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:i- A research program at Walter Reed Army Institute of Research

" *

,:x (WRAIR) is concerned with the mechanism by which microwave exposure

" produces cataracts in the eye lens. Science Applications, Inc. (SAI)

ﬁ}j is supporting WRAIR personnel in system design, equipment assembly, and
22 operation of experiments to measure the physical effects in the eye lens

< L. . . .

e as it is subjected to microwave puises of varying peak power levels.

. This report describes an ongoing project using a laser interferometer

:¢* and rat eye lens in vitro. The experiment has detected motion of the

o

\ﬁ eye lens surface, but has not yet differentiated between bulk motion

g of the lens and deformation.
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e 1. INTRODUCTION AND BACKGROUND
L
t;: The causal relationship between excessive microwave exposure and
.E“; the subsequent development of cataracts in the eye lens is well documented.
P> Present safety standards are specified in terms of maximum average power
‘4 level and duration of exposure. There remains the question of whether the
ﬁiﬂ: peak power occurring within a given average power exposure has any additional
{:% effect on cataract production; if it does, the safety standards should be
SN rewritten to take account of this. The physical mechanism by which the
P radiation triggers subsequsnt cataract formation is also not well defined.
s
}£§; A research program at the Walter Reed Army Institute of Research
o
N (WRAIR) is addressing these issues and using optical techniques to measure
.”3 the physical effects in the eye lens as it is subjected to microwave pulses
;2$§ of varying peak power levels. Science Applications, Inc. (SAI) has supported
?3 WRAIR personnel in system design, equipment assembly, and operation of an
P
Xy experiment to detect physical deformation of an eye lens induced by microwave
‘j:, pulses using laser interferometric techniques. This experiment has detected
fé?‘ motion of the eye lens surface, but has not yet differentiated between bulk
o,
;{j motion of the lens and deformation.
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'~ 2. MEASUREMENT SYSTEM
:ﬁﬁ The design and evolution of the optical measurement system was described
fgf in the previous énnual report. The system configuration has undergone several
Z:' modifications since its initial conception; the present design is shown in
Figure 1. The arrangement is a simple Michaelson interferometer with a
‘23 focusing lens to allow relatively undistorted wavefronts to be reflected.-from
?;ﬁ a small area of the eye iens. The eye lens is immersed in saline during the
‘ff? measurements; this approximates its situation in vivo.
v
$:§ The interferometer reference mirror is mounted on a calibrated piezo-
i:ﬁ electric translator which moves the mirror along the reference beam axis in
’;j proportion to the voltage applied to it (1.875 nm/volt). With a known
r_ amplitude of motion thus imposed on the reference mirror (typically at 1 kHz),
?35 it is simple to calibrate the detector output in terms of the displacement
;ﬁk it represents for a given fringe pattern. This calibration is then directly
:53 applicable to the eye lens signal during a microwave exposure.
o 2 The superposition of the reference and object beams on the
jE; observing screen |roduces an interference pattern in a one centimeter
~ diameter circle (the expanded beam size). The width and orientation of the
o light and dark fringes can be changed by adjusting the angular position of
‘zi the reference mirror. The full pattern can not be adjusted to all light or
o all dark, indicating that the converaing wave fronts were not exactly aligned
‘i: with the lens surface. However a highly symmetric pattern of concentric |
;: rings with a fairly large central spot is obtainable as shown in Figure 2a.
3
j}j The active area of the photodiode is a square of dimension 0.5 mm.
W The best motion signals are obtained when the interference fringes are
o adjusted as shown in Figure 2b, i.e., arcs of small curvature and constant
.:;: width roughly equal to the detector size.
5!
oP,
a, The Tight paths of the interferometer are shielded against thermal
Q air currents. However net heating of the saline/lens medium by the microwaves
A
<
I 2-1
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Figure 2. Interference Patterns: (a) Adjusted
for highest symmetry; (b) Typical pattern used for motion
measurement, with detector size and position shown.
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and residual air path effects causes a slow drifting of the interference
pattern during an exposure run. When the system is being used to measure
motions of less than one fringe width, this drift causes a continuous shift
in the intensity variation seen by the detector because the detector aperture
is of the order of a fringe width. This is manifest as a varying of the
detector AC output down through zero to full inversion (180° phase shift)

and back again (a zero level signal would occur when the fringe width and
position relative to the detector were such that the part cf the fringe
intensity distribution moving off the aperture during the vibration cycle

was exactly compensated by the part moving onto the aperture). By running the
piezo-electric reference mirror oscillator during an exposure experiment it
is possible to monitor the effects of this unwanted drift and correct for it
in the signal processing as described next.

The photodiode output is amplified to line levels and fed into the
various signal processing stages. In a typical run, the microwave transmitter
is pulsed at 10 pps and the detector signal stored in a signal averager which was
triggered by the transmitter pulse. If the reference mirror oscillation frequency
and the transmitter pulse rate are incommensurable, the reference mirror signal
is averaged to zero over many pulses along with any other random noise, leaving
only those signals correlated with the microwave pulse. However the afore-
mentioned signal inversion drift would tend to cause even these desirable
signals to average to zero. Therefore the reference oscillator signal in the
fringe motion is observed in real time on an oscilloscope triggered by the
piezo-electric translator driver, and the signal averager is activated only when
the fringe pattern position is in the proper (chosen) phase. In this way,
although the fringe pattern continues to drift during a data run, only signals
with a consistent phase are recorded and averaged.

The avcraged fringe motion data is stored in digitized form
in the signal averager and displayed on a CRT screen. Figure 3 shows the
typical appearance of the data. Each point shows the digitized value
stored in a channel of the signal averager after averaging 512 signals.
The time between channels (sampling interval) is 40 microseconds, and not
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Figure 3. Recorded Output from Signal Averager:
(a) Calibrated 2 nm motion (at 1 kHz) of reference
mirror (no eye lens motion); (b) Typical eye lens
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all channels are shown in these adaptations from the CRT display. Figqure
3a shows the signal recorded for a calibrated 2 nm motion (at 1 kHz) of
the reference mirror and stationary eye lens. The system resolution after
signal averaging is clearly excellent at this level. Figure 3b shows a
typical signal from an eye lens exposed to a microwave pulse. The 10 nm
scale calibration shown was derived from reference mirror signals similar
to Figure 3a.

After difficulties were encountered in obtaining reflections from
eye lenses during the first experiments, P. Brown (WRAIR) tested several
chemical treatments and came up with a short immersion in dilute HC1 which
causes the eye lens surface to give a suitable reflection for interferometry
under saline. Comparison of the movements observed with treated and untreatec
lenses shows very little change if any in the response to the microwave pulse.
Thus the acid treatment does not appear to change the mechanical properties of
the lens significantly. However further experience in aligning the system
and improvements in the focusing lens holder have made it possible to obtain
eye lens reflections fairly consistently. Therefore the acid treatment was

abandoned as an unnecessary complication.
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3. EXPERIMENTAL RESULTS

(

}E During the past year, over a dozen rat eye lenses have been exposed

:& to pulsed microwave irradiation, and the motion of a point on the lens surface f
:ﬁ was recorded using the interferometer. A1l lenses showed detectable motion ]
s of order 10 nm (see Figure 3b). Previous experiments with glass "eye lenses"

:ﬁ had shown motion originating through microwave interaction with the sample

Ef chamber and/or its contents. The rat eye lens motion observed was very 5

PP

similar to the glass lens motion. Thus it is unlikely that microwave interaction

=

i with the lens itself is the main source of movement, since the glass is non-
e absorbing. Motion could be imparted to the lens through the supporting pedestals

'Ei or through waves in the saline. !
B¢ 1
By bouncing the laser beam off of the pedestal, some movement of
the supporting element was detected. This motion was made significantly ]
smaller by damping the pedestal and sample chamber walls using an acoustically ]
absorptive material (see Figure 4). The motion of a glass lens was changed
“» by this damping but retained a significant displacement, indicating that the
:% primary source of the motion detected was pressure waves generated in the saline
&i and impinging upon the immersed lenses.
’
= Several other experiments investigating the eye lens motion tend
:ﬂ; to confirm the idea that the motion originates in the saline. The amplitude
;i and frequency of the observed motion are independent of whether the lens is
& resting on one supporting pad or held between two pads (top and bottom).
fﬁ Moreover, the amplitude of the movement varies with the position of the lens
j; within the sample holder, indicating that the induced wave pattern within
?f the saline may be complex; for example, waves of differing nature may originate
;: from any number of the chamber walls. These in turn may depend upon the
) particular microwave mode pattern set up in the waveguide. However the nature
N of the motion showed no change with waveguide tuning other than the expected
vi scaling of amplitude with the quality of the coupling to the sample chamber.
C
™ The dependence of the motion amplitude on peak power and energy per
ﬁf pulse was examined. The amplitude was found to vary linearly (+ 10%) with
R
L
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the energy per pulse and was not dependent on peak power (with energy constant).
This agrees with the accepted theories of thermo-acoustic transduction (T.A.).
In this connection the theoretical work of Lin1 and of aournay2 on the
T.A. effect was reviewed. Where they disagreed, the work of Gournay was found
to be correct. A scoping calculation was done using reasonable values for
the elastic constants of the lens tissue to predict whether the lens could
move without deforming in response to the T.A. pressure wave which is the
putative cause of the observed motion. This calculation indicated that the
diameter of the lens could change by 20% or more of the observed motion amplitude
(i.e., by 2 nm or more) in a mode in which the transverse dimension would
simultaneously increase (Young's modulus).

Since the original calculations under this project indicated that
high frequency (> 100 kHz) resonances might be excited in the eye lens, an
effort was made to detect such motion. A high speed tape deck was used to
record data during an experiment, and the tape was then played back at a slower
speed into the signal processing equipment. This increased the effective
bandwidth of the signal averager to around 300 kHz and thus extended the
search for T.A. motion of the lens to higher frequencies. However no motion
at these higher frequencies was seen,




> 4. PLANNED CONTINUATION OF THIS WORK

s The question of bulk (rigid) motion versus elastic deformation
should be addressed in the next set of measurements. A pair of small
dielectric mirrors was purchased for use in a planned experiment to reflect
back to the interferometer a laser beam which has bounced off the eye lens
surface at a grazing angle. This will be an attempt to measure the T.A.

e
R

¥ .
I R s

.

motion at more than one point on the eye lens.

o

A full program of additional studies including pressure measurements,
theoretical analysis of T.A. waves, and birefringence measurements has been

A

submitted in a follow-on proposal.
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