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Table I 
The 73 lifetime of positromm in teflon 

at 1.25OK and 4.2°K. 

Run Temp. 73 

1 4.2 1.83 + 0.11 
1 1.25 2.17 ± 0.13 
2 4.2 1.83 + 0.09 
2 1.25 2.17 + 0.12 
3 4.2 1.79 + 0.05 
3 1.25 2.19 ± 0.07 
3 1.25 2.16 ± 0.10 
3 4.2 1.84 ± 0.06 
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Fig. 1. Temperature dependence of the 73 lifetime of 
positrons annthflat l~ in teflen. 

F o r  example ,  in tef lon at  r o o m  t e m p e r a t u r e  
t he re  i s  a s l igh t  unwinding of the chain  of C F  2 
g roups  f r o m  a twis t  of 180 ° p e r  13 C F  2 g roups  
to a 180 ° twis t  pe r  15 C F  2 g roups .  A s e p a r a t i o n  
of the chain axes  a l so  o c c u r s  [4]. This  t r a n s i t i o n  
r e s u l t s  in a s ign i f ican t  change of the p o s i t r o n  
l i f e t ime .  The spec i f i c  hea t  of tef lon has  been  
m e a s u r e d  a t  low t e m p e r a t u r e s .  It has  been  found 
that  in the t e m p e r a t u r e  r e g i o n  of 2 .5°K the s lope  
of c / T  v e r s u s  T 2 cu rve  changes .  In the t e m p e r a -  
tu re  i n t e r v a l  of 3 .3°K to 4.3°K, the curve  i s  a 
s t r a i g h t  l ine with a s lope  of 7.6 × 10 - 6  c a l / g  °K4, 
and in the t e m p e r a t u r e  i n t e r v a l  of 1.2 ° to 2.0°K, 
the cu rve  i s  a s t r a i g h t  l ine with a s lope  of 
1.2 × 10 -5  c a ~ g  °K4 [5]. 

We sugges t  that  the anomalous  r i s e  in the pos i -  
t rous '  l i f e t ime  a t  1.25°K may  be due to a v e r y  low 

t e m p e r a t u r e  t r a n s i t i o n  in teflon,  fo r  p o s i t r o n  an-  
n ih i la t ion  Ufet ime s tud ies  at  r o o m  t e m p e r a t u r e  
have shown that  the l i f e t ime  depends  upon the 
s t r u c t u r e  of teflon,  and spec i f i c  hea t  m e a s u r e -  
men t s  indica te  a change in s lope  of a c / T  v e r s u s  
T 2 curve  at  2.5°K. 

E x p e r i m e n t s  a r e  be ing  planned to m e a s u r e  
both the i n t e r m e d i a t e  and long l i f e t ime  of pos i -  
t r o u s  a s  a function of the c r y s t a l l i n i t y  and t e m -  
p e r a t u r e  of the teflon.  
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The p r i n c i p l e s  of w a v e f r o n t - r e c o n s t r u c t i o n  
imaging,  f i r s t  s u g g e s t e d  and d e m o n s t r a t e d  by 
one of us  in 1948 [1-3] ,  have r e c e n t l y  been suc -  
c e s s fu l l y  ex tended  to the so lu t ion  of s p a t i a l  f i l -  
t e r i ng  p r o b l e m s  in c o h e r e n t  l ight  [4-6],  a long the 
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p r i n c i p l e s  f i r s t  s u g g e s t e d  by Mar~cha l  and  C r o c e  
in 1953 [7, 8]. A ' t r u e '  op t ica l  f i l t e r i n g  p r o c e s s  
m a y  r e q u i r e  ' c o m p l e x '  addition of I m a g e s  (or of 
t he i r  d i f f rac t ion  patterns)(rather than f i l t e r i ng  
with m a s k s ,  o r  ' c o m p l e x '  mulHpUcaH~ of di f -  
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Fig. 1. Arrangement used for image synthesis by holo- 
graphic Fourier  transformation. 

f r a c t i o n  p a t t e r n s ,  u sed  in c o r r e l a t i o n  f i l t e r i ng  
he re to fo re ) .  Complex  ' i m a g e '  addi t ion  (and, o r  
sub t rac t ion)  may  be ca l l ed  an ' o p t i c a l  i m a g e -  
syn thes i s '  p r o c e s s .  The method  d e s c r i b e d  h e r e  
i s  b a s e d  on the p r i n c i p l e s  of F o u r i e r - t r a n s f o r m  
holography  [6, 9-11].  

For analysis, consider a one-dimensional 
model. By adding, in n successive exposures In, 
the diffraction patterns of the image-transmittance 
functions fn to the diffraction pattern of a refer- 
ence delta function A5(0), the hologram exposure 
i s  [ = ~ t n In, where  I n = F n ~n + AFn exp [- 21r iax] + 
+ Ai~nexp [2~iax], with a = ' o f f - s e t '  be tween fn 
and the p o i n t - r e f e r e n c e  R 1 (fig. 1), and F n = 
F o u r i e r - t r a n s f o r m  of fn .  By the now usua l  ex-  
pans ion  [6, 9, 12], the h o l o g r a m - t r a n s m i t t a n c e  in 
the upper  f i r s t  s i d e - b a n d  i s  

H(X)l ~ ~n)-½TA-3"{ :_~ ~n Fn + (1) 

~(½V+ I)(~ F F*'~ ~nFn + .} + n2A 3 \ n  n n/ " , 

which g ives  the d e s i r e d  ' image  s y n t h e s i s ' ,  in the 
foca l  p lane of a l ens ,  by F o u r i e r  t r a n s f o r m a t i o n  
of the f i r s t  t e r m  (the " s i g n a l "  = S). (T = g a m m a  
of the f i lm.  ) The ind iv idua l  exposu re  t i m e s ,  t n = t 
he re ,  a r e  ad jus t ed  to avoid  f i lm  sa tu ra t ion) .  Suc-  
c e s s  of the complex  addi t ion  Z n F n  depends  (as 
v e r i f i e d  by expe r imen t )  on the high " s i g n a l " /  
"no i se"  r a t i o ,  c h a r a c t e r i s t i c  of the method.  With  
the second  t e r m  in eq. (1) taken  a s  "no i s e "  = AT, 
one f inds  S/N = nA2/[(~Ly + 1) Z n F n F~.  

The a r r a n g e m e n t  used  in our  e x p e r i m e n t s  i s  
ske tched  in fig. 1, and an example  of image  syn-  
t hes i s ,  ob ta ined  by ' sub t r ac t ing '  the complex  
i m a g e - t r a n s m i t t a n c e  function f 2  f rom the com-  
p lex  i m a g e - t r a n s m i t t a n c e  function f l  (see fig.  2a) 
a p p e a r s  in fig. 2b. An e s s e n t i a l  e l e m e n t  i s  the 
' p h a s e  p la te '  @, u sed  (in th i s  case)  to obtain the 
d e s i r e d  ' s u b t r a c t i o n '  by adding f 2  with a phase 
shift of ~(180°). (The @ ad jus tmen t  i s  s t r a i g h t -  
f o rward ,  by m e a n s  of i n t e r f e r e n c e  f r i nges  f o r m e d  

Fig. 2a. Photograph of functions f l  = "Fourier  subtrac-  
tion" and f2  = "" . u r i e r , . . .  raction" of which the com- 
plex diffraction patterns were subtractively added ac-  
cording to fig. 1. The hologram was recorded by ad- 
ding, successively, the coherent background to the 

Four ier  transforms o f f l  and o f f2  exp(-i~). 

Fig. 2b. Four ier- t ransform reconstruction of the ' syn-  
thesized image' (here the subtractive addition); ob- 
tained in the focal plane of a lens by projecting a 
plane, monochromatic (6328•) wave through the holo- 
gram recorded according to fig. 1 and fig. 2a. The un- 
attenuated d.c .  term, together with the two side-band 
images are shown. The arrow points to the remaining 
f l -por t ion ,  resulting from the use of a • shift slightly 
different from 7r here,  demonstrating the principle. 

in the x -p l ane ,  with a t e m p o r a r y ,  a u x i l i a r y  point-  
r e f e r e n c e  R 2. O1, 02  a r e  m i c r o s c o p e  objec t ives) .  
The en t i r e  i n t e r f e r o m e t r i c  h o l o g r a m - r e c o r d i n g  
p r o c e s s  was c a r r i e d  out in 6328,~ l a s e r  l ight  on 
P o l a r o i d  P / N  f i lm,  without any l iquid ga tes  (which 
may  be impor t an t  in some  cases ) .  

This  work  was suppor ted ,  in pa r t ,  by a kind 
a s s i s t a n c e  f rom the Office of Naval  R e s e a r c h .  
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There  has been some d i sagreement  lately concerning two integral  equations whose solutions a re  
F a b r y - P e r o t  i n t e r f e romete r  modes.  Lotsch  [1] has s ta ted  that his equation, which desc r ibes  the modes  
by the midplane pat terns ,  and the ea r l i e r  one formula ted  by Fox and Li [2] for  the field pa t te rns  on the 
m i r r o r  (actually in the aper tu re  of the equivalent t r ansmis s ion  sys tem) a re  essent ia l ly  different. The 
la t ter  au thors  [3] have shown mathemat ica l ly  that the two equations yield the same resu l t s  in the sense  
that the f ield pa t te rn  on the m i r r o r  which sa t i s f ies  their  equation produces  the pat tern  on the midplane 
which sa t i s f ies  Lotsch '  s equation and converse ly .  Never the less  in a r ecen t  le t ter  Lotsch se t s  for th  five 
a rguments  which he s ta tes  indicate that bas ic  d i s s imi la r i t i e s  exist  in the formulat ions .  Since nothing in 
his communicat ion [4] act, rally demons t ra t e s  an e r r o r  in Fox and IA's  equivalence proof  the question 
should be closed,  but to insure  that there  is no doubt of the equivalence we propose ,  in what follows, to 
examine each of Lotsch '  s points and show them to be e i ther  invalid o r  i r re levant .  

1) In this f i r s t  i tem Lotsch  evaluates  his kernel  K(x2, Xo) , 

+1 
K(x2, Xo) = 2Fexp{brF(x  2 - Xo)2}f exp{i4~F[x I - ~(x 2 +Xo)]2}d~l , (1) 

-1  

asymptot ica l ly  for  large  values of the F resne l  number  F ,  to obtain 

K(x2, Xo) ~ exp{brF(x 2 - Xo)2}{JF + (D/4~r) exp ( - l ~ ) ) ,  (2a) 

where  

[E" 
D =~-~-~+ E+ i-=--f + E "  ~ (2n- 1) I exp ( -~b~)  +t)2n+ 1 + 

n=l (8~'F)n (I (1 - t ~  n+i  ' (2h) 

and 

E ÷ -- e x p ( i e F ( 1 . 0 2 } ,  E- : e x p ( - i e F ( 1 -  ~ 2 } ,  (2c) 

t = ½(x o ÷ x2) .  (Zd) 

* Editorts note: This diseussio~ is now closed. 
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