p a c e  an d  t im e . T h e  v a lid ity  
o f H e g e l 's  a n a ly s i s  w a s in  fa c t p ro v e d  by m o d e rn  q u an tu m  m e c h a n ic s .

N e x t T y ap k in  d e fen d ed  R. A . A r o n o v 's  ta lk  c o n c e rn in g  th e  c o n n e c tio n  b e 
tw een  th e  s p a c e - t im e  m e t r ic  an d  th e  p r o p e r t i e s  o f i n t e r a c t io n s .  T y a p k in  
e x p r e s s e d  th e  o p in io n  th a t th is  c o n n e c tio n  sh o u ld  be ta k e n  in to  c o n s i d e r a 
tio n  n o t on ly  in th e  c o n s tru c t io n  of th e  fu tu re  th e o ry  b u t a l s o  in  th e  t r e a t 
m e n t o f the th e o ry  o f r e la t iv i ty ,  in  o r d e r  to  r e la t e  th e  s p a c e - t im e  t r a n s f o r 
m a t io n s  in  th e  th e o ry  o f r e la t iv i ty  to  c e r t a in  id e a s  c o n c e rn in g  in t e r a c t io n s .  
H e re  on e  sh o u ld  c o n s id e r  no t j u s t  an y  p r o p e r t i e s  o f in t e r a c t io n s ,  b u t r a th e r  
o n ly  th o se  w h ich  b e a r  a  g e n e r a l  c h a r a c t e r ,  s in c e  s p a c e  an d  t im e  a r e  f o r m s  
o f e x is te n c e  o f m a t t e r  in  g e n e r a l  an d  n o t m e r e ly  c o n c r e te  fo r m s  o f m a t t e r .
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F o r  e x a m p le ,  th e  i n c r e a s e  o f m a s s  w ith  v e lo c ity  a p p l ie s  to  a l l  p a r t i 
c l e s  w e know o r  w i l l  know .

T y a p k in  s u p p o r te d  F a in b e r g  in  h is  c r i t i c i s m  o f Y a. P . T e r l e t s k i i 's  s t a t e 
m e n t  th a t  H o f s t a d te r 's  e x p e r im e n ts  p ro v e d  th e  e x is te n c e  of a  r ig id  fo rm  
f a c to r  f o r  th e  n u c le o n  in  c o n tra d ic t io n  w ith  th e  th e o ry  o f r e la t iv i ty .  B ut 
h e  a g r e e s  w ith  T e r l e t s k i i  th a t  r e a s o n s  fo r  th e  s t a t i s t i c a l  c h a r a c t e r  o f q u a n 
tu m  m e c h a n ic s  sh o u ld  b e  so u g h t, though  n o t in  a  r e fu ta t io n  of von N e u m a n n 's  
th e o r e m . T y a p k in  e x p r e s s e d  th e  o p in io n  th a t  th e  p r in c ip le  of c o m p le m e n 
t a r i t y  w a s  a n  a r t i f i c i a l  p h i lo so p h ic a l  a d ju n c t to  th e  p h y s ic a l  u n c e r ta in ty  
p r in c ip l e  an d  th a t  new  t r e a tm e n t s  o f q u an tu m  m e c h a n ic s  w ould  be a b le  to 
show  w h a t p a r t  o f i t  i s  t r u e  an d  w h a t p a r t  f a ls e .

T h e  s p e a k e r  d id  n o t a g r e e  w ith  M. F . S h iro k o v  th a t , s in c e  e v e ry th in g  
w a s  s u p p o s e d ly  c l e a r ,  no d i s c u s s io n s  n ee d  b e  h e ld . O n th e  c o n t r a r y ,  th e  
g r e a t e s t  p h y s i c i s t s ,  s u c h  a s  E in s te in ,  B o h r, de B ro g lie , h av e  a r g u e d  and  
a r e  a r g u in g  c o n c e rn in g  fu n d a m e n ta l  q u e s t io n s  o f t h e o r e t ic a l  p h y s ic s ,  w hich  
sh o w s  th a t  th e y  a r e  d i s s a t i s f i e d  w ith  th e  p r e s e n t  s ta g e  of p h y s ic s  an d  th a t  a  
m o r e  p ro fo u n d  p h y s ic a l  th e o ry  m u s t  be so u g h t. W h e re  we e r r  i s  in  no t c o n 
d u c tin g  en o u g h  d i s c u s s io n s .  T h is  s e r io u s ly  im p e d e s  th e  d e y e lo p m e n t o f th e 
o r e t i c a l  p h y s ic s .  T h e  t im e  c a m e  long  ago  to found a  jo u r n a l  o f " P h i lo s o p h 
i c a l  p r o b le m s  o f n a tu r a l  s c ie n c e " ,  y e t  none e x is t s  a s  y e t .

M .E .  O m e l 'y a n o v s k i i  d e l iv e r e d  th e  c o n c lu d in g  a d d r e s s  o f th e  c o n f e re n c e .  
H e r e m a r k e d  upon  th e  f r u i t f u ln e s s  o f th e  c o n f e r e n c e 's  l a b o r s  an d  th e  c r e a 
t iv e  a tm o s p h e r e  w h ich  p re v a i le d .  A c h a r a c t e r i s t i c  t r a i t  o f th e  c o n fe re n c e  
w a s  c o n c r e te  m e th o d o lo g ic a l  a n a ly s i s  o f th e  c o n c r e te  s i tu a t io n  in  the m o d 
e r n  p h y s ic s  of e le m e n ta r y  p a r t i c l e s .  T h e  m an y  p ro fo u n d  th o u g h ts  e x p r e s s e d  
in  r e p o r t s  an d  d e b a te  w ould  be o f a id  b o th  to  p h y s ic i s t s  an d  to  p h ilo so p h e rs  
in  th e  f u r th e r  c r e a t iv e  d e v e lo p m e n t o f p h y s ic a l  an d  p h i lo so p h ic a l  p r o b le m s .

O n th e  w h o le  th e  c o n f e re n c e  w a s  an  e x a m p le  o f c r e a t iv e  c o o p e ra tio n  b e 
tw e e n  p h y s ic i s t s  an d  p h i lo s o p h e rs .  I t  d id  n o t, o f c o u r s e ,  e s ta b l i s h  th e  u l t i 
m a te  t r u th  o f th e  p o in ts  d i s c u s s e d ;  h o w e v e r , new  p ro b le m s  w e re  ra is e d  and 
o ld  o n e s  i l lu m in a te d  f ro m  u n e x p e c te d  p o in ts  o f v iew . It w ill d o u b t le s s  be n e 
c e s s a r y  to  r e tu r n  re p e a te d ly  to  a l l  th e s e  p r o b le m s ,  an d  m u ch  w o rk  l i e s  ah e ad .

T h e  re s o lu t io n  a d o p te d  by th e  c o n f e re n c e  w a s  e x t r e m e ly  b r i e f  and  p r a c 
t ic a l ;  to  p u b l ish  th e  p r o c e e d in g s  of th e  c o n f e re n c e  an d  to  ho ld  r e g u la r  c o n 
f e r e n c e s  on th e  p h i lo so p h ic a l  p ro b le m s  of m o d e rn  p h y s ic s  h e n c e fo r th .
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