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Certain discrepancies in a recent paper purporting to describe the successful observation of an effect pre-  
dicted by Kapitza and Dirac are discussed. It is concluded that the claims for success are inadequately 
supported by the evidence. 

S e v e r a l  y e a r s  ago th is  jou rna l  publ i shed  a 
b r i e f  r e p o r t  [1] of an a l l eged  obse rva t ion  of the 
K a p i t z a - D i r a c  effect  [2], the  r e f l ec t ion  of e l e c -  
t rons  by s tanding l ight  waves .  Recent ly ,  a m o r e  
de ta i l ed  account  of the expe r imen t a l  work  was 
p r e s e n t e d  in which "the f i r s t  success fu l  o b s e r v a -  
t ion" of the  K a p i t z a - D i r a c  effect  was c l a i m e d  [3]. 
We fee l  i t  a p p r o p r i a t e  to c r i t i c i z e  the  e x p e r i m e n -  
ta l  accounts  on the fol lowing grounds:  a) the ev i -  
dence adduced f a l l s  subs tan t ia l ly  shor t  of that  
usua l ly  cons ide r ed  to  cons t i tu te  an accep tab le  
demons t r a t i on  of a new effect ,  and b) the r e s u l t s  
p r e s e n t e d  do not a p p e a r  to be cons i s t en t  with the  
K a p i t z a - D i r a c  theory ,  c o n t r a r y  to a s s e r t i o n s  by 
the author  [3]. In addi t ion,  c e r t a i n  c ruc i a l  e x -  
p e r i m e n t a l  de t a i l s  a r e  omi t t ed  or  a r e  d e s c r i b e d  
too incomple te ly  to p e r m i t  a p r o p e r  evaluat ion of 
some  e x t r a o r d i n a r y  c l a i m s  for  the  e l ec t ron  op-  
t i c a l  p e r f o r m a n c e .  

Return ing  to point (a), above,  we note the  
e a s e  with which spur ious ,  l a s e r - i n d u c e d  s igna l s  
of an incomple te ly  unders tood  na tu re  can be  ob-  
t a ined  in s tud ies  of the  K a p i t z a - D i r a c  effect  with 
high in tens i ty  l ight  waves  [4-6].  T h e r e f o r e ,  i t  i s  
e s sen t i a l  to submi t  the  o b s e r v e d  s igna ls  to r i g -  
orous  d iagnos t ic  t e s t s .  Even in the  absence  of 
ful ly c h a r a c t e r i z e d  e x p e r i m e n t a l  condi t ions ,  
c e r t a i n  c r i t e r i a  can be  fo rmu la t ed  aga ins t  which 
e x p e r i m e n t s  should be  t e s t e d  if  obse rva t ions  a r e  
to be accep ted  a s  bona f ide  [6]: (I) s igna l s  should 
occur  s imul t aneous ly  with the l a s e r  pu l ses  (de-  
l ayed  or  p ro longed  r e s p o n s e s  not inf requent ly  
occur) ;  (II) s igna l s  should be o b s e r v a b l e  at  to ta l  
def lec t ion  ang les  within a focussed  e l ec t ron  b e a m  
width of the  expected Bragg  law value;  they 
should vanish  at  s m a l l e r  and at  l a r g e r  va lues ;  
(HI) s igna l s  should vanish  un les s  the  angle  of i n -  
c idence  of the e l ec t rons  i s  cons i s t en t  with B r a g g ' s  
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law; and IV the o b s e r v e d  e lec t ron  re f l ec t ion  p r o -  
bab i l i ty  should be in r e a s o n a b l e  conformi ty  with 
theory .  

I t  i s  i n s t r u c t i v e  to apply the above c r i t e r i a  to 
the  r e s u l t s  in quest ion [1,3], which fa l l  into two 
ca t ego r i e s :  type A (slow de tec tor )  r e s p o n s e s  
which we re  not  sub jec ted  to c r i t e r i o n  I, and type 
B (fast de tec tor )  r e s p o n s e s  which mee t  c r i t e r i o n  
I wel l .  C r i t e r i o n  I i s  not ve ry  d i s c r i m i n a t i n g  if 
the  e l ec t ron  beam p a s s e s  c lose  to the l a s e r  r e -  
f lec t ion  [6]. C r i t e r i o n  II i s  v i ta l  in the d i s c r i m i -  
nat ion aga ins t  no ise  because  the highly d i r e c t e d  
na tu re  of the  K a p i t z a - D i r a c  r e c o i l s  i s  the  most  
c h a r a c t e r i s t i c  a s p e c t  of the  phenomenon (a s t i -  
mula ted  Compton effect).  Indeed,  if  c r i t e r i o n  II 
we re  met  unequivocal ly  with an e x t r e m e l y  w e l l -  
focussed  e l ec t ron  beam (an o r d e r  of magni tude 
f ine r  than the Bragg  angle ,  say) ,  then one would 
have cons ide rab l e  conf idence in the expe r imen t  
even if the  o ther  c r i t e r i a  we re  only c u r s o r i l y  
tes ted .  Inasmuch  as  the  d e t e c t o r s  in the e x p e r i -  
ments  in quest ion we re  not des igned  to give any 
m e a s u r e  of the d i s t r ibu t ion  of s c a t t e r e d  in tens i ty  
over  s c a t t e r i n g  ang les ,  no in format ion  on the 
s ca t t e r i ng  angle  was es tab l i shed .  C r i t e r i o n  111, 
to t e s t  the Bragg  r e s t r i c t i o n  on angle  of inc idence ,  
would be va luab le  in a t e s t  analogous to a single 
crystal dif f rac t ion  exper imen t .  In s tud ies  with 
neodymium l a s e r  r ad ia t ion  [1,3], however ,  the 
l a r g e  wave length inhomogenei ty  g ives  a d i s t r i b u -  
t ion of t i l t ed  effect ive  Bragg  p lanes  m o r e  c h a r a c -  
t e r i s t i c  of a powder. 

C o n t r a r y  to the  publ ished conclus ions  [3], 
ne i the r  the type  A nor  type B r e s u l t s  appea r  to 
be of a r e a s o n a b l e  o r d e r  of magnitude.  As for  
type  A s igna l s ,  even gran t ing  that  the in tens i ty  of 
the  l a s e r ' s  n o r m a l  b u r s t  mode sp ikes  r eached  
the l a r g e  va lue  of 100 m e g a w a t t / c m  z r e q u i r e d  to 
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def lec t  half  the e l ec t rons ,  and accep t ing  the even 
m o r e  unl ike ly  condit ion that  the e l ec t rons  were  
de f l ec t ed  in one d i r ec t ion  only by the d i s t r i bu t ed  
p lanes ,  i t  i s  diff icul t  to s ee  how an a v e r a g e  of 
half  of the e l e c t r o n s  could have been def lec ted  by 
l ight  waves  dur ing  the 500 ~ sec  pe r i ods  i l I u s -  
t r a t e d  in f ig.  4a [3] when the l a s e r  was f i r ing  only 
1/20 of the time'. On the o ther  band, spur ious  
def lec t ions  of the  type noted by o ther  au thors  
[4,6] could account  for  l a rge ,  p e r s i s t i n g  s igna l s .  

The type  B s igna l s  a r e  of a d i f ferent  na tu re ,  
for  they a r e  o b s e r v e d  only when the l a s e r  sp ikes  
appea r .  However ,  the  behav io r  they exhibi t  would 
be  highly i m p r o b a b l e  for  K a p i t z a - D i r a c  s igna l s  
in view of the  l a r g e  Ak a s s o c i a t e d  with the l a s e r  
used.  "Standing waves"  su i t ab le  for  r e f l ec t ing  
e l e c t r o n s  may  be g e n e r a t e d  when an inc ident  
l ight  wave of one f requency  combines  with a r e -  
f l ec ted  wave of another  f requency .  Since these  
waves  a r e  s t a t iona ry  only in the  moving r e f e r e n c e  
f r a m e  in which the component  f r equenc ies  a r e  
made  equal by Dopple r  sh i f t s ,  t he i r  nodal  p lanes  
a r e  tilted r e l a t i v e  to the incoming e l ec t ron  beam.  
T i l t  ang les  c o r r e s p o n d  to ± c~/2ku  [5], o r  
n e a r l y  1 r ad ian  for  c h a r a c t e r i s t i c  neodymium 
l a s e r  outputs with Ak ~ 100 A. Accord ing ly ,  b e -  
cause  the  e l ec t ron  beam encounters  a r andom 
angular  d i s t r ibu t ion  of t i l t ed  Bragg  p lanes ,  i t  i s  
to be an t i c ipa ted  that  e l ec t rons  would r e f l e c t  to 
the r ight  (posi t ive  d i f f rac t ion  o rde r )  a s  often as  
they would r e f l e c t  to the lef t  (negat ive d i f f rac t ion  
o rde r ) .  Th is  would give the  d i f fe rence  (IR - I L )  
between r igh t  and le f t  s c a t t e r e d  c u r r e n t s  an ex-  
pec ta t ion  va lue  of ze ro .  The expe r imen t s  in 
quest ion [1,3] we re  des igned  to m e a s u r e  the  d i f -  
f e r e n c e  (IR - I L )  r a t h e r  than the individual  I R or  
I L c u r r e n t s .  I t  was a s s e r t e d  that  the o b s e r v e d  
s ignal  was of the magni tude to be expected  for  
r e f l ec t ion  in one d i r ec t ion .  Consequent ly ,  the 
m e a s u r e d  d i f f e rence  a p p e a r s  to exceed the t heo -  
r e t i c a l l y  expected  d i f f e rence  by o r d e r s  of magn i -  
tude.  

I t  might  be a rgued  that  a given l a s e r  pu l se  
could gene ra t e  Bragg  p lanes  so o r i en ted  that  the 
inc ident  e l ec t ron  b e a m  would r e f l e c t  in only one 
d i r ec t ion .  Since  the  o r i en ta t ion  of such Bragg  
p lanes  would be unfavorab le  for  r e f l ec t ion  in the 

o t h e r  d i r ec t ion  by,  a t  mos t ,  twice  the Bragg  
angle  (~ 3 × 10 -4  r ad ians ) ,  th is  a r g u m e n t  would 
n e c e s s i t a t e  the  pos tu la t ion  of an e x t r e m e l y  s h a r p  

cut -off  in the  wave length and angular  d i s t r i b u -  
t ions ,  toge the r  with an exceedingly  de l i ca t e  a l ign -  
ment.  I t  s e e m s  inconce ivable  that  succeed ing  
l a s e r  p u l s e s  would a l l  r e t a in  th is  spec i a l  d i s t r i -  
bution and acc iden ta l  a l ignment ,  ye t  the type B 
t r a c e s  a l l  show the " r e f l ec t ed  e l ec t rons"  going 
in the  s a m e  d i r ec t ion  with subs tan t i a l ly  equal i n -  
t ens i ty  dur ing  s e v e r a l  i r r e g u l a r  s e r i e s  of l a s e r  
pu l ses  [3]; 

F o r  the above r e a s o n s  i t  i s  not un reasonab le  
to conclude that  the r e p o r t e d  s igna ls  r e p r e s e n t  
no ise .  Se ve ra l  a rgumen t s  we re  advanced [3] 
which pu rpo r t ed  to ru l e  out no i se  a s  a s o u r c e  of 
the  s igna l s .  I t  was  sugges ted  that  no i se  would 
cont r ibu te  equal ly in the  r i g h t -  and l e f t -hand  de -  
t e c t o r s ,  and, hence,  would cancel .  This  d i s r e -  
g a r d s  the a s y m m e t r y  of the envi ronment  of the  
e l ec t ron  beam in i t s  p a s s a g e  through the l a s e r  
cavi ty .  C o n t r a r y  to a l l ega t ions ,  spur ious  type A 
s igna l s  could a r r i v e  with double the  modulat ion 
f requency  if,  for  example ,  the  detec t ion  w i r e s  
we re  s l ight ly  bowed (mic rons  pe r  c e n t i m e t e r  
length) o r  if  the  spur ious  def lec t ion  f ie ld  were  
nonuniform.  F u r t h e r m o r e ,  delocalizedsurface 
a n d / o r  o r  space  cha rge  effects  could not va ry  as  
r ap id ly  with d i s t ance  as  a s s e r t e d .  T he re fo r e ,  
the  r e p o r t e d  d iagnoses  do not r i g o r o u s l y  d i s c r i -  
mina te  aga ins t  spur ious  r e s p o n s e s .  

We a r e  fo r ced  to conclude that  the r e p o r t e d  
s igna ls  [1,3] a r e  unl ikely to r e p r e s e n t  t rue  Kap i t -  
z a - D i r a c  r e c o i l s .  Quite a p a r t  f r o m  the evidence 
aga ins t  the expe r imen ta l  r e s u l t s ,  i t  i s  i ne scapab l e  
that  the most  c r u c i a l  c r i t e r i a  to be  s a t i s f i ed  we re  
not even tes ted .  T he re fo r e ,  i t  i s  c l e a r  that  the 
a u t h o r ' s  c l a i m  [3] that  he ' ac tua l ly  obse rved"  the 
K a p i t z a - D i r a c  effect  i s  p r e m a t u r e .  
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