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A good d e a l  of t h e o r e t i c a l  and e x p e r i m e n t a l  a c -  
t i v i t y  1) r e l a t e d  to  E i n s t e i n ' s  " v e l o c i t y  of l igh t  p o s -  
t u l a t e "  has  a r i s e n  f r o m  r e c e n t  p a p e r s  by K a n t o r  2) 
and Fox  3). T h e s e  a u t h o r s  have  r a i s e d  a n u m b e r  of 
q u e s t i o n s  c o n c e r n i n g  E i n s t e i n ' s  p o s t u l a t e  tha t  " l igh t  
i s  a l w a y s  p r o p o g a t e d  in e m p t y  s p a c e  with a de f in i t e  
v e l o c i t y  which  i s  i ndependen t  of the  s t a t e  of m o t i o n  
of the  e m i t t i n g  body"  4). F o x ,  in h i s  p a p e r  p u b l i s h e d  
about  one month  b e f o r e  K a n t o r ' s  p a p e r ,  c a s t s  doubt  
on the i n t e r p r e t a t i o n  of a n u m b e r  of p a s t  e x p e r i -  
m e n t s  which  have u s u a l l y  been  t aken  a s  v e r i f y i n g  the 
c o r r e c t n e s s  of the  p o s t u l a t e .  K a n t o r  r e p o r t s  an in -  
t e r f e r o m e t r i c  e x p e r i m e n t  p e r f o r m e d  in a i r  and in -  
d i c a t i n g  by  i t s  q u a l i t a t i v e  r e s u l t s  an a p p a r e n t  and 
s i g n i f i c a n t  c o n t r a d i c t i o n  with  E i n s t e i n ' s  v e l o c i t y  of 
l ight  p o s t u l a t e .  Many  of F o x ' s  q u e s t i o n s  r e l y  on the 
s o - c a l l e d  ex t inc t ion  t h e o r e m  of Ewald  and O s e e n  5). 
M o r e  r e c e n t l y ,  B e c k m a n n  6) has  t aken  K a n t o r ' s  e x -  
p e r i m e n t  a s  d i s p r o v i n g  t h i s  t h e o r e m ,  whi le  Whi te  
and A l p h e r  7) s u g g e s t  tha t  in v iew of the  ex t inc t ion  
t h e o r e m ,  " K a n t o r  m u s t  s e e k  an exp l ana t i on  e l s e -  
w h e r e  fo r  such  e f f ec t s  a s  he o b s e r v e s "  in h i s  e x p e r -  
imen t ,  in p a r t i c u l a r ,  in t e r m s  of the  i n t e r p r e t a t i o n  
of h i s  r e s u l t s  a s  r e l a t e d  to the  v e l o c i t y  of l igh t  p o s -  
tu la te .  

In v iew of the  c o n s i d e r a b l e  i n t e r e s t  and w o r k  
c r e a t e d  by  the a p p a r e n t  d i s c r e p a n c y  of K a n t o r ' s  ob -  
s e r v a t i o n s  r e l a t e d  to  the  v e l o c i t y  of l igh t  p o s t u l a t e ,  
a need  h a s  a r i s e n  fo r  not  on ly  r e p e a t i n g  K a n t o r ' s  
e x p e r i m e n t ,  a s  he h i m s e l f  s u g g e s t e d ,  but  a l s o  fo r  
p e r f o r m i n g  a v e r s i o n  of the  e x p e r i m e n t  which ,  
whi le  s i m i l a r  enough to K a n t o r ' s  to  a l l ow c o m p a r i -  
son of r e s u l t s ,  a l s o  a v o i d s  m a n y  of the  o b j e c t i o n s  
to th i s  and p a s t  e x p e r i m e n t s  in th i s  a r e a .  In p a r t i c -  
u l a r ,  of c o u r s e ,  ou r  e x p e r i m e n t  w a s  p e r f o r m e d  in 
v a c u o .  

It i s  the  p u r p o s e  of t h i s  l e t t e r  to g ive  a f i r s t  
accoun t  of the  r e s u l t s  and a b r i e f  accoun t  of the  e x -  
p e r i m e n t a l  a r r a n g e m e n t ,  i n a s m u c h  a s  ou r  r e s u l t s  
a r e  a t  v a r i a n c e  with  K a n t o r ' s  o b s e r v a t i o n s .  Indeed ,  
we f ind no d i s a g r e e m e n t  wi th  the  v e l o c i t y  of l ight  
p o s t u l a t e  to the  o r d e r  of o be ing  l e s s  than  0.1 in v a -  
cuo.  A b r i e f  d e s c r i p t i o n  of the  e x p e r i m e n t  and the  
s i g n i f i c a n c e  of ~ fo l lows .  

Our  e x p e r i m e n t  i s  c a p a b l e  of m e a s u r i n g  the  d i f -  

f e r e n c e  be tween  the v e l o c i t y  in vacuo  of t h r e e  
b e a m s  of l igh t ,  w h e r e  one of t h e s e  b e a m s  h a s  
p a s s e d  th rough  a p i e c e  of g l a s s ,  which m a y  be  
m o v e d  a t  a cons t an t  s p e e d  o r  kep t  s t a t i o n a r y  a s  
d e s i r e d .  The  v e l o c i t y  d i f f e r e n c e  i s  d e t e r m i n e d  by 
a m e a s u r e m e n t  of the p h a s e  shi f t  be tween  the 
b e a m s .  If i t  i s  a s s u m e d  tha t  the  g l a s s  s e r v e s  a s  a 
m o v i n g  s o u r c e  whose  v e l o c i t y  a f f e c t s  the  v e l o c i t y  
of l i gh t ,  then  i t  would be e x p e c t e d  tha t  the  p h a s e  
sh i f t  m e a s u r e d  when the g l a s s  i s  mov ing  wi l l  d i f fe r  
f r o m  the  sh i f t  a s s o c i a t e d  with the  s t a t i o n a r y  g l a s s .  
The i m p o r t a n t  po in t  h e r e  i s  tha t  we a r e  m e a s u r i n g  
v e l o c i t y  d i f f e r e n c e s  o v e r  a f r e e  vacuum pa th  b e -  
tween  o p t i c a l  e l e m e n t s  and thus  a r e  avo id ing  one 
of the  m a j o r  o b j e c t i o n s  to p r e v i o u s  t e s t s  of the  
p o s t u l a t e ,  n a m e l y  tha t  s t a t i o n a r y  o p t i c a l  e l e m e n t s  
in the  s y s t e m  o b l i t e r a t e  v e l o c i t y  d i f f e r e n c e s  3). 

The  a p p a r a t u s  e m p l o y e d  i s  a t h r e e  b e a m  i n t e r -  
f e r o m e t e r  of the  type  f i r s t  d e s c r i b e d  by  Z e r n i k e  in 
1950 8). The c e n t r a l  b e a m  p a s s e s  th rough  a p i e c e  
of g l a s s .  The  a p p a r a t u s  was  a r r a n g e d  by  mount ing  
the  t h r e e  s l i t s  f o r m i n g  the  i n t e r f e r o m e t e r  b e a m s  
on the p e r i p h e r y  of a whee l  and c e m e n t i n g  a p i e c e  
of g l a s s  o v e r  the  c e n t r a l  s l i t .  The w h e e l ,  which  
can  be m a d e  to r o t a t e  a t  u n i f o r m  v e l o c i t y ,  a l s o  
c a r r i e d  a s e i f - s h u t t e r i n g  a r r a n g e m e n t  which  a l -  
lowed i l l u m i n a t i o n  of the  s l i t s  only  when the g l a s s  
was  mov ing  p a r a l l e l  to the  b e a m s ,  o r  was  at  r e s t  
in the  p r o p e r  pos i t i on .  The  e n t i r e  a p p a r a t u s  was  
e n c l o s e d  in a vacuum c h a m b e r .  The l ight  b e a m s  
l e a v ing  the g l a s s  and s l i t s  t r a v e l e d  a known d i s -  
t a n c e  in vacuo  b e f o r e  r e a c h i n g  a f l a t  (3 k) g l a s s  
window in the  wa l l  of the  c h a m b e r .  The  d i f f r a c t i o n  
p a t t e r n  of the  s l i t s  was  f o r m e d  by an o b j e c t i v e  
l ens  and o b s e r v e d  t h rough  a m i c r o s c o p e  moun ted  
on a g r a d u a t e d  o p t i c a l  bench  in the  u s u a l  m a n n e r .  
The  l ight  s o u r c e  was  a CW gas  l a s e r  p r o v i d i n g  
m o n o c h r o m a t i c  l ight  at  6328 A and o p e r a t i n g  in a 
s ing le  m o d e .  

The  t h r e e  b e a m  i n t e r f e r o m e t e r  a l l ows  p r e c i s e  
d e t e r m i n a t i o n  of a p h a s e  sh i f t  be tween  i t s  c e n t r a l  
and s ide  b e a m s ,  and thus  p r e c i s e  m e a s u r e m e n t  of 
p h a s e  sh i f t  c a u s e d  by  a s a m p l e  p l a c e d  in the  cen -  
t r a l  b e a m .  P r e c i s i o n  a s  good a s  ~ k i s  p o s s i b l e  
wi th  t h i s  t h r e e  b e a m  techn ique  u s i n g  m e r e l y  v i s u a l  
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o b s e r v a t i o n .  If ,  a s  a s s u m e d ,  the  m o t i o n  of the  
g l a s s  a f f e c t s  the  v e l o c i t y  of l i gh t ,  t h i s  should  p r o -  
duce  a sh i f t  in the  l o c a t i o n  of the  p l a n e s  in which  

1 the  c e n t r a l  b e a m  i s  ~ ~ out  of p h a s e  wi th  the  s i de  
b e a m s  ( h e r e a f t e r  c a l l e d  the  ~ k p l a n e s ) .  The  r e l a -  
t ion  of such  a p h a s e  sh i f t  to  the  l o c a t i o n  of a p a r -  
t i c u l a r  ¼ ~ p l ane  i s  g iven  by  the e x p r e s s i o n  

~ = . . . .  e~(1 1 ),  (1) 
2 ~ \ r s t a t i o n a r y  r m o v i n g  

w h e r e  A~ i s  the  p h a s e  sh i f t  e x p r e s s e d  in w a v e -  
l e n g t h s ,  d i s  the  s p a c i n g  be tween  the  c e n t r a l  and 
s i d e  s l i t s ,  ~ i s  the  w a v e l e n g t h ,  and r i s  the  d i s -  i 
t a n c e  f r o m  the  o b j e c t i v e  l ens  to the  Z~ p l a n e .  T h e s e  
1 k p l a n e s  can  be v e r y  a c c u r a t e l y  l o c a t e d  t h rough  
o b s e r v a t i o n  of the  d i f f r a c t i o n  p a t t e r n .  

I t  can  be  shown * t h a t ,  if i t  i s  a s s u m e d  tha t  
l igh t  p r o p a g a t e s  in the  g l a s s  wi th  a v e l o c i t y  c + ~v 
and with  a v e l o c i t y  c + pv upon l e a v i n g  the  g l a s s ,  
then  the  p h a s e  sh i f t  b e t w e e n  the  c e n t r a l  and s ide  
b e a m s  due to the  m o t i o n  of the  g l a s s  i s  g iven  in 
t e r m s  of w a v e l e n g t h s  of l igh t  by  the  e x p r e s s i o n  

A~ : ~ [ p ( /  -L)+l {n2(l-c0-n}] , (2) 

where fl = v/c (v = velocity of glass), n is the index 
of refraction of the glass, l is the thickness of the 
glass, L is the distance from where light enters 
the glass on the central slit to where it enters the 
next optical element, ~ is the velocity addition co- 
efficient for the glass (according to the special the- 
ory of relativity this should be 1 -n-2), and 0 is the 
velocity addition coefficient due to source motion 
(from relativity this should be zero in vacuum). 

In our experiment, these parameters have the 
following values; 8= 2 x l 0  -7, n = 1.5, l = 1.5 mm, 
L =0.57 m and 1.48m, d =5.5 mm. The slits were 
mounted at a radius of 12½ inches and the wheel re -  
volved at 29.7 + 0.1 rps. The focal length of the ob- 
jective was 42 in. Phase shift due to tilting of the 
glass was kept to less than 0.2 A by the limiting the 
aperture of the shutter to 2 ram. The width of the 
central slit was 0.5 mm and the side slits were half 
as wide. Vacuum chamber pressure was maintained 
between 6×10-4 and 1.2×10 -3 torr. The diffraction 
pattern was sharp and clear both when the wheel was 
stationary and when it was running. There were no 
vibration problems. 

Introducing the values of the appropriate para- 
meters in eq. (2) gives aA~of ~ o~ and ½ 0~ respectively 
for the two values of L. Such a shift should be readily 
detectable with our apparatus if p is on the order of 
0.1 to 1.0. The phase shift between stationary and 

* A more extensive development of the resul ts  descr ibed 
here  will be presented in a more  comprehensive paper  
in  the near  future. See also Kantor 's  paper for a s im-  
i la r  expression as (2). 

m o v i n g  g l a s s  was  m e a s u r e d  a t  t h r e e  a d j a c e n t  ¼ k 
p l a n e s  (A, B and C). Our  r e s u l t s ,  g iven  in t a b l e  
1, show tha t  no s i gn i f i c an t  sh i f t  o c c u r r e d .  

The  v a r i a n c e ,  cr of the  m e a s u r e m e n t s  i s  a l so  
g iven.  V i s u a l  o b s e r v a t i o n  of a p a r t i c u l a r  ¼ ~ p l ane  
wh i l e  the  w h e e l  was  b rough t  f r o m  r e s t  to  fu l l  
s p e e d  r e v e a l e d  no s i g n i f i c a n t  change  in the  d i f f r a c -  
t ion  p a t t e r n .  

Table 1 
Experimental  Results 

Run 
n o .  

No. of 
shift 
determi- 
nations L 

.57m 

A B 

+0.01k 
0.02k 

-O.02k 
0.03k 

0.00,k 
O.03k 

C 

!+0.Olk 
0.02k 

-0.02k 
0.03k 

0.O0k 
0.01k 

1 24 /kp =+0.01k 
~= 0.02k 

57 1,48 m h~0 = -0.02k 
~= 0.03k 

18 0,57m ~ =+O.01k 
= O.02k 

It i s  c l e a r  tha t  m o r e  w o r k  i s  r e q u i r e d  in o r d e r  
to accoun t  f o r  any  p o s s i b l e  c a n c e l l a t i o n s  of f i r s t  
o r d e r  e f f ec t s  by  any  e f fec t  of p h a s e  r e t a r d a t i o n  
(or  l ead)  by  the  p a s s a g e  of l ight  t h r o u g h  the  
" o p e n "  s l i t s ,  and any o t h e r  p o s s i b l e  s e l f - c a n c e l -  
l ing  e f f ec t s .  T h i s  p a r t  of the  w o r k  i s  unde r  way  
and w i l l  be  r e p o r t e d  on m o r e  e x t e n s i v e l y  in a 
c o m p l e t e  p u b l i c a t i o n  a long  with  s i d e - e x p e r i m e n t s  
u s e d  to c l a r i f y  any p o s s i b l e  s p u r i o u s  e f f ec t s .  It 
was  f e l t  tha t  the  p r e s e n t  r e s u l t s  w e r e  ob ta ined  
wi th  a su f f i c i e n t l y  good a p p a r a t u s  and w e r e  c o m -  
p a r a b l e  enough to the  p r e v i o u s l y  m e n t i o n e d  w o r k ,  
so a s  to  d e s e r v e  p u b l i c a t i o n  in the  f o r m  of t h i s  
l e t t e r ,  a t  t h i s  t i m e .  

Aver - 
age 

+0.Olk 
0.03k 

-0.02k 
0.05k 

0.0Ok 
0.04k 

It  i s  a p l e a s u r e  to acknowledge  the  i n t e r e s t i n g  
and s t i m u l a t i n g  d i s c u s s i o n s  wi th  P r o f e s s o r  
G e o r g e  W. S t r o k e ,  a s  w e l l  a s  the  e n c o u r a g e m e n t  
and f a c i l i t i e s  o f f e r e d  by  D r .  W . M .  Brown and the  
R a d a r  L a b o r a t o r y  of the  In s t i t u t e  of Sc ience  and 
T e c h n o l o g y  of the  U n i v e r s i t y  of Mich igan .  
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On donne le p r i n c i p e  de deux s t r u c t u r e s  id~a les  
p e r m e t t a n t  t h~o r iquemen t  l ' i n j e c t i o n  et l ' a c c t u n u l a -  
t ion de cha rges  dans  un pi~ge s ans  fui te .  Les  ca -  
v i t~s  qui sont  u t i l i s~e s  dans  ces  s t r u c t u r e s  fonc t ion-  
nen t  en " a c c d l ~ r a t e u r  et bouchon dynamique"  * 

Deux p r o b l ~ m e s  fondamen taux  dans  le conf ine-  
m e n t  d 'un  p l a s m a  pa r  un champ magn~t ique  s t a t i -  
que sont:  1) l es  p e r t e s  pa r  l es  m i r o i r s  magn~ t i -  
ques ,  2) le r e t o u r  du je t  des  p a r t i c u l e s  ion i s~es  
su r  l ' i n j e c t e u r .  

L ' u t i l i s a t i o n  d 'une  s t r u c t u r e  ~ g r a d i e n t s  de 
champs  ~ lec t romagn~ t ique  et magn~t ique  s ta t ique  
peut  r ~ s o u d r e ,  s e m b l e r a i t - i l ,  ce s  deux dif f icul t~s  
j u s q u ' i c i  non s u r m o n t ~ e s .  

Dans  des  r ~ f ~ r e n c e s  a n t ~ r i e u r e s  1-3) ,  le p r i n -  
cipe et la  th~or ie  de ces  s t r u c t u r e s  ont ~t~ donn~es.  
On sa i t  qu ' en  me t t an t  ~ p rof i t  l ' i n v e r s i o n  des  f o r c e s  
s ' e x e r q a n t  su r  des cha rge s  p lac~es  dans  des  g r a -  
d ien t s  de champ magn~t ique  s ta t ique  et haute f r ~ -  
quence ,  ~ la r~ sonance  en t r e  la f rdquence  cyc lo t ron  
et ce l le  du champ,  on peut  ob t en i r  des  fo rce s  un i -  
d i r e c t i o n n e l l e s .  Ces  f o r c e s  peuven t  ~ volont~ 
s ' e x e r c e r  su r  l ' un  ou l ' a u t r e  type de p a r t i c u l e  
(ions si  ¢~HF = ' ' ' c i  ou ~ l ec t rons  si ~HF  = ~'ce) d 'un  
p l a s m a  ou d 'un  f a i s c e a u  d ' i o n s  ou d ' ~ l e c t r o n s .  Si 
nous  d i sposons  une te l le  s t r u c t u r e  ~i fo rce  u n i d i r e c -  
t i onne l l e  su r  un col d ' une  boute i l l e  magnd t ique ,  la  
s t r u c t u r e  a une double fonct ion:  toute p a r t i c u l e  qui 
la t r a v e r s e  dans  le sens  in j ec t ion  voi t  son ~nerg ie  
a u g m e n t e r  et  toute p a r t i c u l e  qui  y r e t o u r n e  es t  r ~ -  
f l~chie  4). La s t r u c t u r e  se compor t e  ~ la  l o i s  
c o m m e  un i n j e c t e u r  et c o m m e  un "bouchon dyna -  
m i q u e "  qui r~f l~chi t  l es  p a r t i c u l e s  sans  p e r t e s  
d ' ~ n e r g i e  ** 

* D'autres auteurs dont Glagolev et al. en Russie, 
Braams en Hollande, Johnson (RCA-USA) ont propos~ 
des bouehons statiques HF, utilisation dfff~rente par 
leur principe et effieacit~ des dispositifs proposes. 

On peut  donc concevo i r  l ' une  des  deux d i s p o s i -  
t ions  r e p r ~ s e n t ~ e s  su r  les  f i gu re s  2 et 3. 

La f igure  2 es t  une boute i l l e  c l a s s i que  ;i deux 
m i r o i r s ,  pourvue  de deux i n j e c t e u r s  ~i bouchons.  
On u t i l i s e  le sens  f avorab le  du g r ad i en t  du champ 
magndt ique  s ta t ique  c o m m e  une p a r t i e  in t~gran te  
de la s t r u c t u r e  de l ' i n j e c t e u r ,  soi t  pour  i o n i s e r  et 
a c c ~ l ~ r e r  le gaz n e u t r e ,  so i t  pour  a c c ~ l ~ r e r  un 
jet  de p l a s m a  ou de p a r t i c u l e s  monoc in~ t iques  
(~ lec t rons  ou ions) ,  venan t  de l ' e x t ~ r i e u r .  Les  
deux i n j e c t e u r s  font a u s s i  fonct ion de bouchons  
d y n a m i q u e s  et s ' opposen t  ~ la so r t i e  des p a r t i -  
cu les  qui r e s t e n t  pidg~es.  La cap tu re  es t  to ta le  
aux p e r t e s  pa r  diffusion et i n s t a b i l i t ~ s  pr~s .  

BOUCHON ~TATIQCJE. 

I i 
I I 

~.~  ' '~.! '  

d 
BOUCHON DYNAMI~UE 

Fig. 1. 

** Ce principe de fonetionnement est tr~s different 
de celui des "bouchons statiques" propos~ pr~c~- 
demment (volt r~f. 5)). 
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