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Effect o-f Microwaves 
on the Rabbit Eye-~ 

· L Birenbaum, I. T. Kaplan, W. Metlay, 
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ABSTRACT 

Experiments are described in which the 
eyes ?f anesthetized rabbits were exposed 
at discrete frequencies in the range of 
0.8 - 6.3 GHz. One eye of each animal 
w~s irradiated once, and the subsequen( 
effects observed with specific emphasis on 
lens injuries. This work, done over a five
year period, gives results that compare 
the cataractogenic thresholds of CW and 
pulsed power at 5.5 GHz, determine the 
threshold ocular response to 0.8 GHz, and 
suggest how lens injury depends on the fre
quency of microwave power entering the 
e?e. A simple coaxial adaptor that pro
vu/ed a means of achieving broadband · 

. exposures is described. In addition, simi
lar work, done at 70 GHz with CW 
power, suggests the nature of the response 
of the eye to millimeter wave radiation. 

*Paper DA-4 presented at the IMP! 1969 
Symposium, University of Alberta, Edrnonton, · 
on l\fay 22 by L. Birenbaum. Manuscript re- · 
ceil'ed September 17, 1969. 

tMr. L. Birenbaum and Professor S. W. 
· Rosenthal are with the Polytechnic Institute of 

Brooklyn, Electrophysics Department, Farming
dale, N.Y_. 11735. Drs. I. T. Kaplan, W. Metlay, 
H. Schmidt, and M. M. Zaret are with the 
Zaret Foundation, 1230 Post Road Scarsdale 

· N.Y. 10583. The Zaret Foundation' was estab~ 
lished in 1962 as a non-profit medical research 
foul)dation specializing in studies of the bio
logical effec1s of non-ionizing radiation. It has 
pioneered in evaluating the human hazards 
associated with microwave, infrared, and laser 
radiation. 

Journal of Microwave Power, 4 (4), 1969 

Introduction 
This paper presents experimental data 
?n acu:c mic_ro~avc-induced eye injuries 
m rabbits. It 1s mtcndcd to summarize the 
work done during the past five years by 
a group under the direction of Dr.· Zaret 
as principal investigator. Threshold pow
ers and exposure times, just sufficient to 
result in injury to the eye, have been 
determined. Exposures were conducted 
at frequencies of 0.8,, 4.2, 4 .. 6, 5.2, 5.4, 
~-5, 6.~, and 70 GHz using a method (1) 
m which one eye of an anesthetized 
animal was the RF load for a length of 
waveguide, and the other served as a 
control. In this way, standard microwave 
instrumentation could be used to measure 
the power actually entering the exposed 
eye. 

1:he major results yielded by this ex
penmental study, which will be discussed 
in detail later, are: (1) cataractoaenic 
threshold curves at 5.5, 5.4, and° 5.2 
GHz; (2) a comparison of the effects of 
CW and pulsed exposures at 5.5 GHz:? 
f?r a 0.001 duty cycle (peak power 1000 
times average) - previously, other work
ers1 had made this comparison for a 0.05 
duty cycle (peak power 20 times aver
age); (3) the induction of lenticular 
opacities b.y 0.8-GHz CW power; ( 4) 
two irradiating devices, one of wave-guide 

. and the other of coaxial construction 
used for carrying out these experiments'. 
(5) a broadband measurement of cata
ractogenic thresholds at the 1-watt level 
yielding data suggesting how lenticula; 
injury depends on the frequency of micro
wave power entering the eye; and ( 6) 
data and observations at 70 GHz sua-. , 0 

~estmg the nature of ocular injury at mil-
hmeter wavelengths. 

The manner in which microwave 
energy affects living thinas has been ex-

. 0 
tens1vely studied ( 3-8). Attention here is . 
focussed on how microwaves affect the 
eye, with particular emphasis on injury 
to the lens. It is helpful, therefore before 
discussing the details of our w~rk to 
examine Figure 1, which shows 'the 
human eye ( 9, 10) in cross-section on• 

4fa //~ 

C 
N 



• i 

s . . .. -,-· "" 
... ~-...,... 

-.: 
v· 
t 

) 

1 

i 
·, 

f 

\' 

J3IREN13AUM ET AL.: EFFECT Of MICROWAVES ON RABBIT EYE 233 

·. RETIN~ 

·. SCHLEMM 

/

CANAL OF 

I 
/ .....-SUSPENSORY 
·_,-- LIGAMENT 

OF LENS 
LENS 

ANTERIOR 
CHAMBER 

CORNEA 

,..,. __ ·ANTERIOR 

CHAMBER 

POSTERIOR 
CHAMBER 

IRIS 

ANTERIOR 
CHAMBER 
ANGLE 

CENTR.J.L 
ARTERY ANO 
VE!N OF RETINA 
~ \VITREOUS BODY 

CONJUNCTIVA 

VITREOUS 
BODY 

Fro. 1. Cross-sectional sketch of the human (left) and rabbit (right) eye. 

. the left, and the rabbit eye (11, 12), for 
comparison, on the right. In the human 
eye, light .enters through the cornea, 
passes through the aqueous· humor and 
the pupil (the opening in the iris), and 
then through the lens and the vitreous 
humor, and finally strikes the retina. The . 
rabbit eye, on the right, which is seen to 
be similar in anatomy and function, has 
about 3 / 4 the diameter of the human eye, 
a large ·cornea, and a lens of the same 
diameter as that of the human eye, but 
thicker. 

From experiments with rabbits, dogs, 
and rats ( 3, 4), it is known that micro
waves produce opaque regions in the 
lens. If these are sufficiently dense and 
extensive, light cannot pass through the 
lens, and it is no longer possible to see. 
The frequency range over which these 
effects have been demonstrated for ani
mals is 2.45 GHz (3, 4) to 10.2 GHz 
( 1); Our results, reported here, indicate 
that this is equally true at 0.8 GHz. 

People can also be injured by suffi
ciently high levels of microwave radiation. 
In the literature, case histories· of cata
racts produced by microwaves are de
scribed in papers by Hirsch and Parker 
( 13) and by Shimkovich and Shilyaev 
( 14). That microwaves do indeed repre-

. ... ~ ,. ,., ... ,-: .. •• 

sent a hazard is widely recognized (15-
18), and as a consequence many or
ganizations in vaf-io.us countries have 
issued standards defining safe exposure 
levels for personnel (19, 20). The reports 
of microwave-induced injury to the lens 
in humans in the two papers cited by no 
means represent obscure medical events 
that perhaps may not recur. Rather, this· 
type of eye injury is being discovered with 

_ increasing frequency; indeed, at the time 
of writing, Dr. Zaret, an ophthalmologist 
specializing in this area, has now accu
mulated 42 patients with microwave
induced cataracts (21). It appears that 

.· the animal threshold experiments to be 
described, to the extent that they shed. 
light on human injury, are not entirely 
academic, but have · strong relevance 
today. 

Experiments at 5.5 GHz (2) 
The basic exposure apparatus at 5.5 GHz 
was the two..:section adaptor from a C
band waveguide to the rabbit eye shown 
in Figure 2. The input section uses a 
Stycast* (relative dielectric constant 12) 
tapered insert which serves, together with 

*Manufactured by Emerson-Cuming, Canton, 
Mass. It has a loss tangent of about 0.001 at 
microwave frequencies. 
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FIG. 2. Transition from_ waveguide to rabbit eye. 

the ridged guide, to concentrate the 
energy from the rectangular waveguide 
into a relatively small cross-section. The 
output, circular waveguide section, also 
using a Stycast insert, then provides a 
good mechanical method for irradiating 
the animal's eye through the Jf-inch
diameter aperture. The depression in the 

output end matches the curvature of the 
average rabbit cornea. This adaptor was 
used in the equipment arrangement shown 
in the block diagram of Figure 3. 

The procedure used for the exposures 
was as follows. First, the rabbit was 
examined to make sure both eyes were 
normal. Then the animal was anesthetized 
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FIG. 3. Equipment arrangement for 4.2-5.5 GHz exposures. 

and placed so that the left eye (taped 
open) was in contact with the end of 
the adaptor, the right eye (taped closed) 
serving as a control. At a low power level, 
reflections from the eye and adaptor were 
cancelled by adjusting the slide screw 
tuner, after which the power level was 
raised to the desired value, and the 
exposure carefully timed. 

After the exposure, the rabbit's eyes 
were re-examined for immediate effects. 
Subsequently, the animal was examined 
the fourth day after exposure, and at 
weekly intervals thereafter for a period 
of about one month. 

The results of 100 exposures to 0.001 . 
duty-cycle 5-µ,sec pulsed power are shown 
in Figure 4, and of 62 exposures to CW 
in Figure 5. In these figures, the solid 
lines ~1re threshold curv~s, representing 
the boundary between two regions: the 
shaded region, in which there is a greater 
than 50 per cent chance of occurrence of a 
lenticular opacity'. and the clear one, in 

~ • .. • I ~ • ,_, • 

which the probability is less than 50 per 
cent. 

When these two thresholds are super~ 
imposed on the same graph (Figure 6), it 

· is seen that there is no substantial dif
ference between the two, and that the 
average (rather than the peak) power 
determines whether injury to the lens will 
occur. 

. Additional Work with a Waveguide 
Adaptor at 5.4, 5.2, and 4.2 GHz 

. Using precisely the same method, 28 
pulsed and 36 CW exposures were made 
at 5.4 GHz, with the object of defining 
threshold curves at this new frequency. 
When the pulsed and CW data were 
plotted separately; there was again no 
substantial difference between the two 
thresholds. For this reason, the 5.4 GHz 
results are presented in Figure 7 as a 
single threshold curve, i.e., a composite 
of the pulsed and CW data. · 

This work was repeated at 5.2 GHz 

.... \ 
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Fro. 4. Results of pulsed microwave exposures at 5.5 GHz. 
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Fro. 5. Results of CW microwave exposures at 5.5 GHz. 

using 68 pulsed exposures ( equipment 
limitations did not permit the use of CW, 
which would have been simpler and 
preferable to pulsed power) with results 
as indicated in Figure 7. On the same 
graph, for convenience, the 5.5 GHz 
threshold curve is also shown. In addition, 
the dotted curve in Figure 7 shows the 
CW threshold data reported by Carpenter . 
( 1) at X-band. Although these data are 
not directly comparable with ours because 

· of differences in the exposure technique 
aqd injury criteria, there is a marked 
similarity between the threshold results. 

Comparison of the 5.5, 5.4, and 5.2 
threshold curves at the I-watt level sug
gested that it takes more time to induce 
lenticular opacities (with the same power) 
as the frequency decreases. The frequency 
was next reduced to 4.2 GHz, and 22 
pulsed exposures made. This gave a 

. threshold time, at the I-watt level, of 
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Fro. 7. Single-exposure cataractogenic 
thresholds. 

about 17 minutes, · consistent with the 
trend observed earlier, which is shown in 
Figure 7 as a point. 

Two additional important observations 
wei·e made in those cases where lens in
jury occurred. The first is that the injury 
was almost always evident by the fourth 
day after exposure. The second is that, in 
almost every case, there was involve
ment of the anterior portion of the lens 
( usually the anterior capsule) together 
with an inflammatory reaction of the iris. 

At this point, use of the waveguide 
adaptor• was discontinued in favor of a 
coaxial device ( to be described below) 
which permitted thresholds to be mea
sured over a broader band of frequencies .. 

Experiments at 0.8 GHz 
Recently, the coaxial adaptor shown in 
Figure 8 was developed for broadband 
work. This served as the basic irradiating 
device at 0.8 GHz. A piece of Stycast 
was used to cap the center conductor of 
a coaxial line to permit comparison with 
results obtained with the waveguide adap- · 
tor, and to prevent excessive field con
centration near the center conductor. As 
before, the Stycast ( E = 12) was shaped 
to accommodate the cornea of the rabbit 
eye . 

When an anesthetized animal was 
placed with its eye in contact with the 
device, reflections were set up as indi
cated by the standing wave ratio data of 

· Figure 9. The coaxial adaptor appeared 
to be quite usable as is, without optimiza
tion of its electrical behavior, below 0.8 
GHz and above about 3 GHz. 
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FIG. 9. Standing wave ratio of coaxial adaptor 
terminatc:d with rabbit eye. 

At 0.8 GHz, 33 exposures with CW 
power were made at the I-watt level, each 
animal being exposed only once, for 
some length of time, using the equipment 
shown in Figure 10. The animals were 
examined immediately before and after 
exposure, and one week later. It was most 
interesting that the threshold ocular 
in juries were similar to those observed in 
C-band: anterior capsular lens opacities, 
almost always coupled with iritis. The 

threshold time was approximately 25 
minutes, and is shown in Figure 7 as a 
point. 

Additional Work with Coaxial Adaptor 
at 6.3, 5.2, 4.6, and 4.2 GHz 

It was next decided to try to retrace (and 
perhaps even extend) the range of fre
quencies investigated earlier to see 
whether the same frequency dependence 
of the threshold level could be observed. 
Accordingly, the coaxial adaptor was 
incorporated into various waveguide 
arrangements (such as that shown in 
Figure 11), and pulsed exposures were 
made at the I-watt level as follows: 22 
at 4.2 GHz, 11 at 4.6 GHz, 16 at 5.2 
GHz, and '20 at 6.3 GHz. The results 
are displayed graphically in Figure 12 as 
circled points connected by solid lines. 
For comparison, the I-watt threshold 
times from Figure 7 have been replotted 
as the dotted curve. 

By inspecting Figure 12, it is seen that 
the thresholds obtained both with the 
waveguide and with the coaxial adaptors. 
exhibit the same trend. In the range 6.3-
0.8 GHz, at the I-watt level, it t::.kes 
longer to induce lenticular opacitie:, '.::' ::::, 
frequency decreases. In other words, it 
seems that microwave power entering the 

u ,. 
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Fro. 10. Equipment arrangement for 800-MHz irradiation. 

eye becomes less effective in causing lens 
opacities as the frequency decreases. 

Qualitatively, this appears quite rea
sonable. Suppose we imagine that micro
wave power enters the eye in the form of 
a flashlight beam. As the frequency de
creases, the fields associated with the 
microwave beam penetrate more and 
more deeply into the eye. This means that 
as the frequency decreases, 1 watt is being 
used to heat up an increasingly larger 
volume of ·the eye. Consequently, one 

might expect that it takes longer to heat 
any particular portion of the eye to some 
temperature above which non-reversible 
lens injury is initiated. This explanation 
presupposes quite a bit, and ignores non-:
uniform distribution of power within the 
beam ( if there is one) arid possible diver
gence of the beam with decreasing fre
quency, as occurs with an antenna of 
fixed aperture radiating into free space. 
Nevertheless, it is a model which, although 
not original or rigorous, has the advantage 
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of simplicity, and might permit an analy
tical calculation to be made as suggested 
by Clark (22) using data on depth of 
penetration into tissues presented by 
Schwan (23). 

Experiments at 70 GHz 
Although they must be considered pre
liminary, the results of six CW exposures 
at 70 GHz are discussed. The experimen-

JOURNAL OP MICROWAVE POWER, 4(4), 1969 

-1 
! FIG. 11. Waveguide 

arrangement using 
coaxial adaptor. 

tal arrangement (Figure 13) was similar 
to that used at the lower frequencies. This 
time, a small rectangular horn ( aperture 
1.0 X 0. 7 cm) was used as the applica
tor, with clearance between the horn 
edges and the eye of about 1/32 inch. No 
attempt was made to cancel the small re
flections (VSWR ~ 1.6) set up inside 
the waveguide. The motivation for this 
work was simply that practically all of 
the published work* concerning animal 
eye studies to date has been restricted 
to the range 2.4-10.2 GHz, so that the 
millimeter wave region represents a rela
tively unexplored part of the spectrum. 

A severe injury resulted from a 30-
minute exposure to 610 mW. Initially, a 
constricted pupil heralded the onset of 
iritis and by the second day, diffuse cor
neal opac;ification .was visible. This had 
become, by the 13th day, a dense milky
white opacity (leukoma), and blood 
vessels had started to invade the cornea 
( pannus). Photographs of the control and 
the exposed eye were taken on the eighth 
day. A large corneal opacity is clearly 

*Recently, we have become aware of a paper 
by Balutina (24) (in Russian) describing free
field, iterative exposures of rabbit eyes ar 30 
'GHz to power densities of 120 mW/cm2. 

- ..... 
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demonstrated in the irradiated eye. t 
Another exposure, 570 m\V for 30 min
utes, had no effect. Although it is possible 
that threshold lies close to these values, 
it is also possible that the exposure tech
nique was faulty in the latter case. 

The four other exposures at levels close 
to 600 mW also resulted in corneal injury, 
but no gross lens injuries could be iden-

t A full-plate colour photograph has been 
submitted to the Journal by the authors. This 
is available to members on loan if requested. 
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Fro. 13. Equipment 
arrangement for 
70-GHz exposures. 

tified through the corneal haze. This find
ing suggests that the severity of injury 
was greatest at the corneal surface, and 
decreased with depth, which is consistent 
with the idea that the depth of penetra
tion at 70 GHz is very small, causing the 
conversion of most of the microwave 
energy into heat near the surface of the 
cornea. 

Conclusions 
As a result of the experiments described 
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. above, certain statements may be made 

· concerning acute (rather than chronic or 

repeated) exposures of the eyes of anes

thetized rabbits to microwaves. 

l. At 5.5 GHz, CW power and 0.001 

duty cycle pulsed power with . the same 

average value have the same cataracto

genic effect. It was also noticed that an 

acute lens injury, when produced, was. 

almost always apparent by the fourth day 

following exposure. 
2. At 0.8 GHz, it is possible to induce 

opacities in the lens of the rabbit eye at 

the 1-watt level. 
3. For the "closed wavegi,iide;' types of 

. exposures used here, involvement of the 

· anterior portion of the lens almost always 

occurred, for threshold lenticular injury. 

4. Measurements made at isolated fre-

. quencies of 6.3, 5.5, 5.4, 5.2, 4.6, 4.2, 

and 0.8 GHz suggest that microwave 

; power entering the eye becomes less effec

tive in producing lens injury as the fre- . 

quency decreases. · 

5. Near 70 GHz, limited resu1ts sug

gest that acute threshold injury is maxi

mal at the air-corneal interface. 
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