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T HE DEVELOPMENT of cataract as a result of electromagnetic radiations 
is well established. Formerly it was supposed that this effect was unique to 

the action of infra-red, ultraviolet and roentgen radiations, although as early as 
1926 in a survey of work in these fields Duke-Elder· 1 suggested that other portions 
of the spectruni, if of sufficient magnitude, might produce cataract. On the other 
hand, as late as 1944 it was the opinion of Bellows,2 basing his views on the work 
of Legge 3 and of Hartridge and Hill,4 that electromagnetic waves longer than 
20,000 angstrom units would be absorbed completely by the cornea. 

In 1948 it was demonstrated by Richardson, Duane and Hines 5 that lenticular 
opacities could be produced by continuous microwave radiations of 12.25 cm. wave
length. These observations were confirmed by the contemporary work of Daily, 
Wakim, Herrick and Parkhill,6 which was completed later in 1948. The following 
year Salisbury, Clark and Hines 7 in a technical article attributed the damage to 
a ready transmission through the cornea and a high absorption by the lens of micro
waves 10 to 12 cm. in wavelength. In 1950 Cogan 8 suggested that the most 
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damaging microwaves were about 12 cm. in wavelength and that the resulting 
opacities very likely were due to the thermal effect of the wave absorption. A 
support for this view is the well know~ thermogenic properties of microwaves, 
while evidence of any other mechanism of denaturization within the tissues is.lacking 
at present. 

After clue consideration of the accumulated evidence it was thought to be of · 
interest to study the effectiveness of 3 cm. pulsed microwave radiations in the 
production of ocular damage. Such investigation would serve to introduce a new 
segment of the microwave spectrum for observation and would aid in determining 
possible hazards with the use of radar type wave generators.· 

PROCEDURE 

The studies were divided into two units: ( 1) the irradiation of intact rabbit eyes in vivo 
to determine any observable damage to the eye and (2) the irradiation of excised beef eyes 
to determine the temperature gradients produced by microwave energy on eye tissues. 

Throughout the experiments on rabbits in vivo, a 3 cm. pulsed wave microwave generator 
was employed which delivered between 34 and 67 watts average power output as regulated. 
The pulse duration was 1 microsecond with a pulse rate of 1,000 per second. Care was 
exercised to avoid standing waves in the wave guide. The albino rabbits used in these studies 
were irradiated on a polystyrene pedestal which stool on a wood laboratory table. The animals 
weighed 3 to 5 Kg., and were anesthetized with pentobarbital sodium, 35 mg. per kilogram of 
body weight. Drops of atropine and tetracaine (pontocaine®) hydrochloride were applied to 
the eyes previous to exposure in order to minimize irritability and assure a uniform pupil size. 
The wave director was alined directly on and at a right angle to the optic axis, and the cornea 
was 5 cm. from the director cone in all cases. 

These animals were maintained on sufficient water and standardized laboratory food during 
the experiments to insure an adequate diet. They were kept in well ventilated rooms mod
erately lighted with indirect sunlight. The eyes were inspected by use of a hand slit lamp 
and ophthalmoscope prior to irradiation, immediately after irradiation and at daily intervals. 

The in vitro temperature studies were carried out using fresh beef eyes of standardized 
size and uniform initial temperature previous to exposure. The eyes were irradiated on a 
polystyrene pedestal and the temperatures recorded by means of thermocouples which were 
inserted just posterior to the cornea, at the anterior surface of the lens, at the posterior pole 
of the lens and just anterior to the retina. Temperatures were taken immediately after 

exposure. The thermocouples were of the iron-constantan type housed in hypodermic needles, 
as described by Tuttle and Janney. 9 Potentials were recorded on a Leeds and Northrup type 
8662 potentiometer, and temperature measurements were calibrated with a Bureau of Standards 
thermometer. The excised beef eyes were irradiated by 3 cm. pulsed wave microwaves and· 
by 8.5 and 12.25 cm. continuous wave microwaves in order to determine comparative thermal 
gradients induced by these various agents. 

RESULTS 

When 21 rabbits were irradiated by 3 cm. pulsed microwaves under the con
ditions delineated in the table, 16 animals were found to show opacities in the eye 
within 60 days. The right eyes were exposed in all cases, the left eyes serving 
as controls along with the preexposed right eyes. The first 12 animals received 
67 average watts output for three to five minutes at 5 cm. distance. In this group 
there were nine corneal opacities, four opacities in the anterior segment of the lens 
and six cases of extraorbital burns on the eyelids or facial area superficially. Opaci-

9. Tuttle, W. W., and Janney, C. D.: The Construction, Calibration and Use of Thermo
r,ouples · for Measuring Body Temperatures, Arch. Phys. Med. 29:416 (July) 1948. 
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ties of major ·size were accompaniecl with extraorbital damage, while minor opacities 
were not. No damage was observed in three animals. 

A second group of nine animals was given exposures of smaller intensity over 
longer periods to observe whether under such conditions the opacities, if produced, 
would be found in the same areas of the eye or would be accompanied with extra
orbital damage. Of the nine animals exposed to these energies, seven were found 
with corneal opacities, three were observed to have opacities in the anterior segment 
of the lens and four displayed evidence of extraorbital damage. No damage was 
observed in two animals of this group. 

The character of the observable impairment to the tissues of the eyes varied 
from small opaque masses on the cortex of the anterior segment of the lens and 

Orbital Damage Due to 3 Cm. Pulse Radiations at a Distance of 5 Cm. 

Energy Conditions 

Average 
Watts Anterior Extrnorbital 

Average Minutes X Corneal Lenticular Irradia tlon 
Watts Irradiation Minutes 

First group 
Opacities Opacities Damage 

1 ......................... .. 67 5.0 335 + 
2 .......................... . 67 5.0 335 +++ + ++ 
3 ......................... .. 67 5.0 335 +++ + ++ 
4 ............... : ••••.•..••• 67 4.0 268 ++ + 
5 .......................... . 67 4.0 268 . ++ + 
6 .......................... . 67 4.0 268 
7 .......................... . 67 3.5 235 +++ + ++ 
8 .......................... . 
9.: ......................... . 67 3.5 235 ++ + 

67 3.5 235 +.+ + + 
10 .......................... . 67 3.0 201 
11,- •••••••••••••••••..••••••• 67 3.0 201 + 
12 ......................... .. 67 3.0 201 

Second group 
1. .................. -....... . 50 14 700 +++ + ++ 
2 .......................... . 42 12 504 ++ + + 
3 .............. : ........... . 42 10 420 +++ + + 
4 ......................... .. 42 10 420 + + 
5 ......................... .. 34 18 612 
6 .......................... . 34 18 612 
7 .......................... . 34 15 510 + 
8 ......................... .. 34 25 850 ++ 
9 ......................... .. 34 20 6&. :+ 

the inside surface of the cornea to complete opacifications of the cornea, which 
obscured any view of the interior of the eye with the slit lamp or ophthalmoscope. 
When corneal opacification presented such a problem, the lens was removed and 
examined by means of a slit lamp. A predominantly greater degree of damage was 
found in corneal tissues than in the anterior segment of the lens. The masses 
found in the anterior lens segment were situated between the pole and equator of 
the lens, typically represented as crescent or stellar m~sses partially circumscribing 
the pole. · 

Under the conditions described·, no opacities were observed in the posterior 
segment of the lens. This was of considerable interest because previous workers 10 

had reported posterior opacities to be induced by microwaves of longer wavelength. 
The impairment which was observed in the ocular tissues became evident from 

10. Richardson and others. 5 Daily and others.6 Salisbury and others.7 Cogan.8 
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three to 60 days following the irradiations. Extraorbital burns, if found, were 
evident immediately following exposure to the field, in their first stage of develop
ment. These facial burns varied from 1 inch ( 2.5 cm.) · in diameter to one third 
of the right facial area. In three cases the orbital damage was sufficiently great 
that the eye eventually deteriorated. 

Since it had been demonstrated by previous workers 10 that exposure of the eye 
to high energy 12.25 cm. continuous microwaves caused opa<i:ities in the posterior 
portion of the lens, rather than in the positions described in these studies, it was 
considered of benefit to determine the gradient of induced temperature in the eye 
under each condition. In order to permit a better delineated evaluation, three con
ditions were selected for study-irradiation by 3 cm. pulsed microwaves, as well 
as by 8.5 and 12.25 cm. continuous microwaves. 
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Temperature gradients in beef eyes induced by microwaves of 12.25, 8.5 and 3 cm. wave
lengths. 

When 24 eyes of beef were irradiated under these conditions, eight in each 
group, three distinctly different gradients were induced in the eye tissues. The 
results may be seen in the figure. Preliminary experiments were carried out to 
equilibrate roughly the effective energy uptake as measured by the temperature 
induced by the three agents. In the controlled studies which followed this pre
liminary work it was found that, whereas the highest temperature induced by 12.25 
cm. radiation was measured at the posterior pole of the lens, the highest temperature 
from 8.5 cm. radiation was at the anterior portion of the lens and the peak temp¢r
ature induced by 3 cm. pulsed radiation occurred in the anterior chamber. The 

• 

• 

figure more specifically delineated the gradients. Since the 3 cm. studies include • 
the two variables, wavelength and discontinuity of wave propagation, one is not 
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permitted an absolute statement regarding the effect of wavelength, but it was 

believed that the additional results of the 8.5 cm. microwave studies helped to 

support a view that the position of maximum absorption varies with wavelength 

when eye tissue is exposed to microwaves. A statistical analysis of the 12.25 and 

3 cm. gradients showed a significant difference at the 1 per cent level of confidence 

at the posterior pole of the lens and a significant difference at the 2 per cent level 

of confidence inside the cornea. 
COMMENT 

It is apparent from these studies that damage to the eye is possible in 3 cm. 

microwave fields such as are used in "radar" work, if the energy intensit,Y. is of 

sufficient magnitude. However, since this pathological change is so closely accom

panied with impairment to the more vascular superficial tissues containing normally 

adequate pain receptors, there is some question whether ocular damage is probable 

under most conditions. Nevertheless, one cannot exclude the possibility that a 

worker in close proximity to a low output over a long period or a high output 

over a short period may receive some permanent damage to the eye. Tests in our 

laboratory showed that the eyes could be protected from the high energy fields by 

covering the head or eyes with copper or 9ronze screen wire if cut to fit snugly to 

the skin surface. 
In the production of opacities in vivo the power outputs are expressed in average 

watts because the effects of microwaves in biologic work are coi11monly associated 

with temperature production, which in turn is associated with average watts. The 

value of the microsecond pulse which occurs 1,000 times a second is approximately 

1,000 times the average value, e. g., 6.7 X 104 watts (pulse wave) for 1.0 X 10-6 

seconds pulsed at 1.0 X 103 times per second equals 67 average watts. In general, 

this type relationship is typical of "radar" generators. 

While conceding that a precise explanation of the biologic mechanism contrib

uting to the opacity formations in these studies would be of value, it was not a 

purpose of these investigations to do this. The correlation of temperature pro

duction with tissue impairment would point to elevated temperature as a major 

factor. This view, of course, does not exclude the possibility of concomitant and 

subsequent physicochemical mechanisms not yet investigated. Of considerable 

interest was the finding that extraorbital damage occurred immediately following 

exposure, whereas ocular damage was observable after a lapse of several clays. 

SUMMARY 

A direct, single exposure of rabbit eyes to 3 cm. p·ulsecl microwaves ( radar type) 

at 5 cm. distance and 67 watts average output resulted in opacities in the eye 

after a delay of two to 60 clays. These opacities were found to occur inside the 

cornea and on the anterior segment of the lens. Such ocular clainage often was 

accompanied with damage to the superficial extraorbital tissues. 

vVhen induced temperature gradients in excised eyes of beef were plotted, the 

maximum temperature agreed well with the site of damage found in the in vivo 

irradiations. 
It is isuggestecl that reasonable precaution be used in the exposure of the eye 

to "radar" energy fields. 

We gratefully acknowledge the assistance and cooperation of C. J. Imig and Barbara F. 

Randall during this work. 
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