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the pyrex  f i l t e r  is r emoved  to allow color  cen te r  
fo rmat ion ,  a t ra in  of Q-swi tch  pulses  is obtained. 
The g lass  must  be exposed to the shor t  wavelength 
u . v .  f rom the lamp to produce Q--switching. If 
g lass  which has p rev ious ly  been darkened is  p laced  
inside a py rex  tube normal  pu lses  resu l t .  This 
es tab l i shes  that additional shor t  l ived co lor  cen-  
t e r s  a r e  r equ i red  to produce sel f  Q-swi tched 
pu l ses .  

In another  expe r imen ta l  setup a rod 60 cm long 
had its cen t ra l  length of 45 cm pumped by a 6 mm 
d i a m e t e r  xenon f lashlamp.  The rod d i ame te r  was 
6 mm,  and the rod and flashtube were  c lose  
wrapped with s i l v e r  foil  under water .  The power  
supply cons is ted  of 760 ~tF in s e r i e s  with 120 
charged to 3,8 kV. The rod had a full r e f l e c t o r  at 
one end and at the exi t  end only the 4% F r e s n e l  
re f lec t ion  due to the g l a s s - a i r  in te r face .  Fig.  1B 
and 1C show, r e spec t ive ly ,  the t ime t r a c e s  p ro -  
duced af te r  40 f lashes  and 60 f l ashes .  Af te r  86 
shots ,  only 3 Q-swi tched  pulses  were  produced 
with a separa t ion  between pulses  of 180 t isec .  The 
th ree  pu l ses  in fig. 1D a re  supe r imposed  because  
the t ime between pulses  is longer  than the sweep 
t ime and the osc i l loscope  was t r i gge red  by each 
of the individual pu l ses .  The full width at half 
max imum of the f i r s t  and n r : r o w e s t  pulse  is 
35 nsec .  After  103 f lashes  only one pulse  was 
produced.  The d e c r e a s e  in the number  of pulses  
on repeated  f lashing is due to the accumulat ion 

of the s table ,  v i s ib le  co lor  cen te r s ,  which lower  
the pumping ef f ic iency.  F o r  some of the more  
intense pulses  the r i s e  t ime was s l ight ly  sho r t e r  
than the fal l  t ime .  This is the case  when the gain 
r equ i r ed  to o v e r c o m e  the sa turable  loss  is com-  
parab le  to the constant  lo s ses  of the cavity [8]. 

The authors  gra te fu l ly  acknowledge R. Graf  and 
G. Gran i t sas  for  making the g lass ,  N. Guert in for  
technical  a s s i s t ance ,  and G. Young for  helpful d i s -  
cuss ions .  
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An optical analogue experiment related to a method of X-ray microscopy by successive Fourier trans- 
formation is described. Some experimental design features are discussed, 

The opera t ion  of a two-s tep  dif f ract ion m i c r o -  
scope [1,2] using X - r a y s  and light has often been 
cons idered .  A ma jo r  difficulty is the resolut ion 

* Th i s  w o r k  was  a ided  by U.S.  Pub l i c  Hea l th  S e r v i c e  
G r a n t  GM 09796. 

at tainable with exis t ing X - r a y  sou rces  and f i lm.  
In an at tempt  to c i r cumven t  this difficulty we have 
proposed  two methods of X- r ay  mic roscopy  by 
s u c c e s s i v e  F o u r i e r  t r ans fo rmat ion  [3]. In this 
l e t t e r  we desc r ibe  an optical  analogue exper iment  
that r e l a t e s  to one of these methods,  the pinhole 
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Fig. 1. Photographic enlargement of mask containing a 
triangular array of pinholes and a reference pinhole of 
diameter 5 ~ ½ mm; b ~ 14 mm is the distance from the 

pinhole to the far edge of the triangular array. 

Fig. 2. The diffraction pattern of the mask obtained 
using the optical diffractometer. This is a Fourier-  

transform hologram. 

The a r r a n g e m e n t  of components  in the pinhole 
method c o m p r i s e s  a F o u r i e r - t r a n s f o r m  X- ray  
di f f rac t ion m i c r o s c o p e  [3, 4]. The opaque object  
plane contains a sma l l  pinhole of d i ame te r  6 and 
an ape r tu re  of d i a m e t e r  A over  which the object  
is p laced.  The ape r tu re  and pinhole a re  separa ted ,  
c e n t e r - t o - c e n t e r ,  by the v e c t o r  d is tance  a. A 
F o u r i e r - t r a n s f o r m  hologram of the object  is ob- 
tained by record ing  the f a r - f i e ld  X - r a y  diffract ion 
pa t t e rn  of the object  and r e f e r e n c e  pinhole.  The 
f a r - f i e l d  condition is 

1 / ~ t l / P  + 1 / q l b  2 --< 1 

where  )t is the X - r a y  wavelength,  p is the distance 
f rom the source  to the object  plane,  q is the sepa-  
ra t ion of the object  and f i lm planes ,  and b is the 
dis tance f rom the pinhole to the far  edge of the ap- 
e r t u r e .  The ampli tude t r ansmi t t ance  of the holo- 
g r a m ,  tH, has the fo rm 

tH = [T O !2 + IT 1 12 + 2 R e [ T [ T  o e x p ( - i 2 , a ,  r*)] , 

where  r* = r / k q ,  and where To(r* ) exp(-i2 ua. r*) 
and T l ( r*  ) a re  the F o u r i e r  t r a n s f o r m s  of the pin- 
hole t r ansmi t t ance  function t o ( r -  a) and the object  
t r ansmi t t ance  function t l ( r )  ¢. Recons t ruc t ion  by 
optical  F o u r i e r  t r ans fo rmat ion  gives  the ampl i -  
tude dis t r ibut ion 

T H =Ao(u)  + AI(U) + R(U-  a) + R * ( - u - a )  , 

where  u = r / M  and M is the ove ra l l  magnif icat ion 
[3]. The f i r s t  two t e r m s  a re  the pinhole and object  
au tocor re la t ion  functions;  these functions a re  con- 
tained within a c i r c u l a r  region of d i ame te r  2MA 
cen te red  at the or ig in .  The two remain ing  t e r m s  
desc r ibe  magnif ied images  of ampli tude 
R(u) = to(U ) * t~ ( -u )  and R*(-u)  = to(-U ) , tl(U), 
which a re  d isplaced f rom the or ig in  by vec to r  
d is tances  M a  and - M a  r e spec t ive ly .  Separat ion 
of the r econs t ruc t ion  images  f rom the a u t o c o r r e -  
lat ion pa t te rn  is obtained if b > 2A. 

The optical  analogue exper iment  is p e r f o r m e d  
as fol lows.  An opaque mask containing a t r iangu-  
l a r  a r r a y  of pinholes  and a r e f e r e n c e  pinhole is 
p laced in an optical  d i f f r ac tome te r  (R. B. Pul l in 
and Co . ,  London), which has a ye l low- f i l t e red  

Fig. 3. The diffraction pattern of the hologram obtained 
using the optical diffractometer. This is the optical re -  

construction. 

m e t h o d .  We also p r e s e n t  some fu r the r  cons ide ra -  
tions on the  design of the expe r imen ta l  setup and 
on the  t h e o r e t i c a l  resolu t ion .  
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t The recording of t H implies the following restrictions 
on film resolving power N. angular source size d/p, 
and Al/~t : 

N >1 b / ~ q ,  
d/p ~< ~/2b,  

A ~ / h  ~< 5/b . 

Hence by suitable choice of b the recording of the fine 
details in t H is possible with real X-ray sources and 
film. 
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m e r c u r y - a r c  source .  The d i f f rac tometer  records  
the f a r - f i e ld  diffract ion pa t te rn  of the mask;  this 
record  when reproduced as a posi t ive t r ansparency  
is  the F o u r i e r - t r a n s f o r m  hologram ~. An optical 
r econs t ruc t ion  is  produced in the d i f f rac tometer  
by replacing the object  mask  with the hologram 
and recording  the fa r - f i e ld  diffract ion pa t te rn .  
A photograph of the mask  is  shown in fig. 1. The 
F o u r i e r - t r a n s f o r m  hologram is shown in fig. 2. 
The Young's in te r fe rence  f r inges  or iginat ing from 
the separa t ion  of the object and re fe rence  pinhole 
a re  c lear ly  seen.  The optical recons t ruc t ion  is 
shown in fig. 3. The autocorre la t ion  of the t r i an -  
gu la r  a r r ay  covers  the cen t ra l  region; this pa t te rn  
is analogous to the Pa t t e r son  d iagram of c ry s t a l -  
lography. The separa ted  recons t ruc t ions  of the 
t r i angu la r  a r r a y  a re  well displaced f rom the auto- 
cor re la t ion  pa t te rn  and have a cen te r  of symmet ry  
with respec t  to the or ig in .  

We note that optical  demons t ra t ions  of F o u r i e r -  
t r ans fo rm holography have also been given by 
Leith and Upatnieks [5] and by Vander Lngt [6]. 
The p re sen t  demons t ra t ion  differs  in that a non- 
l a s e r  source  is used and the re fe rence  wave is 
produced by diffract ion at a pinhole in the object 
p lane.  Hence there is  cor respondence  to the X- ray  
case .  

The d i f f rac tometer  is a convenient  device for 
recording  optical  F o u r i e r - t r a n s f o r m  holograms;  
in this device p = -q and the fa r - f i e ld  condition is 

¢ The values of parameters are such that fine details 
are recorded. The source has effective angular diam- 
eter d/p= 1.6 ×10 -5, the pinhole diameter 5 ~ ram, 
b ~ 14 mm is the distance from the pinhole to far edge  
of the triangular array, the mean wavelength k ~ 5790 A 
and AX ~ 100 .~. 

automat ical ly  fulfil led. In the X - r a y  case ,  how- 
ever ,  l enses  a re  not avai lable  and the far - f i e ld  
condition severe ly  r e s t r i c t s  object  s ize .  If, for  
example,  ~ = } A and p = q = l m ,  then the f a r -  
field condition specif ies  an object of d i ame te r  
A = ½b ~< 5/1. However this condition can be r e -  
laxed by recording  the X- ray  hologram in  the 
F r e s n e l  diffract ion region of the object .  We r e -  
qui re  that the diffracted waves f rom the object  
and pinhole overlap sufficiently so that phase in-  
formation is recorded.  The overlap condition 
(which rep laces  the f a r - f i e ld  condition) is  

2 / A [ l l P  + l l q l b 5  ~< 1 . 
Therefore  a somewhat  l a rge r  object  (or s m a l l e r  
p a n d q )  can be used,  and i f k = ~ A ,  p = q = l m ,  
and 5 = 1/101~, then A --< 19011. The hologram made 
under  these condit ions is r econs t ruc ted  by optical  
F o u r i e r  t r ans format ion .  The ampli tudes  of the r e -  
const ruct ion images  differ f rom R (u) and R * ( - ~ b y  
an unobservable  quadrat ic  phase factor.  
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Experimental observations are reported on the shifts of the first order Raman lines arising from file 
Stark effect produced by a large field. The effect was pointed out by Javan. 

The s t imula ted  Raman effects produced in a 
few liquids were studied in some detai l .  Out of 
these l iquids,  cyclohexane showed an in te res t ing  

Raman effect [1]. When the Raman cel l  was well 
al igned pa ra l l e l  to the front  m a s e r - m i r r o r  of the 
ruby l a se r ,  another  molecu la r  v ibra t ion  [1,2] 

415 


