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PREFACE

Annual Tri-Service Conferences were initiated in 1957 by the
Rome Air Development Center as the means for annually reporting to
the military services in fulfillment of tri-service responsibility
for determining the biological effects of microwave radiation., The
1957 conference proceedings were published in AST1A Document

No, AD 115 603; the 1958 conference proceedings in ASTIA Document
No. AD 131 L77.

These conferences bring together key researchers in the
biolcgical effects area and related scientific disciplines with
representatives of industry, universities, and various government
agencies to discuss and exchange knowledge made available by rapid
advances during the past year. In furthering these objectives,
unclassified papers were solicited. The papers couvered the conference
subjects or related areas which might contrioute to a better under-
standing of the biological effects of microwave energy.

At the invitation of the University of California, the third
annual conference was held on the University campus in Berkeley under
the joint sponsorship of the Rome Air Development Center and the Tri-
Service Ad Hoc Committee on the Biological Effects of Microwave
Energy, Colonel George M. Knauf, Chairman,

The Tri-Service Ad Hoc Comaittee was formed in July 1958 by
mutual agreement between representative of the U, S. Army Medical
Research Laboratory, Office of the Surgeon General, U, S, Army, and
the U, S, Army Environmental Health Laboratory; the Bureau of Medicine
and Surgery and the Office of Naval Research, U, S. Navy; the Office of
the Surycon General, the Air Research and Development Command, Office
of Scientific Researcih and the Rome Air Development Center of the U, S,
Air Force.

Members representing each of the referenced activities meet twice
each year to review the tri-service biological progrars conducted by
the Rome Air Development Center to insure that requirements of their
individual services are adequately covered,

The Committee is supported by a group of consultants in Physics,
Physiology, Opthalmology, Microwave Engineering, Biophysics and
Pathology, whose functions are to critically analyze the experimental
results of the program and provide the Rome Air Dovelopment Center with
recommendations for insuring the validity of developed data and sound
approaches to meeting the more novel requirements of the military ser-
vices,




The sponsoring activities wish to express appreciation to s
Professor Charles Susskind and to the staff of the University of
California for their hospitality and skillful handling of conference
arrangements; to the industrial and educational organizations repre-
sented on the program who gave so freely of their time and talents;
and to the representatives of the Army, Navy, Air Force and of the
National Institute of Neurological Diseases and Blindness whose
cooperation made possible the success of this conference,

HERBERT S. BROWNSTEIN (RADC)
Secretariat

Tri-Service Ad Hoc Comnittee on
Biological Effects of Microwave
Energy
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BIOLOGICAL EFFECTS OF WMICROWAVE BNERGY
AT 200 MEGACYCLES UPON THE
EYES OF SELECTED MAMMALS

Drs., C.H, Addington, C. Osborn, G. Swartz, F. Fischer, and Y. Sarkees
Departments of Biology and Electrical Engineering
The University of Buffalo

SUMMARY

No ocular changes have been noted in guinea pigs, dogs, sheep and mice
when exposed to microwave energy at 200 megacycles. However, the Horn
antenna, yielding polarizing radiation; is producing much greater temper-
ature ranges and field intensities than the previously employed helical
antenna.

INTRODUCTION

The present report deals with the results of experiments conducted
since our last meeting in January of this year., You will recall that we
are working in the 200 megacycle band. Originally we had at our dis-
posal a low Eower pulsed type apparatus giving peak emanations of
0.0L watt/cc, with an average level of about 1/250th of this power.

In these experiments mice and guinea pigs were employed and no ocular
changes were found. We were particularly interested in the possibility
of delayed damage for reasons presented at the previous conference.
One guinea pig which had logged the longest exposure record for some
27,000 minutes at 4 ft. from the antenna, still dces not show any
ocular changes, other than aging, one year later.

In January we reported results of experiments conducted with a more
powerful CW transmitter employing a Helical type antenna, A number of
guinea pigs, a large dog, and a sheep were exposed in acute and chronic
experiments at varicus power densities. None of these animals ex~
hibited any ocular changes other than those associated with aging.

RECENT EXPERIMENTS

Experiments with Helical Antenna

Guinea Pigs, A group of 7 guinea pigs, averaging 1 1b, 12 oz.,
vere exposed at Eﬁstances of 5 ft., and 3 ft. facing the antenna. The

field strengths at these positions were 220 and 350 mw/cm® respectively.
Exposure time was 60 min/day at 3, 5 and 7 days per wetke, The total
exposure time is indicated in the table as well as iLnhe average temper-
ature elevation. The longest experiment has run some LS weeks for a
total of 332 hours. The average elevation of rectel temperature was
less than 2° F. for “he entire group. None of these animals have so
far shown any ocular changes (TABLE I).

Dog and Sheep., The dog and sheep (TABLE 1I) originally reported
-
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at the last meeting, have been continued to be exposed 3 times a week

at 60 and 90 minute intervals respectively. Tge dog has been positioned
5 ft. from the antenna in a field of 220 mw/cm“., He has now logged 60
hours, The sheep, placed at 3 ft. from the antenna in a field of

350 mw/cm?, has accumulated 90 hours. You will note that the original
weight of this animal was 58 lbs. and that now it weighs slightly more
than 100 1bs. Neither of these animals has shown any ocular changes

Mice. Several litters of mice irradiatsd continuously in the
chamber at Tield intensities of 50 to 200 mw/cmé, successfully passed
through L generations. During this period the eyes were observed at
regular intervals and no ocular changes other than associated with
normal aging were seen,

BExperiments with Horn Antenna

Recently the Helical antenna has been replaced by a Horn creating
a polarized field and subsequently field intensities and temperature
responses have increased a good deal.

Guinea Pigs. TABLE III is a composite of the results obtained
with 7 gulnea pigs in chronic and acute exposures, The first 2 animals
have so far endured 19 exposures of 20 minutes each for a total of

365 minutes. They were placed in plastic cages facing the antenna

(Z axis). The average elevation of rectal temperature for pig I at

2 ft. was 4.81° F., and pig IT at 4 ft, was 2.43° F. The fields at
these positions were 390 and 194 mw/cmé. The remaining five animsls
were given single exposures at the various field intensities and dis-
tances as indicated. None of these animals have as yet shown any '
ocular changes.,

TABLE IV shows a series of 3 guinea pigs of the same size and weight
irradiated at different positions in the polarized field, The animals
were again placed in plastic cages and either faced the antenna (2
axis) or were broad side to it (X axis). Although the temperatuyre
elevations.and the field intensities were relatively high, no ocular
changes have so far been observed.

Dogs. TABLE V indicates our experience to date with dogs
irradiated in a polarized field. All of these animals except one,
weighs 50 lbs. or more., The data on the chart indicate the dis-
tance from the antenna, intensity of field at that point, orientation
of the animal in respect to the field, total exposure time, and the
average elevation of the rectal temperature. Again we can find no
change in the ocular system despite rather marked elevation of temper-
ature., 1In all fairness one should point out that it is much more
difficult to accurately examine large animals., It is impossible to use
the major slit lamp. We have employed the B & L hand slit lamp powered
by a transformer (not the smaller battery handle model), This in-
strument throws a very powerful slit beam and the lens can be observed
very well with the aid of a loupe,
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An acute experiment was performed in which a thermocouple was placed
in the posterior chamber of a dogs eye. This was done in the anesthetized
animal by making an incision at the upper border of the lateral rectus
muscle down through the sclera to the choroid. A mattress suture was
then placed across this wound. The thermocouple was securely tied to
a L "O" silk sutwre. A long slightly curved needle was then passed
through the scleral wound and out the nasal side at the equator. The
suture then pulled the thermocouple into position into the posterior
chamber where it could be observed through-the pupil. The mattress
. suture was then tied ‘and the thermocouple secwrely anchored in place
by additional sutures in the sclera. The eye tolerated this foreign
body rather well for about 2 weeks but the wires protruding from the
eye were too stiff and irritated the animal when manipulated. It was
therefore necessary to again anesthetize the dog in order to obtain
temperature readings in the chamber. The animal was placed 6 ft, 8 in.
from the antenna and facing it. The.intensity at this point was 115
m-/cmz. In 4O minutes the rectal temperature rose 1,9° F. and the ocular
temperature 1.7° F, Eventually the eye developed an endophthalmitis
and glaucoma and had to be enucleated.

The animal was then run for the same length of time in the saue
position but not under anesthesia. The rectal temperature rise was
almost twice that of the anesthetized animal.(TABLE VI).

We have also inserted thermocouples and thermistors in isolated
beef eyes suspended by nylon threads and kept moist by a contimuous
drip bottle., No temperature rise has been noted.
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THERMAL EFFECTS OF 200 MEGACYCLE(CW) IRRADIATION
AS RELATED TO SHAPE, LOCATION AND
ORIENTATION IN THE FIEILD

Drs. C.H. Addington, C. Osborn, G. Swartz, F. Fischer, and Y. Sarkees
Departments of Biology and Electrical Engineering
The University of Buffalo

BACKGROUND

Workers in electromagnetic irradiation have known for some time that
field intensities are increased or concentrated midway along elongated,
uniformly shaped objects oriented in the plane of polarization., It is
not unlikely that such an Mantenna effect" may be significant in pro-
ducing localized heating in man and test animals if they are illuminated
critically in such a field. There is the further likelihood that parts
of the body such as extremities or tubular or hollow viscera may con~-
centrate encrgy in a similar or related manner,

EXPERIMENTS

Heating of Models

My colleague, Mr. Fischer has already indicated the nature of our
physical setup and he has explained the rationale of some of our ex-
periments using tubular medels of various shapes filled with egg <lbumen
as well as other natural tissues and solutions of electrolytes. Albumen
proved to be an especially useful indicator because it changes visibly
(coagulates to a cloudy and later white opaque) and because this response
occurs at relatively low temperatures at which most tissues are seriously
injured. It provides an accurate indication of where concentratéd heating
occurs and when a centigrate value of *65° to +70° is reached.

Accordingly, plastic tubular models were made in various shapes and
sizes, filled with albumen or other related solutions and exposed to
electromagnetic irradiation (200 megacycles-cw) at several field in-
tensities and for various periods of time.

(At this point several 2" x 2" Kodachromes were projected to
illustrate the results.)

Of the many observations made, the following may have relevance
to problems of local heating in man exposed to microwave energy.

1. Uniformly cylindrical tubes of albumens heated (as shown
by coagulation) fastest midway between the ends when exposed in the
axis of polarization. Some coagulations occured in a few seconds
while others took several minutes depending on starting temperature,
size and field intensity.

2. Similar models exposed at 90° to the plane of polarization
did not exhibit heating.,

10




3. Similar models exposed at intermediate angles between the two
planes mentioned above heated only slightly, with the reaction increasing
as the plane of polarization is approached. -
L. Cylinders having an end gradna Ly tapering to a point exhibited

local heating in the tip of the taper 1]l as midway along the cylinder
as described above,

5. Wherever tubes of different sizes were adjoined in a straight
line, localized heat appeared first ir. the smaller tube near the junction.

6. Where multiple tubes a’ joirea : .o>ng radial lines to a central
cylinder or sphere were irradiated, only those aligning in the plane of
polarization heated disproportionately and then at the point of junction
with the central mass,

The question is raised whether these observations may have important
implications for local heating at the distal tips of extremities, the
area of junction of the proximal end of extremities with the torso and
perhaps along segments of tubular or hollow visera.

Intra-peritoreal Temperatures - localized

Data obtained with albumen models stimulated the initiation of ex-
periments designed to give infurmation on localization of heating in
mammals. Whereupon, plastic fistulas were located by surgical means
in the lateral abdominal wall of guinea pigs. Bach fi. ula was designed
with a minute screw cap which could be removed to allow insertion of
pickup devices. Leads follcwing minimum r.f. plans were run to externally
located telethermometers of the Yellow Springs typeo

This preliminary report includes findings in only three experiments
of this type completed to date. The guinea pigs were totally exposed
in the 2 axis (plane of propagation) to 390, 180 and 105 miiliwatts
per phase (power on) which required from 12 to 28 minutes to cause a
5° F elevation, The thermister probe was inserted so that its tip was
in the mid-longitudinal plane in the peritoneal cavity. In the cooling
phase (power-off) the probe was alternately located in mid-line or
one-half to three-quarters of an inch lateral to mid-line in order to
measure the temperaturewith aczcuracy at these two locations. All
possibility of error due to pickup was avoided in-as-much-as the power
was off during this phase cf recording. The results were so similar
in the three experiments, that the curve of but one will suffice
as typical for illustrative purposes.

11
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In graph 1, solid line C indicates intraperitoneal temperatures existing
in the central (mid-plane) axis of the animal. Rectal temperatures were
consistantly 1/2 to 1 degree lower but otherwise the slope of the curve
was similar to line C., The broken line, L, represents the intraperitoneal
temperature taken in a lateral position as indicated above. Here, it
is seen that the temperature is consistantly at least one-half degree
lower.

In themselves, these data are of considerable interest, but the
technique is promising and should, with appropriate modifications,
allow us to record more reliable data on local internal temperatures
than have been feasible here-to-for.

Burns, Lethal Dosages etc.

As an observ-tion which is quite incidental to the objectives

of owr experiments we can report two integumentary burns to date. One
~ these was on the lateral thorax of a 70 1lb. dog which received total

" irradiation at 210 milliwatts for 22 minutes. By the end of this
exposure the rectal temperature had elevated 8.8° F and the dog exhibited
ataxia and digestive upset. The animal acted listless and lethargic and
required 3 or L4 days to return to normal behavior. The subcutaneous in-
Jury did not ulcerate until the 7th day after exposure. The appearance
and healing program followed closely that described by *‘ie University of
Rochester investigators.

The second burns appeared on a 100 1b. sheep which haa opeen totally
exposed for 4O minutes where the incident intensity was 165 ~i " "Iwatts
per square .cm. At the end of the exposure rectal temperature !.d ele=-
vated 5.8° F. No specific symptoms manifested themselves immediately
although the animal showed little interest in its surroundings, was slow
to respond when food was offered and ate little for almost a week., Hard
lumpy masses were palpated subcutaneously 6 to 7 days after irradiation
on the right side and top of the neck and on both sides of the thorax.




These hard areas ranged between the size of a dime and a half-dollar.
Three spots ulcerated at 10 to 12 days and healed uneventfully thereafter.
Some generalized shedding of hair became quite prominent 7 or 8 days after
irradiation, Hair loss was extreme, ending in bareness in the areas coin-
ciding closely with the subcutaneous heat injury. Some six weeks later,

the hair is growing in again indicating no permanent damage to the hair
follicles.

In recent months since being equipped with a horn antenna, producing
a polarized field of higher uniform intensity, we have lost only four
animals ( one dog and three guinea pigs) from over exposure. Field
strengths are sufficiently high that lethal doses for such animals could
be reached in a short time (only a few minutes) if placed near the
mogth of the horn _where incident field strengths are approaching 500
milliwatts per cm®.

The dog which expired has been exposed to about 200 milliwa* 't.s/cm2
for 31 minutes. Rectal temperature reached 112* F. The animal weighed
h? leo

The guinea pigs weighed appronéimately 28 to 30 ounces each and were
exposed to 432, 500 and 680 mw/cm* for 28, 4O and 18 mimutes respectively.
Rectal temperatures elevated 7 to 9° F in all cases. In each instance
it seems that the heating is adequate to account for the death and that
non-thermal factors are probably not indicated.

No significance should be attached to the mumber of deaths we have
recorded in our experimental work since we have not tried to determine
1D 50s nor maximum dosages which experimental animals could tolerate.
Being more interested in the effects of chronic exposure we have usually
not chosen dosages which would cause more than a 5° F rise in rectal
temperature. Such treatment programsare tolerated quite well. More
observations on such animals will be ‘described by Dr. Addington.

Effect of Position in Polarized 200 Megacycle Field

Man, a biped, when in the erect position is potentially a long
cylindrical antenna, Quadriped mammals such as dogs likewise may be ex-
pected to act more or less like antennas depending upon thei:r size,
length of head, tail and body and the manner in which the stretch out
in a polarized electromagnetic field.

To gather data on the role of body position as it may relate to
plane of polarity in the field during exposure, eleven dogs were ex-
posed at L, different field intensities in the Y axis (plane of polarization)
and at 90° in the X axis.

Data showing relative rises in rectal temperature are seen in the
accompanying diagram (Graph 2.).

13
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Graph 2. Body Heating in Relation to Position in Polarized Field

While, as may be seen, exposure duration is not the same in all
cases, the trend seems to be clear and consistent. 7When the longitudinal
axis of the body corresponds in its position more or less to the plane of
polarization, heating occurs more rapidly and more extensively than when
orientation is 90° away from the plane of polarity.

Qualitative differences regarding shape of head, length of tail etc.
seem to influences the heating response but too few data on this point
are yet available o allow a dependable conclusion in this regard.

SUMMARY

1. Plastic albumen filled models are valuable indicators of heat
localization. Observations made thereon may aid in the design of animal
experiments,

2. Two subcutaneous "burns", one in a dog and one in a sheep have
been recorded and described.

3. Lethal exposures to 200 megacycles-cw have been described.

L. Orientation of the long axis of the body parallel to the plane
of polarization of the r.f. field results in more and faster heating
than other positions.

S. Convincing evidence of non-thermal effects has not been de-
monstated to date,
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ELECTRICAL INSTRUMENTATION OF BIOELECTRIC
HAZARDS AT 200 MC AND THE DEVELOPMENT OF
A MINIATURE HAZARD METER

F. P, Fischer, R. A. Neubauer, Y. T. Sarkees
C. H. Addington, C..0Osborn, G. Swartz
Departments of Electrical Engineering and Biology
The University of Buffalo

SUMMARY

A miniature r-f field strength meter and a miniature thermistor
bridge are described. More and more information is needed at an
almost point locations and microminiaturization of measuring instru-
ments seems to provide the answers. The problems of measuring field
strength and temperature with regard to biologic specimens are out-
lined. Some studies on rnodels indicate that field strengths in the
x- and y- coordinate directions may be important at 200 mc where the
z- direction is the direction of propagation. Also, the volume power
density may be more significant in large specimens than the total
power absorbed.

INTRODUCTION

A method for measuring high electric or magnetic field intensity
in air (or an equivalent power density) at almost point locations in
the vicinity of an antenna, operating at 200 mc¢ has been reported by
Fischer, Neubauer and Sarkees.

Such a method required a small dipole or loop and a twinax
shielded cable to serve as an r-f transmission link to a more remote
attenuator, detecting system, and d-c¢ readout microammeter (or
oscilloscope if a pulsed system, requiring a peak reading). A
relatively simple field-strength meter resulted and the principal
development complication to a group like ours at the University of
Buffalo was the calibration of this substitute instrument at 200 mc.
An elaborate method for calibration against a Stoddart RI-FI lMeter
was described in the article referred te.

It may be possible to employ a much simpler means of calibration
for this field-strength meter when measuring the electric field (this
field is considered the pertinent one in biological hazards) by the
utilization of an appropriate parallel-plane condenser system energigzed
by voltage at 200 mc. The sensing dipole is to be oriented midway be-
tween the plates with its transmission link aligned at right angles to
the field. If the geometry is right, one may reasonably assume a uni-
form electric gradient between the plates which is derived from the
overall voltage and spacing of the plates. The plates are to be
driven in a balanced-to-ground manner.
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The foregoing introduces a basic limitation of the use of field-
strength meters - the transmission link ought to be oriented along a
line of zer electric field intensity so that the link does not sig-
nificantly aistort the field to be measured. This is, of course, the
condition t:iat exists when the instrument is calibrated. A-generalized
field does not possess a direction of zero electric intensity although
a minimun field direction usually may be found. The sensing antenna
must be very small with respect to a wavelength. Mutual effects be-
tween transmitting and sensing antennas, if any, should be recognized.

Temperatures have been measured by standard means of thermocouples
or thermistors by introducing the leads along minimum pickup directions
and employing suppressor chokes when necessary. If pickup could not be
sufficiently suppressed to yield "power on" readings, then "power off"
readings were resorted to. :

NEZW TRENDS

In order to minimize the effect of the minimum electric field
component at least two other recourses are open: (1) Develop an
almost neutral link. (2) Miniaturize the r—f field-strength meter with
no high conductivity transmission link present (telemetry or remote
sensing instead). Both of these methods have been under study and the
work is far from completed. Nevertheless some trends of field strength
measurements can be reported as new items and will be discussed in this
paper just a little later on, along with a miniaturized thermometer.
There is no doubt that the basic trénd for instruments in this hazard
field is toward microminiaturization with associated telemetry of some
kind (no leads).

USE OF AN ELECTROMAGNETIC HORN

At this point it would be well to state that many of the electrical
and thermal measurement problems encountered in the project were due to
the helical beam antenna which possessed an approximately circularly

polarized field. It was chosen initially to get us into business rapidly

since the antenna was easy to construct. However, since June 1959, a
large electromagnetic horn has been in operation which produces a simply
polarized field which is quite uniform over a rather large aperature
(horn mouth is 6 ft x 6 ft square) with a power density of 0.52 watt/cm®

at the mouth diminishing nonuniformly to 0.5 mw/cm@, along an axial line,

at the end of the 42-ft anechoic chamber. This point is 25.5 ft distant
from the mouth of the horn. The horn and launcher were designed experi-
mnentally from smaller models operating at S times frequency and then the
scaling technique was used to preserve the desired antenna impedance and
propagation pattern. Both the wave guide cross-section (33.6" x 33.6")
and the linearly flared taper are square with the launcher polarization
adjustable over 90°. The horn assembly is made of galvanized sheet
steel. The launcher is a partial loop terminating on horn ground. The

horn is fed by a 50-ohm coaxial line through a two-stubt adjustable match-

ing section which was designed locally. Six kilowatts of r-f power are
delivered to the horn with a typical standing-wave ratio averaging about
1505%
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With the use of the electromagnetic horn and a simply polarized
field, quite accurate field-strength readings are possible in the
University of Buffalo anechoic chamber because a direction of almost
zero electric field can be found. The chamber has been calibrated
for a fixed and reproducible trensmititer power with distance as the
variable vs. electric field intensity. "Power-on" temperature
measurements employing either thermistor or thermocouple instruments
with readout exterior to the anechoic chamber also can be made accu-
rately on non-moving small animals for the same reason as for field
strengths, This has to be qualified somewhat because long animals like
snakes, aligned in the direction of polarization, have capability of
changing the direction of polarization at their end points-and hence can
cause severe pickup on thermometer leads terminating in these locations;
such leads are oriented 90° from the original axis of polarization.
Leads in the central region ‘naffected. The presence of pickup on
thermal measurements alwuys :a.. ve detected reliably by noting the

existence of the short thermal transient of the probe upon"power orf or
npower off."

It would seem that no new measuring techniques for electric field
or temperature beyond that reported by us in the past would be necessary.
This is not quite the case. For field measurement at 200 mc by the
original method, the twinax transmission link proved stiff, heavy, and
awkward with no intrinsic possibility of becoming partially neutral with
all field components present. For temperature measurements on large
animals only partially restricted by a cage, material transmi' - "o links
exterior to the anechoic chamber do not seem feasible. Also, animals that
are irregularly shaped can modify the polarization in some locations.

AN IMPROVED LONG LEAD FIELD-STRENGTH METER

From work done during the summer of 1958 on open wire thermocouples
with "power on", it was gleaned that direct current could be a reasonably
good transmission link without benefit of shielding. A very flexible
lead accrues. A dipole simply leads to a closely positioned shielded
detector system with a highly twisted pair of, say, #32 wire leading to
a remote d-c readout. This works as well as the original method when
the wires are oriented properly, and possesses great lead flexibility.

A mild disadvantage is that the instrument is not subject to multi-
range with a single scale and a "multiply" dial, which is possible when
a-c attenuation is used in the original method.

Enough work was done with this new method to show that a considerable
degree of transmission link neutrality could be achieved by suitably
placed tw: ' chokes in this twisted pair and by very high resistance in
the twisted pair composition both in the vicinity of the sensing device.
Work on this link neutrality was halted when it was decided to build a
portable miniature field-strength meter without any sensible trans-
mission link., It must be mentioned that the high resistance leads re-
duce the output sensitivity.
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MINTATURE FIELD-STRENGTH METER OR HAZARD METER

Two research models of portable instruments without leads were
constructed to demonstrate the feasibility of such devices at 200 mc.
It is believed much smaller instruments can be made with application

over a wide frequency range since small non-resonant dipoles are not
very frequency sensitive.

The larger, more sophisticated instrument (hazard meter) consists
of a 2 1/2-inch, ruggedized, 0-100 microampere, d-c meter-relay (made
by Assembly Products, Inc.) with an adjustable upper limit relay con-
tact, operating an audible local buzzer circuit powered by a 1 1/2-volt
battery. An averaging shunt rectifier (INSLA) is the solitary component
used in the signal circuit for conversion. Pulses or cw can be handled
by the averaging detector. A simple dipole or a "bow tie" type antenna
(the latter being more omni-directional) is employed over which is
placed a rotatable Faraday screen (with circular graduations). This
screen effect is analogous to the variable transmissivity of light
through two sheets of polaroid material, one rotated with respect to
the other. Non-metalic parts of antenna are machined polystyrene.

The Faraday screen serves as a full scale set and in one other position,
if desired, as a two-step attenuator, all determined when the instru-
ment is calibrated. A detent mechanism could locate the steps. The
microammeter which is now merely marked in microamperes could have two
calibrations, directly in far-field power density, for the two steps.

The research model, however, has been calibrated as a single step
instrument for 200 mc testing with a dynamic range to 100 mw/cm2 with
the present Tri-Service tentative standard at 10 mw/cm2. This standard
yields about a 1/3-scale reading. The instrument is properly calibrated
in the absence of any human being or foreign object so that it can serve
as a true field-strength meter when neutrally supported and viewed from
a little distance (like being positioned on the end of an insulating
wand which might be held and maneuvered by the hand). It may also be
viewed by a telescope at greater distances. The meter-relay can be
adjusted to alarm when the field-strength meter reads any pre-selected
arbitrary value. It is anticipated that- with a limited number of
separate instruments, or recalibration ‘adjust' of the same instru-
ments by different antennas, one can cover a high frequency range at
least up to 1000 mc. The instruments are light so more than one unit
is not a liability. The authors of this paper could only work at the
single frequency available to them.

A smaller field-strength meter with a l-inch, 0-100 microammeter
d-c readout (International Instruments) which can employ an antenna
similar as above, but without benefit of alarm,has also been con-
structed.

It should be recognized that the hazard meter aspect was a by-

product of basic research into field-strength meters and much better
"second generation" instruments are possible. The heavier research
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prototype weighs 1 1/2 pounds; the lighter one weighs 8 oz. A wand
and meter scale magnifying lens, if used,will add to the weight.

Since detection is more nearly linear except for the very low
field strengths, the scale of these instruments for power density
will be nonlinear, since far-field power density will be considered
solely proportional to the square of the electric field intensity.

EIECTRICAL FIELD INTENSITY vs. POWER DENSITY

The group would like to point out that electric field intensity,
especially at the lower frequencies, is a more meaningful parameter
in electromagnetic hazard studies than "far-field" power density
since a great deal of hazard occurs in the "near field"™ where direct
measurements of electric field intensity can be made.

This matter seems to be resolved if one regards the meter read-
ing in these studies as solely a measure of electric field intensity
squared rather than the classical concept of net power per unit area
streaming through a medium. The magnetic field is purposely neg-
lected and search loops are not suggested for hazard meters.

A field-strength meter as described in this paper would possess
a reasonably linear scale in the electric field intensity ie.volts
per meter.

MINIATURE THERMISTOR BRIDGE AND CLINICAL THERMOMETER

A miniature thermistor bridge, power supply and variable sensi-
tivity rheostat were constructed with a l-inch readout meter to read
about 35°F above bridge-balance temperature. The entire assembly
was housed in a metal mini-box 2 3/L" x 2" x 1 1/2", A short
thermistor probe was attached. The entire unit is strapped to the
animal with the probe in proper position. Long leads are dispensed
with and the animal can turn around. The thermistor circuit can
easily be calibrated. The instrument in present form only can be
read with power mcmentarily off. Chokes and high resistance
thermistor leads should help the ®power on" condition where vari-
able pickup can occur on the probe lead as the animal turns, This
pickup results in a temperature reading that is too high. A 20-
second "power off" interval gives ample time for the probe thermal
transient to subside so that a good reading can be obtained.

It is to be noted thet a very small meter can be employed when
this instrument is to be used as a clinical thermometer since only
small temperature rises on live animals are permissible.

SOME EXPERIMENTAL STUDIES ON EGG-ALBUMIN MODELS

The Biology group at the University of Buffalo embarked on a
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provocative study of simple geometric shapes of polystyrene tubing
filled with egg albumin and exposed to an r-f field.

The tubes were somewhat long compared to their diameter and ?
could be aligned with the direction of polarization or otherwise.
The albumin served as a good "hot-spot" index (high temperature)
since when it coagulated, it whitened.

It soon became apparent to the Electrical group that these
shapes were behaving live lossy dielectric parasitic antennas. Volt-
age and current distributions could be found along the shapes in the
direction of polarization and at right angles to the direction of
propagation.

The following important thermal observations were made on tubes
aligned in the direction of polarization which seem to be confirmed
by electromagnetic field theory when considering lossy media:

(1) Any single uniform tube, with symmetrical load terminations,
suffers the highest temperature in the central region (coagulation
first) with the ends cool, regardless of the length of tube
(within the limits of the horn's effective uniform 1llum1nat10n),
except as the tube shortens, a point is reached where no coagu-
lation temperature occurs, although the trend of central heating
still persists.

(2) Unequal end terminations or a non-uniform horn field will
shift the first impact of coagulation somewhat off center.

(3) If a small diameter tube is junctioned longitudinally to
a large tube with the albumin contimuous, the first impact of
coagulation always appears in the small tube at or near the junction
and in an extremely short interval of time considering either the .
heating time (time for first coagulation) of the small tube alone or
the large one alone in a length equivalent to the composite.

(L) A1l tubes at right angles to the direction of polarization
suffer negligible heating compared to the same tubes in the polarized
direction,

The foregoing suggests that the electric field distribution in

man, caused by electromagnetic radiation, say, in the 200 - 500 mc
- range (where man's vertical dimension is commensurate with wave-
length) should be reappraised in the x- and y- coordinate directions
vwhere z is in the direction of propagation of the wave. Variations
of the electric field intensity in z-direction, especially at micro-
wave frequencies, has been much discussed in hyperthermia but the
boundary value problem with field distributions in the other co-
ordinate directions has been somewhat lost when considering the
lower frequencies. The importance of polarization is also apparent.

The suggestion also arises again as to the possibility of a
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swaden hot spot in some anatomical substructure without a signifi-
cant rise of general body temperature. In this case the total
nower absorbed by a specimen would have less reaning than the volume
vower density wrich is proportional to the electric ficld intensity
scuared wvithin the omall voluno.
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PHYSICAL ASPECTS OF MICROWAVE RADIATION

Samuel Silver
Director, Electronics Research Laboratory
Department of Electrical Engineering
University of California
Berkeley

The purpose of this introductory contribution is to provide some
background in microwave electronics that is particularly relevant to the
subject of the conference. The potential hazard of microwave radiation to
biological systems is a research problem in the interaction between radi-
ation and matter. We should, therefore, consider in a broad way the seve-
ral aspects of what characterizes microwave radiation, the processes of
interaction between radiation and matter, and the measurement of the quan-
tities that are important.

Microwave radiation is a certain spectral region of electromagnetic
waves. We are all familiar with wave phenomena in one form or another.
A wave may be defined loosely as a propagating disturbance--loosely, be-
cause we must differentiate between progressive or traveling waves and
standing waves. We shall first speak in terms of traveling waves. Ina
wave we have some physical quantity that varies in space and time. For
examplc, in the case of surface waves in a body of water the physical quan-
tity is the displacement of the surface from its equilibrium position. At
- a fixed point in space the surface displacement varies with time and at a
given instant the surface displacement varies from point to point. It is not
necessary to belabor the point since everyone is familiar with water waves
and waves along strings and other structures. What is perhaps not so
generally appicciated is that wave phenomena always have associated with
them a tranasport of maomentum and energy. That is, in fact, one of the
most imnc-tant aspects of wavee.

In the case of electromagnetic waves the physically varying quan-
tity is actually a set of quantities:_glectric and magnetic field vectors.
What we have is an electric field E and a magnetic field ff in space such
that at any point they vary with time, and the time variation progresses
from point to point. Our measure of an electric field is the force that is
exerted on a concentrated electric charge placed in the field. If we should
hold a charge in an electromagnetic field, we would observe that the force
exerted on the charge varies with time. Our measure of magnetic field
is the force exerted on a small electric current element and, again, if we
should try to hold a small current element in a fixed position while the wave
passes by, we would experience a time-varying force on the element. Al-
though the electric and magnetic fields are characterized by, and accordingly
measured by, forces exerted on two different things, they are not indepen-
dent entities. One cannot have an electric field without the magnetic field
in an electromagnetic wave.
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Figure 1 illustrates a very simple type of electromagnetic wave and
the spatial relationships to which I have referred. The figure pictures the
electric and magnetic field intensities along a line of propagation of the wave
at some instant of time. The electric and magnetic field vectors are perpen-
dicular to one another and are both perpendicular to the direction of propa-
gation. We call this type of wave a TEM type denoting the transversality of
both E and H with respect to the direction of propagation.

A basic type of TEM wave is one in which E and ﬁ vary sinusoi-
dally in both time and spage. Ag we go from point P) to point P in Fig. 1
we note that the vectors E and H go from a crest value to zero, and from
P, to P3 they increase in magnitude but are reversed in direction. Pj3
corresponds to a trough in a water wave where the displacement from the
equilibrium surface is greater in magnitude than that for neighboring points
but is opposite in direction to what it is at a crest. From Pj3 to P4 the
magnitude decreases and finaliy from P4 to P5 we have a buildup to the mag-
nitude and direction corresponding to that which exists at Pj. This pattern
repeats itself periodically along the line of propagation. If x measures
distance from a maximum point such as P], the spatial variation of E at
this instant is

E:Eo cos Z‘;x (1)

where E( is the value ¢f E ai P} and \ is the distance P)Pg. \ is the spatial
period or, as it is better known, the wavelength. If, on the other hand, we
should stand at a point such a P and measure the fieid vectors as they vary
in time, we should find that the electric vector,’ say, fluctuates in time in

a sinusoidal fashion

E:= EO cos 2mvt (2)

if we take as our time reference t= 0 an instant such as the one when the
conditions are as shown in Fig. 1. The quantity v is the frequency, the num-
ber of cyclic changes in E per unit time. The velocity of propagation, the
so-called phase velocity vp, is related to the wavelength and frequency by

A = vy (3)

The phase velocity is determined by the constitutive properties of the madium
in which the wave phenomenon occurs. In the ('Base of free space the velocity
of propagation v, is the velocity of light 3 x 10® m/sec. The following table

gives values of frequency and wavelength. !
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Table I. --Frequency ranges of interest.

Operational Region v(cps) A (m)
Broadcast 500 - 1500 x 10° 600 - 200

TV 25 - 50 x 10° 12 - 6

FM 100 x 10° 3
Microwave communication 4000 - 7000 x 106 0.075 - 0.043 ‘
Microwave radar 3000 - 30,000 x 106 0.1-0.01
Infrared 3x10'2. 3 x 104 10°% - 107°
Visible light ax10M-75x10" [ 75x10M . 4x 107

We noted earlier that an important aspect of wave propagati'ob is
the transfer of energy. The flow of enexgy in a wave is described in several
ways. One important quantity is the intensity of power flow along the direc-
tion of propagation, that is, the energy crossing (per unit time) a unit of
arca normal to t-~ direction of propagation. This quantity i known as the
Poynting veclor ¢ the field in the case of electromagnetic waves. In the
case of harmonic time variation the quantity of interest is the average
value of the flow vector over a time cycle of the variation of the field vec-
tors. Quite generally it turns out to be i

s:% 0 IEU! watts/metcrz (4)

where E( is measured in volts per meter. The quantity n depends upon the
medium in which the propagation takes place and the particular form of the
wave.

The TEM type of wave which I have described is the type that is
associated with propagation along a pair of wires, or within a coaxial line,
or at large distances from an antenna (Fig. 2). More complicated types of
waves result from the process of combining or superposing TEM waves
traveling in various directions. To illustrate, consider a wave type that
can be propagated freely in a rectangular waveguide (Fig. 3); it results
from the superposition of a pair of TEM waves bouncing back and forth from
one wall to the othzr as they progress along. The composite waveform is
one in which the elctric vector E'is vertical and the magnetic vector has
on: component parallel to the y cirection and one component in the direction
of propagation.

So far we have spoken primarily of traveling waves. When a wave
encounters a change in the properties of the medium it suffers, in general,
partial reflection and transmission. The reflected wave is superimposed
on the incident wave and gives rise to a partial standing wave. In the case
of total reflection (Fig. 4) the standing wave is complete when the reflected
wave is along the same linc as the incident wave. The pattern is such that
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there are fixed points at which the resultant disturbance is zero at all times,
and other fixed points at which the disturbance is a maximum at all times.
(This situation is to be contrasted with the traveling wave considered in

Fig. 1. In the traveling wave as time progresses, the zero pcints, #nd
crest and trough points, move along in the direction of propagation., A
vibrating string with fixed ends is the result of superposition of waves
traveling back and forth along the string.

Reflection of waves is of importance in several connections. First,
it.gives us a way of measuring the properties of material. A sudy of the
constitutive properties of matter often is made by studying the fractional
reflection and transmission of electromagnetic waves through matter. The
reflectivity depends on the angle at which the wave strikes the boundary be-
tween the two media. Thus, when a material is studied by the measurement
of reflector coefficients in waveguide, allowance must be made for the way
the component TEM waves are traveling before one can make a comparison
with similar measurements made in a coaxial line. This notion is ex-
tremely important. For the sake of brevity, we shall merely refer to a
very extensive literature on waveguides for details.

The second aspect of reflection that concerns us is the standing-
wave pattern in which the field intensity is greater than or less than that
in either separate traveling wave. A field with an intensity just at the
threshold of safety in the absence of reflections can become hazardous at
the antinodes (points A in the standing-wave pattern of Fig.4) when reflection
occurs. Reflection is asociated with dimensional resonance phenomena
where the field amplitude builds up because the dimensions are such that
successive relections from walls or boundaries just overlay one another
properly in space and time. Such dimensional resonances can occur in
structures like the eyeball; the determining factor is the ratio of the wave-
length (in the medium constituting the eyeball) to the dimensions of the eye-
ball. The seriousness of the effect depends on the reflecting properties of
the walls. =

A third important aspect of reflection is its bearing on any discussion
of dosage. Consider a body, say a mouse, placed in a field whose intensity
is known in the absence of the mouse. The free-space value may have
little relevance to establishing a tolerance level for other animals, for
what is important is the field within the mouse. To determine the latter we
must determine the reflectivity of the fur and skin.

Another aspect of radiation that often comes into consideration is
the quantum structure. From the quantum-theory standpoint all electro-
magnetic radiation has a discrete structure made up of energy elements

€ = hv (5)

where h= 6. 625 x 10-34 joule-sec is Planck's constant and v, as before, is
the frequency. From the quantum standpoint the power intensity measures
the mean value of the number of quanta per unit volume flowing along in the
beam. The quantum aspect is.important'in considering processes of inter-
action between radiation and ma tter. When the interaction is at the atomic
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and micromolecular level we must consider whether or not the quantum
energy associated with the frequency v corresponds to the energy state
difference of the atoms. If it does, there is a possibility of resonance ab-
sorption at the atomic level and the possibility of dissociation. This is
the essential basis of radiation hazards in the visible, ultraviolet, and X-

ray regions, for example, and in the interaction between high-energy f:ar-
ticles and matter.

A convenient way of delineating the quantum effect is in the terms of

a temperature T,, given by

hv = kTv (6)

If Ty is very small compared with ordinary temperatures, quantum effects
are of minor, and indeed of negligible, significance in the interaction be-
tween the radiation and matter. For if resonance absorption and emission
were possible at energies corresponding to the low value of T the system
would be in a continuous state of spontaneous transitions merely by virtue

of the thermal excitation processes. And if the processes in question were
dissociative and were tc lead to irreversible changes in the system, the dis-
sociation and change would take place without the introduction of radiation.

If T, is comparable with ordinary temperatures or greater than or-
dinary temperatures the effects must be given due consideration.with refe-
rence to resonance phenomena associated with interactions between the
radiation and matter at the atomic and micromolecular level. Table II
gives the equivalent temperature Ty for various spectral regions.

Table II--Equivalent temperatures over the electromagnetic spectrum.

v(cps) TV(OK)
[ -5

Broadcast 1.5x 10 7.2 x 10
FM 108 4.8x 103
Microwave communication 1010 0. 48
jand radar ° &
Infrared 1012 48
Visible light 1014 4800

So far we have mentioned only continuous waves. Any power source
is limited by its structure as to the continuous power it can deliver and,
therefore, the amplitude of field vector that can be obtained under cw. opera-
tion is limited. The distribution of energy in time can be varied in many
ways without affecting the average power. A generator can be pulse-modu-
lated to emit energy over a very small time interval and to be inactive over
a comparably long interval. During the active interval the power attained
is many times greater than the average power. This situation is possible
since by virtue of the heat capacity and other thermal constants of the gene-
rator the power does not reach the danger point of destruction that it would
reach if the same power were delivered over a long period of time. Corres-
ponding to the peak power the field amplitude in the wave attains an enormously
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high value during the active period. One special advantage of microwave
oscillators is their susceptibility to pulsing operations. This feature may
result in the misinterpretation of the frequency dependence of radiation
hazards. The hazard may be associated with the field intensity rather than
with ‘the frequency in any direct way. In comparing results obtained at
different frequencies under pulsed conditions one must be very sure to de-
termine that the field intensities are the same and the active periods are
comparabie. i

To explain some of these points we must consider in at least a quali-
tative way how the electromagnetic field interacts with matter other than by
quantum resonance interactions. Atoms and molecules are complexes of
charge and when placed in an electric field, their charge distribution be-
comes polarized. Some systems, such as many molecules in living tissue,
already have charge distributions which are polar, that is, the center of
gravity of the negative charge is displaced from that bf the positive charge.
All membranes have polar structure. In a time-varying field the polari-
zation vibrates and by virtue of interaction between different elements of
the molecular system the electrical energy is transformed into heat. This
is the dominant phenomenon in what may be termed the low-amplitude
region. The hazard aspect of radiation of this regime is a purely thermal
one. The destruction of tissue is a secondary process resulting from the
generation of heat. If the intensity of radiation is low so that the rate of
generation. of heat can be handled by the distribution processes in the or-
ganism, the result is only discomfort. When the intensity of radiation in-
creases not only does heat generation increase but another effect comes
into play. The enforced redistribution of electric charge under the applied
field can be so great that a complete reorganization results. This is the
so-called process of field-induced transitions. It is particularly possible
in systems comprising unsatiirated bands and relatively free electrons and
comprising loose bonding such as hydrogen bonds. The interaction is only
incidentally associated with the frequency of the wave; rather, it is one of
a field effect and could be produced by static fields if static fields of compa-
rable intensity could be produced. The magnetic field vector in the electro-
magnetic waves generally plays a secondary role in this process. Magnetic
forces are considerably smaller in magnitude. But they are not entirely
negligible and in the case of large magnetic field intensities the forces can
build up to a point at which mechanical disruption can take place.

It becomes apparent quickly that what must be measured are the
electric and magnetic field vectors within the structure under study and the
frequency and power flow. Measurements within the system at a micro-
scopic level are actually impossible and the values must be inferred. It
is necessary first to measure the values in "free space' regions. The
electric and magnetic vectors can be measured by inserting probes and loops
into the waveguide or the space inside a coaxial line. The conversion to
absolute level is effected by measuring total power flow by te rminating the
line in a so-called matched load or nonreflecting load. The absorption re-
sults in heating of the load and by caiorimetric methods the absolute amount
of energy transferred to the load is measured.

The measurement of the field intensity in free-space is actually more
difficult. We generally divide the space with respect to the field produced by
an antenna into two major regions: the near zone and the far zone. In the
far zone, the dominant structure of the field car be described as a TEM wave
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as was indicated in Fig. 2. In this region the power flow takes place as
though it is emanating from a point source, thatis, in any radial direction
the intensity varies inversely as the square of the distance from the antenna.
At a fixed radius the intensity is found to be a function of the direction of
observation, that is, of the angular positions (6, $) (Fig. 2). Itis convenient
to describe the power flow in terms of the power per unit solid angle in the
direction (6, §) and to describe the directivity by a gain function g (6, ¢).
The gain function relates the power P (6, ¢) radiated per unit solid angle

in the direction (6, ¢) to the total power PT radiated by

1:,T
P(6, 3)=— g(6 ¢) (7)

4T

The electric field intensity at a distance R and in direction (6, ¢) is given
in terms of P (8, ¢) by

|22 - 2248, 8) 6

1, R

where 74, the constant of Eq. 4, for free space is 1/377 mhos. The gain
function can be measured by various methods without reference to the total
power radiated. The power radiated is the difference between the power
flowing to the antenna on the transmission line and the power reflected by
the antenna to the line. One method of determining PT is by substitution of
an absorptive load which presents the same mismatch to the line as does the
antenna and measuring the heat absorbed by calorimetric methods. The
validity of the technique depends upon the absence of any appreciable reflec-
tions from walls or other bodies outside the antenna and negligible losses

in the transmission line feeding the antenna.

In the near zone region the field has a rather complex structure and
any measurement is complicated by interactions between the measuring de-
vice and the antennas. While in principle one can measure fields in the near
zone, the measurement of the field within a body placed in the near zone
becomes exceedingly difficult.

This brief survey in no way covers all of the fundamental problems
in microwave physics and technology that are relevant to the investigation
cf radiation hazards. We have tried to point out some of the aspects of the
field which enter into all phases of studying the interaction between radio-
frequency radiation and matter and to call attention to where the interpre-
tation of experimental results may go astray.
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Fig. 1.--Spatial variation of the electric vector E and magnetic vector q
in a simple TEM wave.
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(2)

Fig. 2.--TEM waves: (a) Wave guided along by a pair of parallel wires;

(b) wave guided along between a pair of coaxial conductors; (c) wave at large
distances from a hom-type antenna: at large distances the field spreads
along radial lines as though the source were a point, and the source is di-

rective in that the intensity of the field at a given radius vanes with angular
position.
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TEMPERATURE REGULATION IN LABORATORY ANIMALS
IRRADIATED WITH 3-CM MICROWAVES '

Susan Prausnitz and Charles Susskind
University of California
Berkeley, California

Investigations carried on in Berkeley in which the thermal response
of small animals to microwave irradiation was studied have consisted of
two different types of exposure. The first is long-term, low power-density,
continuous irradiation; the second is intermittent exposure to power den-
sities varying between 0. 009 and 0. 438 w/cm?. Temperature recovery was
also studied in an effort to determine what factors influence the rate of
cooling.

Twelve-week old Swiss Albino mice weighing approximately 35 g and
3-week old Sprague-Dawley rats of approximately 80 g were irradiated with
pulsed 3-cm radiation from an AN/TPS-10D radar transmitter. Tempera-
tures were recorded using a th:wmicstor insertad rectally.

In the first series gre' Ls of mice were irradiated at low power den-
sities until death or for 4-6 hr apiece. It was found that below 0. 060 w/cm?
the temperature rise graph reaches a steady state that is below lethal tem-
peratures. The temperature at which this steady state occurs is a function
of the power density.

Close analysis of individual temperature recordings of mice exposed
to low power densities indicated an interesting phenomenon. Figure 1 shows
that instead of a uniform temperature rises and subsequent balance during
irradiation, a periodic short-term rise and fall in temperature occurs.
(This phenomenon was also seen in the data presented by the Rochester
group. ) The experiment was repeated, both with normal and with hypophy-
sectomized rats. The normal rats exhibited the same behavior as di the
mice described above, whereas the hypophysectomized rats gave smooth
temperature curves that rose and subsequently leveled off. In the latter
case there was no periodic rise and fall in body temperatures.

This behavior is suggestive of a homeostatic process. When the
animal's environment is changed .to raise the animal's body temperature
outside the normal limits, its thermal system tends to become unstable
and alters its activity to correct for the environmental change. It is sus-
pected that the hypothalamus is the thermoregulatory mechanism, but the
function of this mechanism is not fully understood. The data indicate that
at low power densities a stabilizing plateau is reached periodically after a
certain amount of overshoot. If the environment provides too much heat
the hypothalamus is unsuccessful in stabilizing the thermal system of the
animal and the animal subsequently dies.

A series of tests was made to determine whether the thermal re-
sponse to microwave irradiation is in any way affected by previous exposures.
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In the first test the mice were exposed to 0. 156 w/cm?2 for 5. 25 min
(3/4 of the LDgg). The mice were then divided into five subgroups, each re-
ceiving a rest period of different length before the power was again turned
on until death. The rest periods were 5, 10, 15, 20, and 60 min. It was
found that when the power was turned on after a rest period between 5 and
20 min, the initial average slope of the temperature rise curve was flatter
than that during the first irradiation, but after 2-3 min the slope changed to
the original rate for the corresponding body-temperature elevation. This
phenomenon is shown in Fig. 2 for cases where a 10-min rest was given.
This result was observed both when the temperature had not yet reached the
original baseline, as in the 5- and 10-min rest periods, and when it had, as
in the 15- and 20-min rest periods. Exposure after a 60-min rest period

produced a temperature rise curve similar to that obt2zined during the first
irradiation.

In the second test the mice were irradiated with power densities be-
tween 0.234 and 0. 438 w/cm? so that 1-min exposures were alternated with
rest periods of 1, 2, 3, and 5 min, till death occurred. Figure 3 plots the
results for mice irradiated at 0. 438 w/cm2 for 1 min at a time at intervals
of 1, 2, 3, and 5 min. The temperature curves show that continuous expo-
sure to this power density for 2. 5 min raises the body temperature at ap-
proximately the same rate as half or even a third of this dose of microwave
energy per unit time; during the exposure period a quarter of the continuous

energy (1:3) slowed down the temperature rise rate to approximately 70 per
cent of the origiral. This part of the data is similar to some of those re-
ported previous to this meeting by Deichmann and co-workers

A more detailed plot of the temperature-rise curves is shown in
Fig. 4. This plot indicates what happens while the power is off and offers
an explanation of why half the continuous, or control, dose of microcwave
energy per unit time results in a net temperature rise during the exposure
period that is roughly equivalent to that occurring during continuous expo-
sure. It was reported at last year's conference that body temperature con-
tinues to rise for a short time after the power is turned off at power densi-
ties above 0.2 w/cmZ2. Apparently at this power density rest periods of
1l or 2 min are not long enough to permit the mouse's body temperature to
cool below the maximum reached during the previous exposure. Further-
more, the slope of the temperature curve during exposure is the same in
each case. Therefore, by dropping out the rest peiods a temperature-rise
rate results that is very similar for continuous irradiation and for l-min
exposures alternated with 1- or 2-min rest periods.

There are two factors at play when the restperiodis longer than 2 min.
First, the body temnperature drops below the maximum reached during the
previous exposure. Second, there is an initial lag in the temperature-rise
curve in all irradiations after the first one, as can be very clearly seen in
Fig. 2; it is also evident in Fig. 4. As a result of these two factors the net
rate of temperature rise is slower than that of mice irradiated continuously.

Figure 5 indicates what occurs when a lower power density of
0. 234 w/cm? is used. In this case half the control dose of microwave energy
per unit time takes 1.5 times as long to achieve the same temperature rise
as during continuous exposure, largely because there is a temperature drop
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during most of the off periods.

It may be of interest to note the variation with tirne in body-temperature
reaction during the off periods. It appears,from Figs. 4 and 5, that cooling be-
comes more efficient with time.

It was also found that for a given power density there is a ratio of time
on to time off that produces a net balance or lowering of the body temperature.

These results seem to suggest that there is a time delay before the
cooling mechanism begins to operate, as can be seen in Fig. 2, where a 10-
min rest is given between exposures to radiation at relatively low power
density; and again in Fig. 4, where the rest period is 3 min or longer. The
initial lag is evident even when a high power density of 0. 438 w/cm? is used.
A 60-min rest period seems towprovide too long a time lapse between the ini-
tial stimulation and the repeated thermal exposure, so that the temperature
curves of the first and second exposures are identical.

In summary, then, a second exposure may be affected by a previous
one if it was given not less than 3 and not more than 20 min before, in that
the initial exposure stimulates the cooling mechanism to operate more effi-
ciently during the second exposure.

The repeated-exposure experiment was next somewhat modified by
devising a set-up that would permit faster on: off cycles, thus simulating the
type of exposure one would receive while standing in the field of a rotating
antenna.

Microwave abosrbing material suspended in a circle over the radia-
ting horn contained a pie-shaped aperture, the angle of which was variable.
Aperture angles of 30°, 60° 90° 120° 150° and 360° were used. The
structure was rotated at a speed of 12 rpm. Power densities used ranged
between 0. 009 and 0. 360 w/cm2.

Figure 6 is a summary of the results, which are still quite prelimi-
nary, although general trends can be seen. From the data compiled to date
it appears that the larger the angle the greater the temperature rise. This
seems to be in linear proportion so that

AT~Pa
where
T = steady state temperature
P = power density
a = aperture angle

Groups of mice were irradiated under varying conditions in an effort
to discover what factors determine the rate of cooling. In the first phase
of this experiment the mice were irradiated at power densities ranging be-
tween 0. 156 and 0. 438 w/cm2 with 80 per cent of the LD5g.
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The curves in Fig. 7 show that the average maximum temperature
rise was 5°C above normal. The cooling rate is the same in each case.

Three groups of mice were next irradiated at a low power density
of 0. 047 w/cm2 for various periods of time. It was shown at last year's
conference that this power density produces a steady-state temperature
rise of approximately 2. 3° C. Figure 8 shows the cooling curves of mice
irradiated at 0. 047 w/cm2 for 10 min, 1 hr and 4-6 hr. Cooling from an
average maximum body temperature rise of 2. 39 occurred at the same rate
in each case.

If a plot is made on semi-log paper of the average curves derived
from Figs. 6 and 7 the straight lines in Fig. 9 result. They are described
by a Newtonian cooling equation having an asymptote of -1. 2° C: '

T-Ty+l2=Ae™ (1)
where

1. 2 = cooling overshoot

T = temperature

t = duration of cooling

A = constant related to maximum temperature

b = cooling rate constant

The 1. 2 figure represents the cooling overshoot seen in most mice (des-
cribed previously).

Equation (1) yields upon differentiation
B k™ 5 e kit
dt

whichdescribes the rate of cooling. If Eq. (1) is then multiplied on both sides
by bit reads

bl "t s b (T - Ty * L (3)

which yields upon substitution into Eq. (2)
dT
dt

The significant thing about Eq. (4) is the fact that A and t drop out so
that the cooling rate depends solely upon the prevailing body temperature and
not upon the maximum temperature reached nor upon the length of time the
animal has already been cooling. Equation (1) also indicates that in cooling,
temperature is an exponential function of time.

= =b{T-T,+ 35 (4)

In conclusion, then, the work done at the University of California
with animals during the past year may be summarized as follows:
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(1) Normal mice and rats exposed to low level microwave irradiation
experience a net temperature rise and subsequent balance which is charac-
terized by a periodic rise and fall in body temperature. When hypophysec-
tomized rats were exposed to the same irradiation dose the resulting
temperature-rise curve was smooth.

(2) Repeated exposure to microwaves indicated that the temperature
curve from the second irradiation following a previous one by 3 to 20 min
may be modified by more efficient cooling during the initial few minutes.

If the time lag is outside these limits such modification is not apparent.

(3) Preliminary data on exposures of the rotating antenna type indi-
cate that the change in the steady state temperature rise is roughly propor-
tional to the aperture angle times the power density.

(4) The rate of cooling after exposure to microwaves depends solely
upon the prevailing body temperature and not upon the maximum tempera-
ture nor upon the length of time the animal has been cooling. Furthermore,
it was found that during cooling, temperature is an exponential function of
time.
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Fig. 7.--Comparison of the average cooling curves obtained by raising the
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ANALYTICAL AND EXPERIMENTAL INVESTIGATION
OF UNICELLULAR ORGANISMS WITH 3-CM MICROWAVES

"
Charles Susskind and P. O. Vogelhut
University of California
Berkeley, California

A clear and concise statement of the problem has to precede any
type of investigation, be it analytical or experimental. The question with
which we are concerned is the possible productior of nonthermal effects
by 3-cm electromagnetic radiation. What do we mean by nonthermal effects?

Electromagnetic radiation can act on single cells basically in two
ways: directly, by eliciting resonances in the rmolecules that constitute ithe
organism; and indirectly, by interaction with the medium in which the or-
ganism lives. This indirect action consists of a degradation of the impin-
ging energy to a form that increases the random motionsof the molecules
of the medium. In other words, the indirect action increases the tempera-
ture of the organism. Such an indirect effect of electromagnetic radiation
we shall call a thermal effect. Distinct from the indirect action of electro-
magnetic waves is the direct effect; this is a condition of resonance with
molecules in the living organism. Such radiation modifies the distribution
of the quantum levels of the molecules and changes their rotational or vi-
brational energy distribution depending on its frequency. The basic differ-
ence between thermal and nonthermal effects is, then, the action of randomly
distributed energies versus the action of discrete changes in energy levels
of the substance under investigation.

As one can clearly see, it is quite difficult to differentiate between
these two modes of action at microwave frequencies, since all that is
possible in that frequency range is a superposition of discrete frequencies
on the intrinsically random distribution of the rotational energy levels. All
one can do is to enhance the randomness of the motions by cooling or hea-
ting, and to superimpose certain frequency bands on these distributions.
Since the subject under investigation is quite tcmperature-sensitive, the
intrinsic distribution of the vibrational or rotational energy levels cannot
be eliminated by operations conducted at very !ow temperatures.

The first experimental investigations of such superpositions lead to
interesting observations. De Pereira Forjaz in 1935 investigated the influ-
ence of radio waves on the kinetics of chemical systems. 1 He observed
an acceleration of the reaction speed (up to 40 per cent) in the synthesis
of ethyl and methyl acetate and equally in the formation of the corresponding
formic acid esters. The same type of radio waves with wavelengths from
0.1 to 400 m applied to the phosphatase system shows a definite effect in
accelerating the speed of hydrolysis by about 20 per cent. Lcannot be said,
however, whether the structure of the enzyme or the enzyme-substrate com-

. pound is influenced by the radiation.
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Lepeschkin in 1945 compared the effects of heating human serum in a
water bath with its irradiation by electromagnetic rays of wavelengths from
Z to 20 m by analysis of its mean molecular weight. ¢ He observed that
heating by itself brought about a decrease of the mean molecular weight of
the serum proteins. A polymerization under the influence of heat was only
observed on euglobulin, which amounts to less than 20 per cent of the total
serum proteins, whereas serum albumin and pseudoglobulin decompose on
heating. The change in the serum that is brought about by short waves is a
much more stable effect than that produced by heating. The effect of heating
disappears after a few minutes, as long as the point of denaturization has
not been reached. Cooling of the serum enhances the polymerizing action of
short waves.

These two experiments may serve as examples of the possibility of
nonthermal effects in the region of short radio waves. The specific action
of the electromagnetic radiation on the organic molecules can be interpreted
as a superposition effect of radiation of a specific wavelength on a normal
background of thermal agitation. Enzymes or proteins are highly complex
molecular structures with a great degree of biological specificity encoded in
them. A subtle change in their structure affects their biological activity to
a variable extent, which depends on the location of the change. The usual
method by which structural changes in high molecular compounds are brought
about i8 by use of ultraviolet radiation, X rays, or particulate radiation.
However, these highly energetic types of radiation do not produce subtle
changes in most cases but actually break the molecular compounds into frag-
ments by ionization of components of the molecules. X rays can also be
used to obtain structural information about molecules by means of scattering
or diffraction. But one aspect, which may be more or less important in the
analysis of a living cell, is lost by such methods: the dynamical relation-
ships between the constituents of high molecular compounds, their modes of
vibration, of rotation, and of energy exchange in this region.

Early investigators in the field of the effects of radio waves interpreted
their observations by resorting to a description of molecular processes in
terms of displacement currents which ruk the molecules against each other
or produce mechanical stresses. Such interpretations just refer the prob-
lem of correct interpretation to a more complicated (if not impossible)
one, namely, the understanding of quantum-mechanical events by classical
descriptions.

With the advent of quantum-mechanical descriptions in the range of
microwave frequencies, as put forward in the theory of microwave spectros-
copy, a basis for interpretations of interactions of electromagnetic waves
and chemical systems has become possible and an extension of such an
analysis to short waves has assumed a less formidable character. In the
course of the present project, the problem of investigating the action of
3-cm waves on unicellular organisms has been approached along these lines.
Before undertaking such a task, it would be convenient to know that one has
a definite goal, a biological effect that is produced by the exclusive action
of electromagnetic waves of the frequency range under investigation. The
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possibility of such an occurrence has been shown by the analytical approach
that has been outlined above- -the presence of absorption bands of complex
molecules in the microwave rcgion, its importance in the dynamical speci-

ficity of high molecular compounds, and its susceptibility to changes by in-
cident radiation.

Apparent evidence that short waves and ultra-high frequencies pro-
duce nonthermal effects in unicellular organisms was found by various in-
vestigators: Fleming in the 1-20 m band, 3 supported by earlier investigations
by Haase and Schliephake;4 Nyrop;5 and Liebesny. 6 They found that growth
of micro-organisms increases under the stimulus of high frequency at a prg-
gressively faster rate with increase in power until a point of overstimulation
is reached and lethal effects occur. This point differs widely depending on
age, virulence, and extent of colonization of the organism under study.
However, in this region a good analysis of the events by means of quantum
mechanics seems rather far fetched and may be unnecessary in the long run,

if the understanding of the chemico-physical laws comes from other types of
investigations.

In the present project, the initial objective was a definite goal, a
biological effect that is exclusively produced by the action of X band micro-
waves. A logical point to start would be to irradiate unicellular organisms
at frequencies that produce resonance in the biochemical constituents of the
cell; but, unfortunately, no such data were available. Instead, yeast cells
in a suspension of buffer solution were irradiated and a change in the survival
characteristics of the organism was sought--essentially a repetition of ex-
periments performed at lower frequencies (with requisite methodological
alterations). Because of the absorption peak of water in the 3-cm frequency
range and the necessity for efficient cooling of the cells, a dilemma arose.
Water was wanted, and at the same time was not wanted--but could not be
avoided anyway, since drying the cells changes their dynamical or viable
characteristics too much to leave them useful in a rigorous experiment.

It proved possible to work out a compromise, however. The relative bio-
logical effect, i.e., survivalcef yeast c>lis, was compared in direct heating
and in microwave heating. These experiments were performed under iden-
tical conditions, with the wattage per sample the same, and the temperature
of the sucpension, the flow rates, the water bath temperature, and many
more parameters equal; and it was possible to observe an effect that ap-
peared to be produced exclusively by the action of microwaves. The rate

of survival of the cells treated with microwaves was lower than that of

the cells trcated with direct heat. All during the experiment a systematic
error was suspected; this suspicion was confirmed by the results. Yeast
cells are not killed in a water bath at 30°C but have optimum growth; how
could this well-known fact be reconciled with the finding that about 60 per
cent was killed at 30°C? The possibility of a point-heating effect camel to
mind but was found to be a false interpretation of Debye's equations, con-
firming _}he interpretation made by Higasi in a monograph published in Japan
in 1950. ¢ Direct microscopic observation of the cells during exposure was
the next step, and the apparently erroneous results were explained as
follows. It was observead that the temperature gradient produced by dielec-
tric absorption in the water causes the cells to coagulate aong the boun-
daries of little vortices. The decrease in survival value is explained by
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the fact that coagulated cells form the clones that are counted on the Petri
dish instead of clones arising from individual single cells.

Why all this interest in the biological effects of 3-cm microwave
radiation on unicellular organisms?

Since the single cell is the building material of all higher organisms,
a rigorous investigation may start at this level and produce generalizations
pertaining to the multitude of such cells. Another aspect presents itself for
experimental investigation in the microwave range, one of much more funda-
mental character since it is not connected with.the solving of any immediate
problems. This is a better understanding of the functioning of the living
cell by analysis of its mode of information transfer.

In his analytical study of the physical foundation of biology, Elsasse r8
tackles one of the most fundamental problems in science: what is the dif-
ference between an organism and an automaton? He demonstrates that the
modern theory of information has provided us with new tools for considering
problems that have been set aside in the past by the serious investigator as
too philosophical. He shows that the timidity of previous years must now
give place to new vigor in an attack upon the fundamentals of biology.

Summarizing Elsasser's analysis, one might say that he compares
two types of dynamical systems with each other: the artifacts known as
automata, and living organisms. A vast area of functional behavior is
found in which the theory of artifacts can indeed illuminate and explain the
performance of organisms. Such an analysis was made in great detail by
Rothstein. 9 Elsasser, however, professes to recognize a radical differ-
ence. He notes the amazing lack of evidence for the existence of devices
that would store information mechanistically, after the manner of storage
components of electronic computers. A similar lack of evidence has been
noted for the associated devices to be used in the distribution, writing in,
reading out, sorting, and other operations on information, which in the
view of the electronics engineer would have to be quite elaborate and con-
spicuous. Elsasser summarizes these cxperiences by enunciating the
principle that organisms on the whole do not store information by megha-
nistic means.

Viewed as an automaton, the organism must have, in von Neumann's
terminology, 10 jnstruction for the proper break-up of environmental units,
for the proper selection of the necessary components, and for their proper
arrangement. From the viewpoint of information theory, the organism must
have a sufficiently large information content. It must contain all the infor-
mation necessary for the proper break-up of the environmental unit, the
selection of proper units resulting from the break-up, and the building of a
duplicate organism from those units.

Leaving aside the different (sometimes divergent) estimates of the
information content of cells and organisms we can see right away that the
information content must be very large, so that the organism must be suf-
ficiently complex. These considerations put a lower limit on the com-
plexity of even the simplest organisms.
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If we consider the different kinds of atoms of which living organisms
are made as elementary units, we find that this number is very limited--of
the order of ten. Therefore, second-order units must be made from com-
binations of these elementary units. Such second-order units are the diverse
kinds of molecules of which an organism is composed. Tha situation is
quite analogous to the formation of a very large number of distinct words
from a limited number of letters in the alphabet of a written language.

From the viewpoint of this analogy, the formerly mentioned problem
become s formally analogous to the following one. Given a written language,
how large, in terms of the total number of words, must a book printed in
that language be in order to contain complete information necessary to manu-
facture this book? The answer depends on the nature of the environment
and on what is given for the manufacturing. If a complete linotype machine,
bookbinding machine, paper, ink, etc., are available, the book need not be
too large. If, however, only rough materials are available out of which one
must make the paper, ink, machines, etc., then the size of the book will be
beyond the practical limits of a single volume, and we shall be faced with
the problem of reproducing not a single book but an entire library. In the
case of the living organism, the situation is nearer to that of the second al-
ternative, which accounts for the tremendous complexity of organisms.

The analogy between the information content of a written text and that
of organic molecules has been pointed out by Branson!! and Gamow. 12
The physically different atoms and their physically different aggregates play
the role of letters and words.

Last year a French engineer, Polonsky, wrote an article!4 in which
he analyzed the functioning of a living cell by informa.ion theory, drawing
on biochemical and biophysical data available. He presents the following
picture: all the information necessary for adequate functioning of a living
cell is stored in the DNA, the hereditary material of the cell that is the
generator of information. The RNA is distributed throughout the cytoplasm
of the cell and acts as an amplifier of the information, transmitting it to
the effectors, which are enzymes and other proteins. The whole system
is intricately coupled by feedback loops. The most important aspect for us,
however, is the fact that he predicts, on the basis of biochemical and thermo-
dynamical properties of the involved molecules, that this information transfer
occurs by means of electromagnetic waves, modulated according to certain
codes in various frequency ranges, depending on the desired action which is
to be produced by means of this information transfer.

Elsasser has a similar idea about the functic .- 22 of the living cell.
However, he treats the problem of noise obscuring the .uformation transfer
differently from Polonsky. He considers noise as a special form of input to
the complex system of the functioning of the cell. If one does treat noise as
an input it is indeed very difficult to explain information stability, the pro-
tection of circulating information from the progressive deleterious influence
of noise. Applying these arguments to the coupling of enzymatic reactions
with the substratum of protein molecules we see that over sufficient amounts
of time the information corresponding to the structural details of these mole-
cules will be communicated to the dynamics of the cell, to higher levels of
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organization as it were, and may influence such dynamics. Polonsky solves
this problem by assuming that the cell membrane acts as a very efficient
noise filter, and that information transfer always occurs with very high re-
dundancy. Elsasser arrives at the conclusion that the structure and beha-
vior of organisms cannot be deductively derived from a few simple axioms
or principles, as is the ideal of physics and as is asserted by Polonsky.

Stimulated by this controversy about the treatment of noise in a bio-
logical system, the attention of the present project was turned to the inves-
tigation of the cell membrane. If one can find that this structure can act as
a filter for certain frequencies in the electromagnetic spectrum, a part of
the argument will be resolved and a better understanding of the functioning
of living cells will result.

The cell membrane is commonly assumed to consist of a dipole double
layer, oriented radially between thin protein layers. The properties of such
a structure have been investigated by impedance measurements. Some more
or less satisfactory interpretations in terms of molecular structure have
been advanced by analysis of data in the frequency range up to 10, 000 Mc.
The dielectric constant of the cell membrane has been estimated to be rather
low--about 3. This value corresponds to a membrane thickness of about
35 Angstroms, a value considerably lower than established by other me-
thods; however, the estimate of a dielectric constant of about 3 suggested
by several authors, which would correspond to the properties of a lipid
layer, is subject to criticism. The membrane is composed of lipid, protein,
and water. The dielectric constant of protein at very high frequencies de-
‘pends on the amount of bound water; the constant is certainly higher than 10.
It may be argued that the impedance measurement detects only the lipid part
of the membrane and, therefore, results in a smaller value of membrane
thickness than are obtained by other techniques.

If one wants to analyze the cell membrane for its possible filtering
action of electromagnetic waves, one has to proceed by assuming molecular
models of the membrane structure and making an analysis of their behavior
in the frequency range of interest. 'The filter would act by preventing cer-
tain bands of frequencies from reaching the cell interior. Since there is
at present no reliable way of measuring field intensity inside a single cell,

the approach to the problem by means of molecular models seems the only
alternative.

Such an analysis necessitates knowledge of the behavior of proteins
in aqueous solutions under the influence of electromagnetic waves, and of
their interactions with each other and with other types of molecules, such
as lipids.

The theory by Kirkwood and Shumaker, 15 which explains the influ-
ence of dipole-moment fluctuations on the dielectric increment of proteins
in solution, pertains only to static electric fields. If this theory is expanded
to include dielectric dispersion and absorption, it is found that the relaxation
time spectrum of an ellipsoidal molecule is determined natonly by external
rotatory diffusion but also by the diffusion of the mobile protons on the
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surface of the molecule.. This relationship means that the structural inter-
pretation of dielectric dispersion is considerably more complex than for a
molecule possessing a permanent dipole without fluctuation. Their analysis
of the attractive force between proteins arising from fluctuations in charge v
and in configurations of mobile protons is necessarily schematic, because

of lack of knowledge of the details of protein structure. Although it is a

force of long range at low ionic strength, it appears to exhibit specificity

only through the influence of structure on the fluctuations. In favorable

orientations, steric matching of a constellation of basic groups on one mole-

cule with a complementary constellation on the other could conceivably pro-

duce a redistribution of protons leading to a strong and specific attraction

depending on the local structural details of the complementary constellations.

For an analysis of a possible filtering action of protein molecule
arrangements it is important to note that except in highly acid solutions,
the number of basic sites on the proteins usually exceeds the average num-
ber of protons bound to the molecule, so that many possible configurations
of the protons exist, differing little in free energy, among which fluctuations
may occur. An ordered arrangement of such proteins may very well act as
a filter by virtue of resonances in the energy-level distribution of the pro-
tons that could be easily increased by splitting caused by the neighboring
strong electric fields present in the lipid part of the membrane structure.

These speculations may point the way for disproof or proof of
Polonsky's hypothesis, an objective that he has thoughtfully left to the bio-
physicists.
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SUMMARY

Studles were conducted on dogs anesthetized with sodium pentobarbiltal
and exposed to 2450 mc-CW irradiation for perlods of one to seven hours
employing a clinical microwave diathermy apparatus. The microwave energy
was directed toward the top of the head with the antenna 5 cm from the
skin and parallel to the midline of the calvarium. The fleld densitles
employed were estimated to be 0.5 to 0.8 watt/cm?. Temperature measure-
ments were made within the cranium, on the scalp, and in the rectum. The
temperature of the cerebrospinal fluid in the cisterna magna appeared to
rise more rapldly than the frontal or midbrain temperatures. Cerebrospinal
fluld and serum transaminase levels were measured after exposure to micro-
wave Irradiation. Serum transaminase elevatlons were correlated with vis-
ible thermal damage to the scaip but cerebrospinal fluid transaminase
levels did not suggest any appreciable brain tissue damage. Blood pressure,
heart rate, cerebrospinal fluid pressure, respiratory rate, and rectal
temperature measurements in dogs exposed to irradiation which had led to
death after several hours in another group suggested a shock-like trend
of events without evidence of central ner