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SUMMARY

.
" A research program at Walter Reed Army Institute of

Research (WRAIR) is concerned with the mechanism by which micro-
wave exposure produces cataracts in the eye lens. Science
Applications, Inc. (SAI) is supporting WRAIR personnel in system
design, equipment assembly, and operation of experiments to measure
the physical effects in the eye lens as it is subjected to micro-
wave pulses of varying peak power levels. This report describes

an ongoing project using a laser interferometer and rat eye lens

in vitro. The experiment is presently in the data collection
phase, with no firm conclusions yet drawn.




Introduction and Background

The causal relationship between excessive miCrowave exposure
and the subsequent development of cataracts in the eye lens is well
documented. Present safety standards are specified in terms of
maximum average power level and duration of exposure. There remains
the question of whether the peak power occurring within a given average
power exposure has any additional effect on cataract production; if it
does, the safety standards should be rewritten to take account of this.
The physical mechanism by which the radiation triggers subsequent cataract
formation is also not well defined.

A research program at the Walter Reed Army Institute of Research
(WRAIR) is addressing these issues and using optical techniques to
measure the physical effects in the eye lens as it is subjected to
microwave pulses of varying peak power levels. Science Applications, Inc.
(SAI) has supported WRAIR personnel in system design, equipment assembly,
and operation of an experiment to detect physical deformation of an eye
lens induced by microwave pulses using laser interferometric techniques.
This experiment is presently in the data collection phase, with no firm
conclusions yet drawn.

2. Initial System Design and Operation

After a review of the mechanisms available to couple the
energy of a microwave pulse into a physical deformation of the eye
lens, it was decided that thermo-acoustic (TA) waves invoiving a
natural resonance frequency of the lens might provide such a coupling.
As deformations the order of a micron or less were expected, optical
interferometry was chosen as the initial measurement technique.
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A simple Michaelson interferometer was designed with an
expanded beam from a small He-Ne laser as the light source. The
beam was split and recombined using a pellicle beam splitter to
avoid second surface reflection problems. A convex lens was placed
in the object beam to focus the collimated laser beam to a small spot
on the surface of the eye lens. In theory any small area of the eye
lens will be approximately a section of a sphere, and through proper align-
ment the converging wave fronts from the object beam focusing lens can
be made to reflect congruently from this surface and return through the
lens to the beam splitter with good light collection efficiency.

An interference pattern with light and dark fringes
results when the reference and object beams are recombined. This
fringe pattern is determined by the contours of the part of the eye
lens surface on which the laser beam is focused and will move as that
surface is displaced. A small aperture silicon photodetector was
placed in the interference pattern, and the fringe width adjusted using
the reference mirror so that it was comparable to the detector size.
A fast amplifier system connected to the delector allowed the readout
on an oscilloscope or a signal averager of the changes in output caused
by motion of light and dark fringes across the aperture.

The eye lens is immersed in a liquid medium during the experiment;
this approximates its situation in vivo and is used in the other micro-
wave exposure work at WRAIR. With a saline medium, the reflected signal
from the eye lens/liquid interface was expected to be on the order of
0.1%. Thus the reference beam intensity had to be similarly attenuated
for good fringe visibility in the interference pattern, so a flat
glass plate with antireflection coating was used for the reference beam

mirror.




The entire interferometer was mounted on an air-supported
isolation table. A sample holder was constructed of plexiglas
with the eye lens held between two vertical rods in a small
(~10 m1) liquid-filled reservoir. The focused laser beam entered
through an optically flat glass window which was mounted at a slight
ti1t to remove surface reflections from the signal path. Ray-tracing
calculations had shown that in a well aligned system, such a window
would not significantly perturb the interference pattern. The section
of the rear wall of the reservoir chamber directly behind the eye
lens was tilted back to reflect light transmitted through the lens
out of the return beam direction. The sample holder extended from
the edge of the isolation table into the microwave waveguide through
a small opening in the sidewall of the latter. The waveguide itself
was not connected to the table so that the sample holder and optical
system were isolated from any mechanical motion associated with the
microwave pulse.

The operation of the optical system was tested in a progression
of configurations leading toward the desired arrangement. Interference
fringes were obtained with the laser beam reflected from a small glass
sphere (approximating the rat eye lens) both without and with the
optically fiat window in the beam. The fringe patterns obtained in
these and all subsequent configurations were somewhat irregular but
had contrast ratios and fringe widths which are easily adeguate for
the purposes of this experiment. Good fringes were also achieved
with the glass sphere in a water-filled reservoir. With this
foundation established, actual rat eye lenses were tried next. A
fringe pattern was obtainable for the eye lens in air but only with
great difficulty when immersed in water (saline solution). Calculations
indicated that this was due to the low index mismatch and consequent
low reflectivity at the water/lens interface. A high index mineral
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0il (n = 1.57) was used for the immersion medium and a good fringe
pattern was achieved. However the microwave dielectric properties

of the 0il1 were unknown and attempts to couple the pulse power to

the oil~-filled reservoir were unsuccessful. Moreover, the effects

of the 0il1 on the eye lens are unknown, and its use would remove the
experiment further from the in vivo situation and from the other micro-
wave exposure experiments.

In general, the interference pattern showed too much
noise in the form of pattern motion and intensity fluctuation for
proper operation in a measurement of very small displacements.

3. System Modifications

As a result of the initial testing of the system, several
refinements in the original design were implemented. The pellicle
membrane was replaced by a glass~wedge beamsplitter as the acoustic
noise from the former was unacceptable in this application. Another
source of noise was the laser. The noise level in the output
intensity was successfully reduced by repairs in the power supply,
improvements in the laser tube cooling, and the addition of a beam
intensity monitor detector whose output can be used to normalize
the effect of residual intensity fluctuations on the fringe-motion
detector signal if needed.

The glass plate reference mirror was replaced with a
silvered mirror (> 90% reflectivity) which increased the modulation
amplitude of the fringe signal by about a factor of five. A rotatable
half-wave plate and a pair of polarizers were inserted into the
reference beam to allow adjustment of the intensity without loss of
phase coherence. With this arrangement the reference beam intensity
can be turned down for maximum fringe visibility while tuning in the




interference pattern from the eye lens, then turned up for maximum ;
modulation while looking at fringe motion with an ac coupled detector.

The new reference mirror was mounted on a calibrated
piezoelectric transducer. This device moves the mirror along the
normal to its surface by a precise ( 1%) amount for a given input
voltage; the movement is approximately 1.8 nm per volt. Thus a
signal of known frequency and amplitude can be imposed on the
interference fringe pattern. This is useful in positioning the
photodetector within the pattern at the location most sensitive to !
fringe motion.

By operating the piezoelectric transducer at a frequency
which is incommensurate with the microwave pulse rate, it can be
used during an actual data run to give a real-time indication of
system performance and calibration. The signal averager used to
process the data is triggered from the microwave pulse generator

i
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and simply averages the uncorrelated reference signal to zero.

Other improvements included shielding all of the laser
beam paths from air currents and their attendant temperature
variations and enlarging the volume of the liquid reservoir to
allow better coupling of the microwave pulse to the absorbing

PR

medium. A schematic of the system is shown in Figure 1.

4. Experimental Results to Date

With a glass container of saline solution as the object, the
system has detected motion induced by a microwave pulse, presumably
through thermo-acoustic (TA) expansion. The signal was accompanied by the
characteristic audible TA click and vanished when the microwave power
was reduced enough to stop producing the clicks.
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Next, tests were run using one of the small glass spheres
in the eye lens holder within the enlarged saline reservoir. With
the waveguide tuned for maximum absorption in the saline solution,
the optical system detected a movement of the "glass eye lens" of
about 15 nm for a 20 usec pulse with a 60 kW peak power. A series of
tests were run to show that this signal was originating in the
sample holder and was not produced by mechanical or noise vibrations
coming from elsewhere in the system. An acoustic barrier was
placed in the waveguide to attenuate any sounds coming from the

transition or tuning screws. The delays in the signal filtering
electronics were measured and it was established that the detected
movement coincided with the arrival of the microwave pulse at the
sample holder. Any pickup of acoustic disturbances would i%vo]ve
delays on the order of a millisecond or more and as such was easily
discounted. The characteristic TA clicks were again audible in this
arrangement.

5. Experiments to Follow

With the optical system now operating well and good coupling
of the microwaves to the sample holder achieved, the next experiments
will involve actual eye lens from rats. Initially the normal reflection
mode as embodied in the present system design will be tried. If
difficulties arise, alternate optical configurations will be explored.

Since the tests with the glass eye lens showed motion, it should
be determined whether this motion, which must originate in the saiine,
is transmitted to the lens through waves in the liquid (as could also
occur in vivo) or through the supporting pedestals (experimental
artifact).







