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In th i s  l e t t e r  we show that  the  " s p r e a d i n g "  ef -  
fec t  due to the  u se  of an extended s o u r c e  in the  
r e c o r d i n g  of a ho log ram does  not r e s u l t  in an 
i r r e t r i e v a b l e  r e so lu t ion  lo s s ,  but  that  the  " l o s s "  
may  be  compensa t ed  and the r e so lu t ion  r e t r i e v e d  
by i l lumina t ing  the ho log ram,  in the  r e c o n s t r u c -  
t ion,  by the  s a m e  s o u r c e  as  that  u sed  in the  r e -  
cord ing  (or  by ano ther  su i t ab l e  source ) ,  p rov ided  
tha t  the  a u t o - c o r r e l a t i o n  function of the function 
d e s c r i b i n g  the  "ex tended"  s o u r c e  (or  the  c r o s s -  
c o r r e l a t i o n  of the  s o u r c e  functions)  has  i t s e l f  a 
n a r r o w  c e n t r a l - p e a k  width, of the  o r d e r  of the  
d e s i r e d  *resolution. This  i s  the  c a s e  fo r  su i tab ly  
" s t r u c t u r e d "  s o u r c e s  with a b r o a d  s p a t i a l - f r e -  
quency r e p r e s e n t a t i o n ,  fo r  example .  We have 
v e r i f i e d  the  p r i n c i p l e  by us ing  an a r b i t r a r i l y  
s e l e c t e d  " s t r u c t u r e d "  s o u r c e  (fig. 1) in p l ace  of 
the  usua l  point  s o u r c e s  ( r eco rd ing  and r econ -  
s t ruc t ion)  in a F o u r i e r - t r a n s f o r m  holography  
a r r a n g e m e n t  [1-4]. With the  u s e  of (a) " l e n s l e s s "  
F o u r i e r - t r a n s f o r m  holography  a r r a n g e m e n t s  
[2, 3] (having r e c o r d a b i l i t y  ga ins ,  wi th  s p h e r i c a l  
p l a t e s ,  exceeding  103 c o m p a r e d  to F r e s n e l -  
t r a n s f o r m  holography) ,  and (b) " s t r u c t u r e d  
s o u r c e "  ho lography  a r r a n g e m e n t s ,  the two m a j o r  
l im i t a t i ons  which a p p e a r e d  to s tand  in the way of 
ex tens ions  of h i g h - r e s o l u t i o n  ho lography  to the  
X - r a y  domain  now a p p e a r  to have been l a r g e l y  
c l e a r e d  away. 

Our  method may  at f i r s t  s ight  a p p e a r  to have 
s o m e  s i m i l a r i t y  with the  a r r a n g e m e n t  indepen-  
dent ly  c o n s i d e r e d  by Denisyuk [5 ], who sugges t s  
us ing  e s s e n t i a l l y  " the  s a m e  s o u r c e "  in the  r e -  
cons t ruc t ion ,  i s  in the  r eco rd ing .  However ,  

model the now usual one-dimensional Fourier- 
transform holography arrangements [1-4] which 
would normally use a "point" reference source 
Ts(~) = 5(0) in the plane of the object To(~-a ). 
However, in place of the point reference, we now 
use a spatially coherent, extended source, of 
complex amplitude Ts(~-a ) and an object To(~) , 
(see fig. 1), where a is the usual off-set between 
the "center of gravity" of T s and T o. The holo. 
gram intensity is l(x) = [to, o* + tsts* ] + 
+ tots* exp [2~iax] + to*t s exp [-2~iax],  where  t o 
and t s a r e  the  F o u r i e r  t r a n s f o r m s  of T O and Ts ,  
r e spec t i ve ly .  Under  the  now usua l  F o u r i e r -  
t r a n s f o r m  recons t ruc t i on  condi t ions  [1], i l l u m i -  
nat ion of the  ho log ram with a poin t  s o u r c e  wil l  
p roduc e  an image,  in which the  two s i d e - b a n d s  
of i n t e r e s t  will  be r e s p e c t i v e l y  p r o p o r t i o n a l  to  
[T O • Ts*]~_ a and to [To* • Ts]~+a, where  • 

Denisyuk does  not c o n s i d e r  the  r e so lu t i on  p r o b -  
l em ,  nor  indeed the spec i a l  c o r r e l a t i o n  r e q u i r e -  
men t s  fo r  the  sou rce ,  which a r e  n e c e s s a r y  fo r  
r e s o l u t i o n - r e t r i e v i n g  compensa t ion  in the  r e c o n -  
s t ruc t ion .  We a l so  do not c o n s i d e r  h e r e  the  u s e  Fig. 1. Object FOURIER and source ffl~ (used in 
of " s t r u c t u r e d  s o u r c e s "  as  imaging  o r  magn i f i -  place of the usual "point" source), as used in record-  
ca t ion  a ids  in p r o j e c t i o n  m i c r o s c o p y  o r  holo-  ing of Fourier- t ransform hologram, from which the 

image of fig. 2 was reconstructed by Four ie r - t r ans -  
g raphy  [6]. formation. (Off-set a = 9 mm, focal lengths of lenses 

F o r  a n a l y s i s  of our  method,  we c o n s i d e r  a s  a used in Fourier-transformations f= 600 mm). 
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Fig. 2. Fourier-transform reconstruction of images 
obtained from hologram, recorded under conditions of 
fig. 1, by illuminating ~ e  hologram with a correlation- 
compensating source "Jd~" (the same as that used in 
the recording) used in place of the usual "point" source. 
Note that the upper side-band image of "FOURIER" iS 
compensated by correlation of the source functions, 
while the lower side-band image is uncompensated, be- 
cause of the convolution, rather t.h,n correlation, of 
the source functions (see text). (The entire holographic 
work was carried out in 6326 A coherent laser light, on 

Polaroid P/N film.) 

would the re fo re  imply grea t  luminosi ty .  (An ex- 
ample  is  a F r e s n e l  zone plate,  or  equivalent  
s t ruc tu re ,  poss ib ly  obtained by in te r fe rence . )  
However,  even in  the case of the a r b i t r a r i l y  
shaped source  fd~,  which we used  in our  exper i -  
ments  (fig. 1), a ve ry  c l e a r  "compensat ion"  of 
the "spreading"  was obtained (fig. 2). We note 
that the other  (lower) side band of the hologram 
t r a n s f o r m s  (with T s, = Ts) into an image of the 
fo rm [To* • (T s $Ts) ]~+a .  The convolution 
(T s ® T s )  will in gener52 not be a del ta  function, 
except for  sources  having a two-fold rota t ion 
s y m m e t r y  about the optical axis. The impor tance  
of the dis t inct ion between the des i r ab le  c o r r e l a -  
t ion of the source  funct ions,  IT s * Ts* ] and the 
not always des i rab le  convolution (T s @ Ts) ap- 
pe a r s  in the "compensated"  recons t ruc t ion  of 
FOURIER in the upper  side band (fig. 2), and the 
"uncompensated"  recons t ruc t ion  in the lower 
side band (fig. 2). 

It follows f rom the preceeding ana lys i s  that 
the "twin image"  in the or ig inal  form of the 
Gabor mic roscope  [8, 9] may be suppressed  by 
the use  of an extended source  T s having no two- 
fold rotat ion symmet ry .  Applicat ions to sou rce -  
effect compensat ion in i n t e r f e rome t ry  a re  equal-  
ly c lear ,  as a re  analogies  with spect roscopic  and 
other  use  of "matched" f i l t e r ing  [10, 11] and 
analogies  with apodisat ion [12]. 

indicates  a co r re l a t ion ,  and where the image co- 
ordinate  is taken as 4, unde r  uni t  magnif icat ion.  
The images  a r e  seen  to be "spread"  out by cor -  
re la t ion  with the extended source .  However, if 
we i l lumina te  the ho logram with a source  Y s, 
(which may or  may not be  equal to Ys) , having 
a t r a n s f o r m  t s,  we f ind the complex ampli tude 
t r a n s m i s s i o n  through the hologram,  in the 
"upper"  side band of i n t e r e s t ,  to be ts,[tots* × 
× exp (2~iax)] = [ t  o exp (2~iax)][ts,ts* ]. The cor -  
responding "upper"  s ide -band  image (see fig. 2), 
obtained by F o u r i e r  t r ans fo rma t ion ,  is  
[To®(T~ ,  . T~*)]~ a, which is  equal t o [ T a ]  r a 
if [T s, • T s ] = 5, a de l ta  function, (where we 
dis t inguish  by @ a convolut ion (rotate function in 
p lane  by 180 ° , shift and in tegra te  overlapping 
a reas ) ,  and by * a co r r e l a t i on  (shift and in tegra te  
over lapping a reas )  [7]). If T s, is equal to T s then 
[T s * Ts* ] i s  the a u t o - c o r r e l a t i o n  function of the 
source .  Fo r  example,  IT s • Ts*] will be a very  
na r row funct ion if T s can be represen ted  by a 
very  wide spec t rum of spat ia l  f requenc ies :  in 
prac t ice ,  such a r ep re sen t a t i on  would advanta-  
geously r equ i r e  an extended source  field, and 
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