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SPECIAL ISSUE ON OPTICAL COMPUTING

“Optical Computing” can be interpreted either narrowly or
broadly. This Special Issue reflects a broad interpretation of
those words which we hope to explain here and illustrate by
the papers in this issue. Both the word “optical” and the
word “computing” need interpretation and definition. Rather
than using arbitrary definitions, we have used rather opera-
tional definitions.  That “optical” includes visible light
phenomena is beyond dispute. A wide variety of wave pheno-
mena (e.g. sound, microwaves) and ray phonomena (e.g.
X-rays, y-rays), exhibit behavior similar to that of visible
light in appropriate circumstances. We have found from a
number of International Optical Computing Conferences, that
workers in these areas have much in common that can be
called “optical” although some have suggested we add “...
and quasi-optical.” In any case, the underlying phenomena are
so general that the broad view espoused here has begun to pay
demonstrable dividends. “Computing” may be interpreted
narrowly as “number crunching,” more broadly as manipula-
tion of fields (of numbers, photons, etc.), or most broadly as
the acquisition and rearrangement of information. Always
taking the broadest sense we have viewed “optical computing”
as the acquisition and/or manipulation of information by
electromagnetic or acoustic waves or rays. To the extent that
digital computers cooperate with optical computing, they
must be part of the whole study.

Dr. Winston E. Kock was invited to write the opening paper
because of his unique background as a leader in three disparate
worlds: academia, corporate, and governmental. His paper
leads from a brief historical overview to a rational rather than
a “science fiction” approach to “Optical Computing and
Change.” His paper is based in part on the work of President
Warren G. Bennis of the University of Cincinnati, whose prior
commitments prevented him from accepting the invitation to
be co-author.

The field of optical computing has been dominated by co-
herent optical computing for many years. A fairly standard
coherent optical computing apparatus has evolved. Carlson
and Francois have analyzed a generalization and extension of
the standard coherent optical processor and thereby widened
the field of its applications.

The now-classical operations performed by coherent optical
computers are being extended in many directions. The next
three papers document those extensions. Leith shows how
complex (holographic and nonholographic) spatial filters can
be used to improve images, view through distorting media, and
correct for low-quality optical elements. Goodman surveys
the fields of nonlinear and generalized linear processing and
shows their great advantages with respect to the older purely
linear processing methods. Stroke et al. deal with the decon-
volution of images with particular emphasis on electron mi-

croscopy. Then they introduce a method whereby coherent
optical methods, supplemented by digital computers, can be
used to derive crystal structures in X-ray crystallography.

The introduction of digital computers in the previous paper
provides an apt transition to Thompson’s assessment of hybrid
(optical-digital) processing systems. A hybrid system will use
optical and digital processing components each for its own pe-
culiar strength. Thompson goes beyond review to an assess-
ment of the trends and hopes in this area.

Casasent and Psaltis illustrate the hybrid processor concept
with a paper on new optical transforms it makes possible. The
advantages of these for pattern recognition are shown.

Noncoherent techniques of optical computing are also de-
veloping rapidly. To introduce information about a three-
dimensional object into a computer, we would like to be able
to measure the three-dimensional surface coordinates of that
object directly and quickly. Caulfield et al. examine the prom-
ise and limitations of a technique to do this with a new kind of
laser photography. The tremendous success of digital recon-
struction of images for transaxial tomography raises the ques-
tion of whether those computations might be performed opti-
cally and, if so, of what advantages might result. Barrett and
Swindell answer those questions in their paper. While Barrett
and Swindell use X-rays to record their data, Tricoles and
Farhat use microwaves. They show that microwave hologra-
phy is a practical solution to certain classes of real problems.
Monahan et al. review the use of incoherent light to correlate
data fields and show that the correlator is a far more general
processor than might be assumed naively.

It is normally assumed that optical processors are necessarily
fully analog and hence of little use for real number crunching,
where, for example, small differences between large numbers
must be calculated. The work by Schaefer and Strong on “Tse
Computers™ introduces a technique whereby some of these
“limitations” on optical computers may be overcome.

It often happens that we want to gather information by op-
tical or microwave means through a randomly variable me-
dium. The considerable progress which has been made toward
determining efficient means for minimizing these effects and
achieving near fluctuation-free imaging has been organized and
discussed by Bates et al.

For both coherent and incoherent optical processors, speed
requires a spatial light modulator. Casasent has collected and
analyzed the systems currently available and presented them in
a form which should (essentially for the first time) make it
possible to compare and choose among them.

Although this Special Issue ends with Casasent’s paper, our
comments must extend one month into the future to discuss
an invited paper by Bartels and Wied which will appear in the
February PROCEEDINGS and is very closely related to optical
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