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as a restored plane wave. The difference here is that the 
distorter can change with time; it is an inexpensive liquid-
crystal T V display that has been modified to act as a phase 
modulator. By connecting a video camera to this liquid-
crystal TV , the laser beam transmitted through the display 
contains a live phase image of whatever the camera is 
looking at. Phase conjugating a stationary image and 
sending it back through the television display reproduces 
the original plane wave, which is made to appear dark by 
using polarization tricks. However, if any part of the live 
scene changes, the new feature suddenly appears high
lighted against the dark background, because the phase 
conjugator cannot respond instantly. Using a cw laser 
with a few milliwatts of power, the time constant of the 
BaTiO3 phase conjugator is set at ~ 1 sec., so that any 
part of the scene that changes or moves more than one 
pixel in this time is instantly displayed. 

Two other novelty filters both use two-beam coupling in 
BaTiO 3 . This crystal is oriented so that the image-bearing 
beam is depleted by a stronger pumping beam in the crys
tal. One device uses a liquid-crystal display and a T V cam

era to impress a live scene onto the image-bearing beam, 
and the transmitted beam is dark unless something in the 
live scene changes or moves.3 Another device uses live mi
croscopic organisms as phase modulators.4 Any swim
ming protozoa are clearly seen, while the stationary back
ground of algae is largely removed from the scene, as 
shown in the figure. The resolution of this device is a few 
microns, and the intensity of the light incident on the bugs 
is less than that of ordinary sunlight. 
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The goal of this project is to simulate and implement a 
demonstration optical inference engine. The ap

proach is to develop an optical data representation for 
knowledge and then to construct simulation software for 
all optical components to validate system behavior and 
reduce implementation risk. The next step is to design, 
simulate, and implement optical computation modules for 
the basic operations required for inference; optical storage 
and data handling modules required for data-dependent 
computation; and the data-dependent control required for 
inference. 

Several areas of artificial intelligence—notably knowl
edge-based systems, pattern recognition, and neural net
works—require so much computer power that their use
fulness as problem-solving techniques are limited by 
present computer hardware. Our ability to address the 
computing power limitations of conventional processors is 
limited by electronic problems in the distribution of data 
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Prototype logic gate 

and control signals. These problems are not present in op
tical computing systems, but conventional serial ap
proaches to artificial intelligence problems do not map 
gracefully onto optical processors. A new approach is 
needed. 

So far, we have developed the notation, algorithm, and 
logic to perform mathematical resolution optically; de
signed the resolution system using medium scale optical 
building blocks; generated optical and functional simula
tions; designed, simulated, and built prototype compo
nents; and performed a functional simulation of the sys
tem. The simulations verified the concept of using parallel 
optical systems with light modulators to perform mathe
matical resolution. Two versions of a prototype logic gate, 
a Proof-of-Concept 2:1 multiplexor, and a dual-bit photo-
addressed F L C memory element have been built and test
ed. 

For example, an experimental model of the gate was 
constructed (see figure) and its operation at sub millisec
ond rates at 20dB S/N was demonstrated. This component 
also was simulated with good agreement with experimen
tal results. The input to the gate is in the form of linearly 
polarized light. The inputs are presented spatially adja
cent, as either horizontally or vertically polarized light. 
The pair of inputs passes through a polarizing beamsplit
ter that separates the horizontal and vertical components 
of each input. (In the absence of polarization noise, each 
input will contain only one polarization). The horizontal 
components of both inputs impinge on a single photode
tector, which intercepts a small fraction of the incident 
light. The resistance change of the photoconductive detec
tor is used to change the voltage components. If no light 
impinges on the photodetector, the F L C does not rotate 
light passing through it. If light hits the photodetector, the 
FLC performs a 90° rotation on the polarization of light 
passing through it. Because only vertically polarized light 
passes through the F L C if there is no horizontal light on 
the photodetector, the gate output is vertically polarized. 
If either input A or B is horizontally polarized, the F L C 
will ensure that any vertical component of the other input 
will be shifted to horizontal. In addition, almost all of the 
horizontal input is passed through the system, since only a 
small portion is used to drive the photodetector. 

Currently, other subsystems are being completed so that 
all components of the inference engine will be demonstrat
ed. 
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In recent work, our group has studied the use of laser 
ablation to produce focused beams of neutral atoms. 

Laser ablation has been investigated as a method of pro
ducing cold, high density beams of refractory elements 
(those elements that do not readily vaporize). Typically, a 
laser incident on a slab of material causes a thin layer to 
sublimate. Studies of the beams produced by this method 
are complicated by changes in surface characteristics 
caused by the removal of particles from the material. 

Our studies use a two-stage process. In the first stage, a 
pulse from a Q-switched, unfocused, doubled N d : Y A G is 
used to ablate a layer from a slab of barium. This material 
is deposited onto a glass surface. The next pulse of the 
laser forms an atomic beam by ablating the barium on the 
glass surface. The detailed characteristics of this atomic 
beam are determined by the surface of the glass which 
remains unaltered by the ongoing process. By choosing the 
shape of the glass surface, it is possible to control some of 
the characteristics of the atomic beam. In particular, our 
group has used a cylindrical surface to produce focusing in 
one dimension of barium atoms (see figure) and a spheri
cal surface to produce a beam that is focused in two di
mensions. 

Schematic illustrating the focusing of neutral Ba atoms. 
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