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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 603j the 1958 conference proceedings in A3TIA Document 
No. AD 131 1+77. 

These conferences bring together key researchers in the 
biological 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 covered the conference 
subjects or related areas which might contribute to a better under- 
standing of the biological effects of microv-ave 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 Committee was formed in July 195>8 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 z>\u^:r  General, the Air Research and Development Command, Office 
of Scientific Research tnd the Rome Air Development Center of the U, S. 
Air Force. 

Members representing each of the referenced activities meet ♦vice 
each year to review the tri-service biological programs conducted by 
the Rome Air Development Center to insure that requirements of thei • 
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 D ;velopment 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 exprt&o appreciation to 
Professor Charles Susskind and to the staff of the University of 
California for their hospitality and skillful handling of conference 
arrangementsj 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 Committee on 
Biological Effects of Microwave 
Energy 

vi 



BIOLOGICAL EFFECTS OF MICROWAVE ENERGY 
AT 200- MEGACYCLES UPON THE 
EYES OF SELECTED MAMMALS 

Dr3o C»H, Addington, C« Osborn, G. Swartz, Fo Fischer, and Y. Sarkees 
Departments of Biology and Electrical Engineering 

The University of Buffalo 

SUMMARY 

No ocular changes have b°en noted in guinea pigs, dogs,  sheep and mice 
vhen 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 witn 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 power Dulsed type apparatus giving peak emanations of 
OoOU watt/cm*, with an average levex of about l/250th of this power. 
In these experiments mice  and guinea pigs were employed and no ocular 
oranges 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 U ft. from the  antenna,  still dees 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 wer«; exposed in acute and chronic 
experiments at various power densities«    None of these animals ex- 
hibited any ocular changes other than those associated with aging. 

RECENT EXPERIMENTS 

Experiments with Helical Antenna 

Gulnea_PigSo    A group of  7 guinea pigs, averaging 1 lb.  12 oz., 
•ore exposed at distances of 5 ft», and 3 ft. facing the antenna.    The 
field strengths at these positions were 220 and 3$0 raw/cm2 respectively. 
Exposure time was 60 min/day at 3, 5 and 7 days per wecK.    The total 
exposure time is  indicated in the table as well as tne average temper- 
ature elevation»    The longest experiment has run some US weeks for a 
total of 332 hours.    The average elevation of rectal temperature was 
less than 2* F. for the entire group»    None of these animals have  so 
far shown any ocular changes     (TABLE I). 

Dog and Sheep.    The dog and sheep  (TABLE II) 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.    The dog has been positioned 
J> ft. from the antenna in a field of 220 mw/cnr.    He has now logged 60 
hours.    The sheep, placed at 3 ft. from the antenna in a field of 
350 nm/cmr, 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 lbs.    Neither of these animals has shown any ocular changes 

Mice.    Several litters of mice irradiated continuously in the 
chamber at field intensities of 50 to 200 mw/cm*,  successfully passed 
through U generationso    During this period the eyes were observed at 
regular intervals and no ocular changes other than associated with 
normal aging were seen. 

Experiments 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 guinea 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 11.81" F., and pig II at U ft. was 2.1*3° F.    The fields at 
these positions were 390 and 19U mw/cnr.    The remaining five animals 
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 (Z 
axis) or were broad side to it (X axis).    Although the temperature 
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.    In all fairness one  should point out that it is much more 
difficult to accurately examine  large animalso    It is impossible to use 
the  major slit lamp.    He 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 k n0" silk suture.    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 securely 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 3tiff 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 
mw/cm^.    In UO minutes the rectal temperature rose 1»°° 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 same 
position but not under anesthesia. The rectal temperature rise was 
almost twice that of the anesthetized animal.(TAB1B VI). 

We have also inserted thermocouples and thermitio^s in isolated 
beef eyes suspended by nylon threads and kept moist by a continuous 
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 IM THE FIETO 

Drs. C.H. Addington, C. Osborn,  G.  Swartz, F. Fischer,  and Y.  Serkees 
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 "antenna 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 energy in a similar or related manner, 

EXPEtlMENTS 

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 models of various shapes filled with egg albumen 
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 concentrated 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* 

Uo Cylinders having an end gradna Ay tapering to a point exhibited 
local heating in the tip of the taper .all as midway along the cylinder 
as described above• 

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

60 Where multiple tubes a   jOineu i   3ng radial lines to a central 
cylinder or sphere were irradiated,  only those aligning in the plane  of 
polarization heated disproportionately ari 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 yisera» 

Intra-pentoreal Temperatures - localized 

Data obtained with albumen models stimulated the initiation of ex- 
periments designed to    give information 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 following minimum r„f„ plans were run to externally 
located telethermometers of the Yellow Springs type0 

This preliminary report includes findings in only three experiments 
of this type completed to date    The guinea pigs were totally exposed 
in the Z axis  (plane of propagation) to 390, 180 and 10$ mijliwatts 
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 temperature with accuracy 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 tr.e curve of but one will suffice 
as typical for illustrative purposes, 

11 
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Graph 1»    Intraperitoneal Temperatures 

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 Co    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 
o*" our experiments we can report two integumentary burns to date.    One 
n\   ohese was on the lateral thorax of a 70 lb. dog irtiich 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 I» 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 lb.  sheep which hau oeen totally 
exposed for UO minutes where the incident intensity was 165 PI" Iwatts 
per square cm-    At the end of the exposure rectal temperature t -jd 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. 

12 



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 
mouth of the horn where incident field strengths are approaching 500 
milliwatts per cm . 

The dog which expired has been exposed to about 200 milliwa* ts/cm* 
for 31 minutes. 
hi lbs. 

Rectal temperature reached 112° F.    The animal weighed 

The  guinea pigs weighed approximately 28 to 30 ounces each and were 
exposed to U32, 500 and 680 raw/cm2 for 28, U0 and 18 minutes 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 number of deaths we have 
recorded in our experimental work since we have not tried to determine 
ID 3'0s 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 programs are tolerated quite well,    llore 
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 their 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 h different field intensities in the  T axis  (plane  of polarization) 
and at 90* in the I axis. 

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

Watts per sq. cm. 

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.    "Bhen 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 to 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. 

U. 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. 

5. 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. Ho Addington, C. Osborn, 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 models 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 Meter 
was described in the article referred tc, 

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 energized 
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 distort 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 minimum 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« 

NEW TRENDS 

In order to minimize the effect of the minimum electric field 
component at least two other recourses are open:    (l) 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 itemB and will be discussed in this 
paper just a little later on,  along with a miniaturized thermometer. 
There is no doubt that the basic trend 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 whi^h 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/cm2 

at the mouth diminishing ncnuniformly to 0,5 mw/cni2, along an axial line, 
at the end of the U2-ft anechoic chamber,    This point is 25.5 ft distant 
from the mouth of the horn.    The horn and launcher were designed experi- 
mentally from smaller models operating at 5 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 palvanized 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-stub 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 
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«power off." 

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 transmitter 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    'uaffected. The presence of pickup on 
thermal measurements alwys 3&Z. oe detected reliably by noting the 
existence of the short thermal transient of the probe upon"power on" or 

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  ->r.  links 
exterior to the anechoic chamber do not seem feasible. ALüO, 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 tv  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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MINIATURE 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 l/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 l/2-volt 
battery.    An averaging shunt rectifier (IN51^A) 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 
iricroammeter 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 l/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 'bdjusti1 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 1-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 3hould 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 poundsj 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. 

ELECTRICAL FIELD INTENSITY vs.  POWER DENSITY 

The group would li*.e 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 1-inch readout meter to read 
about 35°F above bridge-balance temperature.    The entire assembly 
was housed in a metal mini-box 2 3/U" 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 momentarily 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 thrt 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 

19 



provocative study of simple geometric shapes of polystyrene tubing 
filled with egg albumin and exposed to an r-f field. 

The tube3 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 li^p 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: 

'. I; 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 illumination)) 
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 functioned longitudinally to 
a large tube with the albumin continuous, the first impact of 
coagulation always appears in the small tube at or near the junction 
and in an extremely snort 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. 

(It) All tubes at right angles to the direction of polarization 
suffer negligible heating compared to the same tubes in the polarized 
direction. 

man 
The foregoing suggests that the electric field distribution in 

,  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 
where 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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.'jucuien hot spot in some anatomical substructure without a signifi- 
cant rise of general body temperature. In this case the total 
power absorbed by a specimen would nave loss meaning than the volume 
power density which is proportional to the electric fiold intensity 
scuared within the email volume. 
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PHYSICAL ASPECTS OF MICROWAVE RADIATION 

Samuel Silver 
Director,   Electronics Research Laboratory- 

Department of Electrical Engineering 
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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.    In a 
wave we have some physical quantity that varies in space and time.     For 
example,   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 :. j,,> eclated is that w.ivc phenomena always have associated with 
them a ttftfljpoxt of momentum and energy.     That is,   in fact,   one of the 
most irnKt^n'. aspects of waves 

In the case of electromagnetic waves the physically varying quan- 
tity is actually a set of quantities:_electric and magnetic field vectors. 
What we have is an electric field E and a magnetic field H* 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. 



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 H  vary sinusoi- 
dally in both time and space-    As^we go from point Pj to point P2 in Fig.   1 
we note that the vectors   E  and   H go from a crest value to zero,   and from 
Pp to P3 they increase in magnitude but are reversed in direction.    P3 
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 P3 to P4 the 
magnitude decreases and finally from P4 to P5 we have a buildup to the mag- 
nitude and direction corresponding to that which exists at Pp     This pattern 
repeats itself periodically ajong the line of propagation.     If x measures 
distance from a maximum point such as Pj     the spatial variation of E at 
this instant is 

E„ cos L.   TTX 
(1) 

where EQ is the value  cf E a„ Pj and \  is the distance PjP^.     \  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 Pj and measure the fiejd vectors as they vary 
in time,   we should find that the electric vector,' My,   fluctuates in time in 
a sinusoidal fashion 

E ■ E    cos Zrtvt (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 phaeo velocity vp,   is related to the wavelength and frequency by 

v\ - vr (3) 

The phase velocity is determined by the constitutive properties of the medium 
in which the wave phenomenon occurs      In the case 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) Mm) 

Broadcast 

TV 

FM 

Microwave communication 

Microwave radar 

Infrared 

Visible light 

500 -  1500 x 103 

25 -  50 x 106 

100 x 10 

4000 -  7000 x 10 

3000 -  30, 000 x 10 
12                   14 3 x 10** - 3 x 10 

14                        14 4 x 10       -  7. 5 x 10 

600 - 200 

12 - 6 

3 

0. 075 - 0. 043 

0. 1 - 0. 01 

io-4- lO"6 

7. 5 x 10"U - 4 x 10 

We noted earlier that an important aspect of wave propagation is 
the transfer of energy.     The flow of eneigy 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 
area normal to tu~ direction of propagation.     This quantity ij known as the 
Poynting veclor c    the field in the case of electromagnetic waveü.    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 turnd out to be 

S = \  >\   |SQ]    watts/meter2 (4) 

where EQ 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 superpoaing 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 oth^r aa they progress along.     The composite waveform is 
one in which the elctric vector  E  is vertical and the magnetic vector H  has 
on.; component parallel to the y i irection 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 giveü rioe to a partial standing wave.    In the case 
of total reflection (Fig.   4) the otanding wave is complete when the reflected 
wave ts along the same lino 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 prints,   rid 
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) 

-34 where h -   6. 625 x 10   "     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 j>er unit volume flowing along in the 
beam. The quantum aspect is.important in considering processes of inter- 
action between radiation and matter.     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 in 
the essential basis of radiation hazards in the visible,   ultraviolet,   and X- 
ray regions,   for example,   and in the interaction between high-energy par- 
ticles and matter. 

A convenient way of delineating the quantum effect is in the terms of 
a temperature T   ,   given by 

hv = kT, (6) 

If Tv is vety 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 to 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(°K) 

Broadcast 1. 5 x  10b 7. 2 x IO"5 

FM io8 4. 8 x IO-3 

Microwave communication io10 0. 48 
and radar 

Infrared IO12 48 

Visible light io14 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 
comparable. 

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 unsatürated 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 terminating the 
line in a so-called matched load or nonreflecting load.     The absorption re- 
sults in heating of the load and by caJonmetric 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,   that is,   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 (8, <j>) (Fig. 2).    It is 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 (8,   (|>). 
The gain function relates the power P (6,   <j>) radiated per unit solid angle 
in the direction (6,   <j>) to the total power P-p radiated by 

PT P(e, }) = _! g(e, +) (7) 
4TT 

N oi rr 
TI0R 

where q0 ,   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 P-r- 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. 

i 

The electric field intensity at a distance R and in direction (8,   <{>) is given 
in terms of P (8,   <j>) by 

*JZ» 2,M> (8) 
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Fig.    1. --Spatial variation of the electric: vector iTand magnetic vector H 
in a simple TEM wave. 
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CC 

(a) 

e= o 

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 vhe 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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^- z 

Fig. 3. --Superposition of two TEM waves to from a TE wave in a rectangular 
waveguide. The arrows indicate qualitatively the relationships between Eand 
fTat the plane z - 0; distribution of rf[ong on the bottom is opposite in sense to 
that on the top wall of the waveguide. 
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Fig.   4. --Relative spatial distributions of electiic and magnetic intensities 
when a plane wave undergoes total reflection under normal incidence on a 
perfectly inducting plane boundary.    The field intensitites at antinodes (A) 
are in each case twice the maximum value in a single traveling wave.    Nodal 
points of F7 coincide with antinodes of H. 
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TEMPERATURE REGULATION IN LABORATORY ANIMALS 

IRRADIATED WITH 3-CM MICROWAVES 

Susan Prausnitz and Charles Siisskind 
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 fvom an AN/TPS-10D radar transmitter.     Tempera- 
tures were recorded using a tharmiutor inaertsd rectally. 

In the first series grc ys 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 rise 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 rata.    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/cm2 for 5   25 min 
(3/4 of the LD50)-    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 obtained during the first 
irradiation. 
■ 

In the second test the mice were irradiated with power densities be- 
tween 0. 234 and 0. 438 w/cm2 so that l~min exposures were alternated with 
rest periods of 1.   2,   i,   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 original      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 microwave 
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/cm2.    Apparently at this power density rest periods of 
1 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 
ea<„h case.     Therefore,   by dropping out the rest peiods a temperature-rise 
rate results that is very similar for continuous irradiation and for  1-min 
exposures alternated with 1- or 2-min rest periods. 

There are two factors at play when the rest period is longer than 2 min. 
First,   the body temperature drops below the maximum reached during the 
previous exposure.    Second,   there is an initial lag in the temperature-rise 
curve in al) 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/cm2 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,   iargely 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 time 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 tovprovide 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 
I ■ 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 LD50* 
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The curve8 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- 3° 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 - T0+  1.2= Ae"bt (1) 

where 

12=  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 

dT        AU   "bt /?\     =-Abe „ (2) 
dt 

which describes the rate of cooling.    If F.q.   (1) is then multiplied on both sides 
by b it reads 

bAe"bt= b (T - T    +  1. 2) (3) 

which yields upon substitution into Eq.   (2) 

— -   -b (T - T    +   1. 2) (4) 
dt U 

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. 

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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Body temperature 
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Radiation 
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Fig.   1. --Typical individual temperature record at low rower density. 
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Fig.   7. --Comparison of the average cooling curves obtained by raising the 
body temperature of mice 5°C above normal,   at vari-ous power densities. 
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Fig    8- --Comparison of  the average cooling • -irves obtained by raising the 
body temperature of mice 2   C above normal      All mice were irradiated at 
0. 047 w/cm ,   but exposures were of different durations. 
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Fig.   9. --Average postirradiation cooling curves. 
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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 production 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 molecules that constitute the 
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 temperature-sensitive,   the 
intrinsic distribution of the vibrational or rotational energy levels cannot 
be eliminated by operations conducted at very low 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. '   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.    Ilcannot 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 
2 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 is 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 rub 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 or^aniams 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 region,   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 honthermal effects in unicellular organisms was found by various in- 
vestigators:   Fleming in the 1-20 m band, * supported by earlier investigations 
by Haase and Schliephake;^ Nyrop;^ and Liebesny. "   They found that growth 
of micro-organisms increases under the stimulus of high frequency at a pro- 
gressively faster rate with increase in power until a point of over stimulation 
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 ceils,   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.,   survivabof yeast c ilia,   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 suspension,   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 treated with direct heat     All during the experiment a systematic 
error was uuspected; 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 came to 
mind but was found to be a false interpretation of Debye's equations,   con- 
firming the 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 observed 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. 

, W'.h y all this interest in the biological effects of 3-cm microwave 
radiation on unicellular organisms? 

Since the single ceil 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. 

g 
In his analytical study of the physical foundation of biology,   Elsasser 

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 

t 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. »    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 experiences by enunciating the 
principle that organisms on the whole do not store information by mecha- 
nistic means. 

Viewed as an automaton,   the organism must have,   in von Neumann's 
terminology, *' instruction 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.    The 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. **i ** 
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*'* in which 
he analyzed the functioning of a living cell by information 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 functi^     <". of the living cell. 
However,   he treats the problem of noise obscuring tne information 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.    Elsa3ser 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, ■" 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 not only  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 
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. 

The_e 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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Studies were conducted on dogs anesthetized with sodium pentobarbital 
and exposed to 2^50 mc-CW irradiation for periods of one to seven hours 
employing a clinical microwave diathermy apparatus. The microwave energy 
was directed toward the cop of the head with the antenna 5 cm from the 
skin and parallel to the midline of the calvarium. The field densities 
employed were estimated to be 0.5 to 0.8 watt/cm2. Temperature measure- 
ments were made within the cranium, on the scalp, and in the rectum. The 
temperature of the cerebrospinal fluid in the clsterna magna appeared to 
rise more rapidly than the frontal or midbrain temperatures. Cerebrospinal 
fluid and serum transaminase levels were measured after exposure to micro- 
wave irradiation. Serum transaminase elevations were correlated with vis- 
ible thermal damage to the scalp 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 nervous motor excitation or convul- 
sions.  The primary heat-loss mechanism of panting was evident early in 
all exposures. 

INTRODUCTION 

The work with experimental exposure of dogs to microwaves in this 
laboratory has been oriented by two questions: (a) Are some deep-lying 
organs of the head or trunk relatively more vulnerable to microwave ir- 
radiation than others? and (b) What patho-physiological reactions are 
set up in organs and tissues as a result of the irradiation of limited 
areas of the head or trunk? 

The results from earlier studies on microwave energy absorption in 
which it was found that the temperature of the contents of certain visceral 
organs was markedly increased1 suggested that body tissues adjacent to such 
fluid-filled hollow viscera as the gall bladder, stomach, intestine, or 
urinary bladder might suffer thermal damage.  Thus, in a recent series of 
investigations, the results of liver function tests were obtained following 
abdominal irradiation but, as previously reported,2 no positive evidence of 
liver damage was found. 
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The present report gives results of head Irradiation studies. The 
time-courses of temperature elevations In the cerebrosplnal fluid of the 
clsterna magna, In the mid- and forebraln tissue, on the surface of the 
scalp directly In the path of the radiation, and In the rectum are de- 
scribed. A lethal head-irradiation pattern has Included measurements of 
cerebrosplnal fluid and blood pressures, heart and respiratory rates, 
and rectal temperatures in similarly irradiated dogs. Besides the usual 
visible signs referable to central nervous system involvement, a trans- 
aminase test sensitive to brain cell damage has been used in an effort to 
detect subtle sub-clinical brain tissue damage. Thus far the effects ob- 
served could be ascribed solely to the thermal effect of microwave Irrad- 
iation. 

METHODS 

Healthy, mongrel dogs weighing 11 to 15 Kg were anesthetized with 35 
mg/Kg of sodium pentobarbltal and placed in a prone position on a light 
wooden frame. The head was supported by a gauze sling under the mandible. 
The rectangular director of a clinical microwave diathermy machine (Ray- 
theon Mlcrotherm, Model CDM10 with "C" director) was placed with its long 
axis parallel to the mldline of the calvarlum.  In this position the 
antenna was 5 cm from the surface of the scalp and a near-field or, at 
most, cross-over field, was considered to exist at the scalp.  Power den- 
sities calculated on this basis are approximations. Depending upon the 
percentage of the maximum power output of the diathermy unit used, the 
calculated field Intensities at the scalp varied from 0.5 to 0.8 watt/cm2. 

Copper-constantin thermocouples were used for temperature measurements 
which were read out on a multichannel recorder (Brown Electronik).  Intra- 
cranial temperatures were obtained by passing the thermocouples into the 
brain through small holes drilled In the skull. The clsterna magna tem- 
perature was obtained by passing a thermocouple through a hollow needle 
inserted between the first and second cervical vertebrae. Thus, simulta- 
neons recording of temperature was obtained from the frontal lobe (thermo- 
couple Inserted through the frontal bone to one side of the mldline), the 
mid-brain (thermocouple Inserted from the side through the temporal bone) 
and the clsterna magna in close association with the medulla and roof of 
the fourth ventricle. Rectal temperatures were similarly obtained at a 
point about 6 cm inside the external anal sphincter. Skin temperatures 
were measured on the irradiated scalp surface. Temperature measurements 
were made with the microwave generator turned off. 

Pressure transducers (Statham Laboratories) with amplifiers and re- 
corders were used to measure spinal fluid pressure from the clsterna magna 
and arterial pressure from the femoral artery. Heart and respiratory rates 
were obtained from the blood pressure or spinal fluid pressure tracings. 

Serum and spinal fluid transaminase levels were measured by an adapta- 
tion of the method of Reltman and Frankel.' Serum and spinal fluid glutamic 
oxalacetic transaminase levels (GO-T) were measured using a prepared sub- 
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strate of alpha-ketoglutarate and L-aspartate (Sigma Chemical Company), 
then measuring the oxalacetate produced spectrophotometrically after devel- 
opment of an amber color with 2, 4- dlnltrophenyl hydrazln and hydrochloric 
acid. 

RESULTS AND DISCUSSION 

The mildest Irradiation study will be presented first. In this study 
the power output of the generator was monitored or varied to prevent, ac 
nearly as possible, skin damage. Preliminary experiments have shown that 
about 42°C Is a threshold of skin temperature above which, with the type 
of Irradiation used, thermal damage to the skin will occur over periods 
of exposure of about two and one-half hours. Accordingly, 10 dogs were 
subjected to power densities averaging 0.5 watt/cm2 at the scalp for 
150 minutes. The purpose of this experiment was to determine the 
pattern of temperature changes at the three intracranial sites and at the 
relatively distant, but physiologically associated, site In the rectum. 
The results are shown In Table I. 

TABLE I 

TIME-COURSE OF TEMPERATURES AT VARIOUS SITES IN TEN DOGS SUBJECTED 
TO IRRADIATION OP THE HEAD WITH MICROWAVE ENERGY MONITORED 

TO PREVENT EXCEEDING 42°C AT THE SCALP. 

  
Time Temperature, °C 

Minutes from Frontal   Mid-    Cisterna 
Onset of Exposure   Scalp   Lobe     Brain   Magna     Rectum 
  
Control 

10 
20 
30 
40 

IS 
90 

100 
110 
120 
130 
140 
150 

34.1 38.4 38.5 38.2 38.1 
40.0 39.1 39-3 40.1 38.7 
40.1 39.6 39.6 40.2 39.1 
40.3 39-9 40.0 40.3 39.4 
40.9 40.2 40.3 40.7 39.7 
41.0 40.3 40.4 40.8 40.0 
41.0 40.6 40.4 40.9 40.1 
41.1 40.6 40.6 41.3 40.3 
41.4 40.7 40.7 41.1 40.4 
*1.3 40.8 40.7 41.3 40.5 
41.6 40.9 40.9 41.3 40.6 
42.2 40.9 41.0 41.4 40.7 
42.0 40.9 40.9 41.4 40.9 
41.9 41.0 41.0 41.4 40.9 
42.3 41.0 41.1 41.5 41.0 
42.5 41.0 41.1 41.6 41.1 
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As seen in this table, the temperature was increased more rapidly in 
the cisterna magna than in any of the other sites where it was measured 
with exception of the skin. Panting began within the first ten minutes 
of irradiation. Although the temperatures measured in the brain, cistern* 
and rectum were initially similar, the temperature in the cistern was 
increased more rapidly and to a greater extent than in the other locations 
during the irradiation. 

As might be expected the experimental procedure just described had no 
serious effect upon the animals beyond the hyperthermia and minor skin 
damage to the scalp.  It was suggested by these findings that the relatively 
slowly circulating fluid within the cisterna magna accumulated heat more 
rapidly than the other brain tissue sites which represented well-vascular- 
ized tissue. 

With the thought that perhaps brain cells in relatively close approxi- 
mation to the fluid-filled ventricles of the brain or to the subdural fluid- 
filled areas such as the cisterna magna might suffer damage at temperatures 
similar to or greater than those of the first experiment, a second more 
severe heating regimen was used. In this experiment 12 dogs were exposed 
to the maximum output of the generator for one hour and 6 dogs were exposed 
to the same output for two hours. Cerebrospinal fluid glutamic-oxalacetic 
transaminase (GO-T) was measured in all dogs at 12-hour intervals from 
immediately after the irradiation period to 168 hours later. Only the 
results in the longer exposure will be presented since even in these the 
evidence for subtle brain cell damage was essentially negative as far as 
the chemical test chosen was concerned. Table II summarizes this part of 
the experiment.  In this table are shown the scalp and rectal temperature 
time courses during the irradiation period. The control levels of trans- 
aminase in both the serum and cerebrospinax fluid were obtained prior to 
irradiation. The serum transaminase was increased in accordance with the 
thermal damage to the scalp which was apparent visually. The lack of a 
clinically significant rise in cerebrospinal fluid transaminase was inter- 
preted as indicating that not only did damage to brain cells probably not 
occur, but the blood brain-barrier to this particular enzyme remained in- 
tact and allowed essentially no leakage from the blood, where the enzyme 
was abundant, into the cerebrospinal fluid. 

Another series of 11 dogs was subjected to maximum output of the gen- 
erator until death resulted. The time of irradiation in this group varied 
from 3 to 7 hours.  In all of these animals the scalp and rectal tempera- 
tures were measured at 10-ainute intervals during the irradiation.  In 
seven of the animals, frontal, mid-brain, and cisterna magna temperatures 
were also recorded. In most cases the temperatures measured in the various 
sites soon exceeded k5°C  except for the rectal temperature.  The upper limit 
of the recording potentiometer was '+5°C-  Table III uhows the irradiation 
time which was lethal in each case, together with the terminal rectal 
temperatures and the increment of each rectal temperature above the control 
value.  Also shown are the weights of the animals  There appears to be 
no high correlation between the weight, the final rectal temperature in- 

,        crease, and the lethal irradiation time  Whether a high correlation exists 
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TABLE II 

TIME-COURSES OF TEMPERATURES DURING IRRADIATION, 
AND SIQMA-FRANKEL UNITS/ML OP OLUTAKIC OXALACETIC TRANSAMINASE (OO-T) 
AFTER IRRADIATION IN DOOS SUBJECTED TO APPROXIMATELY 0.8 WATT/CM2 

MICROWAVE IRRADIATION OF THE HEAD. 

During Expo sure Period P0£ it-Exposure Period 
Temperature, °C Serum 0-S Fluid 

Time Time 
(min.) N Scalp Rectum (hrs.) N 00- 1    N 00-T 

Control 6 33.7 38.0 Control 5 17 5 9 
10 6 39.8 38.8 0 5 20 5 12 
20 6 40.2 39.2 12 5 105 4 18 
30 6 40.4 39-6 24 5 117 4 26 
40 6 40.7 39-8 36 5 93 3 19 
50 6 41.0 40.0 48 4 59 3 20 
60 6 41.0 40.1 6o 4 38 4 20 

70 6 41.4 40.2 72 5 39 5 16 
8o 6 41.9 40.4 84 5 24 5 12 
90 6 41.9 40.5 96 3 23 4 14 

100 6 43./* 40.7 108 3 18 3 14 
110 6 43.-/* 40.8 120 5 20 5 17 
120 6 44./* 41.0 132 5 22 5 19 

144 4 20 5 19 
156 5 18 5 16 
168 5 25 5 18 

* Some Individual values exceeded the maximum of 45°C which could be 
measured with the recording potentiometer. 
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TABLE III 

LETHAL IRRADIATION TIMES AND CORRESPONDING* TERMINAL 
RECTAL TEMPERATURES AND FINAL INCREMENT OF 
RECTAL TEMPERATURE OVER CONTROL VALUES. 

Lethal Terminal Increment 
Weight Irradiation Rectal Temp. over Controls 
(Kg) Time (min.) (°C) (°c) 

14.0 150 43.8 5.5 
lM 190 44.2 6.2 
12.3 210 44.4 6.8 
11.5 230 43.2 • 4.6 
11.0 260 44.1 6.7 
io.8 270 42.4 4.9 
11.2 280 44.2 7.1 
12.8 310 42.8 4.4 
14.5 380 43.5 6.8 
12.2 400 43.9 6.8 

between any of the other temperatures measured and the time required for 
lethal termination cannot be stated since the upper limit of the recording 
potentiometer was exceeded in this study. The cisterna magna temperatures 
were increased more rapidly than those of the other two intracranial sites 
before reaching the upper limit of the temperature recorder. 

A final series of irradiations was carried out in 2 dogs. This was 
performed in the same manner as the group summarized in Table III except 
that attention was directed to records of the femoral arterial blood 
pressure, the spinal fluid pressure, the respiratory and heart rates, and 
the rectal temperature. This attempt to characterize the mechanism of 
the fatal terminations seen above was partially frustrated by the fact 
that rectal temperatures in both of the latter dogs did not reach the 
levels of the previous group (Table III) and neither of the animals suc- 
cumbed to the irradiation regimen carried out for six and a half hours. 
The data from these experiments have been abbreviated to show control and 
half-hour values for each dog instead of the detailed 10-mlnute Interval 
data that were recorded. These time courses are shown In Table IV. Al- 
though the irradiation regimen was not lethal, the animals had begun to 
exhibit some evidence of cardiovascular embarrassment near the end of the 
exposure period. Evaluation of the significance of measured biological 
variables during an experimental regiment of this kind requires knowledge 
of the effect of the anesthetic employed upon the respective variables. 

It has been shown that sodium pentobarbital causes a depression of 
respiration, essentially no effect on blood pressure except for an initial 
depression lasting only a few minutes, and an increase in heart rate.' In 
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TABLE IV 

TIME COURSES OF RECTAL TEMPERATURE, ARTERIAL PRESSURES, 
CEREBROSPINAL FLUID PRESSURES, AND HEART AND RESPIRATORY RATES 

IN TWO DOGS (A AND B) RECEIVING MICROWAVE IRRADIATION TO THE HEAD 
AT A CALCULATED POWER DENSITY CfO     Vi ATT/CM2. 

Time Rectal Pressures (mm Hg) Rates per min. 
(hr..) T.   °C Systolic Diastollc C-S-F Heart Resp. 

A A A A A A 
B B B B B 

0 38.2 180- - 128 7.0 180   _ 12 
38.3 170 115 12.0 156 4 

.5 39.0 205 145 6.5 180 14 
39.1 183 128 8.0 120 4 

1.0 39.6 195 145 4.2 180 37 
39.8 186 131 7.5 104 6 

1.5 40.1 208 150 6.5 180 108 
40.5 190 133 4.8 138 15 

2.0 40.2 190 138 6.0 198 140 
40.5 190 142 11.0 156 34 

2.5 40. S 190 143 6.5 198 100 

41.0 200 142 12.5 156 12 
3.0 41.2 200 142 4.5 180 108 

41.5 200 142 11.0 162 52 
3.5 41.2 200 155 4.5 222 140 

41.6 200 150 11.0 198 82 

4.0 41.1 178 13S 4.5 198 152 
41.5 190 142 8.5 198 82 

4.5 41.0 175 142 6.0 198 164 
41.8 213 165 10.5 198 14 

5.0 41.9 203 142 4.5 105 92 
42.3 2H 165 15.0 240 104 

5.5 42. 1 190 133 6.3 120 96 
42.7 195 142 14.0 258 124 

6.0 42.3 165 138 8.0 240 136 

422 178 130 12.0 288 136 

6.5 42.2 155 120 8.5 255 136 
  155 120   250 96 
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the above experiments (Table IV) the rapid heart rate measured during the 
entire irradiation period probably resulted, in part at least, from the 
effect of the sodium pentobarbital anesthesia maintained throughout the 
period. The decrease in blood pressure near the end of the exposure can 
be attributed almost entirely to an effect resulting from the irradiation. 
The decrease in blood pressure without a concomitant decrease in heart 
rate suggests a decrease in cardiac output, a net vascular dilation, a 
reduced blood volume, or elements of all three factors. This shock-like 
trend occurred without any visible sign of central nervous motor excita- 
tion of a convulsive nature. 

BIBLIOGRAPHY 

1. Hines, H. M. and Randall, J. E.: Elec. Eng. 11:879, 1952. 
2. Imig, C. J. and Searle, Q. W. in: Proceedings of the Second Tri-Service 

Conference on Biological Effects of Microwave Energy. 1958. P« 2^2. 
3. Reitman, S, and Prankel, S.: Am. J. Clin. Path. 28:56, 1957- 
H-,     Imig, C. J., Randall, B. F., and Hines, H. H.j Proc. Soc. Exper. Biol. 

and Med. 82:9, 1953. 

61 



Effects of Environmental Temperature and Air Volume Exchange 

on Survival of Rats Exposed to Microwave Radiation 

of 24,000 Megacycles 

William Bo Deichmann, E. Bernal, and M. Keplinger 

of the 

Department of Pharmacology 
University of Miami School of Medicine 

Coral Gables, Florida 

Experimental 

Female albino rats of Osborne-Mendel stock were used, with the exception 

of the control rats in the third experiment,    These were Sprague-Dawley animals. 

All rats were housed in air-conditioned quarters (24°C t l°C)c   They were 

exposed individually to microwave energv in an absorbent-lined, 1130 liter 

chamber equipped with a 10 db standard horn antenna directed down upon an 

animal.   During an exposure, a rat was restrained in the prone position by a 

Plexiglas holder described in detail elsewhere. (1)„   The animal was prevented 

from turning on its long axis by taping its tail (scotch tape) to the holder.   This 

was important in directing the exposure solely to the lumbar area.   In all 

experiments, exposure was kept constant at 250 mw/em  .   Rectal temperatures 

were determined by a mercury thermometer, and by a flexible plastic- covered 

probe connected to a thermistor thermometer bridge with a range from 35° to 

46°C, 

Presented by Wm, B. Deichmann at the Thira Tn-Service Conference on 
Biological Hazards of Microwave Radiation, Berkeley, California, August 25, 
26, 27, 1959, 

The investigation was sponsored by the Rome Air Development Center Air 
Research and Development Command, United States Air Force. 
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Results 

Three experiments were conducted.   In the first, all rats were exposed 

continuously until death to determine the relationship between environmental 

temperature and period of survival.   This was found to be as follows: 

No. of 
Rats 

Exposed 

Temperature in 
Exposure Chamber 

Mean 
Period of 
Survival 

ruin 

10 35 I 0.5 17.4    (16,5 to 19 min) 

10 30 t 0.5 21.0     (18 to 23 min) 

10 25 t 0.5 26.8     (23 to 30 min) 

10 20 t 0.5 36.3    (30 to 46 min) 

10 15*1.0 47.0     (40 to 63,5 min) 

The effect of the environmental temperature was reflected in the rates of 

rise, but not on the maximum rectal temperatures produced, (Table 1).   At death, 

the local effects in the lumbar area were similar, whether rats suffered exposure 

at environmental temperatures at 15° or 35°C.   The changes ranged from first to 

third degree burns. 

In a second experiment, rats were exposed intermittently until death,   In 

this study, the current was ON for 1 minute and OF? for three minutes.   One 

group of animals (3 per group) was exposed at a chamber temperature of 30°C 

the second group at 26.5°C, and the third group at 23°C.   The data demonstrate 

again that the period of survival is markedly influenced by the environmental 

temperature at which microwave exposure occurs. (Table 2). 
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The period of survival of a rat depends largely on the animal's ability to 

eliminate or to compensate for the microwave heat energy absorbed.   The lower 

the environmental temperature (within the limits investigated), the more effective 

was the degree of compensation. 

It was speculated that the period of survival might be further increased by 

blowing air onto an animal»   In the following study, experimental conditions were 

the same as those described in the first experiment in which the environmental 

temperature was maintained at 15°C, except that in this case, a blower* was 

installed in the exposure chamber, circulating the air and blowing it onto the 

experimental and the control rat*   The control rat was placed in such a position 

that it was subjected to a similar degree of cooling, but not to the effects of 

microwaves. 

As stated above, when exposed continuously to microwave radiation at 

15°C, rats died in 47 minutes (40 to 63.5 min) with rectal temperatures ranging 

from 42. 5 to 45 ,2°C     Rats were found to live considerably longer when benefited 

by air from the blower.   The periods of survival of eight rats ranged from 14 to 24 

hours. 

One animal (D 1289) died after eight hours of exposure with its heart in 

diastole.   This rat might be excluded since the ventricles of all other rats were 

found to be well contracted     The auricles were uniformly dilated and filled with 

large clots of blood„   Another rat (D- 1084) survived 24 hours of exposure, ?t 

♦Blower. 1/15 H.P-, manufactured by the Dayton Electric Mfg. Co, .. Dayton, 111. 
Outlet velocity 3230 ft/min, volume 140 cu ft/min at zero pressure. 
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which time the experiment was discontinued,   Control animals subjected to the 

same experimental conditions but not to microwave energy survived for 12 to 21 

hours.   The rectal temperatures of the rats dropped immediately when they were 

placed in the exposure chamber, but the temperatures of the control rats - not 

benefited by radar - dropped more precipitously than those of the experimental 

animals. (Table 3). 

Discussion 

The mechanisms controlling the body temperature of the rat and man are 

not alike.   A rat seems to lack sweat glands, and it should therefore lose water 

by a mechanism different from that utilized by man.   However, it is well known 

that when a rat is maintained in a stagnant, hot and humid atmosphere, that its 

fur becomes quite wet.   To Sundstroem (2), this implies "that the rat, in addition 

to the insensible water loss, is capable of covering its surface with a film of 

water, (this), physiologically, is the crucial point."   Sundstroem believes that 

irrespective of any histological differences, the physiological function of the 

skin of man and small rodents, in regard to water elimination, may be comparable 

in a qualitative sense 

The relative humidity was recorded in all of our experiments     Since the 

values ranged from 60 to 85 per cent, it must be assumed that this factor 

influenced an animal's ability to maintain thermal homeostasis.   Future studies 

will be designed to investigate this factor in detail 

It was possible to prolong the life of a rat exposed continuously to 
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microwaves from 17 minutes to more than 17 hours by introducing an effective 

air volume exchange and by lowering the environmental temperature,   Because 

of the marked effect of these two factors, it is believed that a Maximum Safe 

Exposure Level of 10 mw/cm   is no longer acceptable without also defining 

temperature and air speed. 

Man enjoys an excellent heat regulating system, this, coupled with 

intermittent exposures, and what we may have learned from this experiment, 

may give us some explanation why human discomfort or systemic injury from 

microwaves has been nonexistent for practical purposes.   Certain accepted 

facts relating to effects by radar may need modification, unless air speed and 

volume, and environmental temperature were considered and recorded at the 

time the experiment was conducted. 

Conclusions 

1 ,)   The environmental temperature was found to influence considerably the 

systemic effects of microwave radiation oi 24,000 megacycles.   The period 

of survival of a rat was more than doubled (from 17,4 to 47 0 min) by a drop 

in environmental temperature from 35°C (95''F; to 15°C (59°F)     A most 

remarkable prolongation of life was brought ar<out by an effective air volume 

exchange     Rats exposed continuously to 250 mw/cm   at 15 C lived for 47 

minutes (40 to 63,5 mir>)     Rats exposed similar;./ bjt aided by air (15°C) 

from a blower in iosing microwave-induce:: heat pnergv survived for 14 to 

24 hours. 
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2.)   Local effects were influenced similarly.   However, at death, the severity of 

local damage (first to third degree burn) was essentially the same, whether a rat 

was exposed for 17 minutes at 35°C, or for 20 hours at 15°C when benefited by 

circulating air. 

3.)  While the temperature control of the rat and man differs, the physiological 

mechanisms are sufficiently alike to postulate that local and systemic effects 

of microwave radiation are least likely to occur in man if he is exposed under 

conditions of optimal ventilation and low environmental temperature. 
■ 
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Table 1 

Effect of Environmental Temperature 

on the 

Rectal Temperature of the Rat 

Continuous Exposure to 250 mw/cm   Until Death 

(The table gives the highest rectal temperature recorded for (three) 
rats.   Ten rats were exposed individually per group.   Rats were in 
prone position, exposure directed to dorsal area) 

Environmental Temperature 

(Air Speed Essentially Zero) 

15°C 20°C         1          25°C 30°C 35°C 

43.5 

Rectal Temperatures in °C 

45,6 43.8 45.2 45.6 

43.6 46.0 45.7 45.8 45.6 

45.2 46.0 46.0 46.0 46 „2 
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Table 2 

Effect of Environmental Temperature 

on 

Period of Survival and Rectal Temperature of the Rat 

Intermittent Exposure, 1 min ON, 3 min OFF to 250 mw/cm 

(There were three rats per group) 

Environmental Experimental Actual Mean 
Temperature Period Exposure 

Time 
Rectal Temperature 

at Death 
Until Death 

min min °C 

30.0°C 120 31 43.4 

26.5°C 335 85 42.2 

23.0°C 480 120 39.6 
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Table 3 

i 
Effect of Continuous Exposure of Rats to 250 mw/cm 

at an Environmental Temperature of 15°C 
and While Cooled in Addition by 

a Stream of Air from a 1/15 H.P. Blower 

(Rats were exposed individually.,   They were in the prone position, 
exposure was directed to the lumbar area) 

Experimental Ident. Periods of Rectal Temperatures 
Conditions No. of 

Rat 
Survival at Death 

hours °C 

D-1289* 8 
D-1093 14 30 

15°C 
9 

Exposure to 250 mw/cm 
Blower 

D-1095 16 26 
D-1091 
D-1086 
D-1296 

16 
18 
20 

30 

29 
D-801 20 20 
D-1292 24 24 
D-1294 24 27 
D-1084 discont. 

after 24 
29 when discont. 

D-1291 12 15.5 
D-1288 14 15 
D-1094 15 15 

15°C 
NO EXPOSURE 

D--1090 15 15 
D-1293 
D-1087 

15 
15 

15 
16 

Blower D-1092 16 16 
D-802 16 
D-1085 21 14.5 
D-1295 21 15.5 

♦This rat died with heart in diastole. 

NOTE:   Ten rats exposed at 15°C (continuously to 250 mw/cm ) without 
benefit of ventilation from a blower died in 36 to 63 minutes 
with rectal temperatures of 43 to 46°C. 
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The Effect of Repeated Microwave Exposures 

on the 

Formed Elements In the Blood of Rats 

Willard Machle, M.D., and Karin Landeen 
Department of Pharmacology 

University of Miami School of Medicine 

(Presented by Wm, B. Deichmann) 

Four adult male rats were exposed (together) to from 6 to 10 mw/cm 

for one to three hours per day until they had received a total of 196 hours 

of exposure on 85 days over a total period of 119 days. 

The temperature in the exposure chamber may have fluctuated from 21 

to 26°C.   Daily records were not taken.   Blood counts conducted once every 

two weeks, immediately before an exposure, revealed no abnormalities in 

regard to hemoglobin, reticulocytes, hematocrit and the number of total and 

differential leukocytes. 

• 
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Results of Studies of Microwave Radiation 

by the 

Department of Pathology 
University of Miami School of Medicine 

(Presented by Wm, B. Deichmann) 

Dr. S. Ac Gunn and Dr. T, Co Gould of our Department of Pathology, have 

been engaged, for some time, in studies on the rat prostate.   These investigators 

have shown that the amount of zinc which is taken up by the dorsolateral prostates 

of the rat is under hormonal control, and is an index of the functional state of 

the gland, as well as a sensitive indicator of the level of male hormone in the 

circulation, 

It is my pleasure to report on a series of experiments which they conducted 

to determine whether or not exposure of the scrotum and testes to microwaves 

would induce testicular or other damage that would manifest itself in an altered 

prostate function, 

Wistar rats (7.0 per group) were used     They were anesthetized with ether 

and the scrotal area was subsequently exposed to 300 raw/era .   One group was 

exposed for 15 minutes, one group for 10 minutes   and another group for 5 

minutes.   One day prior to sacrifice, each of the rats was given an intracardial 

injection of tracer doses of Zn Twenty-four hours later the animals were 

sacrificed and the dorsolateral prostates were removed for weighing and 

determination of Zn     uptake 
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Results 

Slide 1 shows the linear relationship between temperature within the 

testes and exposure time. 

Slide ?,.   In the 15-minute exposure group there is a moderate fall in the 

c c 
weight of the prostate and a marked and significant depression of Zn     uptake. 

In the 10-minute exposure group, the weight of the prostate is only slightly 

diminished, but the Zn     uptake is ag in significantly depressed.   In the 

5-minute exposure group, in which the weight of the prostate is unaltered, 

c c 
there is again a significant depression of Zn     uptake. 

I 

Pathological changes:   Five days after 15 minutes of exposure, there 

were still extensive third degree burns of the scrotal skin. (Slide 3)     The 

testes showed many opaque areas, hemorrhage and collapse.   There was 

extensive coagulation necrosis of the seminiferous tubules and interstitial 

and vascular tissues 

In the 10 minute exposure group, the damage was somewhat less 

marked. 

In the 5 minute exposure group (sacrificed 6 days after exposure), 

there was no damage to the scrotal skin.   The testes were slightly enlarged, 

but (Slide 4) there was still moderate to severe edema.   Most of these testes 

showed no damage in the tubules and interstitial tissues. 

(Slide 5) ,   Thirteen days after exposure the testes were normal except 

for mild edema 
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Summary 

These studies have shown that minimal exposure to microwaves, that is 

2 
five minutes of exposure to 30U mw/cm   produced 

1) no damage to the scrotal skin 

2) slight enlargement of the testes 

3) a moderate degree of edema of the testes 
■ 

4) no change in the weights of the dorsolateral prostates of the rat, but, 

5) a significant drop in the uptake of Zn      by the prostates« 

In conclusion, these studies have shown that exposure inducing only 

slight enlargement, plus a moderate degree of edema of the testes, is associated 

with a lowered Zn uptake and hence with a subnormal level of male hormone. 
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Certain pilot studies were conducted by Dr. Robert Tallarico 

and lohn Ketchum of the Department of Psychology, University of Miami 

(Presented by Wm, B. Deichmann) 

The effect of microwaves was tested on a certain behavior pattern of the 

rat. 

Before exposure, a number of hooded rats had been trained in a modified 

Skinner Box to press a lever in order to obtain a pellet of food.   During this 

training period, each rat was permitted to receive a total of 15 grams of food 

per day.   The rats (prone position) were then exposed individually (still air; 

23° * 2 C) on each of three succeeding days to 109 mw/cm   for 15 or 30 

minutes.   Immediately after an exposure, a rat was placed into the Skinner Box 

to determine its ability and desirability to press the lever. 

Results:   After exposure, most of the rats showed an increase in latent 

period and a decrease in the frequency with which they would depress the lever, 

These effects became particularly marked after the third exposure.   At this time, 

some rats showed no response at all. 

On the fourth day, the animals were placed on standard diet, and for one 

month, they had free access to food and water. 

At the end of this period, they were returned to the experimental pellet 

diet of 15 grams per day   and after four additional days, they were placed again 

into the Skinner Box.   At this time, all rats displayed again immediately the 

lever pressing response, 
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In conclusion, this study has demonstrated that exposure to microwaves 

can induce changes in the behavior pattern of the rat.   In the case of these 

animals, complete recovery occurred■   The experiment will be continued. 
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Relation of Interrupted Pulsed Microwaves to Biological Hazards 

Wm. B. Deichmann, PhoD«, F.R.So, M. Keplinger, Ph„D.„ and 
E. Bemal, D„V.M. 

Department of Pharmacology 
University of Miami, School of Medicine 

Coral Gables, Florida 

Experiments with rats indicate that by choosing a certain cycle for 

interruption of transmission, it is possible to reduce the hazard from microwave 

exposure. 

In our studies a pulsed magnetron from radar gear was used to generate 

microwaves with a frequency of 24,000 megacycles or a wave length of 1,25 

cm.   The duty cycle is 0.0006 or 0-06%     The peak output was 40,000 watts, 

bat because of the duty cycle, experiments were conducted with an average 

power output of 21 watts, 

In a previous communication (1), we concluded that intermittent 

exposures to microwaves emphasized the potency or prolonged action of this 

form of energy more than did a continuous exposure     Continuous exposure 

(300 mw/cm  , rat, prone position, total body exposure) killed a rat in 15 

minutes; intermittent exposure to 50% of this energy per unit of time (one 

minute of exposure followed by one minute of nonexposure, etc.) over a period 

of 31 minutes, killed in 16 minutes of actual exposure time.   Seventeen percent 

Presented at the Microwave Investigator's Conference, Patrick Air Force 
Base, Patrick, Florida, January 15 and 16, 1959, and at the Third Tri-Service 
Conference on Biological Effects of Microwave Radiating Equipment, in 
Berkeley, California, August 25 - 27, 1959 
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of the above microwave energy per unit of time (exposure: one minute followed 

by five minutes of nonexposure, etc) killed rats in 34 minutes of actual exposure 

time.   These and related data indicated that besides species, power density and 

other factors, microwave radiation effects depend largely on the period of 

exposure and the recovery period after exposure. 

It was considered possible to influence further the effects of microwave 

exposure by altering the exposure and nonexposure times (in sees), but by 

keeping their ratio constant, 

In the first group of experiments a ratio of 1:1 was maintained.   For 

instance, instead of exposing an animal for 60 seconds, followed by a non- 

exposure period of 60 seconds, exposure and nonexposure periods were each 

kept equal to 30, 15, 5 and 3 seconds, respectively.   In subsequent experiments, 

the ratios of time on to time off were 1:2, 1:3, 1:4 and 1:8 (Figure 1). 

Table 1 presents the data.   These demonstrate that the period of survival 

of an animal increases as the period of exposure decreases, in spite of the fact 

that the actual period of exposure per unit period of time remains constant     To 

quote certain experiments conducted with a 1.3 ratio, exposure for 15 seconds 

followed by a nonexposure period of 45 seconds, or 15 seconds of exposure 

over 60 seconds, killed all four rats in 55 (from 50 to 60) minutes of actual 

exposure time; while exposure for three seconds followed by a nonexposure 

period of nine seconds, also adding up to 15 seconds of exposure over a 60 

second period, killed two rats in 105 and 115 minutes, with two surviving. 

(The experiment was discontinued after 120 minutes of actual exposure over 
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a period of eight hours«) 

Subsequent to the publication of this report (2), it was discovered that 

environmental temperature and air currents play a most significant role in the 

effects produced by microwaves.   It is for this reason that some of these 

experiments were repeated under what we now consider, "controlled" conditions, 

Table 2 presents the data« 

Conclusions 

By choosing a certain cycle for interruption of transmission — without 

altering the output of microwave energy per unit of time — it is possible to 

reduce the hazard from microwave exposure.   The significance of these 

observations is obvious.   Although only one frequency was used, it seems 

reasonable to assume that this finding will also apply to other wave lengths 

of either pulsed or CW microwaves. 
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Table 1 

Effect of Intermittent Exposure to Microwaves (24,000 MC, 1.25 cm) 
on the Mortality of Rats 

(Rats (200 to 275 g) immobilized in Plexiglas and screen holder; exposure of 
lumbar region; four rats per group; power density 300 mw/cm  , half power 
diameter 6 .35 cm) 

Period of Time (sec) Ratio of Time "ON" Mean 
Transmitter was Exposure to or                           j 

Nonexposure Lethal Exposure Time 
"ON"               "OFF" min min 

60                     60 i:l 15,  15,  18,  18 16.5 
30                     30 16,  18,  19, 19 18 
15                     15 25, 27, 28, 32 28 

5                       5 26, 28, 28, 30 28 
3                       3 35, 37, 38. 52 40 

30                     60 1:2 35, 37, 37, 47 39 
15                     30 45, 53, 55, 62 54 
10                     20 60, 63, 68, 69 65 

5                     10 *             72, 77, 83, 96 82 
3                       6 90, 95, 96, 100 95 

60                   180 1:3 lo.  25, 32, 36 28 
30                     90 45, 51, 52, 56 51 
15                     45 50, 55, 56, 60 55 
10                     30 72, 75, 76, 80 76 

5                     15 90, 110; 2 survived 120 min* 100 
3                       9 105,  115; 2 survived 120 min* 110 
1                       3 1 3 survived 120 min* 118    : 

30                   120 1:4 65, 69, 71, 75 70 
25                   100 3 survived 100 min* 85 
20                     80 1 all survived 100 min* ! 
15                     60 all survived 100 min* i 

f 

60                   300 1:5 26, 33, 37, 40 34 
45                   225 3 survived 80 min* 69 
30                   150 all survived 80 min* • 

■ 

15                     75 all survived 80 min* > 
10                     50 all survived 80 min* . 

♦Actual exposure time 
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Table 2 

Effect of Intermittent Exposure to Microwaves (24,000 MC» 1.25 cm) 
on the Mortality of Rats 

(The lumbar areas of immobilized female rats (232 to 264 g) were exposed 
to 300 mw/cm   at a room temperature of 24 _ 1°C in still air=   The relative 
humidity ranged from 60 - 80%) 

Period of Time (sec) Lethal Exposure Time 
Transmitter was Ratio I or 

Time "ON" 
Mean 

"ON"              "OFF" min min 

60                     60 1:1 16, 
19, 

16, 17, 17, 17, 18,  18, 
19, 20, 20 

17.9 

3                       3 1:1 27, 
38, 

34, 35, 35, 36, 37, 
38, 39, 42 

36.1 

60                   120 1:2 29. 
37, 

30    30, 33, 33.7, 35, 
39, 42, 42 

35.1 

3                       6 1:2 72. 
90, 

80, 83, 85, 87, 88, 
92, 93, 97 

86.7 
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SOME EFFECTS OF ULTRA-HIGH FREQUENCY ENERGY 
ON PRIMATE CEREBRAL ACTIVITY 

Sven A. Bach, M.D., Maitland Baldwin, M.D., and Shirley Lewis, R.N. 

The clinical effects of irradiation of monkey's heads with u.h.f. of 
about 390 megacycles have been described previously by Baldwin.  The 
purpose of this presentation is to summarize those findings, to describe 
additional clinical and pathologic findings and to attempt to relate them 
to the physical exposure conditions. 

The exposure conditions of these experiments are somewhat unusual, since 
the basic purpose was to get the energy into the head where it would produce 
an observable effect, rather than to enable us to generalize about exposure 
to this form of energy as a hazard. 

For this reason, our exposures were all partial, restricted to the head, 
and took place at the bottom center of a cylindrical copper screen chamber, 
designed so as to resonate in the TM0 1 mode at the frequency employed. 
Since the free-space wave length of 388 mc is about 77 cm, the cavity 
resonator took on a height of 77 cm and a radius of 29.5 cm. The original 
chambers were quite crude (Slide 1) but, as you can see, were paired so as 
to enable simultaneous observation of the control and the exposed animals. 
Later, with the addition of a sampling probe, the exposure conditions 
become more refined.  (Slide 2) 

It is seen thot the animal's head is held in a plastic holder which 
enables precise positioning.  (Slide 3)  This was found necessary because 
the head position is quite critical. With the head horizontal, long 
exposures may be given with impunity.  (Slide 4) 

On the other hand, with the head tilted upwards, the occiput well down, 
only short exposures can be given without drastic effect.  (Slide 5) 

U.h.f. energy was supplied the cavity at the top center by a quarter 
wave probe which was connected to the output of ■ Collins T17AGR transmitter 
which is a hundred watt ground-to-air transmitter operating in the range 
from 225.0 to 399.9 mc/sec. This was obtained on loan from the Naval 
Research Laboratory. Later a new Stewart-Warner T282D/GR was obtained 
through the courtesy of Rome Air Force Base. We hope they will continue to 
be courteous and let us keep it a while. 

The calorimetry was done in plexiglas cylinders of varying radii filled 
to various lengths with physiologic saline solution and placed at different 
levels with respect to the cavity floor. Temperature rises in the saline 
were correlated with the amplitude of the signal from the pick-up probe 
displayed on a cathode ray tube the vertical plates of which were connected 
directly to the probe. 

The calorimetry was performed through the range of frequencies explored, 
from 380 to 395 mc/sec. in one-megacycle steps. 
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Most of the exposures were to continuous wave radiation, although 1007. 
modulation with a 500 and 1000 cycle sine wave was also employed.  A crude 
form of pulsing, by over-modulation wa9 also done in a limited number of 
exposures. 

The animals were all young Macaca rhesus monkeys mostly weighing 7 to 
10 lbs. though a few larger animals were also used. 

- The usual exposure period was from two to ten minutes. The shortest 
exposure leading to death was two minutes and 55 seconds. The longest single 
exposure (in the horizontal head position) was about 3 hours without 
noticeable effect on the animal. 

In the pathological studies, some animals were injected with fluorescein 
30-40 minutes before exposure and were then immediately sacrificed. Others 
were injected and sacrificed some weeks after exposure. Brain and spinal 
cord sections were fixed and stained by the Nissl and myelin staining 
techniques. 

Electroencephalographic recordings were made from electrodes hammered 
into the outer table of the skull.  R.F. pickup on the leads resulted in 
a number of burns on the scalp. We are still wondering how to get good 
EEG's during radiation. 

Now to summarize the clinical findings during exposures: 

Animals displayed arousal and drowsiness which were cyclic in nature. 
(Slide 6)  During the drowsy periods they were akinetic, tending to keep 
the whole body in a fixed position.  This pattern is usually seen within 
60 seconds of initiation of the exposure. The anlma then might stare 
(Slide 7), with widened palpebral fissures and fixed gaze. Then agitation, 
beginning with rapid side-to-side hea«4 movements, would occur. These 
movements often ceased abruptly and the animal would be quiet and unresponsive 
to touch, pain, light, and sometimes to sound stimuli. Alternating periods 
of arousal and drowsiness usually occurred. Three animals were deeply 
anesthetized with phenobarbital, being quite unresponsive to pinching of the 
Achilles tendon and to deep pin pricks.  However, they could be made to move 
about In the chair within a minute of beginning of radiation. By alternately 
switching the transmitter on and off, one of these animals was brought to 
the point of successive arousal and complete relaxation, in a 20-second cycle, 
reacting like a puppet on the end of a string. This particular effect was 
elicited most readily at 389 megacycles when compared with exposures at 
equal power at 384, 385, 386, 387, 388, 389, 390, and 391 mc/sec. 

Eye Signs 

With continued exposure, the animal would develop bilateral ptosis. 
Suddenly he would open his eyes and stare upward. The pupils were usually 
small and equal. Then the eyes would begin to move independently, and the 
pupils would dilate. Often one pupil would be larger than the other and in 
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some instances lose its roundness. The pupils would then dilate and constrict 
irregularly and rapidly. Nystagmoid movements progressing to a rapid, 
usually vertical nystagmus, accompanied by rapid blinking, would then occur. 
The nystagmus often persisted for several minutes after cessation of radiation. 

Accompanying the eye signs were autonomic changes. The skin of the face 
would often become flushed and then pale. The nose often became pink and 
the respiratory rate increased. Salivation and lacrimation (Slide 8) were 
also observed. With further exposure, the rapid blinking progressed to 
clonic movements of the orbiculares oculi, bilateral clonic movements of the 
other facial muscles, a severe grimace (Slide 9) which pulled back the lips 
from the teeth, clonic flexion of the neck, and symmetrical clonic movements 
of the upper extremities, trunk, and lower extremities in that order. 

The onset of the rapid blinking and the grimace which heralds the 
generalized seizure was always a serious sign, although several animals with 
such signs progressed to complete recovery. 

Motor Loss 

Two animals became quadriplegic. Two others developed weakness of the 
upper extremities and several became ataxic for varying periods.  In all of 
these there also developed lesions of the occipital muscles and overlying 
skin. One animal developed a right facial weakness (Slide 10) with a con- 
current anesthesia in the distribution of the upper two branches of the 
trigeminal nerve. 

EEG Changes 

EEG changes occurred usually at about 2 minutes after initiation of 
exposure. The records seem typical of alternating arousal and drowsiness. 
(Slide 11) These changes disappeared within 2-3 minutes after cessation of 
exposure. 

As a summary of the clinical findings, we have prepared a short film 
which was photographed by the color television technique of Brown and 
Whitehouse of NIH.  (show film) 

The sequence of clinical signs all point to an effect on the brain stem. 
They resemble signs produced by direct electrical stimulation in this region. 

Before discussing the pathological findings, it would be well to describe 
the calorimetry performed, since this can be directly related to some of the 
pathological findings. 

Power absorption at the head position was measured by temperature rises 
in physiologic saline solution exposed in plexiglas cylinders of varying 
height and radius.  (Slide 12) They were placed at the bottom center of 
the cavity (Slide 13), some resting flat on the floor, others protruding 
through to various positions. Cooling curves were obtained on each before 
exposure, with doors closed and the transmitter blowers and filaments on. 
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The amplitude of the signal from the sampling probe directly above the 
calorimeter was recorded simultaneously with the temperature rise over a 
10-minute period. Measurements were made in one-megacycle steps from 380 
to 395 mc/sec. 

For each container, the amplitude setting for an equal temperature 
rise at each frequency was recorded. The resulting curves of signal 
amplitude for a 5° rise in 10 minutes all had the same shape; 

3&t> Iff 
Fry    rtc/f<c 

that is, the amplitude ratios were the same for all receivers, even though 
the actual power absorption varied from receiver to receiver. However, 
the important thing was that exposures could be made at equal relative 
power absorption across the frequency range examined. 

After numerous exposures of saline columns varying from 6 to 19 cm. 
in height and from 60 to 1000 cc. in volume, some sort of a pattern began 
to emerge which might enable us to examine the actual power absorbed. 

One can think of the radiation as entering from the top, for example, 
and calculate the amplitude setting for say 40 raw/cm on the top surface. 
This results in a series of curves which are not too far apart, but leaves 
a couple of the sets of data well apart from the rest. 

The same can be said for the equally simple-minded view that one should 
consider the vertical surfaces within the cavity of interest. One could, 
for example, calculate the amplitude settings for 5 mw/cm2 coming in 
radially. This brings the curves closer yet, but again there are a couple 
of curves which withdraw into even more splendid isolation than before. 
It was apparent that the shorter containers absorbed even less power than 
that simply proportional to the height. Also, for some distance below 
the floor pf the cavity, absorption occurred. 

If one assumes that the absorber acts like an antenna and has a 
voltage distribution proportional to the sine of its height in radians, 
it is possible to calculate approximate power absorbed in any given 
container. This gives us a picture of the energy entering radially as 
shown.  (Slide 14) Here is a cylinder one quarter wave length in height. 
If the voltage is distributed as the sine of the angle corresponding to 
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the height, the power density should be distributed as the sine2. Then the 
power on the surface should be proportional to 

and the average power density proportional to 

\l 

Uji ■4,u * % -d- 4-f -£ 
On any container of height hi, the average power density should be pro- 

portional to     / | ,    /_ o  11 i"i (-H-js^u/; 
^7 

Therefore the average power density on a container should be related to that 

Ho 
-H üJt^ki 

-Kh.V     ' 

Now suppose the average power density on a quarter wave length cylinder to 
be P0 mw/cm

2. If this cylinder has a radius r0> the average power density 
on a smaller cylinder of the same height, but radius t|( would be 

P0r0/ri 

since the radiation converges in the horizontal, but not in the vertical 
planes. A cylinder of radius ri but height hi would then receive an 
average power density of       ^ 1^ 

Now if one considers absorption to a radius r,since the depth of absorption 
path rrj - r 

The power absorbed in the path (r^ - r) must then •*■ 

F, the power density at radius 

u)l 



• 

I 

This expression tells us the average power absorbed for each square 
cm. of vertical surface. 

The total power absorbed then equals ,. t        v 

Using Ho - 19.2 cm - £ '    ' ,r* ^^^^&*ißl^) 

r0 - 5 cm 

P0 ■ 2 mw per cm2 (since this corresponds to the values observed 
experimentally) 

r ■ 0.5 cm 

Power absorbed '30^^*^-^)/^  -^/»«i/'' 

Since the power absorbed can be observed directly by experiment, one can 
then calculate the amplitude settings for each frequency which would give 
2 mw/cm on the vertical surface of a cylinder J wave length high and 
5 cm. in radius. This has been done for a variety of positions and sizes. 
(Slide 15) Only five'of the curves are shown. Those for the containers 
marked Ch and CQ  are all within the extremes shown, the values at 388 mc/sec. 

t        all being between 2,U and 2.8 cm. 

I am sure these curves look terrible to a physicist, but to a biologist 
they are not unreasonable. 

Now this picture of the radiation pattern is not directly relatable 
to plane wave propagation in a free field. I suppose a crude approximation 
for the exposure at the surface of the animal would be to make a 
Flatlander of him and say that his exposure of 2 mw per cm corresponds to 
thij multiplied by the ratio of surface to the profile area which is-A" 
making it 6.U mw/cra2 at the surface, if he were 5 cm. in radius. Going 
into the animal, each successive decrease in radius brings an increase 
in power density, so that at the region of interest, the brain stem, the 
power density can be considered to be around 10 times this. Since the 
animal's head is not 5 cm. in radius, but more2like 2.5, the surface exposure 
of the monkey's head corresponds to 12.8-mw/cm and the exposure of the 
brain stem corresponds to about 6U mw/cm of unidirectional radiation. 

87 



Pathology 

The pathological studies were performed by Dr. Igor Klatzo.  I 
will not presume to discuss the pathology in any detail since this is 
somewhat out of my line of work. Dr. Klatzo injected several animals 
with fluorescein 30-40 minutes prior to exposure. The animals were 
given what was assessed to be well over a lethal dose by the clinical 
signs and then immediately sacrificed. Photography under ultraviolet 
light of brain sections revealed infiltration of the dye into the brain 
stem adjacent to the 4th ventricle and cerebral aqueduct.  (Slide 16) 
Nissl-staihed sections showed tigrolysis in the neurons of the nuclei. 
This normal section (Slide 17) and this section of affected facial 
nucleus (Slide 18) in the medulla show the degree of change seen in the 
acute cases. Here is the same sort of change in the dentate nucleus 
of the cerebellum.  (Slides 19 and 20) 

Some animals were exposed and then 90 days later injected with 
fluorescein and sacrificed. There was no fluorescein infiltration in 
these animals.  Sections showed in some areas that the neurons were 
preserved, but there were perivascular cystic spaces and a microglial 
response. These sections from the nucleus cuneatus of the medulla show 
this effect.  (Slides 21 and 22) 

In four animals where the neck was tightly pressed against the 
posterior portion of the ring of plastic encircling it, skin and muscle 
lesions occurred. These animals showed fluorescein infiltration in a 
wedge-shaped area of the dorsum of the cervical cord.  (Slide 23) The 
myelin stained preparations indicated a zone of damage with an intervening 
normal zone.  (Slide 24) 

It seemed apparent that unless adequate separation was provided at this 
point between the neck and the floor of the cavity, a high current path was 
available through capacitative coupling. In one animal, the occiput was 
deliberately jammed tightly against the rim of the opening. He was Injected 
with fluorescein and exposed long enough to produce an edematous swelling 
at the point of contact and then sacrificed. The gross specimen looked like 
this (Slide 25) and under ultraviolet light like this (Slide 26). Para- 
sagittal and transverse sections of the occipital pole showed this (Slide 27) 

It must be emphasized that the pathological findings illustrated were 
all of animals exposed to lethal or near lethal doses. Animals which were 
used repeatedly for arousal studies for possible frequency response showed 
no residual signs at all and were apparently quite normal in every way 
immediately after exposure. 

It is interesting that the changes seen in the brain stem are re- 
stricted to the nuclear masses. It is also interesting that the signs 
which develop resemble those produced by direct electric stimulation in 
this region.  Obviously we have shed no light in this study on the question 
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of how much effect might he thermal and how much might be due to some other 
more specific interchange of energy. However, the apparent frequency 
sensitivity of the arousal under anesthesia and the rapid response time 
(10 seconds) makes one wonder if gross heating is the only explanation. 
It is perhaps not unlikely that pulsing of the radiation at physiologic 
rates of a few per second up to 100 per second or so may elicit responses 
which can be measured clinically. 
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Comments on the paper titled "Neurological Effects of Radio-Frequency 
Energy" by S. A. Bach, S. A. Lewis, and M. Baldwin.  

by 

David E. Goldman, CDR, MSC, USN* 

This paper is of unusual interest in two respects. On the one hand it 
provides a technique for producing a set of neurological responses which are 
of considerable value in studies of the central nervous system. On the other 
hand the circumstances suggest the possibility that these effects may not be 
due simply to the generation of heat. Clearly the work will have to be con- 
tinued and extended in order to delimit the conditions under which these 
phenomena are produced and to obtain quantitative relations between dose and 
effect. Statements at the present time as to the mechanism of these effects 
would be premature. The possibility should not be overlooked that the 
intense electric fields which occur may have some sort of direct action on 
nerve tissue. The extent to which these observations bear on the problem of 
hazards under field conditions, of course, remains to be determined. I for 
one look forward with great interest to following the progress of this work. 

»Naval Medical Research Institute 
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THEORETICAL CONSIDERATIONS 
PERTAINING TO THERMAL DOSE METERS 

Herman P. Schwan 
Professor of Electrical Engineering 

Electromedical Division 
Moore School of Electrical Engineering 

University of Pennsylvania 
Philadelphia h,,   Pennsylvania 

SUMMARY: 

The relationships which apply to  the performance 
of thermal dose meters  are derived.     The   discussion 
of these  relationships permits  the  statement  of 
optimal performance  criteria for each frequency. 
Performance data of optimized thermal  dose meters 
are given and a most practical  design outlined. 
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Some commonly used field Intensity meters, such as 
horns and dipoles are useful if high gain characteristics 
are desired, i.e. when small fi^ld intensities, under normal 
circumstances near the noise level, must be evaluated. 
Inasmuch as we are concerned with flux values near 10 mW/cm^, 
i.e. field strength values near 2 Volt/cm on an average basis, 
or correspondingly more during the pulse, noise considerations 
are immaterial.  High gain characteristics of the receiving 
device are, therefore, unnecessary.  On the other hand, 
it must be realized that high gain characteristics are 
associated with considerable disadvantages.  They are: 

a. The high directionality of the high gain device. 
Proper orientation becomes the more critical the 
higher the gain. ThiE- complicates rapid 
measurements desired in survey studies. 

b. The gain of a horn or dlpole is a function of 
the field to which it is exposed.  It is usually 
defined for homogeneous fields and waves, whose 
curvature of wave front is small across the 
aperture of the directional device.  In the 
non-homogeneous field, such as In the interference 
zone of antennas, the gain of the directional 
receiving device becomes a complicated function 
of the field to be evaluated and is therefore 
often useless, giving erroneous results based 
on non-applicable assumptions underlying the 
calibration of the device. 

We conclude that for the purpose of interest here 
low gain devices are preferable.  It is furthermore 
desirable that their dimensions be as small as possible in 
order to minimize the volume where the originally existing 
field pattern is disturbed by the insertion of the detecting 
device. Thus meaningful measurements will be possible in 
areas of changing field intensities which can not be 
investigated with directional devices whose performance 
integrates over a large area (linear dimensions usually 
about half a wavelength).  Non-directional devices which 
interfere with as little as 1/j.OOth to l/lOth of a wave 
length are possible, depending upon frequency. 

. 
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The least directional device is the sphere by virtue 
of its shape. However, to measure in turn the field strength 
in a sphere by means of a non-thermal field strength 
measuring device is undesirable.  It would require 
arrangements which take cognizance of the field direction 
in the sphere, i.e. require orientation and thereby defeat 
the end we hope to achieve.  This situation suggests 
investigation of the usefulness of thermal techniques, 

Before entering into a more detailed discussion of 
related thermal aspects we wish to point out that the field 
strength within a sphere is well defined if the sphere is 
thought to be exposed to an originally homogeneous field. 
The neighborhood of any other dielectric mass within a 
distance comparable to the dimensions of the sphere or mass, 
will yield further modifications of the field.  The field 
within the sphere and its consequent heating rate will 
change drastically if it is carried on or near the 
surface of the human body.  Hence readings obtained in such 
a fashion are meaningless and impossible to interpret.  The 
same statement applies, of course, to all field devices 
carried on the body.  Prom our previously published 
investigations of the variability of impedance match of 
the human body surface to air it becomes obvious furthermore, 
that errors arising from the location of the sensing 
device on the body surface can not be calibrated out.* 

Pertinent calculations show that the square of the 
field strength, which is a measure of the radiant 
energy, can vary near the body surface by considerably 
more than than two ordere of magnitude and changes 
critically with such parameters as skin and sub- 
cutaneous fat thickness, frequency, etc. 
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In summary: Any sensing device must be used at a 
"sufficient" distance from the human body. How large the 
distance should be is impossible to state at the present 
in the absence of pertinent data, but it most certainly is 
sufficiently large to prohibit the device to be carried on 
the body surface.  The electrical field strength C in a 
solid sphere of a complex conductance 

Ai = ttr$c*$er      C^s-svio-'*) (1) 

and immersed in a medium of the conductance 

(2) 

can be shown to be related with the field strength E of 
the external field in large distance from the sphere, 
assuming the latter quantity to be constant and independent 
of location. This statement includes the assumption that 
the wave length of the radiation is large compared with the 
dimensions of the sphere. 

c - 3E. 
(3) 

We are interested here in the special case when the outside 
material is air: 

A*-iuer ik) 

and hence 

c- SL 

:>t£:-*^ 
(5) 

co<fr 
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The heat development in the sphere per unit volume ia 
equal to 

while the free flux 

F--   ^ (7) 

Hence the "relative absorption cross section" of the 
sphere 

*•* **A* ■ t£& "■ (8) 

I In order to evaluate now the possibilities of using 
small spheres as dose meters we enter into a discussion of 
the equation (6). First we wish to point out that it would 
be desirable to optimize the heating rate as much as 
possible. This is simply a reflection of the fact that flux 
levels comparable to the one proposed for tolerance do not 
provide much heat: 10 mW/cra2 will heat, for example, 1 oo 
of water or tissue by 1.5° C after 10 minutes exposure, 
provided that the 10 mW are completely absorbed. 

Differentiation of either equation (6) or (6) with 
regard to ft\  yields the optimal condition 

Introducing this into equation (6) gives the optimal heat 
rate 
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H(max.)  «   — E    i^l£L=   -Lb    JlSfc- (io) 

The following conclusions  are evident from equations  (9) 
and (10): 

1. In order to  obtalr optimal heating at a given 
frequency,  the conductivity has to be adjusted 
in linear proportion with the frequency. 

2. Por optimal heating the dielectric constant 
should be chosen as low as possible« 

The optimal cross-section is obtained by introduction 
of condition (9)  into equation (8)e    The result 

again suggests reduotion of the  dielectric constant £ j, in 
the interest of optimal relative absorption cross-section. 
The relative absorption cross-section is furthermore increasing 
with the radius  of the sphere and the frequency. 

Prom the dioxan electrolyte data discussed before 
it is apparent that it will be possible  to obtain variability 
of conductivity for dielectric constants  as low as  8.    Hence 
further discussion will be based on this value.    Equations 
(9),   (10),   and  (11)  reduce to 

H  (max.)   ■    -3—p6>d» <12> 

S  (max.)  =     ÜZ£tO*T   R (13) 
2.0 

K; « I0eo£r (110 
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TABLF. I r«pr«i«nts values of "Optimal" conductivities and heating 
rates and relative absorption cross-section (per cm nadiusj 
at various frequencies of interest. 

TABLE    I 

[ f 
(Mc) 

<:   (opt. 
(mMho/cm, 

)       H(max.)/E2 

(mWatt/Volt2) 
S(max; 

(#/cn 
)/R 

0 
AT/min 
(°C/min) 

100 o.55 0.025 0.31 0.013 

300 1.66 0.075 1 O.OA4. 

1 000 ^>.$ 0,25 3-1 0.13 

3 ooo 1606 0.75 ' 10 0.40 

• 

10 000 

■\T       Uäm WH t   Tlöi^         ■f*i"iV»       WQV 

31 

1 mi im     Vi e o-H  r. 

lo35 

development per cc and field strength 1 Volt/cm, relative 
absorption cross-section for a 1 cm-radius sphere and average 
temperature rise of spherical dose meter per minute.  The 

data are given for various frequencies. A dielectric 
constant of 8 (relative to vacuum) is assumed.  The 
A T-data are calculated assuming a free field flux value 
of 0-1 Watt/cm2 (E2 = 37.7 Volt2Cm ~2). j 

TABLE I includes furthermore optimal temperature 
rise data per minute, assuming a flux of 100 mW/cm<-=0»l Watt/cm2. 
For a flux of 0„01 W/cm2 temperature rise values are, of 
course, tenfold smaller.  The quoted conductance values 
can be readily materialized as may be seen from dielectric 
data pertaining to dioxan-electrolyte mixtures. 
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Our ne-:t statements pertain to the frequency dependence 
of the heat development in a given spherical absorber■  Prom 
the statement of the optimal conditions outlined before 
it may appear that the device is highly frequency dependent 
in its response characteristics.  This i3 by no means so. 
Figure 1  gives a graphical representation of the frequency 
response of heat rate.  The device which has been designed 
for optimal response at a given frequency f  (marked by 
arrow) increases its sensitivity somewhat at higher 
frequency,,  Actually f0 appears as the cut-off frequency 
where the heat rate starts to decrease from a constant 
value by 3 db„  At lower frequencies the resolution decreases 
rapidly as f decreases.,  In conclusion: The device is 
useful for the total frequency range above the "optimal 
frequency" for which is has been designed.,  It is frequency 
independent for the total frequency range up from f=2f0 
(error 2.5/0. 

The curves in figure 1 demonstrate why there is no 
contradiction between the statement of an optimal choice 
of conductivity and the monotonous frequency behavior of 
the heat rate;  The sum of all points of optimal design 
values as defined by equation (9) determines a straight 
line with a slope of '\\$°   (dashed line).  It is not possible 
to leave the area below this line, no matter what conductance 
-frequency combination is considered»  The points of optimal 
design appear in this demonstration as the best possible 
heat rate values to be obtained at any frequency.  The 
only means to increase the heat rate is by means of change 
in dielectric constant.  A decrease of the latter quantity 
from 8 to I, i.e. to the dielectric constant's theoretical 
limit, shifts the border line of the region of possible 
heat rate-frequency combinations by a factor of 3-3 upwards, 
as may be seen from equation (10) „  If a. dielectric of 
very low dielectric constant, but appreciable conductance 
in accord with equation (9) could be realized, the 

• 

101 



twoperatura values quoted in TABLE I could be increased 
by half an order of magnitude.*" 

The curves demonstrate also that high sensitivity 
(high heat rate and temperature rise) are to be traded 
against poor low frequency response:  The higher the heat 
rate at frequencies above the design frequency, the lower 
the heat rate »t frequencies below the design frequencies. 
Any change in conductance will vary the heat rate at 
frequencies on one side of the original design by the 
inverse of the factor which determines the changes at 
frequencies located at the opposite side of the original 
design frequency.  The best possible compromise may well 
be near a design frequency of 1000 Kc.  In this case 
conductance specifications can be easily realized (for 
example by proper dioxan-electrolyte mixture) and yet a 
temperature elevation of 1° G per 6 minutes is possible 
for the 0„1 Watt/cm^ figure." This is sufficient to permit 
detection of flux levelf as low as 10 väi/onfi  accurate to 
1%  within a few seconds, as may be recognized from available 
resolution of temperature detection systems to be mentioned 
below» 

All above outlined relationships are immediately 
evident to those familiar with the dielectric relaxation 
behavior of inhomogeneous dielectrics.  The equivalent 
and "effective" conductivity of a suspension of spheres in 
another medium is characterized by a simple relaxation 
function 

K* ^-.C^/Ir^ 
involving one time constant T which is proportional to the 
resistivity of the lossy spheres.  The relaxation function 
can be presented in terms of an equivalent circuit, in- 
volving frequency independent circuit element.  It consists 
of a capacitance in parallel with a series RC-arrangement. 
From this the frequency independent characteristics at high 
frequencies and the square dependence upon frequency at 
frequencies low in comparison to the "characteristic" frequency 
(identical with design frequency) are readily realized. 
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It is noticed that for flux levels near the accepted 
tolerance level only small temperature increases can be 
expected.  This has its advantages and disadvantages: 

• 
1. The disadvantages of a small temperature rise 

per minute is, of course, due to the difficulty 
of detecting such small temperature increases 
or the necessity for waiting long periods of 
time before noticeable increase is obtained. 

2. The advantage of small temperature rise is given 
by the fact that the observed temperature rise 
will truly reflect the absorbed energy.  If the 
temperature rise were large , conduction losses 
to the surrounding of the absorbing sphere would 
influence the temperature quite rapidly.  This 
would create a situation where parameters of a 
variable nature (heat loss depends on air tem- 
perature, wind velocity, etc.) would be introduced, 
making it impossible to relate temperature rise 
with energy flux. 

We propose that thermal devices be used only during 
the linear part of the transient period when the absorber 
increases its temperature.  The steady state temperature 
which is ultimately approached, is in a very unpredictable 
manner related with energy flux and external factors, and 
therefore, in our opinion, useless for quantitative work. 

.       Utilization of the linear part of the transient relates 
temperature change rather than temperature with energy 
flux.  The time it takes to change the temperature of the 
absorber by a given amount is then directly proportional 

.       to the energy flux or the square of the electrical field 
intensity to be determined.  The linear range of the device 
can be extended considerably by surrounding the absorber 
with a material of low heat conductivity.  This material 
should, on the other hand, not interfere substantially 
with the electrical field.  Some of the low dielectric 
constant materials commercially available are quite useful 
since their porous structure guarantees at the same time 
very low dielectric constant and heat conductance. 
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The measurement of small temperature changes is not 
difficult by presently available means.  It can be done 
either with thermistors or thermocouples.  They must be 
designed to avoid selective and uncontrollable energy 
pickup from the field by proper shielding of the leads 
to the sensing device in the absorbers.  A simple technique 
utilized in our design consists of the measurement of the 
low frequency conductance of the absorber material with 
the help of small microelectrodes in the absorber.  The 
latter's conductance has a temperature coefficient of 
about 2.5%  per ° C. Hence the temperature rise data 
given in TABLE I can be translated immediately into 
percentage changes of low frequency conductance. 
Instrumentation to measure relative resistance changes 
accurate to 1 part in 10,000 is easily constructed. 
It can be developed in transistorized form In such a manner 
that it Is portable and attached to the handle of the stick 
which carries at its other end the microwave absorber sphere 
(Figure 2 ). All above numerical considerations are based 
on the assumption that the dimensions of the absorbing 
sphere are small compared with.the wavelength.  Since 
heat rate and temperature rise are not a function of radius, 
a small siz of the absorber is possible, about or less than 
1 cm in diameter. With such a device it should be possible 
to apply above formulated quantitative relations up to about 
3000 Mc. For higher frequencies corrections are necessary 
which are best determined experimentally, i.e., calibrated 
into the instrument. 

i 
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A TECHNIQUE FOR RELATIVE ABSORPTION 
CROSS-SECTION DETERMINATION 

0. M. Salati, Assistant Professor of EE 
Herman P. Schwan, Ph.D., Professor of EE 

Electromedical Laboratory, University of Pennsylvania 

SUMMARY 
Following a definition of "Relative Absorption Cross-Section" and 

the factors which affect it, an experimental approach to its determina- 
tion is described. To get meaningful measurements that are useful in 
prediction, the experimental work must be carried out in the far field 
of an antenna (plane waves). The object to be irradiated is filled with 
an electrolyte approximating the dielectric properties of the human body. 
The average temperature rise of the object is measured after exposure to 
a microwave field (3000 mc) of known power density. It is shown that a 
transmitter average power of about 330 watts is required to get a tem- 
perature rise of 1 C over a time period of 30 minutes for a 10 inch diam* 
eter sphere. The power density incident on the sphere is about 20 mw/cm . 
Preliminary measurements have shown that the set-up is feasible. 

*   *   * 
We define as "r3lative absorption cross-section" the ratio of two 

power values P. and P„. P.. is the power absorbed by the object of in- 
terest when exposed to a uniform plane wave. P„ is the total power 
value given by the product of the power flux prior to the insertion of 
the obstacle into the field as measured at the position of the obstacle 
and of the "projected cross-section" of the obstacle of interest. The 
latter is obtained for viewing in the direction of the propagation of 
radiation upon a plane perpendicular to the direction of propagation. 
It is apparent that the knowledge of this relative absorption cro.-s-sec- 
tion is a prerequisite to a determination of the power which is absorb- 
ed by animals or mankind from free field measurements. It is also ap- 
parent that estimates of power absorbed by mankind must be based ulti- 
mately on free field measurements where power density and field strength 
are simply relnted. We have pointed out previously that the concept of 
power density fails in the presence of standing wave patterns and that 
field strength values near the surface of t^e human body are related 
onlv in a very complex manner with the energy absorbed by the body. 

. 

The relative absorption cross-3ection of a sphere can be shown to 
be: 1131 K    R 

<*-AV (1) 
wc r 
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where K„ and e are conductivity and dielectric constant of the sphere, 
R its radius and e * 8.81i  10 ** farad/centimeter . Suppose f•- 100 Mc, 
and R^\^30 cm, i.e. we consider the case of a sphere whose average di- 
mensions compare with those of the human body. Then for typical body 
properties in the microwave range K.-^ 10" mho/centimeter and e.'-v- 60, 
S^-l$, i.e. the relative absorption cross-section is in this case only 
1%.    This sample is chosen to demonstrate that the relative absorption 
cross-section can be extremely small. On the other hand, at frequencies 
so high that the wavelength is small in comparison with the dimensions 
of the illuminated obstacle, the surface of the human body may be con- 
sidered as a first approximation to be a plane surface hit under right 
angle of incidence, provided that the broad side of the trunk is ori- 
ented towards the radiation, i.e. the person faces the antenna system. 
In this case, we may anticipate absorption up to 100$ efficiency as 
shown by previously published work from our laboratory. In summary: 
The relative absorption cross-section which is introduced to charac- 
terize the efficiency of absorption of energy incident upon the pro- 
jected cross-section of an illuminated obstacle, can vary in the case 
of exposure of mankind between 100 and less than 1%.    This means that 
we are at the present left virtually without any knowledge whatsoever 
as to the amount of energy picked up by mankind. In view of recom- 
mended tolerance flux levels of 10 mw/cm absorbed energy correspond- 
ing free field flux levels are completely uncertain. Another conse- 
quence of this finding: Any type of animal work, where test animals 
are exposed to electromagnetic fields in order to learn from their re- 
sponses on what level to establish tolerance flux or field strength 
levels for mankind, appears irrelevant. 

The definition of the relative absorption cross-section involves 
several quantities which must be known in order to establish its value: 

1. A homogeneous plane field.-of constant intensity at the loca- 
tion where the scattering and absorbing obstacle of interest is to be 
introduced into the field. It should be of known value. This value 
may be given either in terms of flux F, i.e. in units of Watts/cm , or 
in terms of field strength E, both being related in air by the equa- 
tions F = E /377. Absence of any standing wave pattern is a prere- 
quisite to this equation. 

2. Knowledge of the "shadow cross-section" or "projected cross- 
section" of the obstacle illuminated by the radiation and determina- 
tion of the amount of energy absorbed by the lossy obstacle. >fhile 
the former is readil"- established, different possibilities exist to 
ascertain the second quantity. 

The achievement of a homogeneous field is not easy, and this sub- 
ject is discussed in another place.  Here we will discuss alternate 
means of determining total energy absorbed by the illuminated obstacle. 
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The following different ^>proaches may be used-; 

a) Measurement of field strength inriide the obstacle as a function 
of space and determination of the absorbed energy from the vol- 
ume integral of E K where K is the electrical conductivity of 
the lossy material filling the obstacle. 

b) Measurement of temperature rise for a p'   Ht  time of illumina- 
tion. The volume integral of all eerier-uure readings divided 
by the volume itself provides the average temperature rise. 
Its value, when multiplied by the specific weight and heat of 
the test substance, provides the tot;"1  -"v absorbed. 

c) Is essentially the same as b), but replaces individual tem- 
perature readings by a determination of the average tempera- 
ture . The latter is established by vigorous stirring of the 
illuminated test substance immediately after exposure and then 
measuring it. 

The a) and b) approaches have in common that they require many read- 
ings, particularly when the distribution of E is very variable. This 
may be expected almost with certainty in view of the limited depth of 
penetration of the field in comparison with the dimensions of the ob- 
stacles of interest. The b) and c) approaches share the disadvantage 
that they require more illuminating power in order to provide suffi- 
cient resolution in the temperature readings to be of significance. 
It is felt that the first disadvantage is more serious than the se- 
cond. Since approach c) is furthermore very much simpler than that 
of b), the latter is proposed for consideration. 

The following data demonstrate how to determine the feasibility 
of the "thermal approach" c): 

Resolution of temperature with thermoprobes       0.1 C 

Desirable accuracy in temperature 10% (min) 

Size of obstacle to be illuminated eomp^-rable     diameter about 
with head, trunk, etc. 10 inches 

Thermal time constant of object to be 
illuminated about 1 hr. 

Desirable exposure time (limited to "linear 
transient" where heat losses to the outside       at most 
have not yet to be considered) 30 minutes 
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Total absorbed energy flux required to 
affect in 30 min. a temperature rise 
of at least 10, 

Total absorhed energy necessary to affect 
in 30 minutes 1 C temperature rise, 

■Available" power requirement over the 
obstacle cross-section assuming an "ab- 
sorption efficiency" of 30$, 

Total equipment radiant power output, 
assuming that uniformity requirements 
are such that the illuminated area ab- 
sorbs only l/lOth of the power output, 

about 
20 mW/cr/ 

about 
10 watt8 

about 
33 watts 

about 
330 watts 

In order to be on the safe side, it is desirable to undertake the 
thermal approach only if about 1 KW of radiant power on an average 
basis is available. Similar calculations may be carried out for other 
object sizes. They do not give substantially different results, since 
objects of smaller size tend to scatter more energy. This offsets to 
some extant the gain resulting from their smaller depth in the direc- 
tion of wave propagation. 

Considerable effort was undertaken to improve the power output of 
a radar unit, made available to this laboratory by the Office of Naval 
Research. As a result a total power output of about 1 KW, as deter- 
mined with a water load, was achieved. 

Figure 1 is included"to demonstrate the advisability of position- 
ing the object to be illuminated in a region of the far field where 
the "shadow cross-section" of the obstacle is not hit by more than 
10 to 20$ of the total powor output. The figure presents that frac- 
tion of tie total power which is contained by the space angle surround- 
ing the shadow cross-section of the obstacle. It is presented as 
function of the flux reduction from the center of the beam to the en- 
velope of the space angle for three horns of different gain. The 
horn characteristics of gain h  and 6 are calculated assuming cos 6 
or cos 6 functions for the aperture illumination, the horn of gain 32 
is one presently used*in our laboratory (experimental data). It is 
seen that for a 20$ variation in flux onlv 18$ of the total power can 
hit the target, a situation which is considered undesirable for work 
which is based on the assumption of uniform illumination. 

Our present electromagnetic radiation source operates at a fre- 
quency near 300C Mc, Requirements for placing the obstacle to be 
illuminated onlv in the distant field and at a sufficient distance 
so that curvature of the wave front is minimal across t^e illumin- 
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ated obstacle, hava been outlined in a separate report , (previously 
presented and submitted). They are, therefore, omitted here. The 
choice of horn and room dimensions was made to achieve a-tolerable com- 
promise between the necessity of heating the object, its placement at 
sufficient distance, etc., in accordance with previously outlined 
principles. Power density was monitored with a probe which was essen- 
tially shielded with echosorb, except for its free tip. No highly 
directional devices, such as horns or dipoles were utilized. They are 
unnecessary in view of the high power available, and undesirable in 
view of the directional characteristics of such devices. 

A number of preliminary exposures of vessels of the approximate 
size of the human head filled with proper absorbing solutions have 
demonstrated the feasibility of the above outlined thermal approach. 
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ELECTRICAL SUBSTITUTES FOR HUMAN TISSUE 

Herman P.  Schwan and Helmut Pauly* 
Electromedical Division 
Moore  School  of Electrical Engineering 
University of Pennsylvania 
Philadelphia l±,  Pennsylvania 

SUMMARY: 

Electrical substitutes for body tissues are desirable 
and necessary in order to evaluate the mode of action of 
microwaves on mankind.  Various mixtures of dioxan and 
electrolytes have been prepared and their dielectric 
constant and conductivity determined.  The determinations 
have been carried out at frequencies sufficiently high to 
establish properties throughout the total microwave fre- 
quency range.  The chosen mixtures are found suitable 
to permit simulation of the electrical properties of 
body tissues.  The data will be reported and related 
characteristics summarized. 

Now at the Max Planck Institut für Biophysik 
Forsthaus Strasse 70 
Frankfurt am Main, West Germany 
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The development of electrical substitutes for 
body tissues in the microwave range is useful for all 
purposes where phantom studies, simulating the human 
body, are planned.  A typical example are absorption 
cross section studies pertaining to mankind and intending 
to relate mankind absorbed power with free field values 
of either field strength or energy flux.  It had become 
obvious from previous work carried out predominantly 
in our laboratory that all body tissues fall within 
tne following ranges of electrical values throughout 
the total microwave frequency range: 

Dielectric constant 
Specific resistance 

5-   70 
10-10,000 Ohm-cm. 

Depending on frequency and type of tissue (Hard tissues, 
soft tissues with high or low water content), a variety 
of probable combinations of dielectric constants and 
specific resistances within these ranges are possible. 
Hence it was decided to develop an electrical substitute 
for body tissues useful for phantom work which fulfills 
the following requirements: 

1. It must be available in the form of a solution 
in order to a) permit ease of filling the various 
cylinders, spheres and other body shapes chosen for 
absorption cross section studies; and b) be able to 
be stirred up immediately after exposure in order 
to establish its average temperature rise. 

2. It must permit continuous variation of the 
dielectric constant throughout the range from about 
5 to 70. 

3. It must permit independent adjustment of conductivity 
of the dielectric constant range quoted. 

Requirements 2 and 3 are necessary in order to permit 
successful simulation of any tissue of possible interest 
at any frequency throughout the microwave spectrum used 
for radar purposes. 
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It is obvious that requirement 3 can be met only 
if electrolytes form an essential part of the mixture. 
Dioxan is ideally suited as a means of lowering the 
dielectric constant of water and electrolytes. 
Consequently a variety of electrolytes of varying 
electrolytic strength were mixed to different ratios 
with dioxan and their dielectric parameters determined. 
The investigations benefited from the following facts: 

of an 
a. The frequency dependence of the dielectric properties electrolyte 

is given by a rather simple expression involving 
only one Debye term 

where <Sy-= 8.814.' lO"1^, ä0 and ^dielectric 
constants at frequencies much lower or higher 
respectively than l/2<rrT.  l/2 f- T is about 
20,000 Mc for dioxan-water mixtures.1 

b. The frequency dependence of the dielectric properties 
of an electrolyte is not essentially affected by the 
presence of dioxan.1  The latter substance simply 
lowers the volume taken by the electrolyte and 
thereby reduces its dielectric constant and 
conductivity.  But' it does not affect the 
characteristic frequency f  = l/2tfT of the 
microwave dispersion expressed by equation (1). 
It merely shifts the constants Co  and *^o •  This 
makes it possible to calibrate all water-electrolyte- 
dioxan mixtures at relatively low frequencies, 
thereby determining the constants F0 and 4C0 as they 
change with dioxan and electrolyte concentration. 
The use of equation (1) permits then prediction of 
£ and d^L for the total microwave spectrum, using 
the further fact that £"„0 changes linearly with the 
mole fraction of water from 2,5 ( <5 of dioxan) to 
5 ( 6« of water).1 ** 

T*  See ref.l. A variation of T with dioxan content, 
as indicated )y Cook's work, is 
statistically not significant. 

1«* See Ref.l.  This linearity has been established by 
Cook up to a water mole fraction of O.I4.5. 
The linear extrapolation to full water content 
yields £- (water) ~5 in agreement with known 
water data, 
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c.  The dielectric properties of pure water mixed with 
dloxan are already known-'- and serve as a standard 
check on our method of determination of dielectric 
properties. 

Measurements were carried out to check the validity 
of the assumption stated above.  Pertinent work will not 
be reported in detail here. 

Measurements were carried out at frequencies ranging 
from 1 to 200 Mc with an RX-Meter developed and sold by 
the Boonton Radio Corporation, Boonton, New Jersey. 
Details of the development of necessary sample test cells, 
correction techniques for distributed inductances and 
capacitances are not included in this paper since they have 
been given in greater detail in another place.2 

TABLE I summarizes the dielectric constants £0 for 
water-dioxan mixtures as obtained in our laboratory, 
and Figure 1 compares these data with literature values.3 
The agreement is seen to be satisfactory.  TABLE I further- 
more shows dielectric constant and conductivity data for 
0.1, 0.033» and 0.01 molar KC1 solutions mixed with dloxan. 
Figures 2 and 3 present these data graphically.  The data 
illustrate: 

1. The dielectric constant is nearly independent 
of the presence of ions. A small decrease with 
increase in ionic strength, particularly at low 
dioxan concentration, is in agreement with literature 
data. 

2. The conductivity changes about linearly with 
the concentration of the electrolyte, 
particularly at low dioxan concentrations. 
It furthermore decreases rapidly with increasing 
dioxan content. 

Finally, Figures I4. and 5 summarize some data, previously 
published by Cook (op.cit.).  They apply pure water-dioxan 
mixtures and pertain to the time constant T and "infinite" 
dielectric constant ^oa as function of water content. 
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TABLE  I 

Dl )xan 
(weight-*) 

Diele 
0 

ctrlc 
n/100 

Constant S0 
n/20      n/lO 

Conductivity <Ko 
n/100      n/30 

(mMho/cm) 
n/10 

0 78.5 78.0 76.1+ 76.0 1.1+3 14-78 13.0 

10 69.5 

20 62.1+ 61.2 61.0 60.7 1.09 3.23 9.00 

30 51+. 7 

ko 1+5.7 1*5.1* 1+7.0 l+l+.o 0.7^5 2.16 5.73 

$0 37.8 

60 28.3 28.5 28.9 29.0 0.1+39 1.25 3.12 

70 20.2 

80 12.6 12.9 11+.3 15.6 0.119 0.287 0.59 

90 6.63 

100 2.35 

Dielectric constant <Fr and conductivity <Ka  (in raMho/cm) for 
various KCl-dioxan-water mixtures.  The data are given as 
function of the weight percentage of dioxan and pertain to 
water and molar KCl-solutlons.  All data hold for a temperature 
of 25°  C.  The conductivity increases with temperature by 
about 2%  per °C temperature change, and the dielectric constant 
decreases about ^ unit per °C.  Estimated accuracy about 2%. 

117 



Since in the above table and figures the constants 
<?c , cf* , *<«      and T have been presented, equation (1) 
permits the determination of £ and K.  for water-electralyte- 
dioxan mixtures for any frequency of interest, provided that 
the electrolyte is KC1.  Usually it will be found that the 
data are identical with the "low frequency" data gt    and *C0 
given in Figures 2 and 3 and TABLE I.  Corrections, 
ultilizing equation (1) become important as the frequency 
increases above 1000 Mc and are simple in application. 
The realization of a particular suspension of defined 
dielectric properties is easy with charts 2 and 3: 
Graph 2 permits statement of the dioxan weight percentage 
to yield a given dielectric constant, and chart 3,   in 
combination with the desired conductivity, establishes 
by interpolation the concentration of the required KC1- 
solution. 
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SOME RECENT DEVELOPMENTS IN 
PULSED ENERGY SLEEP 

Ahmed S.   Burhan,   M. D. 
Rand Development Corporation 

Cleveland,   Ohio 

Summary 

Pulsed Energy Sleep is a general state of inhibition of the cerebral 
hemispheres brought about by direct action of low intensity and low 
frequency pulsating currents with a very short pulse duration.    It is 
entirely different from electroshock and electronarcosis,  and is based 
on functional parabiosis and protective inhibition concepts.    Electro- 
encephalographic,  electrocorticographic and electrothalamographic 
studies prove cortical inhibition and parabiotic nature. 

Under the effect of pulsed energy subjects fall to moderately deep 
sleep,   which resembles in many aspects to physiological sleep. 

This procedure is entirely safe, free from side effects, and un- 
desirable reactions like tonic-clonic seizures, respiratory or cardiac 
accidents. 

Pulsed Energy Sleep procedure offers vast potentialities as an 
investigative as well as an effective therapeutic tool. 

Rand Development Corporation has recently been interested in 
some basic neurophysiological work in relation to higher nervous activi- 
ties of human beings.    While searching for non-pharmacological means 
to influence central nervous system without causing side reactions 
or sequalae,  our attention was brought to a Russian instrument utiliz- 
ing pulsed energy.    Since  then we have spent considerable effort to 
gather as much information as we could about this technique,   and have 
tried to visualize its vast potentialities.    Colonel George N.   Knauf, 
from Tri-Service Committee,  expressed his wishes that we should 
reflect these informations at the Third Tri-Service Conference on the 
Biological Effects of Microwave Energy,  and General Flickinger 
encouraged us to do so.    We would like to extend our appreciation to 
General Flickinger and Colonel Knauf for their suggestion and advice. 
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Our thanks are also due to the Programming Committee of the 
Directorate of Technical Services,  and particularly to Mr. H.  S. 
Brownstein, Secretariat to the Tri-Service Committee,  for their kind 

• invitation and for giving us ample time for this presentation.      

I have deliberately omitted the name of this instrument to eliminate 
a possible confusion in the minds of audience before entering the sub- 
ject.     This new technique and its implement is called,   in Russian, 
"Electroson",   which has been translated into German as "Elektro- 
schlaf",  and into French as "Sommeil electrique".    It could be coined 
in English either as "Electro-sleep" or "Electric Sleep".    Although 
such a designation would be correct from etymological and semantic 
standpoints,   its phonetic similarity to electroshock has an important 
and even hazardous consequence.    It easily could convey the idea that 
it is a form of electroshock,   which it is not.    Because of this considera- 
tion it is advisable to use another,   and more descriptive designation. 
We suggest,   therefore,   tlie term,   "Pulsed Energy Sleep".    Such a 
terminology will not only help the physician differentiate it from 
electroshock and electronarcosis,  but it will particularly provide a 
sense of security,   and therefore acceptance by the patients.    It has been 
the uniform experience of Russian investigators that they met with 
resistance from their patients because the patients did not want to re- 
ceive electroshock treatment. 

We felt,   therefore,   it necessary to clarify,  first of all,   the 
/ independence of pulsed energy sleep from electronarcosis and electro- 

shock.    After definitions we will try to give a faithful picture of the 
work on pulsed energy sleep which has been in progress in Soviet 
Russia for the past 10 - 12 years.    While doing this we will limit our- 
selves to the duties of an abstractor rather than a critic of the Russian 
publications.     We feel that only in this way can we fulfill the intended 
purpose of this presentation:   i.e. ,   to relay more information to you 
as it appeared in Russian.    In this way we hope that many questions, 
which will undoubtedly arise in your minds,   will help to stimulate and 
initiate research in this field. 

Electronarcosis is a forced condition of the central nervous 
system brought about by application of either interrupted continuous 
current (square waves),  or alternating sine waves of 60 - 150 ma. 
with a pulse rate of 100 cycles per second.    Considerable intensity of 
the current causes spread of electrical front to large areas of the 
cortex,   subcortical area,  brain stem,  and if it is continued,  penetra- 
tion to deeper layers,   reaching finally to medulla.    Based on this,   a 
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progressively advancing front of electrical stimulation develops which 
maybe represented,,   schematically»  as 

Initial hypnotic narcotic convulsive coma 

Due to the intensity of the current,   the clinical signs of these 
phases proceed ver v fast»   and the subject, enters into a narcotic stage 
in 15 - 30 seconds.    Total Immobility,   hypotonicity of the muscles, 
loss of all forms of sensibility,   and unconsciousness indicate diffuse 
inhibition of the cerebral cortex.    However»   if the current is kept on, 
the increase of the tonus of subcortical-stem sections is witnessed by 
the change of myogenic tonus,   appearance of elements of spastic 
phenomena,  and hyperkinesis.    Finally!   as the front of electrical 
stimulation reaches to deeper sections of the central nervous system, 
the medulla becomes involved,   respiratory and cardiac embarrass- 
ments appear,    [t is therefore necessary to limit the time of application 
of the current, to 5 to 7 minutes, 

Elec troshock,,  or mere descriptively,   eiectrocoma is a very 
fast shift of the patient to the stages of convulsion and coma.    As it 
is known from practice, patients are sudden.lv charged with 100 - 500 
ma.   of sine waves for a duration of 0, 6 ~ I second.     The result of 
stimulation of both cortical and subccrt.cal area? is the development 
of signs of severe tonic and clonk,  seizure! requiring pre-treatment 
with muscle relaxants to prevent rupture of muscle bundles or fracture 
of bones,    j" addition,   re.-piratory difficulties with occasional cardiac 
arrest mav occur. 

Puised Energy Sleep io ar. entirely different phenomenon from 
electroshock an.c1 el^c ticr.arccsia.    It is based en the concepts of 
"parabicsis    and "protective inhibition".    Pulled Energy Sleep develops 
as a reaction to the passage of a very weak alternating current with 
some d-c component through the brair tissue«    The   ntensity of the 
current is not higher than 0,'i ma.  with a puls ; duration of 0. 3 milli- 
seconds.     The pu^se rate varies- between  i and iCO,   according to the 
age of the patient and the type c.t the ::i?e under treatment. 

This type cf energv has bean nrctO. to be free from any side 
reactions like intoxication,  electric accumulation,  and opiethotonus, 
or any adverse effect upon respiratory oi c.-rc.ac centers. 

Proper undershi r.ding cf Pulsed Energy Sleep requires familiar- 
ization with ;he   "doctrine of parabiOSis'   Oi Weder*kiy,   if we are to 
see the facts as a Russian, investigator or a reader would understand 
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it.    There is another reason for me to explain this doctrine,  and I am 
very reluctant to say so, because in one of the recent medical meetings 
in this country,  this problem came up,  and the explanations given were 

• very confusing,   if not entirely erroneous! 

The history of parabiosis starts with the interesting observation 
of Grunhagen,   made in 1876.    This author found that if a portion of a 

. nerve fiber is placed in a glass tubing and exposed to a flow of carbon 
dioxide,  the irritability of the nerve at the exposed part steadily decreases 
up to its complete loss.    The conductivity,   on the other hand,   remains 
intact.    A conclusion was drawn from this observation that the "irrita- 
bility and conductivity should be separated from each other as different 
processes."   Grunhagen's experiments were repeated by others,  and 
with various agents like chloroform,   ether,  alcohol,  carbon monoxide, 
and chloralose.     The results obtained were uniformly corroborating. 
A French physiologist, Herzen,   went a step further and applied an induc- 
tion current to the non-irritable portion of the nerve.    He could detect 
a negative deflection of the galvanometer needle,   although there was no 
action; he,   therefore,   called this "les courant d'action sans action" - 
"action currents without action". 

Nikolai Evgenevich Wedenskiy,   professor of physiology at Lenin- 
grad and a successor of Sechenov,   who discovered central inhibition 
of the reflex arc by applying strong salt solutions to the central nervous 
system,   repeated Grunhagen's experiments in the following manner: 

1 
He made a nerve-muscle preparation conserving the severed part 

from the spinal cord,  and carefully brushed chemical agents to it or 
applied other noxi at a section of the nerve as shown with shaded area 
in the Figure 1 .    Agents like cocain,   chloralhydrate,  phenol,  as well 
as mechanical,   thermal,  and electrical agents were used in his experi- 
ments.    Wedenskiy,   too,   noticed that as a response to these noxious 
agents the irritability would drastically decrease to necessitate 
stronger stimuli so as to bring about minimal contraction on the muscle. 
Conductivity,   however,   seemed to be left intact because application of 
a minimal induction current at point A could cause contraction of the 
muscle as before.    However,   conductivity was later also abolished 
"suddenly" because the stimuli at any intensity would fail to cause a 
contraction.    In addition to these Wedenskiy observed,   through his 
telephone,   another phenomenon:   at a stage when low intensity impulses 
were still passing through the blocked part,   the nerve tone in the tele- 
phone changes,   it loses its pure musical tone and becomes muffled. 
Wedenskiy called this "transformation stage." 

As time passes,   the treated or poisoned area of the nerve still 
undergoes some changes,   and at this time response to strong stimuli 
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disappears,  but weak stimuli bring the muscle to a tetanized state. 
This phase was called "paradoxical stage." 

Paradoxical stage is followed by a further lessening of the irri- 
tability at the treated point,   which had started earlier.    In conjunction 
with this another fact was observed by Wedenskiy.    During paradoxical 
stage,  or the stage immediately following to this -- during which con- 
ductivity of treated area seems to have completely disappeared -- 
stimuli coming to this portion of the nerve cause an inhibitory effect 
upon the stimuli applied to the treated area.    This was called, 
correspondingly,   "inhibitory stage. "    The actual meaning of this stage 
was the ability of a portion of a nerve to exert an inhibitory effect upon 
another section of the same nerve.    In the absence of any histological 
changes,   the only explanation which could be given to this peculiarity 
is a change in the functional state of different parts. 

The entire pattern of this reaction with its various stages was 
recognized by Wedenskiy as a "general reaction of the nervous tissue 
to most varied stimuli, " and he considered it "even more universal 
thr n their state of stimulation or state of activity in ordinary mean- 
ings of these terms. " 

Wedenskiy chose the term "Parabiosis" for this peculiar condi- 
tion.    When this condition was fully developed the nerve seemed to be 
void of its fundamental characteristics -- irritability and conductivity - 
as if it were dead.    If we stop for a moment,   and remember that in 
Russia a tradition oi neurophysiology exists,   then the impacts of such 

(a broad formulation as the doctrine of parabiosis could be grasped 
fairly easily.    The possibility of inhibition of a nervous tissue by 
another part of the same unit could be advantageously used to explain 
various normal as well as pathological phenomena, 

We see that Pavlov,  too,  was interested in parabiotic inhibi- 
tions as these are reflected in his writings.    He stated that "constant 
stimulants without after effects lead to development of inhibitive con- 
ditions in the cortex.    This inhibition gradually irradiates to occupy 
the entire cortex,  and descends to the subcortical layers. "   This point 
was proven~by various experiments in Pavlov's laboratory.    For 
instance,  as early as 1912,  while studying conditioned reflex,   it was 
found that intermittant electrical stimulations of the skin did cause 
not only secretion of saliva,   but the animal? uniformly fell asleep. 
These observations  led Pavlov to study trie mechanism of natural or 
physiological sleep.    He denied the observation? of Hess that the stimu- 
lation of lateral portion of the ventral halt of the massa intermedia of 
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thalamus induces sleep in cats.    He assumed that this represented an 
exceptional case, and the sleep was not brought about by stimulation 
of the sleep center but by transfer of the electrical stimuli to cortex 
by some tracts.    Pavlov called the inhibition of the cortex brought about 
by external irritants "protective inhibition" and classified these irri- 
tants into three categories:   very weak,   very strong and extraordinary. 
Stimuli with or without physiological meaning can introduce various 
degrees and depth of inhibition in the central nervous system. 

Based on Wedenskiy and Pavlov concepts,   minimal pulsed energy 
has been applied to central nervous system as a weak,   monotonous, 
rhythmic stimulant to induce generalized cortical inhibition,   and it 
was observed that as a result of this inhibition a state develops in 
animals which could be compared with the transitory phases between 
vigilance and sleep. 

The above given considerations led the investigators at the 
Institute for Higher Nervous Activities,   Psychoneurological Research 
Institute of Academy of Medical Sciences,  Electrophysiological 
Laboratory,  and Physio-Technical Department of the Institute of 
Physiotherapy to participate to a collective work for evaluation and 
human application of pulsed energy. 

Following a rather detailed study of physiological and clinical 
aspects of electronarcosis,  they came to the conclusion that the only 
admissible form of pulsed energy for clinical use would be a current 
of minimum intensity,   frequency and pulse duration,  which will not 
cause any unpleasant sensations,   vegetative displacements,   or spastic- 
kinetic manifestations.    It was therefore necessary to select and define 
these criteria.    Electrophysiological considerations led them to choose 
rectangular waves,   initially,  with very short duration at their peak, 
and a rapid drop to zero.    Due to relatively long pau&e bc*reen pulses 
helped,   at the same time,   to bring the time average of the intensity 
to a lower level than the amount which was actually applied to the sub- 
ject.    Frequency of pulses were studied in a spectrum from one to 130 
cycles per second,  and it was found that although the great majority 
of cases responded to frequencies between 5 and 25 cycles per second, 
it should be selected in each case individually.    Duration of pulses 
should correspond to moving chronaxies of the nervous formations 
which lie between 0. 3 - 0. 5 msec.    Various wave shapes like rectan- 
gular,   trapezoid,  bell-shaped,   and combinations of these have been 
tried,   and a conclusion was arrived at that all possible wave forms 
should be investigated to find out the most physiological patterns. 
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I 
After these criteria have been established,   it was a simple matter 

for electronic engineers to construct working models.    The first 
clincial model was built at the Institute of Physiotherapy in 1950,  and 
since then several changes have been made on the basic circuitry. 
Recently transistorized units and portable models have been constructed. 

The pulses generated in these units are applied to the patients 
with orbital and occipital electrodes.    Orbital electrode represents 
cathode,  and occipital electrode represents anode.    Occipital electrode 
is made in a bifurcated form to fit on the rnastoid processes. 

After the electrodes have been placed the current is turned on, 
and its intensity is increased until the threshold of the patient is 
reached.     This corresponds to a level at which the patient feels a slight 
prickling sensation or crawling ants under the eyelids or in the back 
of orbital cavity.    Gradually a heaviness develops in the eyelids,   some- 
times after a slight dizziness and drowsiness thoughts disappear and 
patients fall into a steadily deepening physiological sleep.    During 
this the patients will be found in a quiet,   relaxed position,   usually lying 
on their side.    Respiration becomes deeper,  less frequent,  but even; 
pulse slows down to a few less beats per minute.    Upon discontinuation 
of pulses patients awaken in a few minutes; however,   sleep may con- 
tinue more or less longer after interruption of the electrical current. 

Four types have been distinguished as reaction to pulsed energy: 

(1) Without perceptible change in the condition of the 
patient. 

(2) Development of sleep toward the end. 

(3) State of drowsiness interrupted periodically with 
short cycles of actual sleep. 

(4) Continuous sleep during procedure. 

With the exception of children,   almost all patients fail to fall 
asleep during first application (fear of being attached to an electrical 
circuit,  personal experience with electroshock,  etc. ).    After discover- 
ing the absence of any unpleasant sensations and lack of after-effects, 
patients become firmly assured so that they fall asleep without any 
difficulty,   and accept the treatment with willingness.    However,   certain 
percentage of them will never fall asleep; these make up the actual repre- 
sentatives of the first group in above given classifications. 
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Physiological and Biochemical Changes during the state of cor- 
tical inhibition in animals were investigated by means of conditioned 
reflex activity as used earlier in Pavlov's laboratory.    However, 
these methods present certain difficulties when they are applied to 
human beings because they are actually conditioned reflexes by them- 
selves.    Therefore,  to study sleep inhibition kinetic chronaxie,   skin 
galvanic potentials,   registration of the movements of the eyelid,  etc. 
were used.    Since the development of electroencephalography this 
technique has been in extensive use.    Present studies have been under- 
taken mainly by means of pneumographic,  plethysmographic and 
electroencephalographic techniques.    Besides this arterial O, satura- 
tion and complete biochemical analyses of blood were done. 

Pneumograms showed slower frequency with increment in 
depth of inhibition,   and periodic undulations which are characteristic 
for the hypnotic phase of sleep.    Plethysmograms showed a slow, 
gradual dilation of peripheral blood vessels.    Appearance of respira- 
tory waves as well as waves of third order indicated the normalization 
of plethysmogram which is disturbed in psychiatric cases.    Arterial 
oxygen saturation remains high during the procedure in spite of deep 
sleep and vasodilation.    This is contrary to a sharp fall in arterial 
On content during physiological as well as pharmacological sleep. 
Electroencephalographic changes may be summarized as initial 
depression of the alpha rhythm,   then appearance of slow waves,  and 
during more prolonged action some increase of the high frequency 
waves in the frontal region (Figure 2). 

The depth of sleep was studied by means of combination of 
conditioned,   unconditioned and defensive reflexes coupled with 
electroencephalographic recording of electrical activity of the brain. 
Evaluation of the data obtained according to accepted criteria allowed 
for establishing four phases of Pulsed Energy Sleep which are char- 
acterized by various degrees of diffusion and depth of the inhibition. 

(1) Absence of inhibition - no visible change in the 
status of the subject. 

(2) Partial inhibition - hypnotic phase. 

(3) Considerable irradiation of inhibition extending 
to the auditory analyzer - sufficiently deep sleep. 

(4) Spread of inhibition to subcortical - stem level - 
state of deep sleep. 
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In the majority of patients the second and third phases were 
reached showing very close relationship between physiological sleep 
and pulsed energy sleep.    Continuation of electroencephalographic 
changes following interruption of the current,   and its resemblance to 
that obtained during normal sleep corroborates this similarity.    How- 
ever,   it is proper to add a qualifying statement in this connection, 
that Pulsed Energy Sleep is by no means the physiological sleep itself. 
Its manifestations are very similar to it,  and it may be followed by 
it,  but in the body pulsed energy produces deeper changes than those 
which could be obtained by a few additional hours of sleep brought about 
by indifferent rhythmic stimuli.    Even after a short and shallow sleep 
during the procedure of pulsed energy application,  the patients feel 
refreshed and in good spirits just as after a deep and long night sleep. 

Site of Action of Pulsed Energy in the Central Nervous System 
is one of the problems to be decided upon.    While defining pulsed 
energy sleep,   it was stated that it is the result of direct effect of the 
pulsating currents upon nerve cells.    It is obvious that,  as long as 
electrodes are applied externally,   peripheral nerves will participate 
in the development of inhibition.    Due to its significance this aspect 
was studied first by implanting intracranial electrodes in rabbits.    By 
gradual advancement of the probes from the skin,   through brain mass, 
and reaching to the base of the skull,   it was found that current density 
shows two maximums:    immediately under the skin,   and near the 
base of the cranium.    In the brain tissue itself the current density 
decreased from base of the skull toward calvarium.    This proved that 
the major portion of the applied current was passing directly through 
the brain tissue,  and basal area of the brain was subjected to the 
effect of current more than the cortex. 

In another group of experiments,   electroencephalogram,   electro- 
corticogram,   and electrothalamogram were recorded during and after 
the application of square-wave pulsating currents.    Development of 
certain pattern under the effect of these puises with or without sleep, 
continuation of these changes after prolonged application of the pro- 
cedures,  and their resemblance to those obtained during physiological 
sleep have been accepted as signs of a direct effect of the pulsating 
current upon brain celis.    These experiments also helped to eliminate 
the question of peripheral irritation in :he mechanism of sleep induc- 
tion because electroencephalographic recordings obtained during sleep 
were similar regardless whether the energy was applied intracranially 
or extracraniaily.    Likewise in 40 cases with open trauma to the head 
of human beings by placing active electrode to exposed brain,   no 
changes could be seen in electroencephaiographic tracings as compared 
to those obtained by conventionally applied electrodes. 
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A comparative study of electroencephalogram,   electrocortico- 
gram and electrothalamogram before,  during,   and after sleep dis- 
closed some additional information which can be summarized as 
follows:   during pulsed energy sleep optic thalamus is stimulated to 
give rise to small amplitude optimal rhythm (5-6 firings per second), 
which slows down after the inhibition is developed in the cortex.    This 
retardation is parallel to the duration,  as well as depth of sleep. 
After the awakening of the animal normal rhythm of excitations appear 
in electroencephalography. 

Electroencephalogram on the other hand gives an optimal rhythm 
for cortical structures of 8 - 12 cps alpha rhythm.    The unchanged 
responses of thalamus in animals and in humans to a pulse rate of 6 - 
10 - 12 or even 18 shows that the brain tissue is reacting independently 
from the excitor,  and with its own oscillation rate; this too was ex- 
plained in the theory of parabiosis of Wedenskiy as the internal nature 
of parabiosis.    This way the mechanism of action of pulsed energy 
becomes clear,   once again,   that nerve cells resume their normal rate 
of firing,   or in Wedenskiy's terminology,  their functional lability. 

Application of Pulsed Energy Sleep  has been carried on in 
approximately 500, 000 procedures.    A great majority of these cases 
comprise neuroses,   schizophrenia,   choreic form of rheumatic enceph- 
alitis,  presenile psychosis,   hypertension,   duodenal ulcer and toxemia 
of early pregnancy and serious forms of headaches.    Discussion of 
indications,   therapeutic regimes and detail of results obtained is 
beyond the scope of this conference.    However,  we can summarize the 
results of findings with some broad statements:   with the exception of 
presenile psychoses Pulsed Energy Sleep has provided,   in the hands 
of Russian investigators,   a safe and effective means of treatment. 
Usually from the very first procedure on patients became calm, 
lively,   cooperative,   critical toward their disease.    Hallucinations, 
suicidal tendencies disappeared,   disturbed night sleep became normal. 
In children with chorea hyperkinesis disappeared,  and no recurrences 
observed. 

However,   it should be added that therapeutic success depends, 
largely,   on the state of development and reactivity of the thalamo - 
cortico - subcortical relations of the patients.    For instance,   in 
schizophrenia in cases where no beneficial effect is obtained alone 
from Pulsed Energy Sleep,  combination with insulin - shock or other 
known means of therapy leads to recovery. 
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Conclusion 

To conclude this presentation on the biological effects of the 
pulsed energy in which we have tried to expose only its most salient 
aspects as it pertains to the realm of this Conference,  the following 
could be repeated. 

Pulsed Energy Sleep is a parabiotic - protective inhibitive   state 
of the central nervous system achieved by direct action of low inten- 
sity,   low frequency,  and short duration pulsating current upon the 
nerve cells,  and developed in these cells.    This cortical - subcortical 
inhibition restores the neurons to oscillate with their own rate of 
firing. 

Pulsed Energy Sleep is for this reason entirely different from 
electroshock and electronarcosis,  because the latter are forced con- 
ditions in the brain with certain,  and sometimes dangerous,   side or 
after effects. 

Pulsed Energy Sleep has been used for therapeutic purposes 
with definite success and could be tried as an investigative tool with 
definite advantages.    Further research for its effects as well as 
possibilities which might be derived from it deserves serious con- 
sideration. 

h 
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Fig.   1.     Wedenskiy nerve-muscle preparation to study 
parabiotic phenomena 
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Fig.   2.       Electrocorticogram (a) and Electrothalamogram 
(b) of rabbit.    A - before application of pulsed current.    B, 
C,  D,  E tracings at 15 minute intervals following applica- 
tion of the current (after I. S. Robiner). 
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HUMAN BODY AS AN INCONSTANT HEAT SOURCE AND ITS RELATION TO CLOTHES INSULATION 

1 - Descriptive Models of the Heat Source 

by 

A. S. Iberall* 

ABSTRACT 

■ 

A precise characterization of the thermal resistance of clothes requires an 
[accurate description of the static and dynamic thermal characteristics of the 

human-heat source. Experimental measurements on the human have revealed a 
frequency spectrum of sustained thermal-power oscillations that mask theo- 
retical long-time equilibrium adjustments. This points to the number of 
degrees of freedom that must be involved in the thermoregulation of the human, 
and to the specific nonlinear characteristics of the system. Therefore, at 
best, a resistance model for clothes is possible only as an ohmic relation 
among time-averaged equilibrium values, and for a specific mode of operation 
of the system. The validity of this hypothesis, however, has not been proven. 

»Chief Physicist, Rand Development Corporation, 
Cleveland, Ohio. Mem. ASME. 
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Human Body as an Inconstant Heat Source 
and Its Relation to Determination 
of Clothes Insulation' 

A. S. IBERALL 

1 - Descriptive Models of the  Heat Source 

A client of the Rand Development Corpora- 

tion requested development of a method for as- 

sessing, among a variety of clothes of Interest 

to him, the differences In their ability to pro- 

vide protection against extremes of temperature. 

Because of some rather novel and controversial 

elements In the method of providing protection 

In these clothes, the client requested that the 

method be absolutely reliable and highly accu- 
rate. 

A review of the literature revealed the fol- 

lowing methodology for describing and determin- 

ing the "insulation" value of clothes-.  Clothes 

are described as an equivalent "conductance". 

For example, Qagge, Burton and Bazett (l)1 de- 

fined the "clo" - a unit of thermal insulation 

of clothing - a3 the amount of Insulation neces- 

sary to maintain comfort (a mean skin tempera- 

ture of 92 P) of a resting subject in a room at 

70 P with air movement of 20 fpm, humidity not 

over 50 per cent, with a metabolism of 50 kilo- 

calories (k cal) per sq meter per hr. Bqulvalent- 

ly, they have taken this to mean that, on the 

assumption that ^6  per cent of the heat Is lost 
through clothing, a clo may be defined in physi- 

cal terms as the amount of insulation that will 

allow the passage of 1 k cal per sq meter per hr 

with a temperature gradient of 0.18 deg C be- 

tween the two surfaces of clothing.  Much of the 

ideology and experimental science that has gone 

into developing these concepts may be found in 

the authoritative book "Physiology of Heat Regu- 

lation and the Science of Clothing," by L. H. 
Newburgh (2); a book by Wlnslow and Herrington 

(5); and in a published symposium on temperature 

(4). 
fcfhereas as a goodly first approximation, 

there may appear to be little criticism of the 

"equivalent conductance" concept of clothing, 

for precise work a very carefully constructed 

Numbers in parentheses designate References at 

end of paper. 

scientific foundation in theory must be laid to 

Justify such a concept. 

The specific difficulties are to determine, 

not how to make a laboratory test of the equiva- 

lent thermal resistance of a sample of clothes, 

but, how the body determines its surface thermal 

boundary conditions so that its characteristics 

as a potential source are understood.  In partic- 

ular, since the body is a self-actuated thermo- 

regulated system, what is needed is a dynamic 

description of its operation.  It is in the do- 

main of lack of pointed emphasis on the dynamics 

of the system that past descriptions uf the ef- 

fect of clothes are weak. 
Related difficulties existed in the science 

of color which were not resolved until distinc- 

tions were made between the psychology of color 

(how the eye characterizes color); the psycho- 

physics of color (by what physical laws does the 

eye respond to or "add" color); and the physics 

of color (the physical laws that describe color). 

It is the purpose of this preliminary study 

to lay at least a phenomenological basis for a 

valid description of the thermoregulation of the 

human that will permit a precise characteriza- 
tion of the effect of clothes. 

DESCRIPTIVE MODELS OP HUMAN HEAT 

SOURCE AS A DYNAMIC THERMOREOULATED SYSTEM 

The chemically reactive thermal field that 

the body represents has been described by the 

following power balance: 

M = E + W + K (Ts - T0) + S 

M = rate at which energy is produced by the 

heat of conbustlon (i.e., metabolslm) 

E = rate at which energy is lost through 

evaporative mass transfer (i.e., evap- 

oration) 

W = rate at which external work Is done 

S = rate at which heat is stored in *-.he sys- 

tem (i.e., storage) 
K (Ts - T0) = rate at which heat is conduc- 
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ted through an Insulating sheath In con- 
tact with the body. 

K = "equivalent" conductance of insulation 
surrounding the body 

TB ■ "effective skin temperature 
T0 ■ "effective" surrounding temperature 

In this description, clothes are character- 

ized by their effect in determining the conduct- 
ance K. 

The physiological description of the thermo- 

regulation of the human, given In the literature, 
describes three regions of regulation (illustra- 

tively, for a nude subject doing no external 

work). In the expressions that follow, zero sub- 
scripts are used to denote parameters that may 

be regarded as constant. Numerical temperatures 

given are only meant to be approximately correct 
values. 

Evaporative Control 

Ho = E + K0 (Ts0 - T0) 

for T0 > 31 C 

Ts0 = constant (= 35°C) 

See CO, for example (pp.33, 518, 5^9); or 
(2) (pp. 142, 205). 

The Implication has been permitted that E 

becomes a function of T0, say through the poten- 

tial mechamlsm of increasing the wetted surface 

area of the body. 

Vasomotor or Conductance Regulation 

Ho = E0 + KQ (T3 - T0) 

for 31 0  \   To  •. 29 C 
See (4), for example (p.5*+8) 

The Implication has been permitted that the 

internal conductance of the system changes, so 

that the skin temperature becomes a function of 

ambient temperature. 

Zone of Body Cooling 

Mo ■ Eo + Ko (Ts - Tc) + 3 
lor 29 C > T0 

The conditions of measurement are not at 

equilibrium.  A neat debt Is built up.  It is 
left by logical Implication that the control is 

through shivering and increased metabolism, see 

(2) (p. 235, next to last paragraph). 

The defects In this general description 

are that It is not complete - it simply repre- 

sents a partitional balance that contains no ln- 

fonnatlon about the dynamic state of the system; 

and the effective conductance is not satisfac- 

torily treated - It does not lump all fluxes 
that may pass through the clothes. 

An elementary energy equation that may be 

written, more correctly, Is 

N - L + K (Ts - T0) + (dH)/(dt) 

M = metabolism 

L - rate at which heat Is lost through all 
other avenues than through clothes 

K (Ts - T0) = rate of all sources of flux 

that pass through clothes 
(dH)/(dt) = rate at which thermal energy is 

stored In system 

The assumption that all sources of flux, 
passing through clothes, regardless of their fur- 

ther partition, may be described by an equiva- 

lent conductance is a hypotheses.  Its general 
validity may be borne out by careful study of 
(6) (chapter 28). It is shown, as a tremendous 

achievement of the theory of similarity, that 

there is considerable similarity in the results 

of temperature difference driving forces and con- 

centration difference driving forces. Thus under 
the assumption of small concentration gradients, 

the combined radiative, conductive, convective, 

diffusive exchange at the surface of the skin, 

between the skin and clothes, may be regarded as 

functionally homogenous In the temperature dif- 

ference Ts - T0. However, this does not neces- 

sarily Imply thit the relative contributions of 

each mode of heat exchange remains a constant 

proportion of the whole: I.e., the equivalent 

conductance is no longer necessarily a constant. 

The second significant aspect of this des- 

cription Is that beginning to describe U.i  sys- 
tem by means of a differential equation creates 

the possibility of ultimate description of its 

dynamic performance.  For example, this formula- 

tion states that the net rate of production of 

heat is instantaneously stored In the system. 

Since it is reasonable to assume that no phase 

change takes place Instantaneously in the body, 

one may assume plausibly that the storage takes 

place in heat capacity of the system.  Thus 

I - L - K (Ts - T0) = Cv WtdTj/dt) 

where 
Cv ■ specific heat per unit weight (or .„ass) 

of system 

W = weight (or mass) of system 
T^ = volume averaged temperature of body 
b 

To this must be added the thermoregulatlng 

assumption 

Tr = constant (say 37 C) 

Tr = average value (In time) of "deep body" 

temperature (the regulated temperature) 

This equation set Is phenomenologlcally 

sound.  It carries with it the Implication that 

In a system which is regulated.in some sense 

(while not yet explicit, it is now possible for 

v 
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50 lc oal/m2 hr Ts - 31 C 
10 k oal/m2 hr X - 30 kg/m2 

8 k cal/m2 hr Cv » 0.8 k cal/kg 
deg 0 deg 0 

Tr to make Its appearance as an as yet undeter- 

mined portion of Tb), a self-powered system ac- 

cept.; a burden of heat storage in order to regu- 

late its controllable avenues of heat exchange 

around a set point. If a more restrictive as- 

sumption is to be made, it may be, further, that 
there is no other physically known means for 

regulating a self aotuated system. Thus intrin- 

sically the regulation of a system must be dy- 
namic. 

In order to assess the order of magnitude 
of experimental accuracy that may be required 

for assessing the storage term, the following 

numerical values are assumed (for a cold environ- 

ment): 

«o 

tO - 8 (31 - T0) = 0.8 x SOtdTj/dt) 

These numerical values have been chosen 

from data of Winslow, Herrington and Oagge (1937) 
to give a "storage" of about -40 k cal/m^ hr at 

21 C. nils loss represents a drop In body tem- 

perature of about 1.7 C/hr, To achieve an ap- 

proximate desired accuracy of about '( k cal/m2 

requires a measuring accuracy of the order of 

Q.003 deg C per mln. Thus short-term power 

measurements on the human body require rate sen- 

sitivities of the order of 0.001 deg C per mln 

in temperature measurement or control, which, 

perhaps are not so remarkable with regard to the 

precision of the temperature measurement as they 

_ arjL.wlth regard to the time stability of the tem- 
perature measurement. 

In order to obtain some information about 

the long-time scale for equilibrium results, it 

is necessary to make some additional assumptions. 

The orudest (single lumped time constant) model 

of the system may be taken to be 

<Tr 

(Ts - 

Ts> 

To) Cv VtdTfc/dt) 

"O - "o »T  *s' 
The second equation assumes that the system 

can be treated as a central core In which tem- 

perature Is well mixed and which has a constant 

layer, for Its outer core, of conductance C0. 

This model permits the assumption that: 

Tb - a Tr + b Ts 

a + b ■= 1 

Validation for such a model may be taken 

from (2) (p. 128) In which Burton gives 

Tb - 0.65 Tr + 0.35 T8 

Hardy and DuBols give 

TD - 0.8 Tr + 0.2 TB 

These models are equivalent to assuming 

fixed spatial zones of temperature, in each of 

which, the temperature distribution consists of 

a separable spatial and temporal function. In 

fact (2) (pp. 132-133) Justifies a linear tem- 
perature distribution In the peripheral zone and 

a flat distribution In the core, In the case at 

least of the forearm and thigh. A linear model 

perhaps most valldly permits 

Tb - 0.75 Tr + 0.25 Ts 

Since thlB result is close enough to the 

empirically Justified measurements of Burton, 
and Hardy and DuBols, a two-zone model may be 

regarded as having some merit. 

Eliminating Tr and Ts, respectively, from 

the three-equation set results In 

(Cv W/K0) TB + Ts - [(M0 - Lo)Ao] + T0 

(0V WA0) Tr + Tr - (M0/C0) + [(M0 - L0)/K0| + TQ 

These single time-constant results permit 

simple interpretation.  Let the single time con- 

stant ''   denote 

Cv W/Ko 

These equations then state that the skin 

temperature is driven by the temperature drop 

created by the metabolism across the external 

resistance, plus ambient temperature, with a lag 

that depends on a single time constant.  The 

deep body temperature Is additionally driven by 

the drop of temperature across the body resist- 

ance. 

Of Interest here is the time constant 

^ - (0.8 x 30)/8 = 3 hr 

Thus the primary lumped-element time con- 

stant of the human it. of the order of 3 hr. Ho 

transient can be expected to die out fully in 

less than 3 hr. 
These equations are still not satisfactory 
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for a description of the system. If the system 

were a passive single lumped-time-oonstant sys- 
tem like a liquid thermometer bulb (in which, to 

simulate correspondence, one may imagine a con- 

stant power heater immersed in the mercury), the 

previous assumptions would be reasonably well 

based, and do in fact furnish the basis for as- 

sessing performance of glass thermometers. Hie 
glass is the resistance.  It is assumed that the 

central core of mercury is well stirred by con- 

vection. The mercury and glass make up the heat 

capacity. The basic weakness in description, 
however, is that it is not for a regulating sys- 

tem. A better example might be taken of a thermo- 

statted house, say, considered as a single lump- 

ed-time-constant system to which has been added 

a simple on-off thermostatic "controller."  One 

would find an exponential rise and fall in tem- 

perature; in response to a step-function change 

of external temperature the on-off cycles would 
have to be observed for a time greater than, I>ut 

of the order of, the longest lumped single tlui. 

constant of the system as a whole before a 

steady state on-off cycle were achieved.  Rough- 
ly, these results may be regarded as a dynamic 

description of the simplest regulating systems. 

The literature was therefore searched for 

dynamic data taken on the human. It is suggest- 

ed, by Implication, that. In the vasomotor and 

evaporative zone, a passive equilibrium is a- 

chieved in which the deep body temperature re- 

mains constant. While time-dependent data 

(sparse in quantity) perhaps indicate different- 

ly, there is no other useful interpretation 

given of the presentation adopted by Wlnslow, 

Herrington, Qagge and Hardy and DuBols in repre- 

senting the partition of the avenues of heat 

versus operative temperature. 

The lack of pointed emphasis on the time 

domain of measurement and response, while stress- 

ing the reproduciblllty of results, permits only 

the logical inference of static or quaslstatlc 

results.  Thus it was possible only by detailed 

examination of a limited amount of data to de- 

rive some a priori ideas on the true dynamic 

state of affairs In human thermoregulatlon. 
For example, in the none of body cooling, 

it is stated that there is a loss In storage, 

and it is suggested that ultimately a rise in 

metabolism makes up for the loss.  In particular, 

data of DuBols' (4) (p. J7) suggests that the 

regulation Is that of a simple on-off controller 

in the zone of body cooling.  More particularly, 

the figure suggests that the exponential rise 

and fall of an on-off controller operating a- 

round a thermostat set point occurs with a time 

constant of the order of an hour. 
1 

The unsatisfactory state of a description 

of the dynamic characteristics of human thermo- 

regulatlon therefore made it necessary to per- 

form some Primary and basic experiments on the 

human. The guiding assumption was made that 

what might be expected generally in any simple 
thermoregulated system is that the storage indi- 

cator - here the rate of change of mean body tem- 

perature - will give some Information about the 

dynamics of the system. The level of man tem- 

perature (definitely, the level of deep body tem- 
perature) becomes uninteresting. Control is im- 
plied in the rise and fall of mean temperature 

around the set point.  However, In order to have 

consistency with the first law of thermodynamics, 

it is necessary that equilibrium in some period 

of the order of 3 hr be found. 

The average body temperature was the first 

parameter chosen for experimental investigation. 

A number of thermocouples, connected in series 

to sum up teiii|)erature readings, were inserted in 

a subject resting quiescently, through all easi- 

ly available re-entrant openings into a human. 

Those Included the urethra, the esophagus, and 

the skin Itself.  Number 40 copper - constantain 

thermocouple wire was used. 
The basic conclusion from these experiments 

(performed first in the regime of body coding 

and then in the vasomotor and evaporative regime) 

was that the "noise" far outweighed the expected 

response to step functions.  After exhausting 

most sources of possible criticism of experi- 

mental technique, it was finally concluded that 

this was not noise and that a real frequency 

spectrum of thermal oscillations existed.  Speci- 

fically, there appeared to be a number of temper- 

ature cycles with periods equal to or longer 

than a 90-sec period.  These faster cycles by 

far masked any long time (say 3 hr) cycle.  As 

another tentative working hypothesis, it appeared 

■ore nearly true to regard skin temperature as 
being regulated than not, although in some, as 

yet, undisclosed sense.  A similar tentative con- 

clusion might be drawn from the figure on page 

564 in (4). 
Thus basically In these experiments, which 

were considerable In number, and which beyond 

the major observations made, are not worth more 

extensive description, it was finally concluded 

that a static model of the thermoregulatlon of a 

human was hopeless, that a simple single time 

constant on-off controller model was hopeless; 

that in all temperature regimes there is a cycli- 

callty which must be taken into account; that 

the dynamic equations must be nonlinear to ac- 

count for the hard operating conditions (see 

reference 5 for background); that the periodlcl- 
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Pig.l Prototype of a stationary model 

for the mathematical boundary of a hu- 
man (reentrant Into the lung cavity). 

ties approximately noted could not be explained 

by purely passive thermal elements with a con- 

stant heat of combustion source, and by simple 

thermal lags, that there Is a considerable num- 

ber of degrees of freedom In the system, and 

that the sensing and control functions that take 

place In the body have not been adequately des- 

cribed in ■ phenoraenologlcal sense. 
These conclusions «re critical of previous 

work In this field. The Intent Is not to suggest 

that previous work ha3 had no merit, but to point 

up that the Jig-saw puzzle of how thermoregula- 

tlon Is achieved requires rearrangement.  A cor- 

rect end solution must In good measure validate 

all previous work, but the new assembly of Ideas 

■ust stand out to the reader. In particular to 

the physiological reader, In such sharp fashion 

that he can reexamine the physiological evidence 

and create suitable Justifications of the re- 

assembled story, or criticize Its Indefensible 

elements.  In thl3 context, he must be sympathe- 

tic toward the physical arguments by which the 

story Is re-assembled. 

Therefore, It Is necessary to review the 

theoretical background In creating a suitable 

phenomenologlcal model.  The most precise energy 

equation that one may assume for the human body 

■ust be derived from a field equation.  (This Is 
the same procedure that, In principle, Bust be 

used and 13 used to "Justify" Ohm's law.)  By 

starting with a h.ydroclynamtc field energy equa- 

tion In which chemical reactivity is pemiltted, 

and by adding suitable assumptions that seem to 

be obeyed In the body, a simplified equation is 

finally obtained in field form that may be Inte- 

grated over the entire body.  However, certain 

comments must be made. The body processes are 

intermittent (they certainly are keyed at breath- 

ing frequency).  The problem Is to replace them 

by an equivalent continuous process.  The follow- 

ing model provisionally may be assumed as the 

most suitable mathematical boundary to take for 

the body that anticipates this problem.  It is 

illustrated in Pig. 1.  The boundary will be 

taken as s "smooth" boundary fixed In space, cor- 

responding to the position of the skin averaged 

or filtered In some small Interval of time, that 

has no resultant folding, and which Is re-entrant 

into the lung cavity.  This integration boundary 

now may be assumed to bound only liquid or solid. 

If the convention Is taken that any other gas 

pockets are lumped Into the lung cavity, then as 

a goodly approximation, one may assume that the 

enclosed tody substance to be Incompressible. 

Integration over the entire fixed volume en- 

velope then results In 

W Cv(dT,/dt) - I k(dT/dn) A, + H 

with respect to the inside boundary of the enve- 

lope. 
W •> weight (or mass) of body 

Cv • specific heat of average body tissue 

Tb ■» averaged (over liquid and solid) volume 
weighted temperature throughout body en- 

velope 

U » total heat of combustion (averaged over 

the filtering time Interval produced In 

the body 

k ■ body conductivity at the Inner surface 
of envelope 

(dT)/(dn) ■ normal surface averaged temperature 
gradient over Inside surface of enve- 

lope 
A, « area of fixed "smooth" volume envelope 

These terms now must be assessed at the ex- 

terior boundary. 
The conductance term Is assessed by continu- 

ity of flux at the boundary.  It may be broken 

Into two parts, one over the outer skin, and the 

other re-entrant Into the lung cavity. 

Consider first the loss from the lung cavi- 

ty.  The heat exchange there Is Intermittent. 

However, by the concept of tne Instantaneous fil- 

tered average, it can be replaced by an equiva- 

lent continuous heat exchange.  The filtered av- 
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erage of an equivalent continuous-flow process 

is represented by the heating of the total wet- 

gas equivalent of Inspired air (the minute volume) 

assessed as all air, from ambient temperature T 

to the mean deep body (constant because thermo- 

statted) temperature Tr plus the latent heat of 

evaporation required to saturate the expired gas. 

It may be shown, ultimately, that the ap- 

proximate heat loss from the lungs Is given by 

0.095 (1 - 0.011 (37 - T0)) H 

M = metabolism (as measured at a measuring 

station) assuming zero humidity ambient 
air. 

Wie loss through the outer skin, by the 
ideas previously discussed may be written as 

(Ts " To> 

where 

h = over-all effective heat-transfer coeffi- 

cient 

AQ = external smooth boundary area 

Hie heat of combustion H is the integrated 
total Instantaneous filtered average. However, 

for the process of measuring, the measuring or 

the control station - if the body controls the 

metabolism - most probably is located at dis- 

crete points. Thus there are process lags. Most 

probably these transport lags are distributed 

lags. However, even the simplest model (a sin- 

gle-time-constant model) would require that the 
measured metabolism M (say as measured by gas 

exchange in the lungs) and the heat of combus- 

tion H are related by 

M H + Am H 

a single, time constant 

or more generally 

M = (0 + 1) H 

J ■ a suitable differential operator.  Its 
necessary property is that the mean 

value of 0(H), In time, is zero, so 

that M and H avera|■ to the same value 
Thus the simplest possible equation might be Il- 

lustrated, schematically, by 

W Cv(dTb/dt) = (0 + 1) M - m 

- K (Ts - T0) + 0X (Ts) + 02 (T0) 

where 
fraction of metabolic heat that does 

not pass through the clothes 

lh| 2 ■ suitable differential operators on Ts 
and T0, respectively. These terras aver- 

age to zero in time 

If it is assumed that these equations are 
linear, except for the clothing term, then one 

might expect, either exactly or approximately, 

that the time average of this equation would re- 

sult in 

K (Ts - T0) = M ( 1 - f) 

The bar notation denotes time average.  These 

equations replace the looser definitions given 
previously. 

As a matter of fact, this is as far as one 

may go a priori. .These equations are now thermo- 

dynamically correct.  They say that in a cyclic 

system which nunts around a regulated variable 
(not now necessarily a conservative system), 

there exists a modest period of time (If not too 

long so that the loss in weight is not excessive) 

over which equilibrium energy exchanges should 

take place.  In the dynamic equation, the possi- 

bility exists of a variety of coupled sources of 

oscillation. 
Thus, while the time averaged over-all 

thermal equation holds promise for a definition 

of the effect of a load, the problem still re- 

mains In what true sense may this equation be 

used.  It may not be used during one breathing 

cycle (say 4 sec).  The previous estimate indi- 

cated that It might have to be used over a peri- 

od as long as 3 hr.  Thus, in order to be able 

to proceed with any confidence, In the best sense 

In which to use the time-averaged equation, one 

must have at least a phenomenologlcal basis for 

the true dynamic equations. Translated Into 

"practical" terms (at least for a mathematical 

physicist) this means that one must be able to 

discuss In physical or mathematical terms the 

degrees of freedom of the system, the types of 
mechanisms, and their characteristics that might 

go to make up the governing nonlinear differen- 

tial equation.  It Is only by a description of 

the dynamic thermoregulatlon of the human that 

the effect of clothes as a load on the system 

can be understood. 
The sparse dynamic data In the literature 

were reviewed again.  It appeared quite clear 

that, In some undisclosed sense, system variables 

seemed to Include metabolism, the effective wet- 

ted-surface area, the body conductance, the skin 

temperature.  Since the experimental data that 

had been taken Indicated considerable "high-fre- 

quency" harmonic content (at periodicities In 

the minutes level) that, by far, masked the low 
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slngle-tlme-constant frequencies (cycles In the 

hours range) and that could not be ascribed to 

"noise," the basic problem seemed to lie In ac- 

counting for high-frequency phenomena.  It Is be- 

lieved that a major conceptual breakthrough oc- 

curred from considering the problem In this 
light. 

It Is already implicit that the real time 
constants (whether zonal or not) are too slow 

(the fluid-exchanger system Is of no help 

against the large capacitance of the system and 
boundary resistances). On the other hand, the 
electrical (nervous) signalling Is much too 

fast, as Is the fluld-clrculatlon system. 

There Is an Intermediate range of modest speed 

that must get at time constants associated with 
fluid transport, and slower diffusive processes. 

The problem was where to find a mountain from 

which to view the terrain.  Very plausibly one 

may start from the zonal concept.  The Implica- 
tion in 

Tb = a Tr + b Ts 

and In particular that 

Tb = 0.75 Tr + ».29 Ts 

Is that a considerable degree of linearity In 

the variation of skin temperature through the 
ojter periphery and flatness In the Inner peri- 

phery exists.  Mo.-e particularly the approximate 

mean equivalent depth over which linearity 

would be required in the skin zone is 1 In.  The 

first Immediate thought, also suggested In the 

literature. Is that this would correspond to the 

"peripheral vasoconstrlctlve" zone of the body; 

I.e., a zone that encompassed through the fat 

layer to the fascia.  Direct clinical evidence 

appeared to exist in (2) (pp. 132 and 133), of 

temperature probes into the forearm and thigh, 

and some other Incidental data in depth surveys 

through the anus, vulva, possibly the urethra 

and esophagus.  Mouth data Indicate that "in a 

short distance" one is "substantially" up to 

deep body temperature.  The first reference, 

however, is the most Important in establishing 

in some quantitative sense, a real gross lineari- 

ty in temperature through the outer zone.  One 

significant detail was originally overlooked 

which will be mentioned soon.  To a crude extent 

the limits of linearity extended to the order of 

magnitude of the fascia.  Consistency is thus 

achieved with regard to a vasoconstrlctive-con- 

trol concept that brings the vasomotor zone in- 

to compatibility with a two-zone concept of tem- 

perature distribution.  However, here arises a 
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major physical paradox. A linear (this includes 

a flat) temperature zone implies negligible dis- 

tributed heat production (at least averaged over 

time). The presence of a distributed fluid-ex- 

change system could only go to produce a sta- 

tionary average Instantaneous distribution (i.e., 

temperatures may only rise and fall in unison) 

in the radial dimension.  In any case then the 

heat production must be concentrated in the tran- 
sition zone between the linear temperature dis- 

tribution of the outer zone, and the flat tem- 
perature distribution of the Inner zone.  Thus 

there must intrinsically exist three zones, with 

a relatively concentrated middle zone. Struc- 

turally, the only mechanism that could exist at 

that depth was the muscle systeml  Thus, all of 

a sudden another piece of the Jig-saw puzzle 
fell Into place. Re-examinatlon of the previous 

data now began to make sense.  The end of the 

linear temperature zone Is not "in the vicinity 

of the fascia," but Is "in the vicinity of the 
middle of the muscle system."  As a physicist 

reporting, any responsibility is disclaimed for 

the validity of the following concept.  However, 

a biological colleague pointed out that basical- 

ly one could regard the human system from its 

embryologlcal development, as made up of three 

systems, in which the "muscular system" is part 

of the mesodermlc layer.  Thus from a physical 
point of view, It began to make considerable 

sense that the major source of heat production 

and control Is lodged in the "muscular" system, 

and that this should not be Interpreted as an 

equivalent uniform sheath geometrically located 

(except for equivalent model purposes) but as a 

system roughly organized as a sheath with reen- 

trant pocket attachments to such mesodermlc or- 

gans as the brain, liver, heart, and so on 
(which have always been noted as having slightly 

higher temperatures than deep body temperatures). 

It Is obvious that the reason for such or- 

ganization for other biological purposes is not 

in the domain of physics so that It Is simply 

accepted as an empirical fact. However, a much 

more palatable picture Is now obtained, from a 

control point of view, of how an inner zone is 

regulated with a flat temperature distribution 

inside.  It Is the same system that would be 
used in a laboratory.  An inner zone consists of 
a well-stirred liquid bath, with possibly a min- 

or amount of Immersion heater distributed for 

fine control.  However, major control lies In 

an electric heater wound around the inner zone. 

By virtue of Its forcing a conductance of heat 

Inward (it Is at higher temperature) it creates 

a concave upward distribution of temperature In- 

to the center. Modest central heating creates 



a concave downward distribution. Thus a rela- 

tively flat central distribution is achieved, 

by virtue of a considerable degree of harmonic 

compensation (as in a Helmholz coil magnetic 

field, there is considerable ripple but it aver- 

ages about a constant value). Further plausible 
details in a laboratory thermal container are a 

well-stirred liquid bath, a high degree of insu- 

lation outside, and at least a modest degree of 

temperature regulation of the outer layer. 

Ascribing now the "major source of heat 

production" into the "muscular" system forces 

another consequence. The heater must be control- 

led in a lively fashion. In an electrical heat- 

er system with an external power supply, this 

would be easily achieved by a rheostat control 
permitting easy and rapid swings in power level. 

Unfortunately in the body system, what is needed 

is that the power supply or prime mover (i.e., 

the steam plant, turbine, generator) must be 

part of the system. Equilibrium reaction chemis- 

try where the temperature is quite regulated, so 

that wide rate changes cannot occur from tempera- 

ture changes, preclude equilibrium reaction-rate 

shifting, although transport of catalyzers trig- 

gered by nerve impulses have more plausibility. 

However, the basic problem is that if chemical 

plant equilibrium (in the cells) exists in a 

limited sense, a ready supply of fuel must be 

made available and converted at a temperature 

equilibrium rate into heat. The basic physical 

way of translating this is that the only thing 

that can respond fast enough is a heat engine I 

In analog to a system which is beginning 

to come Into prominence in aircraft, what must 

happen is that an engine must be running at an 

idling rate (producing heat Just at its standby 

frlctlonal level — i.e., the cells are being 

"fed" energy); and in response to a demand for 

heat, a work load must be thrown onto the engine. 

Thus the engine is always available for doing 

work. However, this work Is not yet available 

as heat. The work, however, Is called for by a 

device -- say a Prony or an electric brake -- 

which immediately degrades this work into heat. 

In the body, presumably the muscles become 

a chemical heat engine in which the entire chemi- 

cal panoply of reactions (phosphate reduction, 

and regeneration, and so on, is taking place 

through the "mechanical" moderation of internal 

muscular activity. Thus the best point of view 

one might postulate is that the muscles are al- 

ways "shivering" subcutaneously, degrading In- 

ternal mechanical work into heat in proportion 

to signalling demand. This then provides a live- 

ly enough engine (i.e., In the minutes or even 

seconds soale; however, Information for electri- 

cal signaling may arrive only at a diffusive 
time scale so that a time scale in the minutes 

range only may be achieved). Thus, then, metabo- 

lism is a lively changing quantity rather than a 

static constant quantity, that may be running 
standby in part of an external temperature-load 

range but is ready to go into action to produce 
ready heat if it gets too cold or if external 

work is required. The muscles are thus always 

in an active state of operation. 

Thus an equivalent stationary temperature 

distribution has now been validated as descrlb- 

able by 

Tb = 

but with a new interpretation. The distribution 

derives from three zones, not two, and these are 
only averages in time. It is not necessarily 

true for the Instantaneous filtered average; i.e., 

time lags of modest degree may exist. This could 

mean specifically that terms Involving mean body 

temperature or its Integral may be replaced math- 

ematically by a linear combination of skin and 

rectal temperature, but not under the mathemati- 

cal operation of differentiation. 

These remarks are as far as one may go 
toward establishing a satisfactory a priori 

model for measuring clothes conductance. 

SUMMARY 

In order to know how to measure the thermal 

"resistance" or "conductance" of clothes as they 

affect the human, it is necessary to know some- 

thing about the physiological physics of the 

human as a potential heat source.  On one hand, 

the large heat capacity of the system and rough 
estimates of the thermal resist inces suggest 

that a period of time of the order of 3 hr may 

be required for thermal equilibrium. On the 

other hand, experimental measurements have indi- 

cated a considerable number of Important sus- 

tained thermal and thermal power oscillations 

with periods as short as 90 sec that mask long- 

time adjustments.  These point up what may be ex- 

pected In a self-actuated regulated (here thermo- 

regulated) system that the system must be nonline- 

ar, and that equilibrium data from such a system 

can only be obtained by operating the system in 

some rationally understood mode. 

This preliminary study has suggested that 

the only hope at present for determining the con- 

ductance of a set of clothes is according to the 

definition 

K = (M - L)/(T„ To> 
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where 

T0 = constant ambient temperature 

Tfa = average external skin temperature, 

averaged over a long period of time 
(at least 3 hr) 

L ■ thermal power losses that do not pass 
through the clothes 

H - metabolic power generated by system, 

averaged over a long period or time 

K • total average effective conductance of 

entire sheath (clothes plus air) sur- 
rounding the human 

Since the major loss that does not pass 

through the clothes Is the loss from the lungs, 

which Is essentially a constant fraction f of 

the metabolism, the foregoing expression may bo 
written 

[M(I - f)] /( Ts - To) 

It has not been demonstrated or proven how 
the system should be operated or monitored to 

give the conductance a rational meaning since 

the dynamic characteristics of the various con- 

trol elements of the body have not been described. 

However, it has been possible to begin \o  create 
a rational model for the system that would begin 

to account for the high-frequency power oscilla- 

tions found experimentally and to account for 

the success of a two-zone temperature model that 

has been used to describe the human system (a 

linear temperature distribution In the outer 

body sheath and a flat distribution in the core). 
It has been postulated that there are three zones 

in the body, the outer vasoconstrictlve zone, 

the inner core, and a middle (mesodermlc) "mus- 

cular" system in which the major metabolic heat 

is produced, This muscular system Is always 

"shivering" and producing thermal power oscilla- 

tions as a heat engine. This very active middle 

layer may therefore restrain core temperature in 

a time domain much shorter than 3 hr. Sinoe 

these power oscillations must be limited by some 

as yet undisclosed control function, the possi- 
bility of determining clothes conductance is en- 

hanced if a rational external work schedule can 

be arrived at for the system. At this point 

none is suggested. 
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HUMAN BODY AS AN INCONSTANT HEAT SOURCE AND ITS RELATION TO CLOTHES INSULATION 

2 - Experimental Investigation into 
Dynamics of the Source 

by 

A. S. Iberall* 

ABSTRACT 

Quantitative measurement on the human in the so-called evaporative, vaso- 
motor, and metabolic-control regimes has revealed frequency spectrum of 
sustained power oscillations with approximate periods of 2, 7, 35 min, and 
3| hr independent of the regime.  Step-function adjustments take place with 
a time constant of about 7 min. It is believed that the 3j hr cycle 
represents the shortest equilibrium cycle. The hypothesis that it might be 
possible to measure the resistance of clothing as an ohmic relation among 
time-averaged equilibrium values, andfora specific mode of operationcf the 
system has now been put in rational context in the time domain. Two equili- 
brium modes of the human system were explored. The active mode of operation 
of the system, to which the resistance concept of clothes is most applicable, 
is as a feedback system in which the extremities are used as error indicators 
of deviations from a comfort-level set point. In response to deviations, the 
human feeds back a signal to generate an activity level in which only internal 
work - immediately degraded into heat - is done to maintain the comfort level. 
This is referred to as the comfort mode of operation of the system. Another 
"survi/al" mode of operation of the system is also described. 

*Chief Physicist, Rand Development Corporation, 
Cleveland, Ohio, Mem. ASME. 
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Human Body as an inconstant Heat Source 
and Its Relation to Determination 
of Clothes Insulation 

A. S. IBERALL 

2 - Experimental Investigation into 
Dynamics of the Source 

In an earlier paper (1) , some tentative 
oharaoteristlos «ere derived for a dynamio 

■odel of the human a« a heat source.  It was 
suggested that, if an equilibrium thermal oyole 

of the order of 3 hr oould be found in the 

human, it would be possible to determine the 

conductance of olothes as an ohmlo relation 

among time averaged equilibrium values of flux 

and thermal potential. However, the nonlinear 

operating oharaoteristlos of a self-actual- 

regulated (hare thermoregulated) system require 

speolfloatlon of the mode of operation of the 

system. In the usual qulesoent mode of oper- 

ation of the system desorlbed In the literature, 

It is not olear how the Independent variables 

of metabolism, evaporative heat loss, skin 

temperature, and body oonduotanne vary dynami- 

cally to establish a long-time equilibrium. 

Particularly, it Is not elear how these vari- 
ables adjust as a load on the system (here 

olothes) Is changed. The purpose of this study 

was to determine experimentally how the human 
system may be operated to obtain rational and 

comprehensible values for the oonduotanoe of 

olothes. 

EXPERIMENTAL EXPOSE OF DYNAMIC THERMOREOULATINO 
CHARACTERISTICS OP THE HUMAN 

The previous paper (1) touohed on some pre- 

liminary qualitative experiments made on the 
harmonic oontent of average body temperature. 

At this point, it was timely to attempt to 
measure experimentally, and quantitatively, what 

the harmonlo oontent of the system might be. It 

Is already lmpllolt In treating any complex 

system that such harmonlo oontent would make 

Itself evident in the response of any variable 

that oould dearly show the dynamio oharaoter- 

istlos of the system.  In particular, It was 
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Fig.1(a) Air consumption of human subject 

at 26 0 (by deoay of supply pressure In a 

fixed volume). 

desirable that ohanges should be shown in the 

steady-state level with step-funotlon ohanges 

of load, du« either to ohanges of external tem- 

perature, or ohanges of external olothes. 
Because of the considerable doubt oast on olothes 

measurements, It was desirable that the simplest 

step ohanges possible be explored. Thus, 

ambient temperature as a step variable was 

chosen, under a oondltlon of wearing a oonstant 

set of light olothlng. Sinoe doubt has been 

oast already on whether skin temperature was or 

was not a controlled variable, and sinoe both 



Fl£.l(b)  Air consumption derived from Fig.1(a) (running five 

breath averages). 

•kin temperature and rectal temperature required 

considerable sensitivity of measurement, I.e., 

sensitivities of the order of 0.001 deg C per 

mln, which could raise doubts In the reader1s 

mind, as to the measurement accuracy, the 

measurement of skin temperature was excluded. 

(However, It li note-worthy to oall attention to 

the reader the experimental observation made In 

dynamlo measurements of skin temperature that 

as one regulated a sensitive potentiometer to 
null balance on a subjeot, l.. was easily evident 
that a cycle of perhaps 90 sec was going on in 

■kin temperature. The observer would soon 

almost begin to feel the "pulse" of the cycle.) 

Thus "Instant metabolism" was chosen for the 

variable to be explored. Subjeot, of course, 

to criticism, actually Instantaneous air con- 

sumption was chosen for the variable to be 

explored. This Is heurlstlcally referred to as 

metabolism on the theoretical assumption, 
cheoked by experimental validation with an 

oxygen partial pressure meter (Pauling meter) 
measuring In the exhaled breath, that the 

variation In partial pressure at say the end 

component of each breathing cycle reflected 

changes that were only a small modest percentage 

of the changes Indicated In air consumption 

(the metabolism may be computed loosely as the 

produot of air consumption and the fractional 

change In partial pressure of oxygen from 

Inspired tank air to expired air). The basic 

system chosen was thus an open system measuring 

demand on the high-pressure supply side. This 
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was chosen beoause of the cleanness of time 

lags, and the precision with which rapid changes 
could be easily detected. 

The basic supply system thus consisted of a 

high-pressure tank of known volume, a precision 

pressure gage teed Into the tank (accuracy 0.1 

per cent), a pressure regulator, a shutoff 

valve, a demand regulator, a known volume and 

precision pressure gage teed In between the 

demand regulator and shutoff valve, or a high- 

pressure, differential-pressure flowmeter teed 

Into the same point, and a small demand mask. 

The first basic experiments were designed 

to determine the time domain In which significant 

dynamic phenomena occurred.  Thus, In a first 

experiment, a small volume was chosen for the 

volume Intermediate between the shutoff valve 
and demand regulator.  This volume was 

repetitively charged to about 100 pslg from the 

supply tank each time the pressure fell to 50 

pslg (the minimal desirable supply pressure for 

the demand regulator).  Each breath would lead 

to a significant decay of pressure; i.e., about 

50 breaths would be taken per 50 psl oharge. 

By plotting supply-volume pressure at say the end 

of exhalation against time, segmental portions of 

pressure decay, each approximately 200 sec long 

were obtained.  From slopes, the "instantaneous", 

I.e., averaged over one, really one or two 

breaths, air consumption could be obtained.  From 

a few hours of such data. It was ascertained 

that nonrandom cyoles In the 1 1/2 to 2-mln 

range, In the 5 to 8-min range, In the 25 to 50- 



min range, and possibly In the 3 to 5-hr range, 

existed. Randomness of cycle commensurate with 

the experimental accuracy, In the two or three 

breathing cycles range of time, seemed to exist. 

In particular, It appeared that the first 

reasonably "solid" response could be obtained 

by averaging over approximately five breaths; 

I.e., over an approximate period of time 

ranging from 20 to 30 see Thus, this repre- 
sents as a first approximation the minimum 

period of time or the number of breathing oyoles 

over which one must Integrate for "Instantaneous 

filtered averages." The approximate dilemma 

that this sampling period presents Is that one 
Is oaught between choosing not too short a period 

of time that the "random hlgh-frequenoy noise" 

("random" erratloness, If any, of Individual 
breathing cycles) will disturb results, and the 

necessity for choosing not too long a period of 
time that the first significant harmonic (which 

appeared always to lie In the 90 to 130-sec 

range) could be with reasonable accuracy. Thus, 
all subsequent work oscillated In a choice of 

sampling period referenced either to a 20 or the 
30-sec sampling period. 

Segmental sections of pressure decay for 

about 5000 sec are shown In Pig. 1.  Also shown 

are the results of differentiation obtained by 

taking running five-breath averages. Cycllcallty 
Is quite evident. 

In order to Insure that the results achieved 

by graphical differentiation were real, I.e., to 

free these results from any question, an Instan- 

taneous averaging flowmeter was constructed and 

Installed Just upstream of the demand regulator. 

The shutoff valve was eliminated and replaced by 

a rather large volume to help filter out any 

pressure-reducer pressure ripple.  (The reducer 
was chosen and set to maintain an extremely 

constant supply pressure).  The Instantaneous 

flowmeter consisted of a carefully designed 

linear viscous flowmeter of parallel capillary 

tubing whose response would be very purely pro- 

portional to volume flow at the constant supply 
pressure.  The differential-pressure gage used 

to Indicate flows (at a high absolute pressure, 

which was varied from 50 to 150 pslg to change 

flow sensitivity) was carefully fitted with a 

balanced combination of linear pneumatic 

resistances and oapacltances to produce dif- 

ferential pressure Indicating lags at levels In 

the 10 to ho  second range.  Thus, the differ- 
ential pressure was averaged (or filtered) over 

corresponding periods of time.  By plotting the 

flows thus Indicated, the reality of the dynamic 

cycles was validated, at least for the faster 

cycles.  The absolute accuracy of this Instru- 

ment, In particular the differential-pressure 

ga;je, did not warrant considering It for primary 

use, since too wide a differential scale range 

Is required (It must praotically extend to cover 

peak breathing flows , say perhaps In the 6o - 

90 1pm), while at the same time requiring high 

percentage accuracy at low mean level flows , 
(which might be at the 5-4 1pm flow level). 

To oover the 20 to 1 flow range (In the dynamic 

measurements made, at least 8 to 1 variations 

In Instantaneous filtered flows were found) , re- 

quired rather frequent changes In sensitivity, 

achievable by changing the absolute pressure, 
so that these measurements were Interpreted only 

as rough quantitative Indicators of the reality 

of cyclic changes. Prom these experiments, It 
was only possible to oonflrm that either the 20 

or 30-sec averaging period had comparable pro- 

bity In Indicating the "100" second cycles and, 

since the 20-sec period still showed modest 

breathing pulsation, the 30-sec period seemed 

to have a littls more merit; I.e., 7 breaths are 

perhjps a shade better than 5-breath averages. 

From these results , the form of the first 

primary quantitative experiment was cast.  A 
decay volume was rechosen (approximately 2 liters) 

for coupling Into the line between the shutoff 

valve and the demand regulator.  A precision 

300-psl test gage was chosen for Indication. 

This Instrument permitted readings with a 

sensitivity of about 1/2 psl, and an accuracy 

of about 1 psl.  If an approximate consumption 

level of 5 Ipm atp, and 15 breaths per mln Is 

assumed, then a decay cycle (from 200 psl to 50 
psl) of about 4 mln Is obtained; permitting ap- 

proximately 8 l/2-mln decays, of about 20-psl 
decays each.  Thus, the accuracy of an Individu- 

al reading Is of the order of 5 per cent.  Since 

each refilling of the cylinder from 200 psl to 

50 psl Involves an adlabatlc heating of the gas, 
the time for re-establlshment of "good enough" 

equilibrium was Investigated and found to be 

about 30 sec.  It was thus decided that a serial 

recording would be made at 30-sec Intervals In 
which a recording Interval would be skipped each 

time the cylinder decayed to the vicinity of 50 
psl and, Instead, the cylinder would be refilled 

and the time permitted for equilibrium. 

Primary Experiment 

The primary experiment performed was a step 

function of a young "healthy" athletic male (18 

years old) wearing light clothes from a "normal" 

temperature environment of about 75 P and 

activity level to a quiescent level, while lying 

horizontally In a small room held constant at a 

series of preselected temperatures.  The bed 
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71«- THOUSANDS OF SECONDS 

Fig.2(a)  Air consumption of human subject at 17 C ambient 
temperature (expressed as the number of psl/min of air used 

from 2 liter volume). 

THE-THOUSANDS OF SECONDS 

Pig.2(b)  Air consumption at !1.5 C. 

chosen was an open network of a minimal -.. — 
of l/H-ln-dlameter hemp rope and l/8-ln-d1ara 

clothes line In a wooden box frame mounted 

about 2 ft from the floor.  The bed was designed 

to "give" very little so that the chance for 
much vertical motion was quite small, and to 

possess very little heat capacity or too good 

thermal conduotlvlty.  In other words, the 

subjeot was mounted as close as possible on a 
150 

nonyleldlng massless plane, with Instructions 

to move about minimally.  Temperature control 

In the room was acnleved by use of a Judicious 

choice of room air conditioners, heating elements 

and fans to give a broad circulation pattern In 

the room with only modest breere over and under 

the subject.  The subject was shielded from 

radiant surfaces at higher temperature, and as 

many other minor precautions were taken as 
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possible, to assure that to a large extent the 

subjeot was Immersed In a "black-body enolosure" 

of a temperature corresponding to air temper- 

ature. Temperature oontrol was Manually adjusted 

to at olose to 0.1 deg C as possible. Thus, the 

baalo Interpretation that these experiments 

permit Is relative data on the dynamlo oourse 

of air oonsuaptlon of a "aonstant" qulesoent 
subjeot «earing "oonstant" olothes In a "aon- 

stant" temperature at various temperature levels. 

One experiment was done eaoh day starting under 
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comparable oondltlons of time, outside temper- 

ature, and diet,  Eaoh experiment Mas run for 

somewhat more than 5 hr. 
To a cruder extent the air oonsuaptlon Is 

a mirror of metabollo change. To verify this, 

a relatively rapid responding Pauling meter 

(with time delays of the order of 1/2 seo) was 
oonneoted Into the outlet of the demand mask In 

a tube furnished with a light oheok valve| the 

oheok-valve resistance was ohosen to be suf- 

ficient to bleed a sample of exhaled gas through 



the Pauling meter. The oxygen partial pressure 

«as noted at the end of eaoh expiration oyole 

and averaged over five breaths. By multiplying 

the Instantaneous air consumption by the oxygen 

partial-pressure change from Inhalation (tank) 
oxygen partial pressure and the exhala' .on 

partial pressure, a quantity very nearly equal 

to the oxygen derived metabolism Is obtained. 

This was done for selected experiments to note 
that there Is no tremendous difference In 
dynamic performance between air consumption and 

"metabolism." Thus In the light of the general 

philosophy, that any Indicator of ohanges In 

any generalized displacement (or of a co- 
ordinate corresponding to a degree of freedom) 

of a complex mechanical system allows Inspection 

of the dynamic performance of the system, the 

first primary data present only relative air 
consumption, to retain the highest possible 

degree of accuracy. It is proposed later to 

build s>. more complex (and expensive) rebreather 

system that may have comparable aoouracy for 

recording over the length of test period re- 
quired. 

Results of Tests 

The data from four suoh tests are shown In 

Pig. 2. These data were taken at room tempera- 

tures of 12, 21.5, 26 and 35 C respectively. 

In each of the curves are shown the Individual 

l/2-min averages, expressed as a decay rate In 
psl/mlnute (decay of air pressure In the 2 liter 

storage volume); and four steps of filtering, 

obtained In each case by graphically averaging 

the Individual cycles obtained from the previous 
filtering. 

The obvious most noticeable characteristic 

of the primary data Is the rich harmonic oontent 

of the air consumption. The second most notloe- 

able characteristic is the similarity In harmonic 
content in all temperature zones , whether in the 

"metabolic" zone, the vasonotor zone, or the 

evaporative zone.  Other characteristics that 

may be noted are that the significant harmonics 

seem to be discrete in number and essentially 

the same in frequency and amplitude Independent 

of temperature, that the initial transient 

response Is an approximate dampened oscillation 

at one of the salient harmonic frequencies, that 

these harmonics persist Indefinitely in time 

(I.e. that the system Is nonlinear), that the 

time for an equilibrium cycle Is quite long (the 

data suggests that It is not less than three 

hours), and that the mean level of consumption 

changes significantly with temperature.  The 

data also suggest that the order of magnitude 
of the Instantaneous filtered average "metabolism" 

fluctuates by a factor of two in a "steady state" 

situation independent of the control region. 

The basic tentative Inferences that were 

drawn from these data are that the major 

thermoregulatlon in the body derives from a 

lively on-off heat engine (the muscles) whioh 

sheath the Internal zone of the body, and that 

other auxiliary controllers control the level of 

internal temperatures through at least three 
other control mechanisms, and that the shortest 
time over which thermal equilibrium exists is 

of the order of a few hours. Thus finally for the 
the first time some idea was available as to 

what time domain one must average over In order 

to apply equilibrium assumptions. 

Integrating System Tests 

As a sharper test, both of this hypothesis, 

and of the apparent demonstration of dynamic 
oyolicality in human response, an Integrating 

system was constructed, in whioh u medium-sized 

supply tank (approximately 2/3 cu ft Internal 
volume) was used as a supply volume, and con- 

nected directly to a demand regulator with a 

preolsion 0-3000 psl (0.1 per cent accuracy) 

gage teed into the tank. By this means , the air 

consumption over a longer period could be 
averaged.  In particular the average over In- 

creasing time In the presence of a dynamic 

repetitive bounded cycle should be a damped 

oscillation whose assymptote decayed hyper- 

bolically. The period of time that it takes 

the average to level off Is a measure of the 

longest dynamic cycle present. • 

Data on a selected experiment performed 

this way at a temperature of 20.5 C is shown in 

Fig. 3.  Pressure readings were taken on the 

tank every 15 mln for 5-1/2 hr.  The data in 
this case were obtained In a more normal 

environment.  Another young male (about 18 years 

old) lightly dressed sat In a rather large alr- 

cordltloned conference room, in which a modest 

sweeping circulation of air existed but with no 

direct br*»ze-.  He sat In a rather open chair 

and pe.- 1 re J the sendentary activity of reading 
books .lth a minimum of squirming.  He was 

introduced into the environment as a step 

function from normal activity at normal temper- 

ature (25 C).  The room, and tank, had been 
left cooling to equilibrium for the previous 16 

hr. 
The air consumption averaged over increasing 

time is shown In Pig. 3.  Since these data in- 

clude the initial transient, what is also shown 

Is the average consumption for each 15 min, the 

approximate (but filtered to the 15-mln level) 

cycle (these data thus oontaln all cycles longer 
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Fig.3 Cumulatively Integrated average air consumption of 

human subject at 21 C (expressed as the number of psl/mln 

used from an approximately 2/3 cu ft volume). 

than 15 mln), and also the Increasing time 

average integrated backwards from the end of 

time.  It is dear from these data that the 

integrated damped oscillation takes a period of 

the order of 3 hr to substantially disappear. 
Thus again, in an independent fashion (with even 

considerably more precision) , the reality of 

dynamic oycles is demonstrated, as well as the 

reality that thermodynamlc equilibrium is only 

reestablished in a test or averaging period of 

the order of 3 hr. 

Constant - Temperature Tests 

It appeared at this point, that having 

demonstrated a control action in the human 

being, a period of time over which equilibrium 

thermal exchange could be rationally Invoked, 

and a rational variation with ambient tempera- 

ture changes fReoall that the needs for a con- 

ductance model K (T8 - To) Involve three ele- 

ments, "constancy" of load K; deflnlteness in 

the meaning, effect and determination of T3 and 

To, The effect of these experiments had been 

to place T0 In a rational context} , that a suf- 

ficient description was available to demonstrate 

the effect of clothes; I.e., that there should 

exist a sensitivity to change In clothes oor- 

relary to a change in temperature.  Thus the 

next series of experiments was at constant 

temperature [Temperature in the range 21 - 22 C 

were used.  This temperature was chosen to be 
15 

low enough to lie In the metabolic range, where 

It could be estimated both from the literature 

and from the experiment that the subject would 

shiver], with an Incremental change in clothes. 

Specifically, a somewhat light Jacket was added 

to the subject's olothlng.  An approximate 

estimate suggested that the Incremental change 

in clothes value would be of the order of "a 

modest fraction" of a clo unit.  Experimentally, 

the subject reported reasonable comfurt with the 

Jacket, but chill over a long period of time 

without it.  These experiments were Independently 

performed; I.e., a step fraction from normal 

activity and temperature to quiet reading at 
21 C.  The results In integrated air consumption 

were disappointing.  Inadequate change in air 

consumption of metabolism was found.  These ex- 

periments were repeated until it was quite clear 

that reproducible accuracies of better than 2 

per cent were being achieved but that only small 

changes In metabolism were obtained with incre- 

mental clothes change. Yet the subject was con- 

scious of changes in "comfort" level.  Thus it 

was clear that the subjects sensors (or control- 

ler:») were either more sensitive or responded 

in some other fashion than had been assumed. 

After some confusion and experimentation, 
a final hypothesis was arrived at, which appears 

to forge the last link In a correot phenomeno- 

loglcal description.  Again, this latter 

hypothesis, while related to concepts previously 
3 



discussed in the literature, puts them into a 
proper light. 

It is often stated in the literature that 
the extremities are the major sources of heat 

exchange. This concept could not be put into 

useful and operational meaning, except to take 

it at face value that the exposed body area in 

extremities is large.  However, there existed a 
more fruitful possibility in the previous 
analysis. 

Discussion of Tests 

The negative results of the incremental 
clothes experiments oould not be gainsaid. The 

net equilibrium averaged metabolism of the body 

remained substantially constant even though 

clothes were changed.  Thus either a change in 

clothes conductance or a change in skin temper- 

ature had to take place. Yet earlier experi- 

ments had indicated that there is a tendencey to 

regulate skin temperature at fixed values.  Thus, 

either this rough regulating hypothesis was in- 

correct or the clothes conductance changed.  The 

basic clue to resolving the dilemma lay in the 

nonllnearlty of the system.  The nonlinearlty 
created the possibility of more than one singu- 

larity (here say a point of stable equilibrium) 
around which the system could operate; i.e., 

that the controls were not single valued.  For 

this an additional controller degree of freedom 

had to be found.  This lay in the extremities, 

or more particularly in the "valves" to the 

extremities. 
The common description of vasomotor control 

Involves a control of radial conductance in the 

body through the fluid-exchange system (i.e. the 

conductance of the layer outside of the muscles 
oan be changed by vasoconstrlotlon or vasodl- 

latlon. This is considered to be the controller 

mode for the vasomotor zone).  However, there is 

also an "axial" control of conductance.  While 

as a first approximation one may regard the 

human system as a sphere with three shell-like 

zones as representing only a modest deformation 

of its elongated form, it now becomes Intrinsic 

that conductance control is not single moded, 

but is lumped into more than one element In 

length.  This represents an Independent degree 

of freedom. 

The question on how the control function 

involving axial conductance was called Into 

operation was given the following interpretation: 

There Is either no control (or actually a posi- 

tive look on this oontrol) or there Is an inde- 

pendent feedback control system of the engine as 

a whole.  In a quiescent situation, either con- 

sciously or unconsciously )nposed on the system, 

the body is ruthlej:;.  If a heat loss persists 
in the system, the body shuts off the heat ex- 
change to the extremities and lets them hang on 

essentially as passive capacitances in the 

ambient environment (i.e., they assume essenti- 

ally ambient temperature).  The complete ex- 

perimental details of this process are not 

clear.  Presumably ever-increasing chunks of the 

body are shed off Into the ambient environment, 
until perhaps only the vital organs are regu- 

lated.  (Data on this point, however, would have 

to be gathered.) This represents one branch of 

operation, which perhaps may be best described 
as the "survival mode of operation of the 

system."  In another branch of operation, the 

system has a more active mode of oontrol.  The 

heat engine is excited by central oontrol system 

signals which derive from sensor signals in the 

extremities.  Here the extremities are used 

intrinsically only as null indicators.  If an 

extremity temperature begins to drop, an ex- 
tremity temperature Indicator sets up a feedback 

signal in response to which exercise is per- 

formed - perhaps by that extremity.  The engine 

"shuffles," mills about, slaps or rubs the ex- 

tremities , or puts the hands in the pocket, and 
so on.  These acts are done with no external 

work (the point is not that they are necessarily 

done with no external work, but that they may be 

done with no external work. Masses of the body 

are raised and lowered with no net mechanical 

work done on the environment.  The same over-all 

average heat-balance equation may apply but the 

values of various terms must change.  Thus a 

multivalued system of equilibria may exist). 

However, Internal work is done by the muscular 

heat engine which Is degraded Into heat.  It Is 

to be expected that this mode of equilibrium 

operation will occur with increased metabolism. 

It may be referred to as the active metabolic 

mode or comfort mode of temperature control, for 

in this mode the body (namely using the ex- 

tremities as null Indicators) indicates Its own 

comfort. 

While this interpretation of events uses 

similar concepts to those commonly alluded to 

In the physiological literature. It may be noted 

that the sequence and interpretation of events 

Is different.  The extremities are not the main 

sources of heat regulation In the body; they are 

null temperature Indicators.  A distinction must 

be made between radial and axial conductances. 

A meaning can be assigned simultaneously to the 

statements that average skin temperature changes 

with external temperature, and that the skin 

temperature tends to be regulated.  If one 
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lma, nes a localized skin temperature which Is 

con ant for all environmental temperatures above 

a definite "control" temperature, and whloh thin 

drops to ambient temperature for lower temperature 

one has the beginnings of an Idealized model. 

More precisely Instead of a sharp break from a 

level temperature, If there la a slightly drooping 

regulating curve with a break taking place at 

some point on the knee of the ourve a more pro- 

bable description obtains. Data that point to 

the validity of this concept may be found in 

Sheard's article In (2).  Either due to varying 

break sensitivities of different parts of the 

skin, or different Immediate environment temper- 
atures, In the survival mod« of operation, 

Increasing areas of the skin drop more nearly to 

ambient temperature. This Is Interpreted as a 

drop In mean temperature, whereas the more pre- 
cise Interpretation should or could be that 

regulated portions of the skin are still regu-  * 
lated , but an Increased surface area of the body 

Is not regulated. 

It would thus appear that the horns of the 
dilemma In the description of the heat balance 

given In the literature have been bent Into 

shape.  The conventional description has 

utilized the unit area of body surfaae as a 

normalized variable.  However, the "true" heat 
loss of an equivalent conductance term must be 

derived from 

f. h (T, - T0) dA 

Now either this tern Is computed as an 

average over the entire nonre-entrant body area 

h (Tg - T0) A0 

In which T0 and h are both undescrlbed functions 

of the operating conditions (I.e., they must be 
Independently measured); and h may be considered 

to depend on the mode of operation of the system 

(Por example, In the extreme, a sock Is of 
11 tl« insulating value to an element which has 

beeone passive, except as contributing to a time 

delay): or It may be computed by 

ho (TS, T0) A 

(assuming a sharp break to ambient temperature 

of akin temperature) in which ho Is the ef- 

fective conductance of clothes per unit area of 

active skin (which may vary with the portion of 

skin that IK active); Ts  Is the average regu- 

lated skin temperature (presumably In the 

"vicinity" of 3C> C)| and A is a variable which 

la determined by the physiological mode of 

operation. 

The net practical result of this dlsouoslon 

Is that the character Izatlon of clothes as a 

conductance model depends on the mode of oper- 

ation of the 3ystom; tnat It Is stretched thin 

for application to the survival mode of oper- 

ation In the cold (not that It may not be used, 

but that It must be used with extreme caution); 

and that It Is most, applicable to a comfort mode 

of operation In which the user, say, exercises 

to "maintain comfort," which finally can be given 

the unique operational and nonpsychologlcal 

meaning that conditions of exercise are such that 

the extremities as null sensors are held at a 

"constant" level.  As a final practical con- 

sequence, It suggests a new or truer point of 

view In the design of clothes. 

Thus clothes can be considered from two 

points of view (particularly In the cold); as 

"normal" comfort level elements; or as "extreme'' 

survival level elements.  The former point of 

view becomes the manufacturer, designer, and 

evaluator of "normal" clothes for active 

environments.  The latter becomes those Inter- 

ested In survival activities (such as the 

quiescence of sleeping, or other forms of forced 
Inactivity In extreme temperature).  Thus It 

becomes clear that the prescription too often 

Imposed In both the experiments here Initially 

reported, and In the literature In which the 

subject actively co-operates to remain passive 

•re artificial representations of only one ex- 

treme of operation, and as such are not neces- 

sarily the "normal" mode of physiological 

thermoregulation. 
This, therefore, closes as much commentary 

on physiological matters as a physicist may be 

entitled to.  The remainder of the task of 
physiological Interpretation and validation of 

control and sensing mechanism must be applied 

by the physiologist.  The dynamic time scales 

and the relative dynamic responses to step 
functions must afford him his basic dues as to 

the possible analytic descriptions.  It would 

appear that these Intermediate time scales pose 

very specific problems of helng too slow for 

hydrodynamlc fluid exchange, nervous , and 

equilibrium chemical reaction time, but too fast 

for thermal exchanges. This would appear to 

leave diffusion of mass products as the most 

promising element to provide appropriate time 

scales.  An added word of caution lies In any 

attempt at a description of nor-linear processes. 

The analytic solution must be relatively preolse 

In order to give rise to the proper stability 
of the indicated limit cycles (J). 
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Testing Validity of Concept 

A preliminary experiment was performed to 

test the validity of this concept of operational * 

mode of the system. First glass thermometers 

were orudely Inserted In the Instep of a shoed 

and socked foot and In a lightly gloved hand. 

The subject was told to step up and down a small 

step at a faster or slower rate or move the 

hands up and down at a faster or slower rate In 

response to commands. The commands were based 

on rapid Intermittent reading of the thermo- 

meters , choosing a temperature as reference at 

which the extremities were found under a normal 
sedentary activity level In the vasomotor region, 

the subjeot was given commands to exerolse the 

extremities to hold this temperature constant 

(a switching band of nominally 0.1 deg C width 
was originally sought for the error level, but 

It was difficult to maintain level better than 

0,5 C in this crude experiment).  At the same 

time the air consumption level was measured. 

For the first time, the system (i.e., the 
human) had the proper operating "feel" of a con- 

trol system.  It was "lively," the feedbaok of 

Information (through the observer loop) was 

copious; adjustments of speed or power level 
were sensitive, the entire concept of a system 

that was "dragging Its feet" In control disap- 

peared, and perhaps most significantly of all, 

the feeling of dependence on psychological 

factors (the feeling of dependence on the width 

of a friction band, and the precise means by 

which signal was applied) disappeared.  A better 

description lies in the usual feeling when an 

Instrument or system Is tested at input levels 

too close to its ultimate sensitivity, i.e., 

microvolt excitation of an Instrument with a 

microvolt noise level.  As soon as the Inputs 

get large enough, the "fraction" level or 

"noise" level of the Instrument begins to assume 

its proper perspective as a snail fractional or 

percentage source of error.  Whereas in previous 

experiments the state of mind of the subject was 

of considerable concern (was he relaxed, should 

he be Instructed, what should he be told to do in 

all kinds of anticipated emergencies), and its 

effect incomprehensible (the similar questions 
in low-level excitation experiments are the 

thousands of meaningless questions regard the 

precise possible • mrces of noise), now it 

didn't matter. The subject was Just too busy 
In high-level activity to be concerned with 

minor disturbance sources.  In other words the 

directed signalling bedlam of a feedback loop 

In attempting to maintain a set point was 

found.  At last, for example, there was the 

"feel" of a more sensitive operational measure 

of a "comfort" level than the psychological re- 

sponse.  From beginning drops of extremity 

temperatures of tenths of a degree, the ob- 

server oould anticipate ultimate "discomfort" 

or "feeling of oold" much before the subject. 

Thus while for the first time the stage 

setting for proper testing of olothes, and 
evaluation of the human as a complete system 

was achieved, many "minor" questions now raised 

themselves.  Experimentally, for example, 

internal exercising by using the entire body 

seemed too "vigorous" (for example, the chest 
began to sweat when raising and lowering the 

body).  Questions thus formed themselves as to 

whether the evaporative mechanism was a fol- 

lower (say of a relaxation type) , or an active 

controller; whether the "null" balance indi- 
cators of the extremities were lumped or dis- 

tributed (that they are not localized appears 

obvious.  However, this does not contribute 
information as to whether the null-balance 

system is distributed as a single equivalent 
lumped element, or multlmoded); what the nature 

of the subsidiary control loops might be (that 

is whether null detection is one site, leads to 

engine action in a second site, Involving con- 

vectlve mass transfer, or diffusive mass trans- 

fer of heat-exchange fluid, or whether the sys- 

tem is partially open in that part of the heat 

exchange is in a closed-conduit system going to 
one site, and part in an open-conduit system 

going to another site).  Thus as a fielder's 

choice the first simple assumption to test was 

that the auxiliary loop was a closed-condultal 

system of a single lumped element In which the 

auxiliary circuit elements were all localized 

in the controlled site; i.e., a lumped sensor 

at the extremity could signal to turn on a 
lumped engine element at the extremity to con- 

trol a lumped localized valve that controlled 

the "flow" of heat-exchange fluid.  It is 

obvious that this literal model Is nonsense. 

However, it permits rough characterization of 

the process and some understanding of what may 

be expected in dynamic response.  More important 

It extends the count of the number of degrees of 

freedom to the minimal number that is required 

for the beginnings of a primitive model of the 
entire system.  Thus now the body must have at 

least three zones as counted in the radial di- 

rection, and at least one equivalent Independent 

three-zone side branch. 

Internal Work Confined to Extremities 

Thus a second crude experiment was per- 

formed in which the Internal work was confined 

as far as possible only to the extremities.  A 
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Fig.4 Air consumption of a human subject at 15 C while en- 

gaged In Just sufficient recoverable work with the hands and 

feet to keep those extremities at a "cotnfortable" temperature 
of yi  C. 

bloyole was adapted to provide a life treadle 

for the hands with only slight forearm motion, 

by "immobilizing" the muscular structure above 

the elbows by creating a fixed resting point for 

the elbows; and to provide a treadle for the 

feet>, In whloh the knee was essentially fixed In 

apace, and, In the main, foot lift only used. 

Loading of a nondlsslpatlve sort was provided 

through "frlotlonless" pulleys 3ttached to dead 

weights, In which ohange In weight was always 

made at a fixed height.  Thus the excitation of 

these weights (i.e., raising and lowering them) 
satisfied the conditions of reversible quasi- 

statlo equilibrium in which no external work Is 

done. Null measuring stations to provide error 

signals for the feedback loop were taken at the 

toe and finger.  An additional monitoring sta- 

tion was taken on the oheBt.  However, the con- 

trols were only for the hands and feet.  A 

sensitive potentiometer and thermocouple were 

used to measure hand and foot temperatures.  A 

schedule of measurement and weight adjustment 

of the order of 5 seo was chosen and attempts 

were made to maintain this schedule with only 

modest success.  (As a rough summary It was 

found that the "valves" appear to have consider- 

able dead time so that quite rapid control Is 

needed to hang onto the set point).  However, 

the over-all experiment appeared to work 

beautifully.  As In the previous crude experi- 

ment, a step-function ohange In clothes level 

was chosen for a signal change while at constant 

temperature.  The previous experiment had al- 

ready indicated the approximate transient time 

to allow before oountlng the dynamic equili- 

brium.  In both experiments , the immediate and 

strikingly notable difference could be dlsoerned 

that the load against whloh internal work must 

be done to maintain null balanoe in the ex- 

tremities shifts largely, as was expeoted, with 

and without a Jacket (i.e., the thermal load 

could be "seen" in the weight In the loading 

pans), and finally, In the latter experiment at 

last some notable changes in "metabolio" level 

(or air-consumption level) ooourred. 

Some preliminary data of this.type are re- 

ported in Pig, 4.  The data were taken by the 

same system used for the data In Pig. 2.  Oper- 

ating conditions were about 15 C.  A littiil'1 y 

clothed young man was subjected to s  ! >■> 
funotion in temperature to 15 C.  After suffi- 

cient time had elapsed that it was reasonably 

certain thaI initial transients had deoayed 

(approximately 2/3 hr), he was then subjected to 

a step funotion of putting on a light Jaoket. 

The activity level to retain "oomfort" dropped 

very quickly.  However, It may be noted in Pig. 

4 that the decay transient in air consumption 

(or metabolism) remained about the same, and 

about the same as In the passive code of oper- 
ation shown in Pig. 2.  (A damped "oscillation" 

with a period In the 1000-aeo range.)  It it 
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thus quite reasonable that It la this periodic 

decay and the periodic sustained oscillatory 

cycle of this frequency that Is most likely the 

main controller of thermoregulatlon In the body. 

It may also be noted that air consumption 

(or metabolic change) Is considerable.  A second 

exploratory change of talcing the pants down to 

half mast didn't appear to make much change. 

However, the subsequent removal of the Jacket 

showed a transient that seemed to recover the 

earlier air consumption. Thus, even though the 
data at this time are limited, evidence for an 

operating mode of the human that tends to give 

equilibrium cycles and thus equilibrium states 

with regards to a set of olothes appears to have 

been achieved. 

It Is the Intent at this time to construct 

an adequate automatic feedback apparatus and un- 

questionable "metabolic" apparatus for further 

exploration. 

Conclusion 

Thus In conclusion, it Is believed that a 

basic model has been developed for measuring 

clothes.  It may provisionally be considered a 

conductance model.  It Is based on the equation 

(M - L)/(TS - T0) - K 

Here M is the average metabolism obtained 

from_an integrating period of the order of 3 

hr; L Is the loss of power In stack products 

which do not pass through the clothes (i.e., 
breathing, face, other exposed parts); T3 is to 

be operationally defined through the mode of 

operation of the system.  It would appear to be 

a most meaningful quantity for active "comfort" 

operation.  However, In any case it would hava 

to be averaged over a period of time for equili- 

brium steady-state cycles to occur.  It is the 

latter difficulty which probably would most 

quickly lend conviction to the need of a Imped- 

ance law; i.e., resistance plus reactance, or 

conductance plus admittance.  T0 Is the equiva- 

lent temperature of the external environment; 

I.e., it Is to be derived in a manner similar 

to, but perhaps an extension of Qagge's concept 

of a ican operative temperature.  K Is a con- 

ductance which now Is no longer necessarily con- 

stant or even single-valued by at least de- 

scrlbable in an averaging sense.  It is clear 

now that a_ priori models for K must be con- 

structed in a dynamic fashion, that it must be 

constructed fiom dynamic treatment of a heat- 

transfer problem in which the dynamic laws of 

radiation, conduction, convection, storage 

capacitance, diffusion (say at least of water 

vapor), and evaporation are treated.  Thus, in 

principle, the oonductanoe of clothes must be 
computed from a oomplete hydrodynamlc field 

equation set. 
Underlying physiological assumptions are 

contained not in this equation b- t in the 

dynamics of the fundamental <       ' ion from which 
this "result" may be oonsldei   terived.  The 

Instantaneous variations i .   Instantaneous 
dynamic equation reflects the speciflo physio- 

logical meohanlsm that are operative. However, 

the agerage in time, over eoilllbrluD time, 
results in this equation 

The broad loose p'jdiological meohanisms 

thrt have been alluded to are that in the cold, 

either a zone of "metabolic control" is achiev- 

able at constant comfort levels, or a zone of 
"axial conductance" control is achievable at 

constant average metabolic level; that these two 

cases are extremes; that all zones Involve an 

active metabolic controller in the form of a 

heat engine which is "constantly osoillatory"; 

that the vasomotor region (if it exists as a 

true region) is most possibly properly described 

as a "radial conductance" control zone, in which 
the average metabolism is stationary over a 

finite-temperature range; but that is not yet 

completely understood how .the higher temperature 

controller works. This area of uncertainty 

could be resolved possibly either by dynamic 

over-all weight measurements (the required 

sensitivity and frequency-response pose some 

difficulties), or microscopically of the basis 

of "valve mechanisms" by which water is made 

available at the skin surface dynamically. The 

Important clues left for the physiologist is the 

rough order of magnitude of time scale at which 

various dynamic phenomena occur. The basic 

implication in this report Is that an end must 

be put to static physiological models in 

studying human phenomena.  The mechanisms must 

be described dynamically] 

SUMMARY 

A rational basis for a conductance model 

of clothing has been established.  It derives 

from a phenomenologlcal model of the physio- 

logical man as a thermoregulating system.  The 

model of the system Involves a liquid heat ex- 

changer that permits radial and axial exchange 

of heat by forced convection or diffusion both 

In an inward and outward direction.  This dis- 

tributed heat exchanger, which may be regard»d 

as a generalized hydrodynamlc field, however, 

is partitioned by a sheath-llke heat engine 

(the muscles) which thus establishes three 
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thermal zones; an Internal well-regulated 

temperature zone, a transition zone In which 

heat Is actively produced as a regulating 

function, and an exterior zone In which tempera- 
ture Is approximately regulated. The generalized 

hydrodynamlc field, partially by virtue of the 

fact that an elongated body Is being dealt with 

rather than a compact spherical body, Is further 
partitioned by a distributed valve system to 

control the flux of heat-exchange fluid to the 

extremities. The heat exchange system is not a 
completely closed conduital system, so that some 

heat exchange fluid Is available to the skin of 
the system through control valves for diffusive- 

evaporative heat flux. Thus the number of 
degrees of freedom of the system, and the 

potential number of controllers , include heat 
of combustion, radial conductance, axial con- 

ductance, mass flux of heat-exohange fluid to 

the skin of the system, storage- (as measured 

by temperature) of thermal flux into the inner, 
outer, and peripheral zones.  It is not com- 

pletely clear as to what are the number of 
sensing elements that are used to generate error 

signals for feedback control.  However, some 

novel points of view, with regard to sensing 

elements that have been suggested In the past, 

are that skin temperature is a slowly varying 

function of ambient temperature (at least in 

restricted extremity portions of the skin); with 

a relatively sharp break to ambient temperature 

at some critical ambient temperature.  The break 

or possibly the slope of this curve at the break 

Is used as a thermal sensing element for the 

control of axial conductance. 

A second novel point of view is that ex- 

tremity temperature is used as a null indicator 

of "comfort." While one feedback control loop 

Involves shutting off of axial-fluid exchange, 

a second loop Involves the system developing an 

activity level in which Internal work is im- 

mediately degraded Into heat in the muscle heat 

engine to maintain extremity temperature.  The 
postulated existence of more than one operating 

mode of the system implies nonllnearlty In con- 

troller and error-function detectors.  This is 

borne out by the active continued dynamic re- 

sponse of the system at all times.  The 

characteristic nature of this dynamic cyclic 

behavior has been demonstrated experimentally 

and shown to persist In all so-called zones of 

thermoregulatlon.  Thus some significant modifi- 

cations are necessary for the usual description 

of these zones. The harmonic content of the 

dynamic characteristics of the system is rich, 

but denumerable.  In Tact, approximately four 

major cycles at frequencies lower than the 

breathing frequency have been demonstrated ex- 

perimentally, and thus shown to contribute to 

the thermoregulatlon of the system.  It would 

appear that thermodynamlc equilibrium (i.e., a 
true steady state cycle) is established in the 

order of 3 1/2 hr.  However, there are signifi-. 

oant thermoregulatlng cycles down to the 100- 

seo level. 
The integration of dynamic performance over 

an equilibrium time domain (i.e., 3 l/2 hr) 

permits the writing of an "equivalent static 

equilibrium" description of a heat balance In 

the form 

Net rate of heat production 

Temperature difference 
conductance 

or, mathematically 

(M - L)/(TS - 1'0) --■ K 

where 
M = rate of average heat production over 

the averaging period (i.e., the 

metabolism, assessable by oxygen and 

carbon dioxide consumption and pro- 

duction) 
L = rate of average flux of energy that 

does not pass through the clothes 

(I.e., heat losses from the lungs) 

T0= an effective environmental operative 

temperature (this, In view of the 

dynamics suggested, requires an ex- 

tension of the Qagge definition) 

Ts= mean skin temperature averaged over 
time for a particular mode of oper- 

ation of the system (most compre- 

hensibly, this mode should be a mode 

in which the system does the Internal 

work necessary to maintain extremity 

temperatures.  Whether the pure con- 
ductance-model description can be 

retained for other mode« of operation 

of the system Is moot and should be 

the subject of further experimental 

investigation) 

K = effective conductance of a set of 
clothes measured under the operational 

conditions specified.  It may neither 

be constant, nor single valued 

The method by which the conductance of a 

set of clothes might be computed theoretically 
begins to emerge conceptually.  One must set up 

and solve a complete set of dynamic hydrodynamlc 

field equations (suitably extended) subject to 

the dynamic boundary conditions determined by 
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the human system, and then Integrated In time 

to produoe the time-averaged oonduetanoe. Sinoe 

an accurate description is not yet possible for 

the dynamlo boundary oonditlons that obtain of 
the surfaoe of the system, suoh computations 

are still moot. Either experimental data on 

the oonduotanoe of simple olothes systems are 

required, or a systematic analytic theory and 

experimental data on the dynamic thermoregul- 
atlon of the human system are required to fur- 

nish data to build up and test clothing con- 

ductances. 
Thus what Is primarily needed is a dynamic 

analytic theory of the thermoregulation of the 

human system from the physiologist, experimental 

data on olothes conductances from the clothing 

technologist, and a theory of olothes conduc- 

tance from the physicist. 
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COMPARISON OF RESPONSES TO 2800 MC AND 200 MC MICROWAVES OR 
INCREASED ENVIRONMENTAL TEMPERATURE 

INTRODUCTION   With the expanding vise of microwaves at military and 
industrial installations, the biological effects of this form of 
energy is receiving increased attention. Investigation of potential 
hazards to man has necessitated a biomedical approach to this problem. 

Numerous physiologic factors such as interspecies and interstrain 
variability; intraspecies age, sex, body size differences, or previous 
medication coupled with physical aspects of exposure such as fre- 
quency or power density result in marked alterations in the biologic 
response to microwave exposure. These factors must be considered 
before one can attempt to elucidate the effect of microwaves in the 
living intact mammal. 

To date definitive information for man can be obtained only by 
extrapolation from animals along with comparison to meager human 
data. Man is an extremely complex organism with numerous interacting 
parts and systems. The various functions and reactions of the body 
are regulated by feedback and homeostatic or control mechanisms. 

Because of this complexity and the variability of mammalian bio- 
logical responses it is essential to investigate different species of 
animals under a variety of exposures before experimental results can 
be reliably extrapolated to man. 

METHODS   Dogs of small and medium breeds, albino rabbits and rats 
were exposed to 200 Mc continuous, 2800 Mc pulsed and continuous 
microwaves and in a room with controlled temperature and humidity. 

Pulsed microwave exposures at 2800 Mc were carried out at the 
Verona Test Site. The methods of exposure have been described in 
previous reports. 

The 200 Mc exposures were performed at the University of Buffalo 
using an end lire helical antenna in an anachoic chamber - k2  feet 
long x 10 feet wide x 9 feet high. Predetermined field Intensity 
was 165 mw/cm^. 

Exposures at increased environmental temperature - 120° F, 50$ 
humidity were carried out in the Environmental Temperature Laboratory 
at Griffiss Air Force Base. 

A portable microwave generator was used in Rochester for the 
2800 Mc continuous exposures. 

Animals used in these experiments were toy fox terriers weighing 
approximately k  kg, 8-20 kg mongrel dogs, k  kg rabbits and 50 gm or 
U50 gm rats. 
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Thermal responses from 2800 Mc microwa/es and hot room exposures 
were measured by continuous rectal temperature recording using a 
Yellow Springs thermistor. The thermistor probe was retained in a 
plexiglass shield inserted and fixed Into the rectum of the animal. 
At 200 Mc microwaves, the thermistors seen.ed to pick up R-F and, 
therefore, it was found necessary to Interrupt the exposures at 
regular intervals in order to obtain progressiv« rectal temperature 
readings by inserting the probe at each current break. 

RESULTS 

1. Thermal Response   The thermal response in tne dog exposed 
to 165 mw/cm^ 2600 Mc pulsed microwaves has been characterized and. 
found to consist of three distinct phases. Phase I consists of the 
initial thermal response in which there is fairly rapid heating with 
a 2 - 3° F increase in body temperature within l/2 - 1 hour after 
onset of exposure,  tfter this initial period the animal equilibrates 
ana enters phase II - the period of thermae equilibrium. This period 
mav last one hour during which time the temperature will cycle be- 
tween 105 and 106° F. Phase 111 - period of thermal breakdown occurs 
when the temperature rises above 106° F, continues increasing rapidly 
until a critical temperature of 107° F or greater is reached at which 
time the animal may collapse and if expoeure is not stopped death may 
ensue. The rabbit and the ret are extremely sensitive to this 
frequency (Fig.  i). A critical temperature is usually reached in 
10 minutes in the rabbit and 20 minutes in the rat with no equili- 
bration taking place. Body size does not seem to be a factor in 
tne thermal response at this frequency. The rat and rabbit respond 
fairly similarly. A fox terrier weighing four kilograms, which is 
equivalent to that of the rabbit, responded the same as medium sized 
dogs ranging m weight from 8 to 20 kilograms. 

At 200 Mc, I65 mw/cm2 the deg equilibrates somewhat later than 
at 8600 Mc (Fig. 2), remains in equilibrium for a longer period of 
time on the average of 5 hours, before thermal breakdown is evident. 
This delay may be influenced by the frequent interruptions necessary 
during the exposure to facilitate temperature recordings. The four 
kilogram dog responds the same as the larger dog. The rabbit equili- 
brates slightly and critical temperature occurs within 30 minutes 
which is slower than at 2300 Mc. The rat shows some equilibration 
at l/2 nour with thermal breakdown absent at one hour. 

Upon exposure to increased environmental temperature of 120° f$ 
505L humidity (Fig. 3), none of the animals equilibrate and critical 
temperature is reached Detwecn 30 minutes and one hour for all 
animals. 

Body size may influence the thermal response within the same 
species in the hot room exposjre. In this case, the small dog 
heated up more rapidly than the larger dog. 
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Variations in species response to these exposures are charted in 
Figures k,  5, and 6c The dog displays a longer equilibrium period 
at 200 Mc than at 2800 Mc with lack of any equilibration at 120° F, 
50$ humitidy (Figu k).    The rabbit is more sensitive at 2300 Mc 
than at 200 Mc or the hot room (Fig» 5), The rat is most sus- 
ceptible to the 2800 Mc with decreasing susceptibility in the hot 
room and lowest at 200 Mc (Figo 6). 

2. Influence of Pentobarbital Anaesthesia on the Thermal Response 
Pentobarbital is being used in these studies as a tool in elucidating 
differences among species and exposure methods rather than as a 
means of restraint* 

In the dog (Fig, 7), anaesthetization results in an increased 
thermal susceptibility to microwaves. This increased susceptibility 
was not noticed in the hot room. Whereas thermal equilibrium is 
achieved by the normal dog exposed to 2800 or 200 Mc microwaves, no 
such equilibration occurs under anaesthesia (Fig„ 8),    Thermal 
equilibrium does not develop in the dog when exposed, to 120° F, with 
or without t.naesthesia (Figo 9). Time for reaching critical tempera- 
ture in the anaesthetized dog, kept in the hot room, is the same as 
that for the normal dog„ 

In the rabbit and rat, exposed to 2800 Mc or the hot room, 
anaesthetization seems to delay the time for reaching a critical 
temperature. It should be noted that the anaesthetized animal's 
initial temperature was lower (Fig. 10, 11, 12). The anaesthetized 
rat appears to be more sensitive than the normal rat when exposed 
to 200 Mc 

A summary of the means of the thermal responses is included in 
Table I  This shows the extreme sensitivity of the rabbit to all 
forms of exposure with the rat intermediate 

Anaesthetization with pentobarbital seems to delay the approach 
to a critical temperature in the rabbit and rat exposed.to 2800 Mc, 
but not in the rat subjected to 200 Mc  The anaesthetized dog 
seems to reach a critical temperature much more rapidly than the 
normal dog when exposed to either 2300 or 200 Mc.  Anaesthetization 
does not seem to influence the time required for reaching critical 
temperature for any of the animals exposed in the "not room." 

Alteration in thermal response, Induced by pentobarbital, may 
be explained on the basis of the pharmacologlc action of this agent. 
The anaesthetic dose of pentobarbital used In these exposures, has 
been shown to depress the vasomotor center with resultant peripheral 
vasodilatation. 

In the rabbit, the large surface area of the ears is said to 
function in heat loss by radiation and conduction  Vasodilatation 
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produced by pentobarbital no doubt results in a more efficient 
cooling mechanism, thereby extending the time for reaching a critical 
temperature in the case of both microwave and hot room exposure. In 
the rat, heat loss by radiation and conduction is quite likely also 
made more efficient with vasodilatation. The hairless, or thinly 
haired portions of the body such as the limbs become more effective 
thermal regulators. 

The dog makes use of the evaporative surfaces of his pharyngeal 
and buccal cavities. Under normal circumstances during panting, 
the rapid movements of air through the mouth and upper respiratory 
passages facilitate cooling by increasing the loss of heat by 
convection from the mucous membranes of these parts. Although 
vasodilatation would improve thermal regulation, the anaesthetized 
dog does not pant, therefore, eliminating his most efficient 
thermal regulator. 

These results indicate that vasomotor integrity is an important 
factor in regulating the thermal response to microwaves. 

3. Relationship Between Rectal and Skin Temperature   In 
several cases, temperature at the surface of the skin was measured 
and compared with simultaneously obtained rectal temperatures 
(Fig. 13). In this particular case, the side facing the horn was 
continuously monitored using a thermistor placed on the skin surface. 
At 2800 Mc the temperature difference between the skin of the side 
facing the horn, and the rectal temperature, gets smaller as 
radiation progresses for the first 30 minutes then reaches equilibrium 
while the rectal temperature increases. 

"The Thermal Circulation Index" of three of these dogs was 
calculated (Fig. lU). Two of the dogs were exposed to 165 raw/cm2 

at 2800 Mc. On one, the skin temperature readings were obtained 
for the side that was facing the horn. On the other dog, the 
temperature was recorded for the side farthest from the horn. On 
the side exposed to the horn at 2800 Mc, the physiological thermal 
gradient, or difference between skin and rectal temperature, is 
small while the physiological thermal gradient for the surface on 
the far side of the horn is large. 

At 200 Mc, 165 mw/cm2 the one dog studied revealed essentially 
little change from its initial thermal circulating index. These 
differences in thermal circulation index are no doubt indicative 
of the depth of microwave energy penetration. 

h.    Response to Dr'-gs of Known Pharmacologlc Action   As 
indicated previously, dogs exposed to microwaves while under pento- 
barbital anaesthesia show a much more rapid thermal response than 
normal dogs. The anaesthetized dogs do not reach the stage of 
thermal equilibrium. 
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In order to extend these observations and to determine how anaes- 
thetization, sedation, or tranquilization affect the microwave re- 
?ponse, four dogs picked at random were exposed to I65 mw/cm2-10 cm 
microwaves in a Latin square experimental design, while under 
medication with Pentobarbital sodium, Morphine sulfate or 
Chlorpromazine. At least one week elapsed between exposures,  Con- 
tinuous rectal temperature recordings were obtained on each dog. 

The data, have been analyzed and tUBHarised (Table II). Thermal 
equilibrium is not reached with Pentobarbital. Temperature increase 
is more rapid with Morphine than in unmedicated dogs; thermal 
equilibrium is reached more rapidly and continues for a longer 
duration. Chlorpromazine surprisingly resulted in the longest 
equilibration, the dose, however, is quite low. Thermal break- 
down under Chlorpromazine occurred after approximately the same 
equilibration time as with unmedicated dogs. Since thermal equili- 
brium is not achieved while under Pentobarbital medication, a 
critical temperature is reached much earlier in these dogs. 

Analysis of variance for the first 30 minutes of exposure in- 
dicates that Pentobarbital results in a significant increase in the 
thermal response, The order of drug administration or previoas 
microwave exposure did not influence the thermal response to weekly 
exposures, 

Additional analysis of the time required to reach a h°  rise in 
temperature, revealed that Pentobarbital and Morphine significantly 
enhanced the rate of temperature increase when compared with un- 
medicated or Chlorpromazine treated dogs. There was no significant 
difference in response between chlorpromazine and controls although 
the former did decrease the time required for a U° rise in temperature. 

An analysis was made of cooling rates by comparing the time after 
the power was turned off for a U° drop in temperature to occur., Only 
Pentobarbital required a significantly longer time to cool. Morphine 
was a close second but not statistically significant, This would 
definitely indicate an impairment of the thermal regulatory mechanism 
by pentobarbital, and possibly by morphine. 

Further evidence of this interference: MM seen upon examination 
of* the thermal curves»  In each case where pentobarcital was used 
there was a one-half to one degree rise La temperature for 5 minutes 
after the exposure ended. 

A further insight into the effect of these drugs on therr.al 
regulation can be obtained by analysis of the cooling curves. 
In all cases temperatures returned to below initial  The mean 
time for reaching initial temperature was? 
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Controls - kl minutes 
Chlorpromazine - U9 minutes 
Morphine - 1 l/2 hours 
Nembutal - 2 l/2 hours 

5. Hematologic Changes   Hematologic examination was performed 
only in the dogs exposed to 2800 Mc and. 200 Mc microwaves (Table III) 

Comparison between white count changes, occurring among dogs 
exposed to 165 mw/cm2 at 200 Mc and 2800 Mc, reveals an increase 
immediately after 200 Mc exposure as opposed to the 2800 Mc induced 
decrease. This may be due to the longer duration of exposure at 
200 Mc, since similar findings were reported previously in dogs 
exposed to 2800 Mc where white cell increase may have been time 
dependent. 

Differential changes. Evaluation of the differential white 
cell changes suggests a stress effect, which possibly is related to 
duration of exposure. 

Hematocrit changes. Hematocrit changes for dogs, exposed 
to 200 Mc, were greater than with 2800 Mc which may also be explained 
by the longer periods of exposure. 

6. Head Irradiation of the Rabbit   The head of the rabbit 
was exposed to 2300 Mc continuous microwaves while the remainder of 
the body was shielded. In all cases the head was irradiated from 
the side. 

The results are summarized in Table IV. Although these data are 
x      preliminary in nature, they are quite consistent. 

* From these exposures, it is learned that apparently the rabbit 
cannot tolerate more than l60 mw/cm2 to the head for a period longer 
than 30 minutes and hyperpyrexia develops from head irradiation 
alone. Pupil dilatation of the eye on the exposed side may be 
indicative of brain stem damage. The eyes of the surviving rabbits 
were examined, at periodic intervals for two months, with no damage 
evident. 

This program will continue in order to more clearly define time- 
intensity factors for survival and pathologic changes which might 
occur. 

7. Response of Rats Exposed to Microwaves and X-Irradiatlon 
Rats were exposed, whole body, to both x-ray and 2800 Mc continuous 
microwaves (Table V). 

Rats were arranged in six groups of five each. Group #1 was 
retained as controls. Group #2 was exposed to Microwaves 39 mw/cm2 
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for 38 minutes in the morning. In the afternoon Group #2, Group #3 
and Group jfh were exposed to X-ray (700 r, 250 kvp, 18 r/min). 
Group #3 was exposed to microwave that same afternoon. Of the two 
remaining groups, Group #6 was exposed to microwave and X-ray 
simultaneously in the morning and Group #5 was exposed to microwave 
alone in the afternoon. 

The rats exposed to microwave alone, at twenty-four hours post- 
exposure, showed a marked increase in WBC. Seven days afterwards, 
the WBC decreased and at fourteen days post there was a secondary 
increase» By the twenty-first day post-exposure, the WBC of these 
animals had returned to the normal range. The WBC and the hemato- 
crits of the groups that received ionizing radiation followed a 
typical post irradiation response for the rat. 

The mortalities that occurred in most of the groups were within 
the range expected for this dose of X-irradiation, except for the 
one animal in Group #6 that died twenty-four hours post-exposure. 
This death can be attributed to microwaves filone, 

The mortality data were tested by Chi Square with the result 
that there was no significant difference in the mortality among 
the groups. Limitation to this test was the small number of animals 
in each group. Although there was an apparent difference in the 
primary drop of the WBC and in the recovery of the WBC in the groups 
that received microwave and X-ray, as compared with the group that 
received X-ray alone, this difference is not significant when tested 
by the students t-test. 

Because of the limitations presented by the small number of 
animals used in each of the groups, this work should continue 
using groups consisting of larger numbers of animals. 

DISCUSSION   Numerous physiologic factors such as interspecies 
and interstrain variability, intraspecies age, sex, body size 
differences, or previous medication coupled with physical aspects 
of exposure such as frequency or power density result in marked 
alterations in the biologic response to microwave exposure. 
These factors must be considered before one can attempt to 
elucidate the effect of microwaves in the living, intact mammal. 

For a first approximation of the biological ef. :*..-: >t 
microwaves, characterization of the thermal respous*. I  essential, 
This has teen done for three species of animals exposed to 200 Mc 
and 2UXX) Mc microwaves. In these two types of exposure the inherent 
thermal regulatory capacity and the degree of microwave penetration 
and absorption more than the physical factor of body size difference 
would appear to be the determining factor in the-animal's response 
to microwave exposure, 
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Preniedication with agents which interfere with thermal regu- 
lation will tend to alter the horaeostatic capability of the 
irradiated animal. 

Although non-thermal effects have not been elucidated in the 
whole body exposed animal, head exposure of the rabbit would indicate 
that there may be an effect on the brain stem of such exposed animals. 

With the completion of the phase of the study concerned with 
characterization of the thermal response, logical extension of the 
program towards comparison of microwave effects with those of 
increased environmental temperature, exposure to microwaves under 
different environmental temperature, and conditions of hydration 
is planned. 

More extensive clinical observations including hematology and 
blood chemistry towards better understanding of the picture of 
apparent adrenal stress is contemplated. 

Head exposure will be extended to the dog and anaesthesia will 
be used as a tool for further investigation of the neurologic 
component of microwave effect. 

SUMMARY AND CONCLUSIONS   Dogs, rabbits, and rats were exposed to 
2300 Mc pulsed, continuous, 200 Mc continuous microwaves and in a 
room with controlled temperature of 120° F and 50$ humidity. 

Thermal response of these animals under the different conditions 
of exposure were characterized and analyzed. 

The rabbit appears to be the most sensitive of the three species, 
with the rat intermediate and the dog least sensitive. 

Critical temperature is reached more slowly at 200 Mc than 
at 2800 Mc. 

The dog reaches thermal equilibrium at 2800 Mc and 200 Mc but 
not in the hot room. The rabbit fails to reach thermal equilibrium 
during any exposure. The rat reaches thermal equilibrium at 200 Mc 
but not at 2800 Mc or the hot room. 

Anaesthetization of the dog results in an increased thermal 
susceptibility which is not evident in the rabbit or rat. Vasomotor 
integrity appears to be a critical factor in regulating the thermal 
response to microwaves. 

The use of the Thermal Circulation Index appears to give a good 
indication of the depth of microwave penetration. 
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The thermal response of dogs exposed to microwaves while medicated 
with Pentobarbital, Morphine or Chlorpromazine reveals that both 
Pentobarbital and Morphine interfere with the animal's thermal 
regulatory mechanism. 

Head exposure of rabbits in a field intensity, greater than 
180 mw/cm2 for 30 minutes, resulted in hyperpyrexia and death. 

Periodic eye examination in all surviving animals has not revealed 
any cataract production. 
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THERMAL RESPONSE OF DOG 

EXPOSED TO INCREASED 
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TABLE IV - RESPONSE OF RABBITS TO HEAD EXPOSURE FROM aBOO M3 CONTINUOUS MICROWAVES 

Rabbit 
No. 

M-38 

M-k> 

R-7 

Distance 
From Horn 

(cm) 

11 

Fiald 
Intensity 
(v/cmg) 

Duration of 
Exposure 
(min) Remarks 

^1.0 

0.700 

M-ltl 5 0.700 25 

R-9 5 0.700 30 

R-10 5 0.700 15 

R-ll 5 0.700 15 

R-l 10 0.180 30 

(Anaesthetized) 
10 0.180 30 

R-6 11 O.160 30 

0.160 

30    Excitement vithia 5 minutes, 
salivation, exhaustion, 
collapse, death. 

15    Excitement within 5 minutes, 
death. 

TempÄ-|- 6°F, spasticity, death. 

Exposed eye-pupil dilated-burned. 
Opposite eye-pupil constricted. 
Death. 

Exposed eye-pupil normal. 
Opposite eye-pupil constricted. 

Exposed eye-burned and closed. 
Opposite eye-pupil constricted. 

Exposed eye-pupil dilated. 
Opposite eye-pupil constricted. 
Right foreleg paralyzed, death. 

Exposed eye-pupil dilated. 
Opposite eye-pupil constricted. 
Temp. ■+- 3°F, death. 

Exposed eye-pupil constricted. 
Opposite eye-pupil normal, 
survived. 

30    Exposed eye-pupil constricted. 
Ear on exposed side burned. 
Prostration. 
Temp. + U.50F, survived. 

R-3 15 0.090 30 Exposed eye-pupil constricted. 
Opposite eye-no change. 
Survived. 

R-8 20 0.051» 30 No effect. Temp.+ 3.75°F. 

R-Ul 25 0.041 30 No effect. 
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STUDIES ON THE BIOLOGICAL EFFECTS OF MICROWAVE IRRADIATION 
OF THE DOG AND RABBIT 

INTRODUCTION  The current increasing use of microwave generators, 
the progressive development of greater power densities as well as the 
multiplicity of uses now being rediscovered for these energies demands 
immediate answers to possible hazards from such emanations. The major 
missions are (l) to detect and characterize the damaging effects of 
both acute and chronic nature caused by such exposures, (2) to estab- 
lish, if possible, a lethal change in terms of timed exposure at 
specific power densities, and (3) to establish a tolerance or safe 
exposure level for individuals working with such generators similar 
to those already determined for noxious agents and ionizing radiations. 

The above mission requires a biomedical approach with evaluation 
not only of the physiologic alterations which occur but also the 
related pathologic phenomena. 

Selection of the dog as the experimental species of choice is not 
accidental. It was decided at the outset that (l) the selected animal 
should be more comparable to man in size and in possession of similar 
heat regulatory mechanisms, (2) the selected species should have well 
defined parameters of physiologic behavior in which observations "on a 
single animal would be pertinent, (3) the exposures should be in free 
space and of a type possible in a hazardous situation in the human, 
and (k)  because of the great variability in present physical measure- 
ment techniques, consistency in biological behavior would indicate 
presence of a uniform exposure. It is recognized that the experience 
in this laboratory with 15 or more years of problems in canine 
physiology and pathology could not be lightly disregarded. 

In the following sections studies are reported on dogs exposed to 
2880 megacycle electromagnetic irradiation from a AN/MPS-LU search 
radar adapted to an anachoic chamber designed for biologic experimen- 
tation. Exposures to energy levels of 100 and 165 mw/cm2 for varying 
times were carried out. Clinical and physiological reactions are 
described. Characteristics of heat induction and recovery factors 
are analyzed on normal and anesthetized dogs. Certain responses suggest 
physiological adaptation tc thermal energies. Changes in hemodynamics 
following various energies as measured by blood volume assay are given 
in addition to information on the behavior of the cellular elements. 
Certain specific pilot physiologic studies of comparative nature in- 
cluding red cell Life, alteration of thyroid function and change in 
fat absorption are reported. Specific studies in the development of 
high frequency burns are reported. Investigations on combined exposure 
to electromagnetic and ionizing irradiation are analyzed. Comments 
concerning the hazardous nature of this energy are given. 

METHODS   This project is a cooperative effort between personnel of 
the Medical Division of the University of Rochester Atomic Energy 
Project and those of the Rome Air Development Center. At the 
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Rochester laboratory mongrel dogs carefully standardized as to age, sex 
and weight are kept for a holding period to insure good health. In 
view of the fluid changes which occur during and after exposure, these 
animals are kept on a constant food and water intake for a minimum of 
one week prior to exposure. They are then transported to the Verona 
site (115 miles) in a station wagon, rested overnight and exposed on 
the following day. Most animals are returned to Rochester the night 
of exposure except for those which are held at Verona for chronic or 
daily exposure. The distance of transport together with weather 
conditions sharply limits the number of exposures which can be con- 
ducted . 

The source of r-f power is a radar set AN/MPS-IU operating at a 
frequency of 2880 megacycles and producing in excess of 2000 watts of 
average power. The pulse type emission utilizes a two-microsecond 
pulse width and e. 360/sec pulse repetition frequency. The power 
densities available in the exposure chamber vary between the limits 
of 1.2 watts/cm2 to less than 50 miHiwatts/cm2 depending upon dis- 
tance from the antenna. In order to estimate the power distribution 
across the animal's body, contour lines of equal intensity have been 
measured. Analysis of the graphs indicates a relatively uniform field 
across the animal's body with the energy at the periphery differing 
by less than 20 per cent from that at the center. 

To simplify the determination of the power density and aid in the 
interpretation of data, a microwave "free space" room was constructed 
for animal exposures. The exposure room, approximately 7 * x 7' x 15', 
is lined with commercial microwave absorbing material. According to 
the manufacturer, a maximum of two per cent of the energy will be re- 
flected from the stirface of the aosorber. Under these conditions, a 
"free field" for all practical purposes is produced. 

A plexiglass cage vas constructed to confine the animal during 
exposure. This was made of such a size that the limits of the cage 
were within the BO per cent continuous exposure lines as measured in 
air by standard techniques. The material proved to have excellent 
dielectric properties and structural strength, with excellent trans- 
mission and tolerable distortion from diffraction of the radiation. 
During exposures it was noted that the animal preferred to remain at 
the outer limits of the field so that the dosage as indicated at each 
exposure level is undoubtedly on the high rather than low level. 
Rotation is not used. With the maximum penetration of + 3 cm and 
the absorption of the major portion of the dose in this superficial 
layer, the total amount of exposed vs non-exposed tissue can not be 
stated with surety. However, since animals were free to turn to any 
desired position, and were observed to do so, it is considered that 
mechanical rotation is not required. The development of bilateral 
chest burns in specific animals is best explained by a uniform ex- 
posure to both sides of the thorax. 
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With the success of the intial plexiglass single cage, a double 
separated cage of the same overall size limit was constructed. Although 
increased reflection of radiation undoubtedly occurs, the advantage in 
certain exposure studies of simultaneously studying one animal together 
with his control may outweigh the defects of reflection and diffraction. 

Dogs were exposed at two power densities (100 mw/cm2 and l65mw/cm2) 
for different durations of time. Clinical and laboratory tests are 
performed before and after exposure. During exposure continuous ob- 
servations of his response are recorded. Animals are placed in the 
cage for a 15-minute period prior to exposure during which rectal 
temperatures are made at five-minute intervals., If temperature is 
constant, exposure is started,, Following exposure, rectal tempera- 
tures are recorded usually at 5^ 15» 30, ^5 8^^-  60 minutes or con- 
tinuously. Elood for hematological examination is obtained by jugular 
puncture within one minute after cessation of power. Following ex- 
posure the animal is observed for general appearance, alterations in 
behavior and gait., and desire for water. Superficial neurolgical 
examination sufficient to characterize motor or reflex changes is 
performed, Animals used in these studies include; 

1, Normal healthy dogs of both sexes 
2. Normal dogs exposed to 200 or ^00 r whole body gamma radiation 

from a Cobalt~60 source four or 11 days prior to microwave 
exposure. 

2. Dogs from groupi of animals receiving x or gamma irradiation 
at the Lt750-9^ level several months to 3 years prior to the 
microwave exposure  These animals are designated in this 
report as survivors. 

U, Normal rabbits. Some of these animals are used for studies 
of antibody production and decay rates. 

Exposures zn both dogs and rabbits are reported as either high 
power (165 mw/cffi2) ur medium power (lOO mw/cm2), 

Laboratory methods are those used in routine clinical studies. 
Specific methodology for fat absorption, thyroid uptake, and red cell 
life is given in those special sections of -ihe report where pertinent. 

Pathological techniques include gross examination including 
opening Of the skull, microscopic study with hematoxylin-eosin as 
standard and special connective tissue, fat and nerve tissue stains 
where indicated. Results will be reported In a subsequent publication, 

RESULTS   For clarity and complete reporting of experimental results, 
previously published data from ASTIA Document No, AD 21211C are being 
included., 

Characterization ot" Thermal Response Patr.em in the Dog   Con- 
tinuous thermistor recording of rectal temperature changes in the dog 
under conditions of exposure permits a careful study of the thermal 
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response pattern. At 165 mw/cm2 (fig. 1) an initial period of heating 
occurs during which the rectal temperature increases two to three 
degrees F within 1+0 to 60 minutes after start of the exposure. During 
this time the animal shows open mouthed panting with extension of 
tongue, increased respiratory rate, restlessness and apprehension. 

After this initial period of heating (1+0-60 minutes) a period of 
thermal equilibrium takes place. This persists for the next hour with 
the temperatures oscillating in a cyclic manner between 105 and 106° F. 
During this period the animal is more at ease with panting increasing 
and decreasing in a rhythmical fashion. 

Next, changes occur more or less rapidly indicating an apparent 
breakdown of thermal regulation. A rapid increase in temperature 
occurs, the animal showing clinical signs of hyperpyrexia. Increased 
salivation, impaired locomotion, and excitability are noted which 
rapidly progress to acute distress and collapse with rectal tempera- 
tures measured between 107 and 109° F. 

Within 15 minutes after removal from the cage, the surviving 
animal will stand but displays prominent weakness of hind quarters, 
staggering and incoordination. Dying animals remain in a state of 
collapse. Death which occurs within 30 minutes is followed by ex- 
tremely rapid development of rigor mortis. 

A motion picture has been made recording the specific signs and 
reactions described above. 

Exposures to power levels of 100 mw/cm2 (fig. l) for periods of 
up to 6 hours (arbitrarily selected as a standard time) do not reach 
a lethal or even critical temperature. The initial period of heating 
is slight with the animal remaining in the phase of thermal equili- 
brium during the remainder of the exposure. Extension of the time 
beyond the 6 hour period has not been done. Undoubtedly with sufficient 
fluid loss and hemoconcentration, the phase of thermal breakdown can 
be reached at this exposure level. 

The following tabular representation indicates the response of 
the dog to microwave exposure. 

Response of the Dog During Whole Body 
Exposure to Microwaves 

1. Panting - rate increases with duration of exposure, some reach 
plateau, rate decreases and then increases. 

2. Salivation - when present increases with duration of exposure. 
3. Increased activity - appears agitated, moves around cage, then 

finally settles down in portion of cage furthest from center of 
field. 

h.    Responsiveness - attentive and responsive to sounds throughout 
exposure. 
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5. Vaso-dilation. 
6. Aklnesia. 
7. Prostration. 

Response of the Dog Immediately After Whole Body 
Exposure to Microwaves 

1. Disruption of equilibrium. 
2. Increased rectal temperature. 
3« Increased desire for water in most cases. Animals showing most 

marked response refuse water. 

Detailed observations under fixed experimental conditions are 
described in Tables I and II. Findings are reported on 27 normal 
dogs, 11 dogs receiving ^00 r of Co-60 ionizing irradiation plus 
subsequent micro*»»», and eight survivors receiving ionizing 
radiation from two months to several years previously. The results 
are reported in detail In ASTIA Document No. AD 212110 but will be 
briefly summarized here. Subsequent studies completely confirm the 
original findings. 

The maximum temperature response of+5.1° F. occurs in the 
165 mw/cm2/^ hr dogs; the 100 mvr/cnß/6  hr animals showing a + 3° 
elevation. Behavior of the irradiation survivors and acutely 
irradiated series was similar. Lack of the temperature response 
(+ 1.4° F) in the Co-60 plus 165 mr/crtß/2  hr remains unexplained. 

Attempted correlation with weight, sex, age or body surface area 
for the 2880 megacycle animals has produced negative results. 

The most markei increase In hematocrit occurs in animals exposed 
for three hours at the 165 raw/cm2 level. Changes at the 165 mw/cm2 

for two hours and the 100 mw/cm2 for six hours are almost identical. 
Dilution toward pre-exposure levels and below immediately follows 
exposure and at the 2k  hour period is complete. 

Of interest is the post-exposure hematocrit reduction of 5-6# 
In the UOO r Co-60 plus microwave four days later. Since some 
specific vascular change is suspected to follow ionizing irradiation, 
this may be the first documented evidence. As indicated in Table II 
(one week after exposure) this reduction is exaggerated to a -19* and 
-21$ respectively with control Co-60 at -10 and control microwave at 
-3.0 to -4.5*. 

Leucocyte changes in the 100 mw/cnr^/ö hrs are negligible. At 
the l65 mw/cm2 level, an Initial decrease occurs at the two hour 
period; an Increase at the three hour time may be associated with 
acute tissue damage. The gradual Increase in all groups at the 
2k  hour level at which time the hematocrit has diluted often to 
below pre-exposure levels reflects major to minor tissue damage. 
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This is confirmed in a sense by the return to normal values in one 
week except in the 165 raw/cm2/^ hr dogs and in the Co-60 irradiated 
animals. In the latter instance, the depression is typical of that 
seen in the Co-60 irradiated controls. Table III and IV show- specific 
changes in hematocrit and leucocytes at all time periods. 

Further studies of clotting time shown in Table V confirm 
earlier observations which indicated no change in either clotting 
time or clot retraction as a result of microwave exposure. 

Table VI shows selected studies on certain typical animals. No 
changes in red cell fragility, blood sugar or NPN were noted. Blood 
viscosity measured at 25° C (equilibrated) parallels the increase in 
hematocrit which follows microwave exposure. This rapid test can 
substitute for the hematocrit in clinical use, or for emergency 
studies. 

A rather startling and significant finding is noted in examina- 
tion of the differential white cell changes in animals exposed to 
2880 Mc energies at the two power levels and to 165 mw/cm2 of 200 Mc 
continuous wave energy (Table VII). 

At the 100 mw/cm2/6 hr or 36O minutes, no change in the total 
leucocytes occurred. As an indication of possible injury, increase 
to 15,090 cells occurred after 2h  hours. This was accompanied by 
the return of lymphocytes to pre-exposure levels. Of importance is 
the decrease of eosinophils from 558 to 220 cells with a later over- 
production in 2k  hours. With the parallel reduction in lymphocytes, 
this essentially performs a Thorne test of adrenal stress and con- 
stitutes a normal value. 

It is noted that a similar reaction occurs with the 200 Mc. 
continuous wave energy although the series of animals it smaller. 
The eosinophil reaction is slightly greater (not statistical) and 
the lymphocyte reaction less. 

With the 165 mw/01^/139 (30 to 180) min. exposure, the lack of 
eosinophil response and lymphocyte depression plus the low level at 
the 2U hcur period would suggest a phase of adrenal exhaustion with 
persistant lack of recovery. Unfortunately examination of the blood 
of these animals at the 60 and 120 min. periods have not been carried 
out in sufficient numbers to determine whether the stress effect 
proceeds through to the exhaustion pnase. 

Burns   A unique finding previously reported is the development 
of superficial burns on various portions of the body of the dog most 
common on both sides of the rib cage. These usually follow exposure 
to 165 mw/cm^ and are well illustrated in the accompanying photographs 
and legends  A latent period of as much as five to six days following 
exposure may elapse, at which time the entire area sloughs away 
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I 
leaving a deep Olsen wound Identical in appearance with a third-degree 
burn. Prior to sloughing away, th« central portion appeared to de- 
vitalise with developnent of a process suggesting a dry gangrene. 
Most burns occurred over the rib eagas ('bilateral) but others nave 
developed on the nook and head, the latter two types being smaller 
in area. Healing without infection usually occurs in all except 
the survivor (ionizing irradiation) group where poor healing and 
considerable suppuration was observed. To date BO scarring or 
ireloid development is noted. Among the survivor dogs a delay in the 
appearance of the burns by as much as ten days ifl DOted, In these 
animals healing even without infection war. extremely ,siov. Patho- 
logical examination of burn site areas resembles those of a typical 
third-degree burn. 

An observation made on one of the animals may be significant, 
This dog developed burst Which healed within three weeks, Six weeks 
after initial exposure, this animal was again expoaed with not only 
development of turns in a new site but a recurrence of burnt in the 
original site. 

Another observation of significance shows that dog« under pento- 
barbital anaesthesia, positioned in ventral recumbency with legs ex- 
tended arid perpendicular to the horn,, develop bums in the loose 
portion of the skin between the trunk and front limbs and/or flank of 
the exposed side., 

A greater InrideDC.^: of burns fOllOM exposure of dogs under 
anaesthesia, These "reverss third degree. buna11 (from the inside 
out) can be produced, almost at will and with exposure times of as 
short as 30 minutes. The almost ejntinuo-j& rotation of the normal 
animal during mi STOWare exposure eMBentialiy allows COB side to cool 
while the other cooks. Under such conditions levitallsation of a 
vasculariy poor area cannot OCCUT before the period Of thermal break- 
down ol  the auiaal is reached. 

Factors Known to be -">! impcrtanBO la the production of these burns 
include? rate and/or time of heating, vaecularlsatlon of the specific 
area, anaesthesia, arid specific sensitivity Of the LndlTidual animal. 
The possibility o? Standing wave production by reflection from rib 
cage, sac ram or stall is remüte. 

Effect Of PrejfJQUS fiSBEBS ^0  IgBJjJJM Paliatj.-r.j-.ijS on tne Microwave 
Response   Interest in the combined exposure of ionizing irradia- 

tion and all i reute baa been proapted by a ouatwr of factors. Electron 
tubes of microwave generators emit variable amounts of hard (+200 KV) 
x-rays often ifl the baeerd rsijg^ and in inteneltiea of as much as 200 r 
per hour at one cm dlste&oe. Possible pathologla change? induced by 
thermal induction from all HWSJIie exposure may be synergized by asso- 
ciated ionising reactions in the aass bisons  The vibrstlonalj rota- 
tional or polyaerlBing effect cauat-d c> •nicr-^'avc cc component 
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molecules may induce previously unobserved effects of either beneficial 
or damaging types. Finally the parallel use of microwave and ionizing 
radiation exposures may permit the first demonstration of a non-thermal 
reaction, 

i 

In Tables I and II preliminary results were given showing the 
effect of i+00 r of Co-60 irradiation followed by microwave exposure 
four days later. Results as shown in Table VIII combine these initial 
results with the added animals necessary to make the groups more com- 
plete. 

:>".'.. . 
The results indicate that the thermal response of these animals is 

related to the energy absorbed. Previous exposure to ionizing radia- 
tion does not modify this response except in extremely high dosage 
of microwaves» In normal dogs a transient decrease in white cells 
occurs immediately after exposure. Within 2*+ hours a rebound occurs. 
This is followed in turn by a further decline at 1+8 hours. A gradual 
return to normal levels by the two week period occurs. In dogs 
surviving lethal amounts of radiation given two months to several 
years previously, the leucocytosis observed at '2h  hours persists for 
several days. Animals exposed to Co-60 followed in four days by 
microwave irradiation do not demonstrate the leucocytic reaction. The 
depression of the white cells during the observation period parallels 
that in dogs given Co-60 irradiation alone„ 

A transient increase in hematocrit levels during exposure occurs in 
varying degree in all animals treated with microwave alone. In those 
exposed to serial ionizing and microwave radiations the hemoconcen- 
tration may persist to 2h  hours with a progressive decline during 
the post-exposure period. 

Analysis of the mortality data shows no difference in animals 
,        receiving Co-60 alone and those receiving Co-60 nlus 100 mw/cm2/360 

min. In dogs exposed to Co-60 plus IE1) mw/cm^/^O min. a total 
mortality of 70$ suggests a definite eynergistic lethal effect. 

Other combined ionizing and microwave exposure experiments are 
reported in the accompanying paper en comparative effects. 

Residual Effects   In observations on 100 animals extending 
over a period of 12 months in the early cases, residual effects have 
not been noted. In all cases unless immediate death with rapid rigor 
mortis occurred, recovery has been prompt and uneventful. 

Periodic examination for cataracts by slit lamp has not shown 
any eye abnormalities. Estrus has been unchanged and pregnancy in 
one instance has been normal. 

Clinical behavior lias been normal in all animal6 to date. Nu- 
tritional status has been good and weights are stable. 
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Miscellaneous Effects   A number of pilot studies of various 
types have been carried out on these animals under varying conditions 
of exposure. Sufficient observations for reporting have been made on 
(l) fat absorption, (2) red cell survival, and (3) reaction of anti- 
body response. Other studies on thyroid function indicate a reaction 
of damage one week after exposure to 16;5 mw/cm2/3 hr levels with 
gradual return to normal in 30 days. Other studies are reported as 
follows. 

Alteration in Fat Absorption. In one normal dog exposed to 
165 mw/cm'=;/2 hr a marked delay in fat absorption occurred after 8 
days with a return to normal levels at 20 days. The pattern after 
recovery continued to be disturbed with a flat response up to one 
hour after ingestion of the meal.  (Fig. 2) 

In the animals exposed to UOO r of Co-60, results indicate a 
slight delay with no apparent deficiency in six hour absorption up 
to h  days post-exposure (Fig. 2). In survivor animals a variable 
response is noted. In general an increase in fat uptake occurs. 
Except in one animal a consistent depression of the one hour uptake 
is found.  (Fig. 3) 

In the serially exposed animals, response is variable although 
in this instance 1 - k  days elapsed between C0-6O and microwave ir- 
radiations. These are shown in Fig. h. 

Studies of Red Cell Life. In one animal exposed to 
I65 mw/cm^/2 nrs an increased loss of red cells over the normal 
control for this animal occurred. The change in this instance was 
a decrease to 13 and 20 against control values of 28 to 32 (initial 
apparent half times). 

In animals exposed to C0-6O alone, initial apparent half times 
were lU.5 and 18 per ml wnole blood. In those exposed to both C0-6O 
and microwave observations of 10, 11 and 18 were made or. the three 
animals studied. The lower or more reduced times occurred with the 
higher radiation dosages. 

The nature of the changing pattern in all types of exposure is 
shewn in Fig. 5 which shows the per cent daily rate of loss per ml 
over that of normal aging. From this study it cug£.»*.t3 that the 
combination of two injurious agents at the higner exposure levels 
makes for additivity in red cell decay ever either alone. 

Antibody Response. Determination of the antibody half life 
has been made in rabbits exposed to palsed wave 2880 Mc at 100 mw/cm2 
until a critical rectal temperature is reached. This usually occurs 
within 30 minutes. Initial observations can be reported as follows. 

A, Effect on antigenic stimulation. Thirty-six rabbits were 
used in the study and were divided into four groups according to the 
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time of the first injection of iheep PIC, ft* follows'  (1) sheep RBC 
given I,V, two days before exposu:a to 30 minutes of microwave 
irradiation (100 mw/cm2), (2) antigen given 1 V h  hours before ex- 
posure to microwave irradiation, (3) antigen given i,V, two days 
after exposure to microwave, and (k)  controls, not exposed (Table IX), 

Blood specimens were drawn en all animals 
was given,. The serum concentration of anti -s 
these specimens was determined. -'or each grc 
are given - the peak titer, i.e. the number o 
stimulation when the maximum concentration of 
for each animal, and the antibodv half-life 
required for the serum concentration to fall 
maximum concentration in a given eniaftl. 

daily after sheep RBC 
neep RBC hemolysins on 
up the following data 
f days after antigenic 
hemolysin was obtained 

i.e., the number of days 
to 50 per cent of the 

The peak titer is reached somewhat later in exposed animals, and 
maximum titers decline to half-life values somewhat later than normal 
controls. This suggests that following microwave exposure animals 
either (a) take up antigen more slowly, (b) form antibodies more slowly 
after they have absorbed antigen. or (c) formed antibodies are 
eliminated or metabolized more slowly than in normal controls. 

B, Effect on disappearance rate of passively transferred 
antibodies  Nine rabbits exposed to microwave tor an average of 
30 minutes were given infusions of homologous sera, containing known 
concentrations of anti-sheep RBC hemoiysms  The serum concentration 
of this antibody was then determined 10 minutes after infusion and 
once daily thereafter  Two rabbiTC,mat bed nor teen exposed to micro- 
waves, were similarly given passiv? :rans*-'r of antibodies. The 
normal for the half-life of this particular antibody is known to 
average 2.5 days for one component and 3 ? days foi the other 
(Table X)o 

It appears that passively transferred art.bodies are more rapidly 
eliminated or metabolized in ■Leroi ■   xpeo^d rabbits than in normal 
controls, This suggests that UM iifference ir. response of these 
animals to primary antigenic itiBjUlfttlOB i - probably due either to 
slow uptake of antigen or slow BStlbOdj production« 

Observations on the Character Od the fteraoJ Response   Specific 
comment on the nature of the thertal rsspon'^ DM t-?en given in the 
first portion of this paper, des^r. I tag •peciflc periods of (a) initial 
heating, (b) thermal regulation, end (c) thermal breakdown leading to 
death or (d) recovery.  In studying the behavior of the animal following 
serial exposure particular interest was directed toward the possibility 
of an additional factor - that of accomrr.cdat.cn or training  Fig. 6 
shows the typical reaction of a de« following 11 exposures for a total 
of 19-5 hours. 
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Nine exposures later over a total, elapsed time of 1.U days (total 
51o25 hrs.) a definite accommodation had occurred. 

Although the effect of barbiturates,  tranquillizers and narcotics 
will be discussed in the accompanying comparative paper, it was decided 
to test the effect of chlorpromazine on the temperature center on this 
animal, (it must be added that this reported reaction is a topical 
example and has been noted in other dogs.) As noted in Fig, 6, the 
reaction to chlorpromazine results in a return of the temperature 
response to the pre-accommodation level. 

Subsequent reactions to non-medicated exposure were surprising. 
While the chlorpromazine reaction occurred with the 21et exposure, 
even at the 23rd the temperature levels continued to be above that 
reached at maximum accommodation. The same reaction continued to be 
true, additional exposures being required to bring the temperature 
reaction to maximum accommodation levels. Repeat chlorpromazine or 
barbiturate (pentcbarbital) action produce similar loss of this 
induced physiological memory. This recalls the controversial French 
theory of Mneme (physiologic memory) of the middle of the last century, 
There is little question that the temperature center is the repository 
for this memory inasmuch as the drugs possessing most effective re- 
sponse have major pharmacologic actions in the thermoregulatory area. 
It will be of interest if respiratory depreseants (morphine), anti- 
vomiting agents and the like should have similar action. Such would 
suggest a multiple action of a single cent er rather than multiple 
central nervous control areas. Future experiments are being directed 
toward such studies. 

Response to Repeat Short Exposures   In order to evaluate the 
compensatory mechanism of temperature regulation in the dog; repeated 
exposures at 16"? mw/crn^ were carried out over a period of 5 hours. 
Results are shown in Fig. 7. Ttte heating WOE cycled between 102 and 
106° F. For the first three hours the animal behaved according to a 
fixed pattern with the time required for cooling to specified levels 
being approximately 50$ that necessary for heat.ing. After the third 
hour a gradual transition taxes place with prolongation of the time 
required for cooling. The accompanying graph does not demonstrate this 
in a conspicuous fashion but if a divider is used on the chart, results 
toward the five hour time become striking, A series of studies is now 
being carried out toward characterization of tnls response in terms 
of thermal breakdown. Longer and higher initial exposures with main- 
tenance of equilibrium produce the change much more rapidly than do 
small repeated events, 

An excellent possible use of tnis technique is as a method of 
measurement of sensitive ppecies and/or evaluation of possible 
circulatory abnormalities interfer g with heat loss. An early study 
is being directed toward evaluation ot the tenperature sensitivity in 
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the radiation survivor, the rat and rabbit. Such studies will do much 
toward clarification of presently known mechanisms of thermal regulation. 

DISCUSSION   In this investigation of the nature of response to the 
potential hazard of microwave irradiation, care has been taken toward 
standardization of the animal prior to exposure, radiation under ideal 
experimental conditions and careful observation of post-exposure 
sequela. In all instances sufficient animals are used to characterize 
the responses which to date have been remarkably consistent and easily 
repeated. The very standard response and the ease of reproducibility 
from the outset indicates that thermal response leading toward failure 
of thermoregulatory center is the major hazard. Observations on 
animals receiving ionizing radiations suggest other factors which 
probably relate to vascular defect but remain unknown. 

It is well known that lethality from thermal over exposure occurs 
as the result of failure of the thermoregulatory mechanism and may 
have its origin either peripherally or from primary central nervous 
system damage. Prior to death with rapidly mounting fever, a definite 
gradual hemoconcentration with resultant clinical picture of shock 
occurs. Animals which are adequately hydrated and fed prior to ex- 
posure reach this level with surprising uniformity. 

To date - due to lack of an available balance of necessary 
sensitivity, experiments on fluid dose, which in the dog is primarily 
effected through the respiratory passages have not been attempted, It 
is planned to accurately determine this dose, maintain the loss by 
oral administration during the exposure and post-exposure periods. 
Other experiments on pre-exposure over-hydration, addition of electrolytes 
and the like should next be considered. 

It is probable that study of the radiation survivors may be the 
most rewarding. Although the probable possession of a vascular defect 
as indicated by the reported experiments can explain most findings, 
a possible change in the central nervous system (heat regulatory 
areas) exists. It is not unlikely that the changes in temperature 
response which relate to age may be due to a mixed vascular-central 
nervous system reaction. 

Other observations reported likewise show promise. The stress 
reaction on the adrenal and the reheating experiments could be 
modified toward specific clinical testing. The nature of temperature 
response to external factors should be compared with response to 
internally induced physical, chemical, or biological factorB. It is 
necessary to assay the nature of the central nervous system response, 
the nature of the accommodation reaction and related neurophysiological 
activity of secondary nature. 

To date no evidence of a non-thermal response or of injurious factor« 
related to acute microwave exposure has been produced. All reactions 
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are either thermal, in type or related to thermally induced injury. 
The mechanisms of production of such injury, the secondary manifesta- 
tion and appropriate prophylactic and therapeutic measures demand 
urgent consideration. 

SUMMARY  Studies are reported on dogs exposed to 2880 megacycle 
pulsed electromagnetic, irradiation from an AN/MPS-'1^ search radar 
adapted for biologic experimentation. Single and repeated exposures 
at energy levels of 100 and 165 mw/cm2 for times up to 6 hours were 
carried out. Clinical reactions as observed in the animals are noted. 
Various physiological reactions are described. Characterization of 
thermal response into periods of initial heating, thermal equilibrium, 
thermal breakdown and death or recovery is made. Changes in hemo- 
dynamics as measured by blood assay are included with specific de- 
scriptions of behavior of cellular elements. Observations of 
eosinophil appearance and disappearance suggest a stress response 
at intermediate power (lOO mw/cm2); with high power level, an 
adrenal exhaustion phenomenon may occur. Minor changes in fat 
absorption as measured by 1-131 labelled fa+ are noted. Shortening 
of red cell life occurs in some animals at higher exposures. A 
response of injury in thyroid function is commented upon. Altera- 
tion of antibody production occurs. A prolongation of antibody life 
is observed. Passively transferred antibodies may be metabolized 
more rapidly in exposed animals. Studies on repeated exposure indicate 
development of adaptation or accommodation responses suggestive of 
physiologic memory. 'This response is completely wiped out by 
chlorpromazine therapy. On short repeated exposures, a possible 
development of thermal and vasculr.r fatigue gradually occurs. 
Studies on serial exposures to LoolzitJg i;,; ulcrowave energies 
are discussed. The gross and pathologic changes observed will be 
given in a future discussion. 
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TABLE I - RESPONSE OF DOGS TO MICROWAVE EXPOSURE - IMMEDIATE 

• 

Power 
Level 100 mw/cm2 165 mw/cm2 

Duration 
of Exposure 6 H« DUTS 2 Hours 3 Hours 

Previous 
History Normal 

Co-60 
1+00 r Normal 

Co-60 
Survivor 

Co-60 
^00 r Normal 

Number 
of dogs 10 5 10 8 6 7 

Temp. 
change ° F + 3.0 + l.k + 3.* + 3.* + 3-8 + 5.1 

WBC# (Total) + 3.1 + 3.8 -18.2 - 15.8 -I6.7 +22.5 

Polys +25.7 +U.0 +22.2 

Lymphs •*9.k -21.0 -27.I 

Hot. + 3.0 - 5.0 + 3.1 + 9.9 - 6.0 +1U.5 

Glucose 
^change - 6.8 + *.3 

Hematuria 2 3 0 3 1 1 

Akinesia 2 1 3 0 2 6 

Death 1 0 1 1 0 1 
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TABLE II - RESPONSE OF DOGS TO MICROWAVE EXPOSURE - DELAYED 1 WEEK 

Power 
Level 100 mw/cm2 165 mw/cn 2 Control 

Duration 
of Exposure 6 Hours 2 Hours 3 Hours 

Previous 
History Normal 

Co-60 
400 r Normal 

Co-60 
Survivor 

Co-60 
400 r Normal 

Co-60 
400 r 

Number 
of Dogs 10 5 10 8 6 7 6 

WBC $ 
(Total) + 3.2 -78.5 - 1.8 +12.4 -86.1 "23.1 -68.2 

Polys +15.6 

Lymphs -21.7 

Hct. 
% change - 3.1 -19.7 - 4.5 - 5.5 -21.0 - 3.9 -10.1 

Burns 1 0 3 1 1 

Pain 
Abdominal 
or Joint 

1 0 1 0 1 

Weight 
change 0 0 0 

Death 0 2 0 1 6 0 1 
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TABLE III - HEMATOLOOIC CHANGES IN DOGS EXPOSED TO MICROWAVES 

f> Change Hematocrlt 

Time 
After 

Exposure Sham 
100 

mw/cm^ 
6 hr. 

Survivor 
165               165 

mw/cm^         mv/crn^ 
2 hr.           2 hr. 

165 
nar/cm2 

3 hr. 

0 - k.6 ♦ 3.0 ♦ 3.1          * 9.9 +1U.5 

1$ ndn. -8.1* ♦ 3.3 ♦ 0.6          ♦ k,k +14.0 

2k hr. -10,2 - 3.9 -7-5          4-0.9 + 2.3 

28 hr.   - 2.7 - 5.7           - 1.7 +10.7 

1 vk. - h.2 - 3.1 - *»5           - 5.5 - 3.9 
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TABLE IV - HEMATOLOGIC CHANGES IN DOGS EXPOSED TO MICROWAVES 

f> Change WBC 

Time 
After 
Exposure Sham 

100 
mw/cm2 

6 hr. 

l6? 0 mw/cm2 

2 hr. 

Survivors 
165 

mw/cm2 

2 hr. 

165 
mw/cm 
3 hr. 

0 - 3.7 + 3.1 -18.2 -15.8 +22.5 

15 min. — —   — — 

2k  hr. +10.2 +80.3 +15.3 +77.3 +96.3 

28 hr. —- +10. k - 3.1 +28.4 +30.6 

1 wk. + 5.1 + 3.2 - 1.8 +12. h -23.1 
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PERCENT  DAILY   RATE   OF   LOSS  PER ML. RED CELLS 
IN   EXCESS OF THAT  DUE TO NORMAL  SENESCENCE 

(APPARENT  ELUTION   RATE / ML,   RED CELLS ) 

3461 1829 4386 4384 

■ 3847 

L 3872 

NORMAL DOGS 

I—T 

SURVIVOR DOGS 

1 
0    20  40 0   20 40 60 

DOGS EXPOSED TO  MICROWAVES 

DOGS EXPOSED  TO   CO60 

DOGS EXPOSED TO BOTH 
C060 AND  MICROWAVES 

4336 

I 1 1 1      I 1 1 1 I 1 1 
0 20 40 60 0 20 40 600 20 40 

TIME (DAYS) fit* 
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EYE STUDY SURVEY 

Dr. Lee A. Clark, Jr. 
Rome Air Development Center 

bumma y. 

Detail slit lamp examinations were performed on 23 people who 
work with microwave equipment at Griffiss AFB, N. Y. Fifty- 
two people were used as a control group. The survey, being 
on a limited number of individuals, cannot give conclusive 
information but the data presented is suggestive of increased 
incidence of abnormal findings in the suspect group. 

When Colonel Knauf was Base Surgeon at Griffiss AFB, site of the 
Rome Air Development Center, his interest in gathering basic informa- 
tion on the biological effects of microwaves was paralleled by his 
desire to fulfill his responsibilities in the field of preventive 
medicine. He saw early the need of survey studies on personnel using 
microwave equipment. In the literature at that time there were reports 
on the cataractogenic effect of microwave; therefore, he had a number 
of people at Griffiss who worked with microwaves undergo detail eye 
examinations. He felt that the results of those examinations were 
significant, but admitted there were no controls, thus preventing 
scientific evaluation of his suspicion. 

In order to gather more valid data he arranged for Major Frank 
W. Jones, an ophthalmologist, to examine 23 people who worked with 
microwave equipment. This examination included the use of the slit 
lamp. Fifty-two people were U3ed as controls} they were secretaries, 
bookkeepers, etc. When Major Jones examined these people he did not 
know which were suspects and which were controls. I shall present 
the data from Dr. Jones' survey. 

Thero is one point I must present as a preface to the referenced 
survey. Microwave generators also produce ionizing radiation which 
is known to be cataractogenic. I cannot say how much or to what type 
ionizing energy these people were exposed. 

I will not attempt to review the literature on microwave cat- 
aracts, but will only say that most of the opacities experimentally 
prodjced have feMI in the posterior cortex of the lens. However, 
this may be because mo3t of the experimental studies have been at one 
frequency - 2\\$U  mc. 
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. The lens is about 1.5 cm in diameter and 3.$ mm thickj it is 
biconvex. It is topographically divided into the capsule, cortex, 
adult nucleus, and fetal nucleus. If one studies the lens system- 
atically, from the anterior to the posterior, he encounters in this 
order the anterior capsule, anterior cortex, anterior adult nucleus, 
fetal nucleus, posterior adult nucleus, posterior cortex, and posterior 
capsule. The slit lamp is an instrument that enables one to study the 
lens under magnification, layer by layer. 

The findings reported do not significantly interfere with visionj 
they are to be distinguished from cataracts, which actually hinder the 
function of the eye. Each eye is reported separately. There were 
52 control persons and 23 suspects given a total of IOU control eyes and 
U5 suspect eyes (one man had an old eye injury). 

Figure 1 is a tabulation of the entire data, 
into seven parts for discussion. 

I have divided it 

Figure 2 shows the findings in the anterior capsule of the lens. 
There seems to be in the younger two age groups an increased incidence 
of pigmented opacities. In the older groups the findings are too 
infrequent for comment. This is true throughout for non-pigmented 
opacities. 

In Figure 3 are the anterior cortex findings. Here, there is an 
increased percentage of positive findings of nearly every type in the 
suspect group. 

Figure h  shows the incidence of opacities and cloudiness in the 
anterior adult nucleus; they are somewhat less prevalent in the suspect 
group. 

In Figure 5 the findings by Dr. Jones in the fetal nucleus are 
given. Considering the entire group, the incidence of all type ab- 
normalities is low, excepting probably the non-pigmented opacities in 
the control group in the uth decade, which is U0.9^. 

The posterior adult nucleus findings show essentially no differ- 
ence between the suspect and control group. Figure 6 shows the data. 

Post cortex observations are given in Figure 7. Here, as stated 
earlier, is where in experimental animals the effects have been most 
often seen. The incidence of opacities i3 consistantly hi'gh in the 
suspect groups, being greater than 7C# in the 3rd, Ijth, and 5th decades. 
This is probably the most significant point in Dr. Jones' observations. 
The incidence of vacules, increased light reflex, spoking, and in- 
creased radial marking do not present, the same striking difference be- 
tween suspects and controls. 
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In Figure 8 the findings In the post capsule axe given.. Excepting 
an incidence of 20$ opacities in the youngest control group as compared 
with 2.8$ in the controls, there is no essential difference in the 
control and suspect groups. 

I have presented the lenticular findings in Or. Jones' survey. The 
data is not sufficient to make definite conclusions but it is very 
suggestive in that people whose work includes intimate association with 
microwave generators have a higher incidence of abnormal lenticular 
findings than persons not working with such equipment. 

• 
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NEW MICROWAVE DOSIMETRY AND THE PHYSIOLOGIC NEED 

by 

Alfred W. Richardson, Ph.D.* 

INTRODUCTION 

Recognition should bo given to Dr. Theodore Cooper, 
Mr. Walter Ciszczon and Miss Teresa Pinakatt for their aid in the execution 
of the physiological portions of these studies and in the testing proce- 
dures. 

PERTINENT PHYSIOLOGICAL STUDIES 

Excessive exposure of animals to microwaves produces many physiologic 
alterations in the homeoklnetic body systems, and if the exposure is 
sufficient pathologic changes are produced.  hese effects have been well 
established by experimental evidence in numerous laboratories, The brief 
review here will include only selected findings in our laboratory that 
reveal the need for adequate field dosimetry to protect human personnel. 

Although we have been able to demonstrate a multitude of physiologic 
and pathologic changes in animals using field densities of 2$ mw/cm and 
greater, none of our observed findings to date refute the concept that 
10 mw/cm is a permissible microwave dosage. 

Body Distribution of Hyperthermia 

Apparently the brain is the key site of critical hyperpyrexia 
when an animal is subjected to microwave-induced hyperthermia. Where 60 
albino rats were irradiated to the lethal point using selected (masked) 
exposures of the head, the chest, the abdomen, and the whole animal, the 
critical midbrain temperature was ii0,£°C. (plus or minus 0.5° C#), In 
these studies at the lethal point of exposure the rectal temperature, 
usually assumed to represent the "core" temperature of the body, varied 
from ||1 to U8° C. 

Direct head exposure is not the most effective way to i crease the 
temperature in the brain, because the skull presents a reflecting barrier. 
The brain temperature is most effectively elevated by exposure of the 
chest above the midline, where the brain is heated by blood convection. 
This finding is in keeping with the hemodynamics of the body where all the 
blocd must be recirculated through the lungs and heart, and 30%  is circu- 
lated through the liver to be reheated and passed back to the lungs. The 
brain received lk%  of the left cardiac output, all of which has minimal 
heat loss in passage to the brain, with b% of the cardiac output going 
into coronary circulation, microwave irradiation of the chest reheats 
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about half of the blood of the body in a semi-closed circuit, and all of 
the blood of the body when it returns to the chest cage. 

When the abdominal area is selectively heated by masking, the lungs 
become a site of heat dissipation rather than heat induction. In our 
studies with abdominal exposure the rectal temperature increased to U7-U8^C. 
coincident with the time that the brain reached the critical temperature 
of U0.5°C* with exposure of the whole body of the animals the rectal 
temperature was U5.i>°C, and with chest exposure Ul°C, when the brain 
temperature reached U0.5°C. It is of interest that the consistent criti- 
cal temperature in the brain was 5°C. less than the temperature rectally, 
with whole body exposure. 

«hereas these findings demonstrate the nebulous aspect of rectal tem- 
peratures to be employed for the prediction of brain temperature, the 
error is on the safe side, i.e., even with wide fluctuations the rectal 
temperature tends tobe higher. However, where human personnel are 
involved with microwave exposure, rectal thermometry is remarkably impracti- 
cal, and oral thermometry has dubious practicality. Convenient microwave 
or radar dosimetry presents a better solution to the problem. 

A NEWLY DEVELOPED RADAR DOSIMETER 

The original type CP Richardson microwave dosimeter responded as an 
analogue to the temperature rise in human tissues when exposed to micro- 
waves. It used an electrolytic gelatin capsule for the sensing element. 
This device has been altered to include automatic temperature compensation, 
but will not be reported here. 

The new dosimeter, type P, to be reported here does not require 
special temperature compensation, and responds to radar per se. A photo- 
graph of the finished model is shown in Figure 1. It is smaller than a 
king size pack of cigarettes and about the same shape. It is not respon- 
sive to cw microwaves, or other cw rf energy, but it responds to radar 
over a wide band to cover all current frequencies and pulse conditions. 
It features 360 pickup, a high but variable sensitivity, and responds 
with both a visual and auditory signal at the output. 

Figure 2 shows a basic diagram of the instrument, ■'•he dotted lines 
indicate the snielded area, ^t the input are three resistors to be 
arranged in three right angle vectors bent to form a sphere. The composite 
signal pickup leads to a diode and special R C arrangement which erases 
the carrier signal and transmits the pulse wave to the basic amplifier 
depicted by a block diagram. A gain control is provided.  The amplifier 
output leads to a miniature transformer across which there is a phone 
connection for a miniature earphone. The radar pulse can be heard as a 
tone frequency, and tests have indicated that the ear can differentiate one 
transmitter from another. A difference in pulse frequency obviously can be 
discriminated. 
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Resistors Rl and R2 along with the condenser at the input serve to 
integrate the highly peaked square wave into a modified saw tooth wave, 
so as to diminish the height and increase the width. This makes the 
signal more audible and eliminates loading at the input« Capacitor C$ 
across the gain control aids also in shaping the wave.  At the output 
transformer secondary, the AC wave is rectified to DC and recorded on 
a miniature $0 to 200 microampere panel meter. 

xhe basic amplifier is shown in Figure 3, and is revealed to be a 
four stage transistor amplifier of classic stable feedback design. The 
amplifier used in the model described is a commercial compact postage 
stamp size, that can be chosen to cover various frequency ranges for 
pulse detection. This one covers 30 to 10,000 ppB with a "flat" response 
(almost negligible loss)« 

Tests of this dosimeter in our laboratory have demonstrated a 
sensitivity of detectible response from a few microwatts per cm up to 
a fraction of a watt per cm . At the highest gain setting we had no field 
meter with sufficient sensitivity to calibrate with precision, but a 
pulsed M&xson generator at 3 watts average output could be readily 
detected at over 100 feet in the side fringe area of the field of the 
director. 

This is not a dosimeter designed for accumulated field energy as 
was the original CP model. It quantitatively measures field density per 
se. However, where average fields of rotating antennae are involved, 
the meter can be altered to average the field by increasing the capaci- 
tance at the output section in Figure 2, and adding a small resistor in 
series at each side of the top of the condenser. 

♦Professor of Physiology 
St. Louis University Medical School 
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ABSTRACT 

Physiologic findings indicate that the brain temperature is the 
critical thermic site in microwave-induced hyperpyrexia of the body of 
the albino rat. Selected conditions of exposure suggest that the 
rectal temperature may have a widely variable relationship to the critical 
brain temperatute. 

With the recognized need for dosimetry- for personnel protection 
around radar, a newly designed radar dosimeter is described which is not 
temperature sensitive, but which is extremely sensitive to pulsed micro- 
waves. It is a compact miniature size, and offers both visual and 
auditory response. 
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A PRELIMINARY INVESTIGATION OF THE APPLICATIONS OF 
MAGNETIC RESONANCE ABSORPTION SPECTROSCOPY TO 

THE STUDY OF THE EFFECTS OF MICROWAVES ON 
'  " BIOLOGICAL MATERIALS* 

by 

George Pish,   William H.   Storey,  Jr. ,  Frank Truby,   William Roliwitz 
Southwest Research Institute,   San Antonio,   Texas 

ABSTRACT 

Electron paramagnetic resonance (EPR) methods were found 
applicable to show changes induced by microwave radiation upon the eyes 
of rabbits.    The EPR signals obtained from ionizing radiation induced 
free electrons in the posterior cortex tissue of the lens show a simple 
singlet structure with the differences between normal and opaque lenses 
giving a doublet structure.    Also,  observation of dilute solutions of lens 
tissue shows the effects of microwave damage.    The free radicals in- 
duced in lenses exposed to microwave radiation have a longer life than 
those from normal lenses. 

Differences in protein structure between normal rabbit eye lenses 
and rabbit eye lenses in which cataracts have been induced by micro- 
wave irradiation have been investigated by high resolution nuclear mag- 
netic resonance (NMR).    NMR spectra from the proteins in rabbit eye 
lenses are given and are interpreted grossly.    Differences in the NMR 
spectra between some of the cataract-bearing lenses and their non- 
cataract controls are pointed out,   and the meanings of the differences 
are suggested.    The effects of the presence of moisture on the action 
of trifluoroacetic acid on proteins in considered as a possible explana- 
tion for the time dependence of the data.    In addition,   a table is given 
showing the dry weights of the samples,  together with weight loss upon 
drying 

Recommendations are presented for the continuation of the EPR 
and NMR investigations. 

^The data presented are taker, from t>;e RADC-TR-59-81  report. 
The program was supported under RADC-AF 30(602)-1843 Contract. 
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INTRODUCTION 

In this investigation magnetic   resonance methods were applied in 
order to determine whether differences could be observed between 
spectra from lenses with microwave  radiation induced opac ity and those 
from normal lenses.    Both electron paramagnetic  resonance (EPR) and 
nuclear magnetic  resonance (NMR) methods were used      Dr.  Russell 
L    Carpente'-s group at Tufts University prepared the lenses used in 
these experiments      The samples were prepared and observed in pairs 
from the same  rabbit.    One lens of each pair had a cataract  induced by 
2450 megacycle microwaves,   while the other member  bad been left 
urn r radiated for use as a control,    For EPR studies only,   the posterior 
cortex samples were supplied.    However,   whole lenses were supplied 
for  NMR studies,    AH  samples had been packed in dry ice afi.er excision 
and shipped to SwRl immediately in a dry ice package 

EPR STUDIES 

Since there were no measurable electron resonance signals from 
free  radicals occurring naturally in the lenses    unpaired electrons to 
be used as observers for  any changes that may have occurred were 
introduced by ionizing radiation      These unpaired electrons were trapped 
in some position in the structure and kept from rec ombio ing by keeping 
the samples at  or below -180'C at all times,   excep1 when plotting a 
temperaiure decay curve 

Induced unpaired electrons are very sensitive to changes in 
structure neat the point at which they lodge after having been generated 
by the gamma rays.    If the changes induced by opacities caused a change 
in the posi'ion or number  of hydrogen atoms,   there wfl]  be a change in 
the  interaction between the hydrogen nucleus and the unpaired electron. 
The effect  of a single hydrogen nucleus is shown in Figu-e   1      The 
absorption curve is the plot of the energy absorbed by the unpaired elec- 
trons as 'he magnetic field causing them to absorb energy is varied 
The instrumentation required to record the signal draws 'he derivative 
curve instead of the absorption curve.    With no interaction    the curve 
is very simpie      With total interaction    two distinct   absorption curves 
are obtained    with only partial  interaction,   a central curve with two 
"wings" is obtained.    Total interaction is where all of the unpaired 
electrons are acted upon by hydrogens,   and partial interaction is where 
only part are interacting      The derivative curve is the  imiv one drawn 
by the instrument. 
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Absorption Curve Derivative Curve 

a.    No Interaction 

b.    Total Single Hydrogen Interaction 

c.    Partial Single Hydrogen Interaction 

Figure 1.    Hydrogen Interaction with the Free Electron Absorption 
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Figure 2 shows a comparison between the derivative cu'ves from 
a normal lens (Sample 14A) and from an opaque lens (Sample 14) The 
partial interactions are seen at points ] and ]]. 

Table ] shows 'he kind of samples  received and the differences 
obtained by EPR. measurement.    In the first series (Group ll of samples 
investigated    some were whole lenses.    Since the who e  lens could not 
be  "seen" by the instrument     but the cortex could     only 1 he cortex sam- 
ples were used.    Freeze drying seems to give the more consistent 
result! since all of the samples of Group 1     when freeze dried     showed 
differences      The samples of Group 2 for each sample number had a 
cor responding! v numbered normal lens from the same   rabbi' designated 
1A    2A     5A    etc.    The samples of Group 2 were all quick f'ozen instead 
of f reeze d r. ied      There were   no diffe rences noted except  between Sam- 

ples  14 and   14A     as shown in Figure 2 before.     The lack of any differ- 
ences may be due to 'he following. 

1 Trie presence of insufficient  opaque material to give any 
differences      Sample   14 had the most extensive  opacity 
ai'hough not  an order  of magnitude greater than Samples  5 
7     and 9 

2 The  lodging of the unpaired electron in a position  insensitive 
t o t he c hanges caused  by an opacity. 

Further  cont'olled experiments of quick free zing a^-.d freeze drying must 
be undertaken 'o ohiain sufficient  information for definite (c onclusions 

A sampie of lens dissolved in t I if :uo r. oac et ic  acid was obtained 
from the NMR expciments,   quick frozen,   and irradiated      SampJe  10 
was opaque and Sample  10A «as i .ea*      The derivative curves obtained 
are shown in Figure  3      The differences between the curves are  readily 
apparent at  points ] and ]]      The derivative curves fo1  'hese d'ssoived 
samples are different  in shape from 'he undissolved samp.'es because 
of the in'e-ac'ions ol  'he hydrogen nuclei in the t rifluoroac etic acid. 

The EPR measurements have shown the following results: 

1 )i is possible to obtain by EPR measurements an indication 
of 'he c hanges c au sed bv a mic r owave  irradiation opac lty 
in a  rabbit lens.     The change is not  indica'ed In ail  lenses 
measured  with and without opacities. 
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» 
Figur« 2.    EPR. Absorption 
Derivative Curve for Quick 
Frown,   Irradiated (1.2» 106 rad) 
Samplet 14 and 14A cd Group 2 
at -180'C 
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Figur« 1.    EPR Absorption 
Derivativ« Curva for a 
OB« Par Cant Solution of 
Lanaai 10 «ad 
Irradiated to 6 x 
Manured at -ISO* C 

10A In CF.COOH. 
10» 
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2. In many opacities,   the concentration of the opacity may be 

too small to give an indication with the relatively low signal/ 
noise ratio equipment employed. 

3. Instrumentation with a much higher signal/noise ratio should 
be used. 

4. No changes were indicated in lenses removed immediately 
after microwave exposure. 

5. The curves obtained from normal lens tissue alone show a 
simple singlet structure. 

6. The curves obtained from opaque lens tissue alone show a 
singlet structure with a superimposed doublet structure 
indicating a single hydrogen interaction with the unpaired 
electron. 

. 
7. One per cent solutions of lens tissue showed a more readily 

defined difference between normal and opaque lenses, 

8. Free radicals in lens tissue in solution decay completely 
within 10 minutes at -95°C 

9. Solutions of lens tissue show the same shape for both the 
normal and opaque lenses with the amplitude of the hydrogen 
interaction lines being larger in the opaque lens curve. 

10. Solutions of lens tissue have unpaired electron positions so 
as to give an interaction with two hydrogens which produces 
three points of change in the curve. 

NMR STUDIES 

Upon receipt of the lenses for NMR studies at this laboratory, 
they were weighed,   lyophilized under forepump pressure at    -20°C to 
apparently constant weight,   and then reweighed.    Weight losses expressed 
as a per cent of the dry weight of the  samples ranged from  141% to 179%, 
except for those samples which were listed as having hypermature cata- 
racts.     Per cent weight losses of samples containing hypermature cata- 
racts ranged from 266% to 388%.    Dry weights of those samples containing 
hypermature cataracts tended to be less than their controls.    Table II 
summarizes the weights of the individual samples.     The lyophilized 
samples were dissolved in trifluoroacetic acid for NMR observation. 

■ 
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TABLE II.    DRY WEIGHT AND PER CENT WEIGHT LOSS OF 
SAMPLES DURING LYOPHILIZATION (GROUP II) 

Hype rmature           Weight of Dry 
Sample Cataract                     S ample Per Cent Weight Loss 
No. ? (gm) (Wt Loss x 100/Dry Wt) 

3A 
■ 

134 157 
3 yes 058 388 

4A 152 150 
4 yes 117 266 

8A 152 146 
8 no 152 141 

10A 119 162 
10 yes 135* 27 4 

11A 119 163 
11 yes 099 337 

13A 119 148 
13 no 124 168 

15A 133 148 
15 no 132 160 

16A 129 164 
16 no 115 157 

18A 141 159 
18 no 129 179 

19A 115 158 
19 no 118 165 

This lens was damaged and some of it was smeared over and firmly 
adhered to the side of the container in which it was shipped.    Only 
0. 06l gm was noted as having been transferred to a weighing bottle 
for dissolving.    This seems too high a loss,   and the more questionable 
figure is the one given in the table. 
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Figure 4 shows a typical spectrum from one of the control samples.    The 
tetramethylsilane reference peak and one of its 60 cycle sidebands is 
shown to the far right of the spectrum.    The use of tetramethylsilane as 
an internal reference has been investigated by Tiers,   of the Minnesota 
Mining and Manufacturing Company.    Following Tiers,   a value of 10.0 
ppm has been assigned to the position of the tetramethylsilane peak, 
shifts from this position being expressed as parts per million of the 
applied magnetic field.    Bovey and Tiers,   both of the Minnesota Mining 
and Manufacturing Company,   have obtained spectra of the majority of 
amino acids and some of their peptides,   and the interpretation of this 
spectrum is based on their work.    Several of the spectral bands can be 
assigned with considerable certainty-    Four of these are the CONH band 
at 2 ppm    the alpha-H band at 5 ppm,   the band from methyl groups in 
leucine,   valine,   and possibly isoleucine at 9 ppm,   and the band from aryl 
groups in such amino acids as phenylalanine and tyrosine at about 2.8 
ppm.    If methionine were present,   we would expect to find the methylene 
groups and the methyl group in the region indicated.    Several possibilities 
exist for the other spectral features,   some of which are indicated,   but 
these bands cannot be assigned to particular amino acids with certainty. 
The sharp little peak at about 4 ppm is the central peak of a triplet due 
to an impurity,   probably difluoroacetic acid in the trifluoroacetic  acid. 
The other members of the triplet are barely visible 53 cycles/second 
on either side of this central peak. 

In Table 111 are summarized the results of the investigation.    The 
samples were observed over a period of approximately three weeks in 
the order shown.    The first two samples observed were left over,   partly 
by accident,  frcm an earlier group of samples which we have labeled 
Group 1      We wish to call attention here to the following facts: 

1. The first samples thai were observed did show significant 
differences in their spectra. 

2 In observations of the later samples,  no differences could be 
detected between spectra from the cataractous lens samples 
and their controls. 

3, Changes in spectra from the same sample over a period of 
several days became  rather  reproducible from sample to 
sample for the later samples.    The spectra from Samples  11 
and 11A   do not fit in either category. 

The following figures will illustrate what we term significant 
differences and the sort of changes in the spectra with time that we 
obse rved 
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Figure  r5 shows spectra irom Samples I and  10    Group 1    Sample Z 
being the control and Sample  10 being a cataractous lens,     These lenses 
we'e not f'om The same  rabbit      The principal feature of interest in 
these two spectra is thai the spectrum from Sample  10 displays a sharp 
peak of high amplitude ;n the neighborhood, of 7.7 ppm.   whereas the 
corresponding peak in the spectrum f'om Sample Z is of lesser ampli- 
tude      Sample  I gelied vn a storage vessel before any more observations 
could be made      However     we were able to follow Sample  10 for two more 
days. 

Figure 6 shows the extensive changes that are taking place in the 
spectrum      The peak a' 7   7 ppm seeras to be diminishing in amplitude 
with time     whereas other peaks in this spectrum are becoming more 
pronounced      Possibly hydrolysis of this sample is taking place and the 
sharp peaks we  are  observing are due to free peptides of   relatively low 
molecular   weight u, solution,     This is the only lens sample in which such 
extensive change! were observed. 

Figure 7 shows spec'ra from Samples 4 and 4A     Again we see in 
the neighborhood of 7.7 ppm a sharp peak of high amplitude in the spec- 
truxn from Sample 4    but no1 from Sample 4A 

Figure 8 shows spectra from Samples  10 and  lOAip which the 
most dramatic difference in the region of about 7   7 ppm was observed. 
The peak  in 'he spectra from Sample  10 is of great enough amplitude 
that sideband*  on this peak are clearly seen.    This peak is present in 
small  amplitude: in the spect-af'om Sample  10A.    In the later  spectrum 
from Sample   10A    we no'e \ r,e growth of a peak at about 5  9 ppm      The 
later  apOCtrum from Sample  10 does not contain ihis peak 

Figure 9 ihowi spectra from Samples  16 and  16A    which demon- 
strate a ber.av'or typical of the group of jenses that were observed at 
the end oi 'he investigation      The first spectra show several small peaks 
in the  regier from about  5.8 to 6, J ppm.    The small peaks almost dis- 
appeared    e.v,r;g rise to a pronounced single peak at about  5, 9 ppm in 
the la'e-  spectra      Thil behavior was always observed at either the 
first  or the  *e'. and  or possib.y  the third exposure to the atmosphere 
during observation r:< the sample      It mill if the growth behavior 

depended upon exposure to the atmosphere    since the samples were  run 
in unsealed 'ube«.     During storage <he samples were at least partially 
sealed in weighing  bottles. 

Returning ro Table 111    several points should be made      First,   we 
cannot identify 'he-peaks In eithet  of 'be  regions where differences or 
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changes are occurring.    The  region of 7   6 to 7   8 ppm coincides with the 
region where Bovey arid Tiers have observed sharp peaks due to the SCH-j 
group in methionme      Yet  we have observed apparent   reduction of the 
amplitude of tbit peak with tune    the reaction mechanism fo' which is 
not clear.    Further,   wie have found 'hat sharp unexplained peaks can 
occur in this  region in spectra from ammo acids.    Until this point is 
investigated furthex  we cannot make positive assignment.    The origin 
of the peaks  in the  »egion from "3. 8 io 6. 3 ppm is altogether unknown. 
Second    'he sample? thai were observed first  seem to form a group and 
the samples 'bar were observed lasl seem to form another,    Significant 
difference! between a cataractous lens and its control were obtained 
throughout 'he first group    especially with samples where the cataract 
had  been noted as bvpermatu'e.    The only exception to this 'S that 
Samples  11   and   11A showed no difference.    None of'he catatacmus 
lenses  in the  lauer  g'oup *e'e noted as hvpermature,   which may be 
sufficient   reason for having obtained no difference! between spectra 
from these samples and their  controls.    Third,   since we were pumping 
on the unprepared lenses throughout the experiment    the lenses observed 
las' should have contained less moisture than the first lenses.    One ex- 
planation for the grouping of the samples may therefore be that the lenses 
in 'he firs' group contained more moisture than the lenses in the second 
group      Tte assump'io.-i  is tha' the p'esence of a 'race amount  of mois- 
ture m 'he  tens is a necessarv cordiiion for the enhancement of the 
spectraj differences we no'ed  in 'he  samples first  observed      Other 
work in this laboratory ras shown that enhancement of the spectra from 
certain ammo acids and protein?  with the addition of moisture is possible 

RECOMMENDATIONS 

1 Furthei EPR ano NWR investigations should be continued as 
described IB 'he program jusi   "eported      Conditions for  obtaining 
more consisten' ard  repioducible specra shou.d be studied. 

2. Investigations should be continued at Z450 megacycles.    Jn addition, 
samples which have  beer, ii .adiated at  some frequency beiow and 
above  <l4b0 megacycles shouid be considered also 

3, To an«wer the question of  whether  the protein structure charac- 
teristics from different kinds of eves are similar,  different 
anima.s     a« wpj, as human eves,   should be compared. 
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A MICKOWAVE MEDICAL SAFETY PROGRAM 
IN AN INDUSTRIAL ELECTRONICS FACILITY 

Arthur N. Dadirrian, M.D. 
Plant Physician 

SFERRY GYROSCOPE COMPANY 
Division of Sperry Rand Corporation 

Great Neck,  New York 

SUMMARY 

An Industrial Electronics Medical Program is reviewed with 
special consideration given to the microwave eye examination and the 
blood count.    A possible case of radiation cataract is discussed.    The 
microwave safety program is outlined with particular emphasis placed 
on microwave radiation detection with a survey meter and various meth- 
ods of area protection. 

INTRODUCTION 

This presentation will concern itself primarily with the ex- 
perience gained with the medical and safety aspects of microwave at 
the Sperry Gyroscope Company, Division of Sperry Rand Corporation» 
This is an electronics manufacturing plant with approximately 18,000 
employees whose center of operations is located on Long Island,  New 
lork.    The organization is engaged in producing large quantities of 
radar equipment for the Armed Services.    One of the chief component 
products manufactured and employed in systems is the klystron tube. 
Common plate voltages range from 30 to 1^0 kilovolts but may exceed 
270 kilovolts.    Peak power is often in the multi-megawatt region. Av- 
erage power may well be tens of kilowatts.    The instruments might be 
considered in the same category as powerful diathermy and A-Ray ma- 
chines.    Most of the usual wavebands,  X, S,  C and L,  are produced 
and the tendency more recently has been toward longer wavelengths 
and greater power for various technical reasons which I cannot dis- 
cuss here. 

MICR0MVE HAZARDS 

There are serious problems from the safety standpoint with 
microwave emitters other than from the radio frequencies produced. 
Foremost among these is the ionizing radiation.    Time does not per- 
mit detailed discussion of this but suffice to say that every attempt 
is made to build into the tube the necessary lead shielding.    Care 
must be taken to eliminate leaks at seanB and cooling pipe exits on 
the tube.    Any malfunction of tubes increases  the hazard.    Surveys 
utilizing large  X-Ray films to locate the rays are regularly made on 
new devices.    The relative biological effectiveness is greater with 
this radiation because of transmission through, the cover material of 
the tube, therefore the danger is increased.! *   The production of 
A-itay is often greater than a therapeutic i-Ray machine. 

It should also be mentioned that high voltages with the dangers 
of burns  and electrocution are ever present,  especially in the experi- 
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mental circuitry found in the laboratory, we have had no fatalities, 
but an occasional localized third degree burn." is not unusual. 

One of the most pressing and important facets of the micro- 
wave problem which I should like to mention first is the psychological 
one. The practical importance of this in an industrial plant is worthy 
of extensive consideration, but perhaps a brief illustrative story will 
give you a better picture of how the human mind may distort the true 
facts in this "mysterious" realm of radar. 

During World War II, nineteen microwave workers became the 
proud fathers of girl babies. As birth after birth with the same some- 
what "monotonous" result occurred wild rumors began flying about the 
plant that men exposed to microwave radiation could father only female 
children. Inasmuch as the chief cube produced was the klystron, the 
exposed "victim" was said to have been "klystiated." The effect on 
morale was severe despite efforts to present statistics from other 
manufacturers that it was possible to work with radar and still have 
male offspring. The fact that üiere was evidence from aninial experi- 
mentation that mice did not have a similar problem witn radar seemed 
to do little to aJleviate the general anxiety. Finally, the senior 
engineer of the microwave division came through for the company and 
with f]ying colors produced a "bouncing" baby boy. This helped the 
morale immensely and efficiency began to rise again. Although this 
may seem somewhat humorous, many man Lours of work were lost and much 
serious mental distress was produced. The innate desire to spread 
rumors and the fear of anything relatively new and unexplored can still 
be a major problem in this field. 

Perhaps the most disturbing thing about radar to engineers with 
precise orderly minds is the failure of mathematical calculations and 
formulas in determining field strength with radar. This problem is 
worse with proximity to the point of emission of the microwave and is 
commonly called the "near field" effect. This is also more confusing 
at certain wavelengths because "side lobes" of radiation seem to billow 
out around the main beam cf microwave. Of course the reflection from 
nearby objects and the almost liquid flowing properties of this radia- 
tion in waveguides do not lend themselves to quick analysis. The only 
satisfactory answer we have been able to provide in this problem is 
actual measurement of the field in question. This will be discussed 
more completely later. 

Effect on Eyes 

We have instituted two cardinal methods of medical control for 
microwave and ionizing radiation. The first is a regular eye examina- 
tion by an optometrist and the second is a complete blood count. 

Over a five year period from January 195h to Jaiuary 1959, 215 
employees (ages 22 to 57) were examined for a total of U30 individual 
eyes. The examination included visual acuity, fundoscopic inspection 
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and slit lamp examination with particular reference to the lens.    It 
was given at the onset of exposure and at six month or yearly intervals. 

Three hundred and sixty-nine eyes or 85.8 per cent were found 
to have completely normal clear lenses. 

A second group of fifty-seven eyes or 13.3 per cent had changes 
of a non-suspecir nature.    This category is a questionable one and re- 
quires further explanation.   Such things as spokes, vacuoles, bubbles 
and opacities not in the posterior sub-capsular area were included. 

Because exact normal standards are not available this was an 
inexact grouping. 

The third group was a definitely suspect category and consisted 
of four eyes or 0.93 per cent of the total number.    These were all 
opacities in the posterior sub-capsular region.    One eye of two indivi- 
duals was involved and two eyes of one technical employee were affected. 
These three people were examined by an ophthalmologist who was parti- 
cularly interested in ionizing radiation and its effect on the eyes. It 
was his feeling that the opacities  in the patients with unilateral involv- 
ment were not due to radiation.    He also was of the opinion that the 
bilateral opacities in the one individual might be due to radiation (pre 
sumably ionizing in nature).    Careful evaluation of the radiation badges 
and dosimeters reported weekly showed a maximum exposure of 83 mr.    The 
second highest reading was 55 mr.    Most of the readings were from 0 to 
10 mr.    The tubes were operating at from 19 to 22 Kv. on the "L" band. 
The man made a practice at irregular intervals to look into the micro- 

, wave output at a distance of about two feet in order to see the inter- 
I   nal aspect of the instrument.    Each observation lasted only a few seconds 

and it was prompted by a malfunction of the tube.    The period of expo- 
sure was two and one half years, from 1953 to 1956 at which time a cover 
was put on the end of the tube output and the construction of the tube 
was changed.    No radiation survey was done on this tube because this part 
of the program was not yet in effect.   We have been unable to obtain a 
survey on a similar tube because this  tube is no longer in production. 
The lenses were described as .follows by the ophthalmologist. 

Right Eye:    Exhibited a few anterior sub-capsular vacuoles  and 
moderate posterior sub-capsular opacities which are typical of radia- 
tion.    The corrected vision was 20/30 plus 1 in December 1957.    There was 
a deterioration to 20/60 minus 2, November 1958 with an increase noted 
in the cataract density and size. 

Left Eye:      Showed anterior vacuoles and posterior sub-capsular 
opacities less pronounced than the other eye but similar in nature. 

• 

There was only minimal progression of the lesions in the left 
eye.  The vision was corrected to 20/20 at all times. 

There was an additional history of contact with radar during 
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army service, 19k3  to 19U5 but the maximum exposure he admitted to was 
reading the radar "scope."  He did not dismantle or service any of the 
units and was not knowingly exposed to any radiation. He is now thirty- 
seven years of age. 

The significance of this case is far from clear. In view of 
the minimal badge and dosimeter readings it might be assumed that the 
necessary roentgens required for a radiation cataract  could not have 
been reached with this man. It is possible of course that he did not 
always wear his badge or actually exposed his eyes when the radiation 
did not hit the badge or dosimeter.  It seems less probable that the 
effect might be due to microwave. No microwave exposure would have 
occurred under these conditions in a normally operating tube. Occa- 
sionally a malfunctioning tube will produce microwave which might hava 
been in the region of the man's eyes, but this is unlikely and there 
is no way to be certain now. 

At the present time we have suspended all but the initial eye 
examination on newly exposed personnel. We are preparing to partici- 
pate in a larger study in the process of development under the Armed 
Forces Research Program with Colonel George M. Knauf and Dr. Conrad 
Berens. A large number of industrially exposed workers will be 
studied with more adequate controls. A specially trained ophthalmologist 
will conduct the examination program. We hope this will provide better 
information on normal lenses and shed some light on the potential of 
microwave to produce cataracts in the human. 

Effect on Blood Count 

The second aspect of our medical program is concerned with 
complete blood counts. Our schedule called for one or two counts at 
the onset of exposure to ionizing or microwave radiation followed by a 
repeat count every six months to a year. We had approximately 100 
individuals listed at any one time for this purpose (from 1°5Ü to 1959). 
This was not a controlled study but we could find no abnormal results 
that persisted on repetition of the count or that could not be explained 
on the basis of a known illness or disorder. It was felt that this was 
in conformity with other controlled studies.-'» • We dis6ontinued all 
regular blood counts in January 1959 and we do not plan to reinstate 
this part of our medical program for microwave exposure. We would 
consider further complete blood counts if the level of ionizing radia- 
tion exposure is found to be significantly higher in the future than the 
minimal levels currently being monitored. It has been extremely un- 
usual to find any dosimeter or badge readings over 100 mr. in a UO hour 
week.  This is far below the level necessary to change a blood count. 
We do not feel it is necessary or practical to screen for blood dyscra- 
sias prior to exposure to low doses of ionizing radiation. 

SAFETY PRECAUTIONS 

For the second part of the discussion, I will consider the 
safety controls in regard to microwave energy. 

We have a written and widely distributed Company policy out- 
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lining safety requirements. This is distinct and separate from our 
policy on ionizing radiation which is mostly directed by Federal and 
State Laws and A.E.C. regulations. Unfortunately, there is no law to 
guide us specifically in the microwave field. In view of this we have 
taken our guidance from the experiences of the Armed Forces and other 
large industrial organizations. 

'2 
Ten milliwatts/cm has been the standard maximum permissible 

level adopted. Without entering into a prolonged discussion as to why 
we chose this level, I would like to state that we have found it fairly 
easy to maintain and we feel secure with it for whole or partial body 
radiation. We do not correct or modify this level in any way because 
of the pulsation of the energy or the duty cycle used. Any over expo- 
sure must be reported to the Medical and Safety Department. 

We advise our personnel not to rely on heat sensation as a 
warning signal of exposure because of its unreliability at certain 
wavelengths and under cool cJid windy climatic conditions. 

When a source of microwave is used in the confines of a building 
we insist that the energy be dissipated in a "dummy" water load whenever 
possible« If it must be radiated inside a structure, we advise it being 
directed to an exterior wall and upward. When an antenna check must be 
made and a water load cannot be used the area must be completely en- 
closed with absorbent screening material. The Safety Department is dele- 
gated to examine and measure the adequacy of shielding. 

No person is permitted to look down a travelling waveguide. 
»       This formerly was a very common procedure aid many of the older engineers 

will remark privately that they previously did this and often noticed 
heat or a warm sensation in the area of-the face and eyes. Needless to 
say, this is a very important x'egulation and we feel it should be en- 
forced without exception. 

Special requirements for outside radiation protection will be 
discussed subsequently. 

Field Intensity Measurements 

One of the key factors to our approach to the microwave problem 
is the use of a field density meter. The Sperry Microwave Electronics 
Company of Clearwater, Florida, has produced a commercially available 
model which we have found satisfactory. 

The instrument is a self-contained, portable and battery powered 
unit. The dial is set at zero reading outside the field before using. 
The center of the dial represents 10 milliwatts/cm2 and the left of 
the scale is in the "safe" range and the right is in the "dangerous" 
ranpe.  The readings are in decibels plus or minus center standard of 
field density. We have this type of detector for the "C" and "S" 

_....>• .._...■     bands now.  All the usual bands should be available in the near future, 
but different horns must be used for each. It should be noted that this 
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is not a dosimeter.    It records field strength by means of a minute 
barium compound thermistor which has a very rapid response time.  There 
is automatic correction for ambient temperatures.    The instrument must 
be polarized correctly by manually turning in the field until a maximum 
reading is obtained,    we usually walk across the field with the radia- 
ting unit fixed in a position near ground level,    Neon tubes may be used 
to locate the beam but are not very reliable  as quantitative detectors. 
The most powerful and narrowest beam is called the "acquisition" beam. 
The broader lower powered beam is the "guidance" beam.    These are usu- 
ally distinguishable although they are close together or superimposed. 

Frequently there are side lobe projections of radiation extend- 
ing out from the main beam that are peculiar to each unit.    These must 
be mapped out for each instrument.    Side lobes are very much less power- 
ful than the main beams and are generally not a problem from the safety 
standpoint unless the instrument is malfunctioning. 

Protective Equipment 

Various protective devices are utilized in our safety program. 
We have obtained a metal impregnated nylon cloth suit with a similarly 
treated nylon mesh head cover.    This is used chiefly when surveying 
new units in order to determine the safe distance in various directions 
(where the field intensity is likely to be above the approved level). 
This clothing is not utilized as yet for routine day to day purposes. 
Our engineers and safety personnel have crudely tested the efficiency 
of the material in screening out microwave and have found it satis- 
factory. 

We make extensive use of absorbent materials in our indoor test 
areas.    This is especially necessary in the antenna testing operation 
where the energy cannot be dissipated into a "dummy" water load.    The 
specific material now in use is animal hair impregnated with a rubber 
and graphite mixture.    Canvas or linen has also been similarly treated 
with rubber and graphite and was formerly widely used.    The amount of 
protection is dependent on the usual factors of power,  distance to the 
antenna, wavelength and thickness of the absorbing material.   We check 
the effectiveness of protection with a density meter in each case. 

Many of our installations  are in densely populated communities 
especially in the New i0rk area.    Because of this we have been forced 
to make broad use of screening materials and automatic cut-off devices 
for outside radar units. 

The screening is generally wire mesh and it is constructed and 
placed according to rather exact mathematical calculations.    The pri- 
mary purpose of the mesh is reflection of the energy.    A small amount 
of radiation is transmitted through the mesh and a small quantity is 
absorbed by the metal.    The necessary fineness of the mesh can be 
calculated depending on the wavelength, the distance from the antenna 
and the diameter of the wire.   We always test the actual screening 
effect with a field density meter.    There is a certain degree of dif- 
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fraction of microwave behind the mesh.    This varies with the wavelength 
but must be considered in shielding an area.    It often requires a higher 
screen to be constructed than would be expected on a "line of sight" 
basis.    The wire mesh usually is  angled backward in order to reflect the 
microwave harmlessly upward.    If this is not done the reflected energy 
could dairage the antenna or the personnel in the area.    The space be- 
tween the wire mesh and the antenna is fenced with inter-lock gates to 
keep out all personnel.    Galvanized coating is used to prevent arcing 
between the loosely connected wires  of a mesh.    A simple arrangement 
consisting of 3/8 inch or 1/2 inch galvanized wire mesh draped doubly 
over a light wood frame can be used for temporary or portable protection. 

The second outdoor protective device is an automatic gear sector 
control.    This usually consists of a cam arrangement which cuts off the 
power when the beam is pointing toward nearby areas where personnel may 
be working or there is an uncontrolled outside zone.    Without exception, 
these devices must be practically fool-proof.    Often a parallel series 
of three successive circuits are used, each checking the others.    A 
"fail-safe" arrangement is also used in case all three circuits fail. 
This would then cut-off all power to the unit.    Again it should be em- 
phasized that a survey meter should be used freely to check the actual 
conditions.    It is possible for instance, to have a reflection of micro- 
wave off the yoke or metal frameof the unit exceeding the 10 milliwatt 
level. 

CONCLUSION 

This  then completes the review of our program.    We feel it is 
adequate in the light of present knowledge, but looking only a short 
distance into the future at the larger more powerful radar units to 
come, we are compelled to continue to be very cautious. 

277 



respect to the microwave source failed to demonstrate any interface 
effect as a.n explanation for the posterior cortex of the lens being the 
typical site of microwave-induced opacities.   It was also shown that 
the distance of the eye from the microwave source was not. in itself a 
factor of significance in our results» 

Although not directly related to our experiments on the eye,   it has 
been shown that microwave affects differentiation but not growth in the 
breadmold Neurospora crassa and that this result apparently cannot be 
attributed to a thermal influence. 

METHODS AND INSTRUMENTATION 

During the past year,   we have been concerned chiefly with three 
general questions which previously reported experiments had raised. 
These questions ha.ve to do with: 

1. The cumulative, effects of repeated subthreshold exposures of 
the rabbit eye to microwave radiation. 

2. A comparison of the effects on the eye of continuous wave and 
of pulsed wave radiation. 

3. The   possibility that microwave radiation may exert a non- 
thermal effect on tissues in addition to the thermal effect demon- 
strated by various workers,   including ourselves.    We have conducted 
a variety of experiments under this heading, 

Our investigative group has again consisted of Mr. David Biddle, 
Mrs.   Claire Van Ummersen and myself.    In addition,   during the 
year we were fortunate to have   with us for different periods over 
several months two ophthalmologist?,   Dr. Arthur Leith and Dr.   Daniel 
Weiss,   both of whom pursued certain aspects of this work. 

The eye offers several advantages for assessing the biological 
effects of radiation.     The following may be. noted: 

1. It is one of the few organs which in the living intact animal 
can be exposed to radiation directly rather than through intervening 
skin and varving amounts of adipose tissue. 

2. The crvstalline lens of the eye ha b been shown to be peculiarly 
susceptible to the effects of radiated energy    whether ionizing,   infra- 
red or radio-frequency,   all of which cause the development of opacities 
(cataracts) in this normally transparent optical body 

3. These opacities can be identified promptly and their further 
development followed In the living animal bv ophthalmoscopjc or slit- 
lamp examination without the necessity of anesthesia.    The non- 
irradiated left eye serves as s. control. 

2 80 



STUDIES ON THE EFFECTS OF 2450 MEGACYCLE RADIATION 
ON THE EYE OF THE RABBIT 

I 
Russell L.   Carpenter,   Ph.D. 

Professor of Zoology 
Tufts University 

-       SUMMARY. 

Exposure of the rabbit eye to 2450 Mc. microwave causes develop- 
ment of lenticular opacities (cataracts) under experimental conditions 
as follows: 

1. With continuous wave radiation, the higher the power density, 
the shorter the duration of a single exposure period which can cause 
an opacity.    Conversely,   the lower the power density,   the longer the 
single exposure period required to cause opacities. 

2. There is a cumulative effect of repeated exposures of the eye 
to continuous wave radiation at power densities and for times which 
in single exposure periods cause no apparent damage.     The lowest 
power with which we have induced a lens opacity in this manner has 
been 80 mw. /cm.    applied for one hour daily for a total of 19 times. 

3. With pulsed microwave, opacities may result from a single one 
hour exposure to radiation at an average power densi'v as low as 
80 mw. /cm  * but with peak power of 400 mw. /cm. 

' 4      Ocular temperature,   as measured in the vitreous body at the 
posterior pole of the lens,   exhibits a  rise of only 4 degrees C. 
during a one hour period of irradiation at an average power density 
of 80 mw. /cm.      We question whether the resulting opacity may 
properly be termed a thermal effect. 

5. Expo9uie to microwave radiation at powers sufficient to cause 
cataracts Deems not to cause any particular discomfo-t ro the animal 
and such exposures ran be carried out without arie.-,thesia. 

Although cataracta induced by mic rcwave  radianon and those 
caused by ionizing  radiation are similar in several respects,   micro- 
wave does not act in any complementary manner to shorten the latent 
period for formation of X-ray induced cataracts. 

Rabbit eyes were exposed to infrared radiation sufficient to induce 
a temperature  rise in the vitreous bodv comparable to that caused by 
a cataractogenic exposure to microwave     In contrast to microwave- 
induced opacities,   those caused by infrared  radiation occurred in the 
anterior cortex of the lens. 

Experiments in which the orientation of the eye was  reversed with 
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We use the rabbit as our experimental subject for several reasons. 
Much of the previous work on the effects of various kinds of radiation 
on the eye has been done on this animal.    The diameter of the rabbit 
eye is approximately thre^-fourths ana its volume approximately one- 
third that of the human  ^ve.    Body temperature    of the rabbit, measured 
rectally, is 38.7° C.   (        . 6° F.) ,   compared to the human normal 
rectal temperature oe    7.5° C.   (99-6° F.).    Finally,   and of some 
practical consideration,   pure bred strains of this animal are available 
usually in good supply and it is easily maintained under laboratory 
conditions.    We use in our experiments rabbits of the New Zealand 
White strain,   agec1 6        ' 0 weeks. 

Our microwa .e source was designed and made for us by the Raytheon 
Manufacturing Company.    It is based on their Model CMD4 Microtherm, 
with additional, circuitry to provide either continuous or pulsed wave at 
a frequency of 2450 Mc. and wave length of 12. 3 cm      The output can be 
pulsed at duty cycles of 0.5 per cent to 66 per cent.    Pulse width can 
be varied between 50 microseconds and Z000 microseconds and pulse 
repetition rate between  140 and 2200 per second.     The antenna is the 
Microtherm Director "C", which is a corner reflector type.     The 
instrument is powered from a voltage stabilized line 

A directional coupler in the coaxial cable to the antenna permits 
leading off a small known fraction of the power output to a Hewlett- 
Packard No.   430C microwave power meter and thus provides for 
constant monitoring of power.   An S-ba.nd silicon microwave diode 
mounted on the back wall of the exposure chamber is connected to a 
Tektronix oscilloscope   for checking the pulse width,   shape and 
amplitude. 

All exposures are carried out in a chamber 36 by 34 by 20 inches 
which is lined by microwave absorbent material (Sponge Rubber 
Products Company Type  1,   12 cm. ,   absorbent).     The animal is placed 
in this anechoic chamber in a copper-lined wooden box,   with only its 
head exposed to the microwave field      The corneal surface of the eye 
is positioned exactly opposite the dipole crossover of the antenna and 
two inches distant from the surface of the plastic housing which covers 
the dipole. 

Measurements of the power density of the microwave field are made 
calorimetrically in the anechoic chamber at the position of the rabbit 
eye,   with the rabbit box in place      The maximal output of our micro- 
wave generator yields a power density of 400 mw./cm. ■ at the 2 inch 
position of the eye 

Changes in the temperature of the eye during irradiation are 
measured by means of hypodermic needle thermistor probes of 22 or 
24 gauge connected to a balanced bridge circuit which feeds into a 
four channel strip-chart recorder.    For body temperatures,   a 
thermistor enclosed in   vinyl plastic at the end of a one-eighth inch vinyl 
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plastic covered lead is inserted in the animal's rectum.    Accurate 
temperature records can thus be obtained for the entire period of 
irradiation,   as well as before and after. 

TIME AND POWER THRESHOLDS FOR INDUCTION OF LENS OPACITIES 
BY CONTINUOUS WAVE RADIATION AT 2450 MC. 

We had previously reported for each of a series of different power 
densities the minimal single exposure period which would cause an 
opacity to form in the lens.    Although the graph expressing these time 
and power thresholds was based en 5 6 cases,   we felt that more experi- 
ments should be performed for the lower power densities,   those below 
280 mw. /cm. ■   We have therefore extended our series of acute ex- 
posures to 136 cases.    These form the basis for Figure  I,   in which the 
duration of single exposures is plotted against the applied power density. 
Black circles represent opacities; white circles indica.te no effect. 
The chief difference between this and our previously reported data 
consists of a. shortening of the time thresholds for powers below 200 
mw. /cm. 2   The broken line represents a projection which may or may 
not be valid for power densities below 120 mw. /cm. 

CUMULATIVE EFFECTS OF REPEATED SUB THRESHOLD EXPOSURE 
PERIODS. 

We reported   a year ago at the Rome meetings that at a power of 
280 mw. /cm, ■ lens opacities developed as the result of repeated 
exposures of  relatively brief duration   any  single one of which was not 
sufficient to cause an opacity.   The minimal exposure we employed was 
3 minutes.    The shortest single exposure period which has proven to be 
cataractogenic at this power is 5 minutes. 

We can now  report that exposures oi 3 minutes made daily for five 
successive days caused opacities ir. every one of five cases.    The same 
results were obtained in five cases in which the eye waj exposed to 
radiation three times for 3 minutes each time hist with the exposures 
being made every fourth day.    When the interval between the  3 minute 
exposure periods WU increased to a week,   however.,   the J.ens remained 
unaffected after five successive exposures in every one ci the five 
experiments done. 

These result? suggest that if '.he cataractogenic factor of microwave 
radiation is one that initiates a chain of events in the lens,   the visible 
and end result of which is an opacity,   then this factor must initially 
require an adequate power density 3Ctir.g for a  aufflcisnt duration of 
time in order to start the chain of events.   If either the power density 
or the duration are Less than a certain threshold value-   then ihe damage 
done to the lens is not irreparable and recovery can take place,   pro- 
vided sufficient time elapse- before a subsequent timilax insult.    In 
the experiments cited above    it appears that the interval necessary for 
recovery aiter the damage done by a    I minute exposure at 280 mw. / 
cm. ■ must be greater than fout days tut need not be longer than one 
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week. 

It must be emphasized that this statement applies only to the con- 
ditions described,   namely,   a 3 minute exposure at 280 mw. /cm. 
We have previously shown that if the exposure period is 4 minutes at 
this power density,   then lens opacities may result from two exposures 
given a week apart or from two or three exposures separated by two- 
week intervals.    We have not yet determined what must be the requisite 
recovery period following a 4 minute exposure at this power level. 

We referred above to "the cataractogenic factor of microwave 
radiation".    What this factor may be, we are not prepared to state. 
It has been quite generally assumed that the effect of microwave 
radiation on living tissues is entirely a thermal one, an effect of the 
heat that results from absorption of R-F energy by the tissue.    It is 
certainly true that localized heating occurs as a result of absorption 
of microwave energy.    Yet one is  reminded that vhermal effects usually 
occur at or above a specific temperature (e.g. , melting point,  boiling 
point, flash point) and not as the result of intermittent excursions to 
temperatures below critical value.    It is possible to conceive of a 
thermal effect which may be the result of either a high temperature for 
a short time or a lower temperature for a longer time, but it is 
difficult to imagine the same effect resulting from a low temperature 
occurring for a short time but repeated at widely separated intervals. 

At the power density of 280 mw./cm, , the   shortest single exposure 
period which will cause a lens opacity is 5 minutes,   at which time the 
temperature of the vitreous body at the posterior pole of the lens has 
reached 49-3o C.    At the end of a  3 minute exposure period,   however, 
this temperature is only 47. 2° C.    Inasmuch as this duration of exposure 
if repeated at four day intervals causes a. lens opacity to form but if 
repeated at weekly intervals has no effect,   then one can support a 
"thermal effect" viewpoint only by assuming that a lesser temperature 
increase may be cataractogenic if it occur«? frequently enough.    This 
argument collapses of its own weight,   for if we continue to reduce 
the temperature and increase the frequency of its occurrence, we 
eventually arrive at the constant normal body temperature, which 
obviously is not a cause of cataract. 

A cumulative thermal effect as the cause of microwave-induced 
opacities becomes even less probable in the light of further experiments 
we can report     Recognizing the valid criticism that 2B0 mw. /cm.    is 
still,   from the biological viewpoint, a  fairly high power density and that 
a vitreous temperature of 47.2° C. , even though occurring ever so 
briefly,   is nevertheless well outside the range of a  rabbit's normal or 
even its pathological variation,   we undertook experiments in which   the 
eye would be exposed repeatedly to radiation at relatively low power 
densities. 

Having ascertained that at a power density of 120 mw. /cm.    the 
minimal single exposure period necessary to induce lens opacities was 
35 minutes,   we exposed eyes at this power level for periods of 30 
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minutes  repeated at two day interval».   Of the four experiments which 
have been completed,   lens opacities developed after two such exposures 
in one case and after three exposure? in three cases     In a rabbit under 
sodium Nembuts.i anesthesia,   the temperature of the vitreous body at 
the end of 30 minutes of irradiation at this power density is 44° C 

A point -worth mentioning with regard to these experiments is 
that at this power level the animals remain quiet in the microwave 
field without anesthesia.    In the four experiments, two animals were 
irradiated without anesthesia,.   In these two cases, therefore,   we can 
be sure that the heat dissipating vascular system was not functionally 
affected by an anesthetic and that the ocular temperature was surely 
not higher than 44° C.   and *vas probably less than that      The animals 
did not appear to be experiencing any discomfort whatsoever. 

We ai     now extending this series of experiments to include daily 
exposures of the eye to one hour of continuous v/ave radiation with the 
power density reduced to 80 mw. /cm. " and in seme cases to 40 mw./ 
cm. "    No anesthetic is used but otherwise the animals are under con- 
ditions identical to those of other experiments,   except that a small 
lucite neck yoke prevents backward movement of the head      This may 
well be a  superfluous precaution,   for in nearly every case the animal 
appears- content, to remain in the box without moving     Judging from its 
behavior,   it it experiences any sensation from having its head in the 
microwave field,   the sensation is not one of pain or even of discomfort. 

Of the three experiments attempted so tar at this 80 mw. /cm. 
level, one aniniil died after Jour exposures and another after nine. 
We have not ascribed these deaths to radiation, for in both instances 
the exposures were being done during the lunch hour and although the 
power was turned oft automatically at the end of the exposure period, 
the animals were inadvertently left in the box for a  considerably longer 
time      Rabbits  suffer no ill effects from being restrained in this manner 
for an hour but with much longer periods they appear to accumulate exj- 
cess mucus in their respiratory tracts,   causing choking. 

The third animal was irradiated for an hour each day for five 
consecutive days each week,   this schedule being maintained until a 
total of 19 hours of irradiation had been given      At this time,   slit- 
lamp and ophthalmoscopic examinations were negative     the Lens was 
clear and wtthout sign of opacity      Examined  J 3 days later, however, 
the irradiated eye showed a well developed cataract in the posterior 
cortex      The non-irradiated eye waj normal 

It is cf interest to note that in the anesthetized animal,   one hour 
of exposure to continuous wave radiation at this power raises the 
temperature of the vitreous body to 4Z   S'  C.    which is only 4.1° above 
body tempe.ratu re      If further experiment? at  the 80 mw./cm   ' power 
level also result  in cataracts,   we shall have to conclude that if they 
are induced as a thermal effect of microwave  radiation.   'hen   it 
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is a thermal effect requiring neither a critical temperature nor even 
a marked elevation of temperature in the tissue. 

EFFECTS OF PULSED MICROWAVE RADIATION. 

At last year's Tri-Service Conference,   we reported on a preliminary 
series of experiments testing the effect on the eye of pulsed microwave 
at 2450 Mc.   With pulsed radiation,   the eye can be subjected to rapidly 
repeated peaks of high microwave power while the average power during 
the exposure period remains relatively low.   Inasmuch as the thermal 
flux is identified with the average power alone,   we hoped in this manner 
to discover whether microwave energy may exert other than a thermal 
effect. 

We reported on the first 16 of our initial group of 25 experiments 
then in progress.    In these experiments,   the eye was exposed to pulsed 
microwave radiation at an average power density of 140 mw. /cm/, 
with pulse peaks of either 280 or 560 mw./cm.2   The duty cycle we 
employed was therefore 50% or 25%,   the latter being the lowest duty 
cycle we could obtain with the equipment then being used.     In 62 per 
cent of the experiments,   lens opacities resulted from exposure periods - 
and associated ocular temperatures - which were significantly less 
than those required for induction of opacities by continuous wave 
radiation of identical average power.     We therefore suggested that the 
catarac^ogenic  effect of microwave radiation might not be primarily a 
thermal one and we advised giving attention to peak powers of the micro- 
wave field when assessing the possibility of hazards to personnel. 

, Further experiments along this line promised to be fruitful, 
particularly if we could employ pulsed wave having a greater 
disparity between peak power and average power.    This would demand 
much lower duty cycles than we were then able to obtain.    We there- 
fore had our equipment redesigned to aiiow duly cycles as low as 0. 5 
per cent.   With this equipment,   we irradiated  15 animals,   using average 
power densities ranging from 120 mw. /cm.     down to 40 mw./cm. 2 and 
with accompanying   peak powers of 400 mw. /cm. * up to 800 mw . /cm. " 
Under these conditions,   opacities developed in 53 per cent of the 
experiments. 

For example,   opacities occurred after 60 minute or longer exposures 
of the eye to pulsed microwave when the average power density was 
only 80 mw./cm. * but the peak power was 400 mw. /cm.      A 45 minute 
exposure had no effect.    We consider it to be significant that at the end 
of a one hour exposure period at this 80 mw./cm.   power,   the tempera- 
ture within the eye has risen to 42. 8° C ., which is only 4 degrees above 
body temperature-    Also significant is the fact that this same power 
has no effect When applied as continuous wave radiation for a one hour 
period.     Indeed,   as we have already related in this report,   daily 
exposure periods of this power and duration have had a cumulative 
effect on the eye onJy after  19 such periods.     Those results point to 
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the peak power as being an important factor in causing opacities to 
develop when the eye is exposed to pulsed microwave. 

In order to compare the new pulsing circuit with the former one, 
with respect to biological effects,   we exposed 24 rabbits under 
conditions similar to those which obtained in our original group of 
25 experiments (50 per cent    duty cycle,   140 mw. /cm.     average power, 
280 mw   /cm. " peak power.   20 minute exposure period)     Opacities 
developed in only 21 per cent of the animals,   compared to 53 per cent 
in the original group.   This discrepancy appears a little too great to be 
ascribed to the variability of biologic«! material and we are still per- 
plexed by this difference in response.    It seems unlikely that the 
strain of rabbits has undergone a change and we can detect no change in 
either our exposure chamber or our antenna      Indeed,   calo rimet ric 
measurements show that there is no difference in the applied power 
density in the two groups oi experiments.    It may be that when the 
redesigned equipment is used at a high duty cycle,  such as 50 per cent, 
there is a change in the characteristics of the Magnetron tube,   so that 
the frequency spectrum is broadened and only a portion of it has any 
effect on the lens.    On the other hand,   perhaps in our original circuit 
there occurred a frequency deviation which enhanced the cataractogenic 
effect of pulsed waves,     We hope to clarify the situation by further 
experiments. 

NON-COMPLEMENTARY EFFECTS O^ MICROWAVE RADIATION 
AND X-RAY. 

Lens opacities induced by microwave radiation and those caused by 
ionizing  radiation are similar in several respects.    Typically, both 
develop in the posterior subcapsular cortex, changes occur initially 
in the region of the posterior suture,   and frequently the opacity takes 
the form of striate masses concentric with the equator,   which later 
migrate axialward to form ring«-shaped cataracts.    One marked difference 
is with respect to their latent periods.    Cogan and Donaldson have shown 
that after single doses of 1200 to  1500  r. of X-ray at  1500 kv., 
opacities develop in the lens after 25 to 30 days   [   In contrast, we 
found that following exposure to microwave radiation,  opacities appeared 
after latent periods of 1 to 8 dav.s.   the average time being  3  1/2 days. 

It  seemed of interest to test whether these two types of radiation 
could complement each other in their cataractogenic effects      Experi- 
ments were undertaken bv Dr.   Weiss.     Through the cooperation of the 
Radiology Department of the Massachusetts General Hospital,   the eyes 
in 22 rabbits were exposed to X-ray of 2000 kv.    Both eyes received 
equal doses of 1500 r. ,   in all but two cases giyen at the rate of lOOr. / 
min.     Either 24 hours or one week later,   the right eye was exposed to 
a single subthreshold dose of microwave radiation (280 or  352 mw. /cm   ■ 
for 3 1/2 minutes).     !n a few cases,   the microwave exposure wps a few 
hours before the X-ray.    In t\* c cases, the   1500  r   dose was given at the 
rate of 140 r   / rnin    and the animal received micowave radiation 
tv/ice  - one week later and   1 1 clavs later 
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In all of the above experiments,   opacities appeared in both eyes 
at the same time and were of similar degree.    Under the conditions of 
the experiment,   therefore,  microwave radiation did not act in any 
complementary or supplementary manner to shorten the latent period 
for formation of X-ray induced opacities nor did it affect the extent 
of the damage to the lens by X-irradiation. 

COMPARISON OF OPACITIES RESULTING FROM MICROWAVE AND 
FROM INFRARED RADIATION. 

If the opacities formed in the posterior cortex of the lens are 
solely a thermogenic effect of microwave radiation and therefore are 
purely a result of hyperpyrexia, then it should be expected that any 
influence causing a comparable rise in ocular temperature would pro- 
duce a. comparable result.    As Hartman states:    "The physiological 
and pathological reactions to hyperpyrexia alone induced by whatever 
mechanisms,   such as hot baths, heated cabinets,   diathermy,   heat 
stroke,   thermal burns and microwaves,   are essentially comparable. "^ 
Imig     plotted temperature    gradients induced by  12   25 cm. micro- 
waves in excised beef eyes and found that the point of maximum temper- 
ature was in the vitreous body at the posterior surface of the lens and 
hence agreed with the site of damage. 3 

In our laboratory,   Dr.   Leith undertook to study the effect of 
increasing the ocular temperature by means other than microwave 
radiation.    The beam from a 4. 5»c&rbon arc source, passed through 
an infrared filter transmitting only wavelengths from  1000 to 3000 
millimicra, was focused either on the anterior or on the posterior 
capsule of the lens in the anesthetized animal. 

With focus on the anterior capsule and a 6 minute exposure,   the 
cornea was severely burned,   with subsequent   ulceration,   scarring 
and vascularization.    Although the lens was thereby almost obscured, 
it remained possible to identify an opacity on or beneath the anterior 
capsule      In most of the experiments,   focus was on the posterior 
capsule,   so that the cornea was spared from burn and suffered only a 
transient clouding.     With duration of exposure either 5 or  10 minutes, 
opacities resulted in every case but they were always located in the 
anterior cortex of the lens,   despite the infrared being concentrated at 
the posterior capsule. 

These results are in agreement with various other observations on 
cataracts caused by infrared radiation.    The opacities occur typically 
in the anterior cortex and in this respect differ from those caused 
by either microwave or ionizing  radiation 
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STUDY OF POSSIBLE INTERFACE EFFECT AT LENS-VITREOUS 
BODY BOUNDARY. 

Several suggestions have been offered to explain why opacities 
induced by microwave occur typically in the posterior cortex of the 
lens,  just beneath the capsule      One suggestion was that there might be 
an interface effect at the lens cortex-posterior capsule boundary or 
at the capsule-vitreous body boundary, with  resulting reflection of 
power to cause a concentration in the posterior cortex.    If so,   the 
temperature might well be higher in the lens cortex than in the vitreous 
body just behind the lens,   which is where our ocular temperature 
measurements are usually made      We therefore performed the 
following experiment: 

In an anesthetized animal    a suture was placed around the tendon of 
the inferior rectus muscle at its insertion on the eyeball.    Traction on 
the suture rolled the eye upward to an extent such that the cornea 
disappeared behind the superior orbital margin and the inferior surface 
of the icier a was presented between the open eyelids      With this sur- 
face positioned two inches from the antenna, the eye was irradiated for 
12 minutes at 280 mw./cm.    power density.     The orientation of the 
lens with respect to the microwave source was now reversed;   the 
power had to pass through solera,   vitreous body and posterior capsule 
before reaching the lens cortex - an approach from the rear,   so to 
speak,     Lf an interface effect should in fact exist,   we reasoned that 
the changed orientation might so alter it as to affect the results 

Opacities appeared as usual in the posterior subcapsular cortex in 
all three surviving cases.    We conclude that if there is an interface 
effect,   it is not a critical factor with respect to the site of the opacity 

EFFECT OF DISTANCE OF EYE FROM MICROWAVE SOURCE. 

It was also suggested that at  12   3 cm    wave length,   the 2 inch 
distance at which we usually position the eye for-irradiation may be an 
important factor,   perhaps introducing the effect of a half wave length 
distance between the antenna and the lens and so promoting creation 
of standing waves.     The distance from the dipole to the cornea is 6 cm. 
and from the cornea to the posterior lens surface is 8 mm  .   making 
a total of 6 8 cm 

To test whether this particular distance has significance,   we 
irradiated eves in  11 rabbits for  15 minutes at 240 mw./cm.     power. 
In six of these cases,   the distance to the eye was increased from two 
to three inches but the power density at the position of the eye was 
kept constant at 240 mw. /cm.       In all  11 cases    the same type of 
opacity appeared in the posterior lens cortex      A similar series of 
experiments but with a power of 220 mw. /cm.''has given further 
evidence that the two inch distance is not of itself significant in the 
induction of opacities by  12   3 cm,   microwaves. 
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INHIBITORY EFFECT OF MICROWAVE RADIATION ON DIFFERENTI- 
ATION IN NEUROSPORA. 

Bearing upon the question of possible non-thermal effects of 
radiation at this frequency are experiments performed in our laboratory 
by two senior students,   Mr,   John Banas and Mr. Robert Coli.   They 
grew the breadmold Neurospora crassa on suitable culture media and 
then transferred small patches of the mycelia with conidiophores 
(fruiting bodies) to lusteroid test tubes.    These were subjected to 
continuous wave radiation at 2450 Mc. ,  with a power density of 400 
mw. /cm, 2, for periods of 5,   10 or 30 minutes.   Spores from the 
irradiated fruiting bodies were then innoculated on agar slants.    These 
spores germinated and grew but the cultures did net form fruiting bodies. 
Control cultures grown from non-irradiated spores developed fruiting 
bodies in the normal manner.   It therefore appeared that microwave 
radiation had exerted an inhibitory effect on differentiation while not 
at the same time affecting growth.   This finding parallels observations on 
the effect of microwave radiation on the developing chick embryo,   as 
reported from our laboratory previously by Van Ummersen. 

Air temperature in the test tube during irradiation of the Neurospora 
conidiophores was found to increase during 30 minutes to a maximum 
of 35 8° C      During a  10 minute exposure,   air temperature reached 
31.8       To test whether the observed effect on differentiation was 
perhaps a thermal one.   similar preparations were placed in an incu- 
bator for 10 minutes at 31.8° and the spores were then innoculated on 
agar slants     In all cases,   these cultures not only exhibited normal 
growth but also produced fruiting bodies      It does not seem plausible, 
therefore,   to ascribe failure to differentiate fruiting bodies to a thermal 
influence of microwave radiation. 
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Abstract 
Studies of the biological effects of microwave radiation being conducted 

i     the Biophysics  Program of Tulane  University are primarily concerned with 
effects not involving overall elevation of body temperature.    Studies are cen- 
tered about the determination of the causal relationships applicable to the 
physiological and pathological changes observed and the interpretation of 
data collected with animals as subjects in relation to microwave absorption 
by human subjects. 

Results obtained in the course of these investigation! indicate that most 
of the effects observed are explainable as heating effects of a special kind. 
In particular,   microwaves are generally more penetrating to tissue than are 
infrared and \ isible radiation and the penetration is dependent upon the par - 
ticular tissue combination being irradiated. 

-> 
Effects on growth previously asserted at a low power  density (10 mw/cm   \ 

have been discoursed due to resuits recert'.v obtained. 

Present work includes calculations  of reflection,   peretration    and tem- 
perature distribution for various microwave wavelengths and the re'atior 
of temperature calculated,   and   nferred by measurement    to obser-e neu- 
ral and other phviio'ogical  effects,    Me-s sv-rements of complex dielectr c 
const ints of tissue components as a funct.or. of field strength are tobe com- 
pleted. 

■H     Th.s research was supported by Office of Naval Research Contract 
Nonr-4?5(03> to the Biophysics  Laboratory,   Tulane University. 
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BIOLOGICAL EFFECTS OF MICROWAVE RADIATION 
WITH LIMITED BODY HEATING 

Rene Baus,   M. S Joseph D.   Fleming    Jr   ,   B  S. 
Physicist Research Engineer 

Biophysics Program 
Tulane  University 

. 
1.0   INTRODUCTION 

The purpose of the present paper is to introduce the microwave effects 
work conducted through the Biophysics Program of Tulane University,   and 
to describe a simplified procedure for computing the distribution of absorbed 
energy at various microwave wavelengths      The present work is largely con- 
fined to investigations of biological effects associated with limited overall 
body heating.    A further purpose of the work is to relate observations to pos- 
sible effects on humans. 

In the opening phases of the microwave effects studies in 1954,  measure- 
ments of the physical parameters related to the absorption of microwaves by 
biological tissues including the complex dielectric constants of various tissues 
power densities,   and temperatures,   were initiated.    In addition,   a technique 
for microwave scattering studies was developed and later employed 

Concurrently,   gross pathological studies were conducted using mice with 
3 cm,   and 10 cm    equipment.    Subsequently,   an experimental design 
was completed for a long term histopathological survey using mice. 

In these animal experiments with microwaves,   mice were exposed to va- 
rious frequencies,   power leveis,   and ratios of peak to average power,   and 
biological effects were  observed.    Subsequent experiments were conducted 
to correlate these effects using large groups of animals.    A major por- 
tion of this work,   consisting of various biological assays    has been des- 
cribed previously.    At low exposure levels,   results  suggested a change in 
growth due to irradiation. 

During the past year the growth change at low exposure rates has been 
studied using mice in an intermittent exposure environment similar to 
that to be expected with scanning radars      The level of exposure used is 
the maximum safe level presently estimated for man (10 mw/cm   )      Data 
were obtained from whole body and tissue wet and dry weight measurements 

As previously reported,   a f;ve m:nute exposure at a somewhat greater 
power density (45 mw/cm^) causes growth rate changes and blood plasma 
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volume shifts in mice,   and longer exposures (e   g    ten minutes ) cause 
death      More recently,   studies have been conducted at this power density 
using cold-blooded animals from which heat is removed during irradia- 
tion by control of the environmental temperature to avoid gross effects 
related to high body temperature      With such cooling lizards can tolerate 
two hours  or more of exposure. 

In the last year,   an investigation of neural effects  of microwaves was 
initiated      Irradiation of isolated nerves and whole body irradiation com- 
prised the initial phase of the experimental programs      A survey to in- 
dicate the relative usefulness of measuring the steady potentials of the 
central nervous system as an indicator of neural stimulation was con- 
ducted     Studies of mechanisms related to possible neural effects in 
volved an investigation of the rate of change of sodium ion transport 
due to microwave absorption      More recent studies include power meas- 
urements in the central nervous system and localized irradiation of ex- 
posed peripheral nerve in situ 

To provide a basis for further interpretation of localized irradia- 
tion experiments,   data have been collected from the work of other in- 
vestigators and reflection coefficient and depth of penetration calcu- 
lations have been completed using three microwave wavelengths and the 
near and far infrared. 

Nonlinear dielectric effects have been suggested by Schwan      During 
the past year,   the possibility of dielectric saturation of complex pro- 
tein molecules by microwaves has been explored by exposing various 
protein complexes to high intensity fields,  and assaying the results by 
use of paper electrophoresis techniques.     The results of these exper 
iments are inconclusive; no alteration of the protein molecule indepen- 
dent of heat has been demonstrated 

An analysis of this phenomenon suggests that the experiments per- 
formed offered little chance of producing the expected results,   and 
that,   in fact,   a different approach to the problem should be undertaken. 
It is now proposed that measurements be made of the change in the com- 
plex dielectric constant of protein complexes as a function of field 
strength,   using various frequencies       The data obtained should indicate 
the field strength necessary for saturation of given tissues and frequen- 
cies    and hence for denaturization since dielectric saturation mull 
occur at the threshold of non-thermal denat urization 
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2. 0   GROWTH RATES FOR LOW LEVELS OF MICROWAVE EXPOSURE 
USING 10 CM.  EQUIPMENT 

2. 1    General - 

Alterations in the growth rate of mice have been attributed to 3 cm. 
irradiation a.t 45 milliwatts per square centimeter using single 5 min- 
ute exposures.    Such exposures cause gross overall changes in the body 
temperature of mice. 

Previous studies with 10 cm.  microwaves suggest that  the growth 
rate of mice (CF-1  female) may be modified by intermittent irradiation 
for two minute periods at a power density of 1 0 milliwatts/cm   .   *   Since 
this power density is the arbitrary maximum established for man,   par- 
ticular importance is attached to any effect observed.    Furthermore, 
there is but a relatively small gross body temperature rise associated 
with this level of irradiation,  and thus any pathological effects observed 
may be labeled as  "non-thermal". 

These earlier studies,   suggesting increases in growth rate and ultimate 
weight,  showed no definite concurrent pathological changes.    Studies of 
tissue blood plasma volume  on another group of animals irradiated with 
3 cm.  microwaves at a somewhat greater power density indicated shifts 
in body fluids   ,   and,   although these particular animals lost weight,   the 
results suggested that fluid shifts and local edema might account for 
weight changes,   whether positive or negative. 

A major purpose of the growth study presented in the current report 
is to compare average weight changes as a function of time within a con- 
trol group with such changes for an irradiated group.    In addition,   the re- 
ported work indicates the relationship between dry tissue weights and 
water content for various tissues as well as for the whole animal.    The 
reported work consists  of two experiments,   the second designed on the 
basis of results from the first. 

2. 2 Method - Experiment A 

The experimental an.mal used is the CF-1  female,   as in the previous 
study.     The CF-1 mice are obtained from Carworth Farms,   and are sep- 
arated into two groups  of 101 mice   .     The mice are maintained for five 
days following arrival to allow for re-hydration and acclimation to envi- 
ronment      A separate cage is used for each of the two groups of mice. 

Irradiation of the animals in one of the two cages is initiated at t =  0 
(for  interpretation of the illustrations which follow).     The period of each 
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exposure if two minutes    and    bv u>-e of an automatic timer    one expo- 
sure per hour  is provided during the  2!  Bays cf the experiment      The 
entire   populations are weighed at selected intervals,   and    m particular, 
at t B 0    2    7     10    14     17    and 21   day* 

Five irradiated and five control animals  are taken from various regions 
of their respective cages at t -  0     1     2    3    7     14    and 21  d; ys    after the 
total weight of the animals in the cage is determined      Random selection 
is attempted      1 he selected animals are weighed individually    sacrificed, 
and dissected      The  Kidney,   liver     spleen     lung     intestine     skin,   and 
bone-muscle assembly are bottled and weighed separately lor each animal 

Subsequent to the recording of the  individual  ''wet weight1',   the tissues 
are dried in an o- en to a  constant weight      The dried tissues are placed 
in a de -humidified box containing  ''Dneiite1' dessicant      The box is main- 
ta: ,ed at  25 per cent relative humidity and at a temperature of 28     C      The 
tissues are each weighed in the box after a humiditv equilibrium is reached 

The tissue wet weight and drv weight data are processed using a digi- 
tal computer (IBM 650)    and hand solutions are employed as a check      The 
computer program has been developed :r, order to handle the additional 
data from anticipated weight experiments 

In addition to the weight meisuremen's  on the groups cf 5     total weight 
data are maintained on the remaining n .ce  for both  irradiated and control 
groups to observe weight trends   in the populat.ori      As indicated previously, 
when total weight n eas urement s are made  on a  day during which animals 
are to be  sacrificed    the total weight    s obta-ned pror to the  removal of 

, the anima's 

2   i   Results   - Experiment A 

The mean weight for the total group or the  'population'' of irradiated 
animals may be compared w'th the me.m weight of the control population 
in Figure   1       The mem weight of the  irradiated population is generally 
higher than that  of the control population throughout the  2 1   day period 
The total number of mice in the  cor.'roi and irradiated cages decreases 
from the initial quantity of 101  mice     s^nce 5 mice are removed from 
each cage on each  of the  days  indicated |i  (       0     1      2     3     7     14,   and 21 
days)    and there  is normal attrition to be taken  ir.to account      Consid- 
ering the decreasing population    a  g-eater  d.srersion might be anticipated 
in the mean weight data  from the  latter   p^rt of the  21   day evele      Fur- 
thermore     there ifl generallv an  increase  in *he  range of bodv weights as 
mice mature       The  curves  shown  in Figure   1   illustrate the growth trend 
for each population    neglecting the weight IT,vnimums occurring after 



approximately two weeks    which are attributed to disease 

On the various experimental davs (i.e.      0    1     I    3.   7     14    and 21), 
groups of 5 mice are removed from each cage to be weighed and dis- 
sected      The mean body weights for these mice are given in Figure 2 
for each of the days indicated      The mean body weight (21 grams» of 
the initial group of irradiated mice (at t ~ 0) is low in relation to the   * 
mean bodv weight (23  5 grams,» of the total irradiated group      (See 
Figure 2)      The mean body weight data from subsequent irradiated 
groups are more representative of the remaining irradiated animal pop- 
ulation 

The mean body weight data from the control groups given in Figure 
2 appear to have greater dispersion than the exper'mental group data, 
though the mean standard deviation is approximately +1,6 grams in 
both casts      Except for the body we'ght decrease in the controls during 
the second week shown in Figure  2    the data  generally appears to de- 
viate about rather than to follow the trends  shown for the  cage popula- 
tions (Figure  1)      This is an indication that groups larger than five 
mice or a greater degree  of randomness in selection would be desira- 
ble. 

The weight of the dried tissues   in Figure   2 correlates with the point s 
representing mean body weight after the llv.rd day of the irradiation pe- 
riod,   indicating that the dispersion 's nol  solely due to shifts in body 
fluids.     Prior to the third dav    the mean body weight appears to corre- 
late with the mean weight  of bodv w?ter    also shown (calculated values) 
in Figure 2 

The normalized mean dry weight of the individual tissues indicate no 
differential growth trends Co    the various tissues are  observed between 
control and irrad-ated animals      The trends  in dry weight are not greatly 
different from the general weight trend-  shown  in Figure   1 

In Figure  3     corresponding values for the relative quantity of water 
in the \arious tissues maybe observed      !n s\\  cases     the trend ir>  simi- 
lar      The t.s=ue water content of the  initial group? of five is low      The 
groups which immediately follow ha^e a relatively high tissue water con- 
tent.     Groups  selected during the last two weeks  of the experiment appear 
to have  reached a  consistent degree of hvdraton      Thus,   the   water con- 
tent varies markedly during the frst  few day-      Subsequently,   no major 
changes in wateT content are seen     except possibly ill the  lung and the 
skin      The trend    Ihen     is an    nit a! period of fluctuation followed by 
stabilization at a  relatively constant ■ alue 
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2   4,  Qbsei-' afons   ■   Expev:mer,' A 

Expermental groups of 5 mice selected at various intervals during the 
irradiat:on per;od do not adequately represent the mean body weight of the 
larger animal populations      A greater number of exper-.menta] samples is 
recomrriended for work of this type      Since the dispersion in weight in- 
creased w.th weight    smaller mice would oe preferable 

The mean drv weights determined from such experimental groups do 
appear to represent long term growth trends in the larger populations     in 
spite of short term weight changes in such populations which are probably 
due to sickness 

Tisoue water content fluctuated fcr a   period greater than the five days 
allowed for ac:l:mat:on    and a ten d.";v rer'.od of acclimation fo^owing 
the receipt of a  shipment of m:ce is  suggested      The large fluctuations  ob- 
served in the water  content  oi sk-.r. (Figure  3; probably reflect the ease 
with which this hydrates and dehydrates       There is little difference be- 
tween the water content of irradiated and control groups     emphasizing 
that weight differences  observed between these groups represent differ- 
ences in whole tissue mass  of the mice selected    rather than systemat- 
ic differences in tissue water 

Z   5    Method  • Experiment B 

The results from the previous experimental  study of the effect of 
10 cm    m'crowaves on the growth, rate of mice indicate a need for a 
greater number of experimental  sample-  ar.d the use  of younger mice 
These results  show no systematic difference between irradiated and con- 
trol animals    n either dry weigh'  or t scue water content       The present 
study is designed to determine the possible effect of low exposure rates 
upon growth  rate 

Expermert B in1 oives the following procedure      Weanling Swiss- 
Webster mice are obtained from   ^acon'C Farm*  in New  York      Following 
the arrival of the shipment    the mice are continued on their former diet 
of apples and potatoes with a new diet p'acen in the  ca, e      The mice are 
gradually shifted to the  new diet       This  procedure is employed to de- 
crease the possibility that weight changes erne to diet might occur      The 
mice arp allowed to acclimate to the cage environment for 7 davs prior 
to irradiation    which is -r.itiated or, t  - 0      The temperature and humidity 
are controlled dur'ng     ae experiment 

Irraciiat'on ;s at a power density of !0 mw/cm     tor a  2-minute period 
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each hour for 36 days using a  !0 cm    source      Weighings are made at 
t = 0    5    8     11,   13     18    11    lb.   Z9    33    and 36 davs after the initiation 
of the radiation sequence 

2  6   Results  - Exper-.mer.t B 

The mean body weights for the various days are given in Figure  1 in 
section 2   0      The weight distribution for the control and experimental 
population     on the initial day    the  18th day,   and the  Jbth day are shown 
in Figures 4    5     and 6      The  curves shown are fitted in using as a basis 
the root mean square va'ues computed from the original measured values 
which are plotted in the illustrations      The original value of each point is 
squared    and the squares of the two adjacent points are summed with 
the square  of the chosen point and the square root of the mean is taken 
The value obtained replaces the chosen point for purposes  of curve plot- 
ting      The curves  shown are fitted among the root mean square values 
to indicate genera! trends       The curves for the \rrad:ated animals are 
relatively close to those for controls      Calculations  indicate that no evi- 
dent growth  change can be attributed to : r radiation using populations of 
the present size      The growth of the two groups may be observed in 
Figure 7 
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WEIGHT OF MICE (GRAMS) 

Figure 4 -    Weight Distribution on Initial Day of 
Exposure. 
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WEIGHT OF MICE (GRAMS. 

Figure 5        Weight Distributor, after  18 Days of Exposure 
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Figure 6 -    W>,ght Distribution ifter 3b Days of Exposure. 
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3. 0   POWER DENSITY DISTRIBUTION IN TISSUES FOR 1. 27 CM    3 CM 
AND 10 CM MICROWAVES 

In th:.s section it listed data which car. be u~ed for the purpose of estimat- 
ing the internal distribution of microwave power dens-ty in an animal sub- 
jected to a radiation field. 

Tables I,   II,   and III give the plane wave reflection coefficients for va- 
rious tissue interfaces and for wavelengths  of 1.27,   3.0,   and 10 centimeters. 
The table entry is the rat-o of reflected to incident power density at the in- 
terface. 

Tables IV.   V.   and VI give the values of penetration depth and wavelength 
in the tissue for various tissues and for incident free space and wavelengths 
of 1. 27    3.   and 10 centimeters.     The depth of penetration it defined as that 
depth at wh: ch the power density of the ;nc:dent wave has been attenuated by 
a factor of   -%   (where f    - 2. 718).    in ether words    the depth of penetration 
is simplv the reciprocal of twice the attenuation coefficient for a plane 
wave.    Dielectric data used to calculate the values listed in tables I-VI have 
been obtained from Schwan,    England    ,   Bad Baus" . 

If standing wa- es nre neglected    the tables mav be used to compute the 
power density distribution as  a function of the distance from a tissue in- 
terface.    The formula to be used for this purpose is: 

. x 
T (I   -  R,,   .,* e      D, v o 1 

Where I     r    the power  density in *he =ecord medium at a distance x x 
from the  interface. 

T_    -■   the pewer density   r the first medium incident on the 
interface of the two media. 

R\. ?;  the reflection coefficient for the i>~*erface (See    Tables 
j,   II,  and III. 

D,  -     the depth of penetration for the second medium (See. 
Table«- IV    V     ard VI). 

If it it desired tc calculate the power d str but.or with.n a multiple layer 
structure     it is  simply necessary to jpplv the formula to each interface in 
turn    using the value I    from the preced ^e calculations as the new 
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TISSUE 
DEPTH OF 

PENETRATION 
CM 

WAVELENGTH 
IN TISSUE 

CM 

WHOLE   BLOOD 

SKIN 

FAT 

VITREOUS HUMOR 

LENS 

BRAIN 

YELLOW MARROW 

0.0598 

0.0772 

0.342 

0. 045 

0.0706 

0. 075 

0. 145 

0.214 

0.25 

0.68 

0.146 

0.200 

0.200 

0.368 

Table IV - Depth of Penetration and  Wavelength in Tissue for an Incident Wave 

Having a Free Space Wavelength of 1. 27 cm.    (The depth of pene- 

tration is defined as that depth at wHch the power of the incident 

1 
wave has been attenuated to f    -    . 368 of its value at the surface). 
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BODY TISSUE 
DEPTH 

PENETRA 
CM 

OF 
TI.ON 

0. 181 

0. 148 

0 189 

1 1 

0. 94 

0 195 

0 P74 

0 168 

0 34 

0 134 

WAVELENGTH 
IN TISSUE 

CM 

WATER 

WHOLE BLOOD 

SKIN 

FAT 

BONE 

VITREOUS HUMOR 

LENS 

BRAIN 

YELLOW MARROW 

MUSCLE 

0. 382 

0. 449 

0.506 

1.450 

1 120 

0. 395 

0,575 

0. 595 

1 250 

0  616 

Table V -     Depth of Penetration and Wavelength in Tissue for an Incident Wave 

Having a Free Space Wavelength of 3 Centimeters      (The depth 

of penetration is defined as- that depth ;n the tissue at which 

1 
the power of the incident wave has been attenuated to        ■   . 368 

of itf value at the  surface». 
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TISSUE 
DEPTH OF 

PENETRATION 
CM 

WAVELENGTH 
IN TISSUE 

CM 

WHOLE BLOOD 0. 78 

SKIN 0. 646 

FAT I  45 

vnascus HUMOR 0.535 

LENS 0.500 

BRAIN 0.476 

YELLOW MARROW 9,924 

Table   VI    - Depth of Pen etration an 

1. 36 

1. 49 

3. 79 

1. 18 

1 75 

1 74 

3 97 

Wave Having a Free Space Wavelength of 10 cm.    (The depth 

of penetration is defined as that depth at which the power of 

the incident wave has been attenuated   .o —   =    . 368   of its 

value at the  surface). 
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NEUR ©PHYSIOLOGICAL EFFECTS OF MICROWAVE 
IRRADIATION^ 

Robert D.  McAfee,   Ph.D. 
Research Physiologist 
Biophysics Program 
Tulane University 

Abstract ' 

Nerve fibers in peripheral nerves,   such as the sciatic,   or areas of 
skin rich in sensory fibers,   such as the face of the cat,   have been ir- 
radiated with 3 cm.  microwave irradiation.    A nociceptive response 
was obtained as the temperature of the irradiated part reached about 
45    C.    Since this response can be duplicated by heat from other sour- 
ces and has been studied and described by C.   Von Euler as a tempera- 
ture effect on C and   & nerve fibers,   it is concluded that the nocicept- 
ive response and its neural and hormonal components elicited by micro- 
wave irradiation are due to heating the nerve fibers to a critical tem- 
perature causing their stimulation. 

/V      This reasearch was  supported by Rome Air Development Center, 
Air Research and Development Command    HDQS.     Contract 
AF30(60?.)-] 965 to the Biophysics   Laboratory    Tulane University. 
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NEUROFHYSIOLOGICAL EFFECTS OF MICROWAVE  IRRADIATION 

F.obert D    McAfee    Ph   D 
Research Physiologist 
Biophysics  program 
Tular.e  University 

1   0 INTRODUCTION 

1    1    Neural Effects of Microwave  Irradiation      Various reports indi- 
cate that neural effects may be one resuH of miciowave irradiation. 
These effect= are manifested in the behavior of the animal by such overt 
action as avoidance of the radar beam    confusion and staggering while 
within the beam,   syncope     and.   in seme cases     convulsions   '   '       Further 
symptoms which may be of neural origin include   increased or decreased 
blood pressure and alteration of rate and depth of respiration   ' These 
effects are often seen prior to an elevation of body temperature,   and,   in 
fact,   some effects occur almost immediately on exposure to high intensity 
microwave  irradiation        '      The relative immediacy of the  response pre- 
cludes an explanation based on hypotha lamic temperature regulation mech- 
anism s 

The  reports on neural effects often indicate the possibility of direct 
15    6' central nervous system ir.\ oh emer.t This hypothesis arises 

from those experiments which show marked nervous  system involvement 
as a result of irradiating the head of an animal when contrasted with irra- 
diation of some other region,   such as the lumbar region      Apparently it is 
also of importance in producing the desired central nervous system effect 
if the animal's head is  oriented   n =)  favorable position with respect to the 
electromagnet ;c radiation" 

Most interesting are the reports that animals  are aware of some type 
of painful stimul'ir: when irradiated   ' ;r fjct.   the  stimulus maybe suf- 
ficiently intense to arouse the subject fron-  anesthesia. 

Although a great many effects of microwave irradiation may be based 
on an overall rise m body temperature     and thus attributed to microwave 
heating    the neura1 effects     b\; reason of their rapid onset,   seem not to 
fall under this general pattern      They may be classed by some along with 
other effects,   perhaps     as non-thermal microwave effects      However,   it 
is the purpose of this paper to demonstrate that  the neural effects  of mi- 
crowave irradiation,   particularly  i cm     radar     may be attributed to the 
heat produced by microwave  irradiation 

1    2   Nocicepti'.e Refiex  Pathv-ay- of the  Peripheral  Nervous System 
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and the Spinal Cord     Grutzner and He'.denham :.n 1878    had observed 
during work on vasomotor reflexes that nociceptive reflexes-^ with marked 
increases in blood pressure were elicited by heating a peripheral nerve, 

o 
C     Vor. Euier     recognized their work and that  of others,   and utilized 

the phenomenon as an aid in determining the proportion and k.nd of fibers 
contained m a peripheral nerve      Prior work bv Rar.son    showed that 
pain and temperature sensations elicited at temperatures over 40    C    are 
principally carried in the ur.myeiinated fibers making up the afferent 
group of a peripheral nerve      He showed that nociceptive reflexes were 
most easily elicited from skin areas which were richly supplied with un- 
myelinated fibers and that m nerve regeneration nociceptive sensation 
returns at *he  same time the unmve lira ted fibers-have grown out,     It is 
generally accepted now- that the unmye I mated fibers are specifically lo- 
cated at the po'n»  of entrance into the  spinal  cord where thev pass to the 
tract of Lissai'.er md the substantia gelatinosa Rolandi      At the point of 
entrance  into the  spinaj cord the  ur.mvelmated fibers become differen- 
tiated from the mye]mated fibers and lie in the lateral section of the 
root bundles     while the myeJmated fibeis enter in the medial  section, 
Ransor. and Bi'i'.r,    !ey* J severed the lateral section of the  spinal root, 
thereby severing the  unmyelmared fibers     preventing any nociceptive re- 
flexes to strong Faradic stimulation of the  distal end of this  root      These 
nocicept:ve reflexes were,   however.   Still present if only the myehnated 
fibers were severed bv ;i media! incision in the root and the distal end 
stimulated 

Ranson   ' found that tht     ■ lmyelinated fibers ascend vent rolate rally 
to the tract of Lissauer and the substantia gelatinosa Rolandi      Ranson 
and Hess       found that the tiact of Lissauer and the substantia gelatinosa 
Rolandi form an organ for  the reception and inter segmental conduction of 
afferent pain impulses.    Some impulses from this  region    passing over 
the spino-thalamic tract    would reach the cortex .md find expression as 
conscious  pain,   while other impulses ascending and descending within it, 
would produce pain reflexes     that is     nociceptive leflexes,     In their stud- 
ies on the vasomotor reflex aics    Ranson and Billmgsley      also showed 
that both pressor and depressor reflexes o",n be transm.tted by the unmye- 
linated fibers but 'hat their intraspinal tracts are differentiated. 

/V    A nociceptive reflex may be def"<     A as a reflex which comprises move- 
ments for protection or defense     or for the withd of the part from the 
noxious agent      Thev are prepotent,   other less  urgent  reflexes being for 
the time  inhibited    and thev are imperative      A nociceptive reflex may be 
accompanied by alterations   in the action of the autonomic nervous system. 
Perhaps the autonomic  response may be  included with the nociceptive  re- 
flex    inasmuch as the fright or flight responses involve  involuntary acti- 
vation of visceral musculature     glandular substance     vascular tissue,   and 
respiratorv action which are related to protection ^nd defense 



* 

The nccicept:ve  impulses are conducted by unmyelmated C fibers     , 
and by the fibers of the  O group'   .   and.   in addition,   by the thinly    mye- 
iinated nerve fibers i5 -   i6-   17     18 

19 
Finally,   according to Sjoquist      ,   pam impulses in the head region are 

probably conducted by the thin myeiinated fibers in the trigsminal nerve 
of man 

1   3    The Response to Thermal Stimulation ot Mammalian Nerves 
Von Euler's experiments0 on thermal stimulation of mammalian nerves 
were undertaken in order to develop a means of determining the ratio 
and amounts of myeiinated and unmveiinated nerve fibers making up a 
peripheral   nerve fiber      He wa? able to correlate the ncciceptive res- 
ponse obtained with the kind of nerve studied and with the actual anatomi- 
cal count of The number and ratio of the different types of fibers which 
make up the nerve. 

In his experiment; ,   Von Euier used decerebrated cats in order to study 
the  spmaJ reflexes which are involved in the nociceptive response       The de- 
cerebrated animal is ideal in this respect for two reasons 

1      The  animal may be anesthetized w:t.h ether,   decerebrated,   and al- 
lowed to come  out of anesthesia.     Decerebration prevent! the need for a 
central anesthesia and allows spinal and medui-   ry reflexes to operate 
unsuppressed 

2.     The decerebra'ed anima 1 exhibits strong extensor tonus which 
causes the   animal 'o assume a stiff,   i:mb:   outstretched,   positron.     The 

f back may be arched dorsa'ly.     This tonus  can be overcome,  however,  by 
a  strong st.mulus which in the conscicuf animal would appear to cause be- 
havior indicative of a. painful stimulus,     This  stimulus in a decerebrate 
cat is prepotent over extensor tone and causes marked flexion in the ipsi- 
lateral  limb and hyper extension of the cortralatetal limb 

Von Euler exposed but d-d nor cut the nerve under investigation and 
placed over a short  section of the exposed ner^e a 'hermode which con- 
.isted of a   ''small lacquered metal container with a cross section like a 
shallow  U forming a deep narrow groove for the nerve   ''   A thermode  1 cm. 
long was preferred       The temperature of the "hermode was  regulated and 
either  .ncreased or decreased bv me .ins of circulating water,   the tempera- 
ture of which wa?  measured bv mean'  of i  thermocouple 

The ra'e «rid depth of respiration,   blood pressure,   and puise pressure 
were measured and recorded simultaneous,.y with the temperature of 
the thermode       As *he 'hermode wai warmed up to between 42 and 45     C, 
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a  strong nociceptive reflex was produced»    Note tha' the temperature is 
about 110°to ]13° F. ,   and local application of heat at *h..s '.emperature 
would no*  :r. general be thought critical to any physiological function.    In 
particular,  this local warmth would hardly be e>Dec'ed to produce the fol- 
lowing nociceptive response which it described by Von Euier   . 

"The animal responus as to severe pain.    Flexor contraction occurs in 
the ipsilateral leg and extensor contractor, in the opposite one.     The body 
bends ventrallVi   and the head :?. pulled back towards the trunk.     The 
breathing .s greatly affected,  bu' varies from animal to animal.    As a 
rule,  the amplitude is decreased even down *.o ipnea; the frequency either 
increases or slows do«n>    The blood pressure measured ir the carotid 
artery rises  steeply.    In most cases,   the „ncrease is between 60 and 70 
mm Hg i . . '' 

2.0   EXPERIMENTAL 

It seem' possible that there may occasionally result during microwave 
irradiation oi man and experimental animals situations in which sensory 
nerves lying close to the skin may rapidly heat as a result of irradiation. 
The local hea* 'nay be retained locally if fhe nerve is embedded m and over- 
lain by relatively microwave-transparent fat, which would act as a thermal 
insulator ,     The relative Iva sciilar.ity of neural and fatty t-ssue would in- 
hibit local cooling by the blood.    It is possible that a loca_ temperature of 
112    F.  maybe reached at and within the nfr-e  while the surface of the 
skin overlaying the nerve may be hea'ed to a  lessei  degree.    In addition, 
the mean temperature of the   systemic blood may not have time to reach 
the level necessary *o trigger the hvpo'halamic temperature compensating 
response,     if such a  situation should ex. st the subject mr: experience a no- 
ciceptive ref:ex    including an elevation of b.ood pressure and perhaps a 
sensation of pain. 

In order to illustrate the possibility of such a nocicept.'^e reaction oc- 
curring with microwave irradiation,   ar.d to explore   'he possibility of side 
effects resulting from micro« a ve -heat .nduced    oc.cept ve reflexes,  the 
experiment;,  reported in th*s  section were 7-ierformed 

I. 1    in Si'ii Tr radiation of Eypo-ed N< rve   Trunk:-,     S'nce the  3 cm    micro- 
wave source available to us at this  laboratory is nor very nowerful,   t.   . 
nerves to be irradiated and studied we re e> posed by reflecting overlaying 
sk.n wh'ie leaving 'he nerve  sheath Intact.    In addition,  exposure of the 
ner'e allowed thermistor esvraa'ion of its temperature to he made       The 
thermisto^- probe was pvaced under 'he nerve,   proper  shielding of all areas 
except the e\por-.ed nerve and arefi  immediately adiacent assured that the 
microwave irradiation was absorbed, locally.     The 'emperature of the region 
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surrounding the nerwe  under  study and the bodv temperature were not el- 
evated      The  3 cm    microwave radiation used in these experiments was 
pulsed at  1000 pps      The obiect t o be -rradiated was placed about 4 cm 
from the horn in the near field and rece'.ved a power density of about 0   2 
watts/cm^ 

2   2   The Effect of 3 cm   -Microwave     irradiation on the Exposed 
Sciatic and   Rad.ai Nerve of the Deeerebrate  Cat 

2   2   1    Preparation of the Animal       The animals were anesthetized 
with ether and decerebrated    the bra.n being reinoved as far back as the 
tentorium      The sciatic nerve wa? located and exposed but kept moist 
with normal  saline.    The carotid arteiy wa? cannulated for blood pressure 
measuremer,!      The cats were allowed to recover from ether anesthesia3 

but as a result of the decereb-a*ior: remained unconscious 

The animal« generally developed good deeerebrate rigidity with strong 
extensor tone and stiff limb extension      It was necessary to apply consid- 
erable force against the fee  of the Cat:- while supporting the  shoulder or 
back in order to flex the  limb- 

Measurements of respint'on    pulse ra*f    and blood pressure were ob- 
tained    before     during    and after  irradiation 

2   i   I   Microwave  Irradiation of the Exposed Sciatic and Radial 
Nerve of the Deeerebrate Ci1       Irradiation of 'he e>r.o--ed sciatic or ra- 
dial nerve of 'he deeerebrate cat caused 'he '.crr.pe rotur e of the irradiated 
nerve to increase gradually above body temperature     The animal remained 
quiet Si the tempera'ure increased 'o kboul  45    C      wher. 'here generally 
occurred-"   sudden    marked    nociceptive reflex from the previously quiet 
animal     Generally, 'lie animal flexed the ipsilateral limb and further 
extended the cor.t ralater al limb      Movements of the forelimbiv    head, 
and back often occurred     Immediatly following the firs' sign of move- 
ment,  there occurred a steep rise  .n blood pressure 40 to 50 mm/Hg 
above base  line      The  maximum • alue v ould bo  ''cached in about 5  sec- 
onds      Even m cases where no movemenl  of the  irnbs  occurred    the 
blood pressure roce Steeply       The  respiratory effects  general,y followed 
a pattein of apneS followed by increased rite and depth ot respiration 
In some caces   however    alteration ol respiration did not occur 

If the  radar was turned off and*th(   temperature ai'owed to drop    the 
anima'  re   extended hi^   leg and the blood pressure dropped rapidlv      If 
the r.^dar was kept on   but the temperature maintained by pulling the 
power    the food pressure dropped slowly      If the temperature was grad- 
ually increased   the bleed pressure could be maintained at an elevated 
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leve] (Table 1 and Figure  1)      The same response could be obtained from 
the radia: nerve | Table I, 

After perhaps ten repetitions of this treatment,   some animals were 
slower in returning to a normal blood pressure,   pulse rate,   and respi- 
ration pattern      The b.ood pressure became depressed,   and the pulse 
rate quickened and weakened,    The respiration became periodic      Gen- 
erally    further irradiation to the point of ehcitat.on of the nociceptive 
response often resulted in the death of the animal, 

2   2   3   Movie  of the Nociceptive Response of a  Decerebrated Cat 

2   2   4    The Effect  of Infrared Heating on the Exposed S: lat.ic Nerve 
of the  Decerebrated Cat Von Euler  clearly demonstrated the effect 
of warming exposed sciatic nerves (and other  sensory nerves) on numer- 
ous cats   and on rabbits,   and his results appear identical w> th  ours,     There- 
fore,   it was considered unnecessary tc run a series of e> pe r lments in 
which the nerves were heated bv a means  other than microwave heating, 
however    infrared was tr <ed ma few cases (Figure 2. >,  and a nociceptive 
response identical to that induced by radar was obtained at about 40    C 
The lower  'empera'ure reading may be accounted for by the  location of 
the thermistor under 'he nerve      The probe d d net Indicate    thereforej 
the temperature ^ 'he upper surface of the infrared irradiated nerve 
which surface would be at a higher temperature since absorption of in- 
frared is move superficial than the absorption of 3 cm, microwave irra- 
diation     Mechanical Stimulation of'he nerve by crushing it after mfra.- 
red irradiation showed the nerve to hf  Still responsive      Indeed the no- 
ciceptive effec*  obf ^ined from  .     ,.    *; the rerve v.i'h a hemostat is no 
more  intense than the effect  obtained by thermo- stimulation 

2   2   5    The Effect  of Cooling 'he E\po-ed Sciatic Nerve of the  De 
cerebrated Cat,   during Microva-e  Irradiation As a control (Fig- 
ure \i the nerve was  irradiated,  and a nociceptive response was ob o 
tained at about 45    C      After the an-ma'  recovered    the nerve was again 
irradiated at the tame powei    tensity hut prevented from heating above 
40    C    bv bLow-.ng coo; air o- er   ,t      The  ^rr..d a'ion was continued for 
longer periods than those previously requ-red to elicit »he nociceptive 
response      No nociceptive  response was  obtfl ned from 'he  irradiated 
cooled     sciatic nerve while it was being cooled.     When cooling was 
stopped   however   a nociceptive response occurred 

^  3   Microwave  'rrad.atior. ofthe Zyg^omal ;c Branch gfjjhe Facia' 
Nerve and the  TT seminal Nerve   n 'he DeceTebr-i'c  Cat 

2  3  1    Theory     Nerve- rich in  sensory fibers ofthe C and 
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class were shown by Von Euler to be highly responsive to thermostimu- 
lation      Among the sensory nerves which are rich m sensory fibers are 
the cranial nerves,   particularly the tr lgemina I and the facial      Although 
the trigemina'. nerve emerges from the side of the pons and the facial 
nerve from the lower border of the pons,   these nerves belong to the pe- 
ripheral nervous system rather than the  central nervous system      The 
peripheral branches of these nerves leave the  skull through foramina 
and pass along the bony structures  of the head just below the skin      These 
nerves are generally protected by insulating t.ssue where they lie most 
nearly exposed to the elements      Nerves m such exposed positions  may 
become easy targets for microwave heating,   especially if the head is 
oriented to allow the nerve to receive maximum microwave energy 

2   3. 2   Results.     in order to test this assumption    the zygomatic 
branch of the facia] nerve of a decerebra'ed cat was exposed and irra- 
diated with 3 cm    microwave irradiation      As the temperature of the 
nerve reached about 45° C    there was a weak nociceptive response; 
there was no movement,   and the blood pressure rose moderately      The 
branches of the trigeminal nerve were exposed,   and at about 45     C. 
there was a strong nociceptive  response     head movements were  observed, 
and the blood pressure rose sharpjv 

2   4   Microwave  Irradiation of Skir Areas  Richly Supplied with Sen- 
sory Fibers Contrasted with Skin Areas  Poorly Supplied with Sensory 
Fibers 

k   

2,4   1    Theory     The nerve trunks,   sciatic     radial,  trigeminal,   fa- 
cial,   which have been investigated <\re bundles composed of individual 
nerve fibers which are distributed ?r.d dispersed peripherally under the 
surface of the skin at  various depths and within the  subcutaneous tissue. 
Microwave irradiation of an area  of '■-kir. r'chiy supplied w th thi'se fibers 
would perhaps penetrate readily to a deD'.h within the skin where the nerve 
fibers lie      Thus     thermal stimulation of iarge numbers of sensory axons 
distributed within an irradiated aie-t should be as effective  m eliciting 
the nociceptive response as dnec'  IT radiation of a nerve trunk composed 
of bundles of-these fibers. 

2   4   2    IT radial ion of Feet and Fore'.eg'.-  of the Decerebrated Cat - 
Sensitive Region        The feet and the  leg region Just above the  feet of a 
cat are areas richly supplied with sen^orv nerve fibers      A small area 
about   1/2   nch square was  irradia'ed at  4?,     Q       as  indicated bv a ther- 
mistor piaced under the skin    a  sfTor.g nociceptive ref'ex occurred,   and 
the decerebrate an-.ma I withdrew h.s foot      The effect could be repeated 
with both fore.imb and hind hmb (Table   !> 



A triangular flap of skin including the subcutaneous tatty tissue was 
dissected from underlying tissue but not detached from the foreleg (or 
hind leg; skin at the proximal base of the triangle.    The exposed limb 
muscle and tissue were wrapped :r, gauze and moistened with normal 
saline.    Aluminum foil was wrapped around the hmb at this site and 
covered with moistened gauze.     The thermistor probe v/as placed on the 
gau.',e,   and the flap of skin placed over the gauze and probe      Except for 
this skin flap,  the rest of the leg and the animal's body were  shielded 
from microwave irradiation,    The radar was turned or,a   and at about 43 
C.  a sharp rise  in blood pressure occurred (Table 1). 

2.4.3    Irradiation of the Ventral Surface of the Decerebrated Cat- 
A Region Poorly Supplied with Pain Fibers.    A the-mistor was placed 
under the abdominal skm of a decerebrated cat,  and an area about 1 inch 
square was irradiated.    No change in blood pressure  or respiration rate, 
nor any movement was observed.     The temoera.ture was allowed to reach o       ' 
55     C. ,   when a slight response  . rcurred.     This response was then com- 
pared with irradiation of forepaw skin,   and the blood pressure was seen 
to rise a? the  subcutaneous temperature reached about 40    C    I Table  I), 

A flap of ventral  abdominal skin 1 in,   square was dissected fr.ee from 
underlying 'issue except for one  side (near the midline)  -2nd prepared in 
the manner de^cr^bed for the leg sk.n flap (2.4.2!,    The   ' <1 .  was turned 
on    and the tempera* ure rise was allowed to continue until the skin had 
a cooked appearance (-"-60    C. ).    No change whatsoever   occurred in blood 
pressure or respiration,   nor was there any sign ot movement (Table  I). 
As an intermediate region    the skin abo-'e the  ribs of a deceTebrate cat 
was irradia*ed      Not until the temperature r;:-p exceeded 45     C.   did a 
significant biood pressure rise occur.     The press or reaction resulting 
from Stimulation of this region was less thin 'hat obtained from the ex- 
tremities . 

2,4.4   Microwave Irradiation of the Cranial Skin of the Decerebrated 
Cat.       A 1/2 T.ch square secion of sk'n over th*.   frontal region of the 
skull of a decer< brited cut was exDOSed to 3 cm,,   microwave irradiation;' 0 
as the thermistor under the skin indicated 43    C, ,  a sudden,  strong,  no- 
Ciceptive  reflex with he "id movement I ind rise  in blood pressure was pro- 
duced   (Table  !*      A'  a  comparison     the   shin ovei   the back of the  cat,   which 
is a region poor in sensory f,berc       ..    irradiated without effect, 

2.5   The Effect of ■ Sympathoiytic Drug     Dibenamine,     That the noci- 
ceptive response produced bv microwave irradiation involves the sympa- 
thetic nervous syatemteems pTbbable, and La order tötest this possibil- 
ity a sympathoiytic drug was used .r order fo block the  response of the 
sympathetic ner- on-   system *o'.he nociceptive  Stimulus 



An exposeu iciatic nerve of a cat anesthetized with nembutal was ex- 
posed to 3 cm    microwave irrad:a*ion    and an increase la blood pres- 
sure elicited.    Two mi.   dibenamme was then infused into the femoral 
vein and 20 minutes allowed for the dcse to take effect      No blood pres- 
sure changes of significance were observed on subsequent irradiation 
(Table I). 

2.6.     Local 3 cm    Microwave Rad.a*;on of Anesthetized Cats.    Von 
Euler in his wgrk on selective responses to thermal stimulation of mam- 
malian nerves'' indicates that the blood pressure response (pressor) re- 
main in cats which have been anesthetized with chioralose.    It was desired 
herefore to investigate the effect of this anesthetic on an intact cat. 

The sciatic nerve in a cat anesthe'  zed with chioralose was exposed 
and irradiated with 3 cm,  microwaves      At about 43° C,   a sharp in- 
crease in blood pressure was observed | Tabie I). 

The right rear paw of a cat. anesthetized with nembutal was irradiated. 
A strong nociceptive response occurred at about 42 C. with micturation, 
alteration in respiration,   and subsequent trembling (Table I). 

3.0   DISCUSSION 

The experiments reported herein show that local heating by micro- 
waves of sensorv nerve trunks elicit^ a r.oc.ceptive response identical 
to that reported bv Von Euler for thermode temperature stimulation      In 
our experiments we have heated the sciatic or radial nerve by microwave 
irradiation,   and we have compared our  results with the temperature re- 

t sponse reported bv Von Eu'.er.    The average temperature at which Von 
Euler obtained h.s response,   abou'  45     C      corresponds with the average 
temperature at which we obtained response!      In our experience,   as in 
Von Euler's.   there was some variation in the temperature at which the 
response occurred     He found that the response occurred at a definite 
temperature within a range between 42    ard 4^    C      In add'tion to bio- 
logica      ar:ation infer.    ' above,   some error on our account may have 
occurred because v.e placed the hvpoderm.c thermistor  under the nerve, 
and    therefore    did not register its internal temperauire.     Often the 
movement  of the cat,   as a p^rt of its noc.ceptive reflex,  would displace 
the thermistor  and the subsequent temperature readings would be lost. 

For reasons stated in the introduction of this paper,   the nociceptive 
response of sensory nerve trunks to heal   :^   not a  response of the heat 
receptors of the  skin.     Indeed    there are no hea4  receptors in the nerve 
trunk at the  local site of irradiation      Therefore    we conclude that it is 
probably the '-ame unmyehnated and thin myeiinated fibers which were 
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shown to be reactive to heat by Von Eiuer,  that are causing the nocicept- 
ive response tom:crowai'e radiation induced heat repor'ed herein,    Wheth- 
er the myeimated fiber;, can be stimulated by radar induced heat in any 
way awaits further study. 

Sensory nerve fibers which lie rather   superficially ;n certain regions 
may perhaps be easily heated by microwave  irradiation.    Fatty tissue 
in which these nerve may be embedded would prevent loss of the heat 
generated at the nerve because of its thermal insulating properties and 
its poor vascularization.    These nerves may therefore respond to local 
microwave heating by a rise in neural temperature to the critical level 
necessary to produce the nociceptive response while nearbv skin and 
muscle tissue remains adequately cooled.     The head and feet  of an ani- 
mal,   and the head and hands of man.   are possible regions where local 
neural microwave heating may occur.     This would be particularly t3 ue 
if the   i   bjsct were  orien'ed with respect to the  radar beam so as to 
allow sensory nerve trunks to absorb a maximum of microwave radiation." 

A reasonable extension of the response to microwave heating bv large 
sensory nerve bundle-.- mentioned above suggested that areas of skin 
richly suppi.ed by sensory fibers of the  C and   o    type which make up 
the sensory nerve bundle would produce a nociceptive response when ir- 
radiated with 3 cm    microwaves,    The microwave heating may reach 
a sufficient depth within the  skin (dependent on the  radar frequency) to 
penetrate, t o the tela  subcutanea where .he cutaneous nerve fibers branch 
out under the dermis prior to send.ng perpendicular branches through the 
dermis and to the epidermis.     In contrast with microwaves     infrared ra- 
diation is primarily absorbed at the surface of the skin and produces its 
maximum heating at a depth which cor responds to the level of the heat 
sensitive thermal receptors..    As a result of infrared heating,  vascular 
chfenges in the skin take place which protec* the  deeper  lying structures 
from infrared damage and prevent the neural plexis  from reaching crit- 
ical temoeratures,    Surface evaporation and co;d environments aid in 
protecting against  mfrared radiation.    Microwave heat;ng is not a usual 
environment :ai challenge as is  infrared heating,   and the evolution of or- 
ganisms has not provided an adequate warning and pro'ect-ng mechanism 
for loca; heating of a penetrating nature. 

4   0   SUMMARY 

A nociceptive  reflex can be elicited frcm a decerebra.ted or anesthe- 
t lzed cat bv microwave  Irradiation.     The reflex includes a  sharp rise 
in blood pressure and puise rate,   changes in the rate and deptn of res- 
piration    and movements of the  limbs and body which suggest an attempt 
to withdraw from the Stimulus.     These   responses occur when an exposed 



sciatic,   radial, facial,  or trigemina! nerve reaches a temperature be- 
tween 42    and 47° C    as indicated by a thermistor probe.    The nocicept- 
ive response and the temperature at which it is elicited is identical with 
the response from a jacketed and water heated nerve trunk as described 
by VonEuler8. 

The response does not occur if the nerve is cooled while being irra- 
diated,  and it can be elicited by infrared heating      In addition,  the no- 
ciceptive response may be obtained by irradiating with microwaves 
skin rich in sensory nerve endings but not from skin poor in sensory 
fibers. 

The neural effects of 3 cm    microwave irradiation may be attributed 
to temperature stimulation of thinly    myelinated and unmyelinated 
sensory nerve fibers of the C and   r>    types,  either gathered in nerve 
buidbs or distributed beneath  "reas of skin richly supplied with sensory 
nerves of these kinds» 
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Comments on Papers Delivered at Tri-3ervice Conference on *   

Biological Effects of Microwave Radiation 

by 

Dr. Joseph H. Vogelman** 

1) A Preliminary Investigation of the Application of Magnetic 
Resonance Absorption Spectroscopy to the Study of the Effects-of 
Microwaves on Biological Materials. 

Drs. Pish, Storey, Truby and Rollwitz have demonstrated that 
magnetic resonance absorption spectroscopy is potentially a very powerful 
analytic tool for diagnosis^ that changes in living tissue manifest them- 
selves as changes in the fine structure of the absorption spectrum. 
Unfortunately the spectra associated with specific changes are not predictable. 
Even careful analysis of single compounds for their spectra would not permit 
the prediction of the spectrum of this compound in the presence of others. 
Ag a result, for living tissue, the complexity of the composition requires 
the tabulation of the spectra associated with each basic condition of the 
tissue before the change in the spectrum can be used for diagnosis. The fine 
structures in the spectra are modified by the interactions between ions and 
the existence of non-linear mechanisms in the nuclear magnetic resonance. 
The measurement procedure is critical if reproducible results are to be t 

achieved. The results are affected by the uniformity of the magnetic field 
over the sample as well as by the constancy of the amplitude and frequency 
of the applied radio frequency signal. 

2) Techniques for Relative Absorption Cross Section 

Drs. Schwan and Salati have presented a very ingenuous technique 
for obtaining an insight into the mechanism of absorption of microwave 
energy by living tissue. The technique they have investigated can provide 
a basis for analysis of the more complex configuration of the human head, but 
is not to be taken as an equivalent electromagnetic model. The thermal distri- 
bution associated with their liquid filled sphere will provide a qualitative 
evaluation but not an absolute quantitative representation. The ability to 
vary the dielectric and resistive characteristics of the liquid will permit 
the simulation of individual constituents of the humai head and provide a 
basis foi- obtaining the expected limits of absorption coefficient. This would 
provide a valuable first step essential to the treatment of the geometric 
effects on the absorption coefficient. The effect of geometry must not be 
overlooked, lhe  amount of energy absorbed by a material of given dielectric 
constant and resistivity can be greatly increased if the material is formed 
into a pyramid pointed toward the source of radiation. The various 
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geometries encountered in the human form will enhance or decrease the 
energy absorbed, depending on the orientation and the frequency of the radio 
signal. 

* Consultant to the Tri-Service Ad Hoc Committee 
# Dynamic Electronics-New York, Inc. 

• 
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Comments on Papers Delivered at Trl-Servlce Conference on 

Biological Effects of Microwave Radiation 
■ 

by 

Dr. Milton M. Zaret* 

As an ophthalmologist, I was particularly interested in the lack of 
description of refraction and diffraction in Dr. Silver's Präsentation 
on the Physical Aspects of Microwave Radiation. It may well be that these 
two phenomenon are not as important in the microwave band as they are in the 
visible spectrum. However, microwave propagation does follow optic system 
patterns and certain unexplained observations may be better understood if 
so described. 

Diffraction, for example, is the optical phenomenon whereby microwave 
energy can be condensed as it passes through steel wool. It also explains 
the danger of wearing wire mesh on safety goggles. It may be responsible 
for the production of side lobes. A system of diffraction grids may prove 
to be the means of measuring the quality of a microwave field as well as its 
intensity. 

Refraction probably does not occur in the eye. I do not believe that 
dimensional resonance occurs in the eye, either, because the eyeball is 
intimately surrounded by other soft tissues which form a similar media. The 
first discontinuity of media occur» at the bony surface of the orbit. The 
orbit is shaped like an imperfect concave mirror and it can be assumed that 
a beam of microwave radiation striking this surface would condense the 
reflected portion of the beam to form a caustic near the focal point of such 
a system. This location for the caustic would coincide anatomically with 
the vitreous humor and it may be a more important factor than the faulty 
vitreous circulation in producing the temperature gradient within the eye. 
ne seeming discrepancy between Dr. Carpenter's group at Tufts and 

Dr. Aldington's group at Buffalo may be resolved on this basis as they 
used different wavelengths. 

Refraction and the importance of focussing a caustic really came to 
mind when Dr. Bach presented his fascinating work with monkeys. The 
animal's bony skull is shaped like an imperfect convex lens and therefore it 
would focus a beam of transmitted microwave into a caustic instead of a 
focal point. Ahe distance of the caustic from the incident plane of the 
skull would vary with the wavelength and thus seemingly small variations in 
megacycle operation would be significant in locating the distance of the 
caustic from the surface of the skull. In addition to this, the critical 
nature of head tilt so that it was necessary to align the roof of the fourth 
ventricle and the aqueduct of Sylvius in the axis of the caustic was moat 
significant to me. In so doing, all of the neuro-ophthalmological findings 
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