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The difficulties of constructing adequately perfect conventional focusing systems for some applications
(e.g., X-rays and ultrasonic imaging, space applications, etc.) may be solved by a posteriori holo-

graphic synthesis.

The well-known difficulties of constructing or
even of conceiving adequately perfect conven-
tional focusing systems, e.g., using mirrors and
lenses, for some imaging problems (e.g., X-ray
astronomy) have again been recently stressed
[1,2]. For example, a solution has long been
sought [1,2] which could somehow permit one to
synthesize into one single image the multiplicity
of incoherently recorded images formed by such
non-conventional systems as an aperture pierced
by a large number of randomly disposed 'pin-
holes' [1-4] and others [5, pp. 127-137]. Dicke [2]
and Underwood [1] stressed that the required
image 'synthesis’ for the X-ray astronomy ap-
plication could be readily achieved a posteriori,
with coherent light, in an optical Fourier-trans-
forming arrangement [5], provided that an 'ap-
propriate phase- and amplitude-correcting
plate’ 2] could somehow be devised. We now

* Early aspects of this work were presented on 24 Sep-
tember 1968 by special invitation in Florence, at the
International Commission for Optics Symposium on
Applications of Coherent Light.
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show in a general way that such a 'correcting
plate' for this and a family of comparable appli~
cations may in fact be best realized in the form
of a lensless Fourier-transform hologram [6]
and the desired image synthesis in an 'extended-
source lensless Fourier-transform' holography
arrangement [5,7]. Image 'deblurring' meth~
ods [7], at first sight formally comparable, have
heretofore primarily implied 'sharpness' res-
toration in images imperfectly recorded with
more or less ‘perfect' conventional focusing
systems, rather than being concerned with
'aperture respectively image-synthesis' of 'per-
fectly' recorded images, starting from suitable
non-conventional optics, as we are here. Fur-
ther analogies may be found in high-resolution
X-ray crystallography [5] and radio-astronomy,
among others,

Our experiments, described below, have fully
born out the predicted perfection achievable with
this new method of two-step imaging. Because of
limitations of space, we give our theory together
with the basic description of our results, used
as a model for this and comparable situations,
Further details will be given in ref. 4.
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Fig. 1. A posteriori synthesis of a single image (c)
from the multiple~-image superposition (b) recorded
with a random-array scatter-hole plate 'camera' (a)
[see text]. [Note: (a) and (c) have been accidentally
printed reversed with respect to (b)]. Further image
improvement, to compensate for the finite 'pinhole’
diameters may be achieved as in ref. 8.

Fig. la shows a 4 X 4 mm?2 enlarged section
of the 17 x 17 mm2 9000 hole (0.046 mm diame-
ter) array [3,4], having a geometrical 'projec-
tion' (¥, y) in the image plane (when illuminated
by a point source at infinity) and used to form
the multiple images in incoherent light. Fig. 1b
shows the image

ff flo, )h(x" -x,y" - y)dxdy = f@ h
of a test-bar target [geometrical image = f(x, v),
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the lensless Fourier-transform hologram 'equiv-
alent' to [5]

I, v) = 1 + ’(—?}2+ FH + F*E*,
and obtained by using the multiple-pinhole array
7 as the 'extended' reference source Z(x, y) in
place of the point source in recording the holo-

gram of the 'desired' image f(x,y). We have the
Fourier-transform relations

ff g(x,y) exp[2n i (ux + vy)] dv dy ,

and sxmllarly for H and F, using the usual nor-
malization [5]. By the suitable choice of # X Z*=
S22 nle, p)* (x4 5,y +y7) dxdy = 6 (a delta
function), illumination of the hologram with light
from the point-spread function 22 (here the pro-
jection of the aperture) used as the reconstruct-
ing source, indeed permits us to synthesize a
single very good image f(x, y), as shown in fig.
lc, from the superposition (convolution) of the
multiplicity of images of fig. 1b.
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fruitful comments of Professor D. Gabor, the
kind experimental assistance of C. Puech, the
generous assisting support of the National Aero-
nautics and Space Administration (Grant NGR -
33-015-068) and the kind collaboration [4] of
Dr.J. H. Underwood and Dr.R. B. Hoover, re-
spectively in providing ref. 1 and 2, and the re-
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