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ABSTRACT 

This paper analyzes and compares the results of experimentation 
and statistical data collection both in the United states and abroad 
in the field of biological effects of microwave energy. The spectral 
region of interest extends from a fraction of a centimeter to approxi
mately 50 centimeters, i.e. those wavelengths where biological speci
mens and man are commensurate in physical dimensions with the wave 
length used. The comparative analysis groups the experimental and sta
tistical results into three catagories: thermal effects (average 
power), peak thermal effects (peak power}, and non-thermal effects 
(resonance, etc)., Some con~lusions are presented based on analysis 
of the limited data available. New investigations and methods are 
suggested to help supply reliable data w~ich could lead to useful 
medical tools. · 

I. INTRODUCTION 

Since the introduction of high power 
radar and communication equipment into 
general military and civilian use, a great 
fear of the potential damage to the bio
logical functions of man from th1s type of 
radio energy has produced a fairly large 
number of experimental and statistical 
investigations into the effects of micro
wave energy. Unfortunately, the majority 
of the investigations suffered from inade
quacies of either technical facilities and 
microwave measurement skills or insuffici
ent control of the biological specimens 
and the criteria for biological change. 
However over the last ten years a series 
of research programs have begun to produce 
results in certain areas which can be con
sidered sufficiently reliable to permit 
drawing some generalized principles. More 
importantly however, we are now in the 
position to define the areas that require 
further research and to establish tech
niques for producing results that could be 
considered reliably conclusive. 

The major impetus in this field was 
the United states Air Force program to 
extablish a safe level of exposure to 
microwave energy for military personnel 
required to work on radar. In the ten 
years.since the start of this program, a 
large number of experiments have been con
ducted using available military and in-

L__ _____ --

dustrial microwave sources. The major 
efforts have been in the United States and 
in the Soviet Union. A major segment of 
the experimental results can be dismissed 
as essentially useless since there are 
major defects in the experimental pro
cedures, the biological criteria or the 
statistical significan~e of the results. 

All the experimental and statistical 
results can be divided into three cate
gories: 

1. THERMAL EFFECTS 
2 • PEAK THERMAL EFFECTS 
3. NON-THERMAL EFFECTS 

The category of "thermal effects" 
includes all those experimental results 
which can be duplicated completely by 
exposure of the same organism or specimen 
to infra-red or other sources of heat. In 
this catagory, only the special deep pene
tration properties and the special absorp
tive characteristics (function of dielec
tric constant and loss tangent of medium) 
differentiate microwave energy from infra
red energy as a useful source. 

The catagory of ":,eak thermal effects" 
has been used to include those experimental 
results which under certain circumstances 
can be. directlysimulated·with pure thermal 
energy and under other c.i:rcwnstances pro
duce results much more pronounced than the 
same quantity of thermal energy. Consider-
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/ abl~ · additional research and experimenta
/ ·•tion is mandatory in this catagory if 

:/ significant conclusions are to be obtained. 

~ 
Since there have been a body of re-

sults which are not explainable in thermal 
terms, these have all been combined in the 
single "non-thermal effects" category. 
Also inclu<:'led in this categc,ry are the 
resonance phenomena associated with the 
molecular structure of the biologicc>l 
material. 

II. MICROWAVE CHARACTERISTICS 

Certain specific characteristics of 
microwave energy are the major factors in 
the biological experiment. These charac
teristics differentiate microwaves from 
thermal and ionizing radiation in terms of 
exposure of biological specimens. These 
differences play an important part in help
ing to define the biological hazard and 
its potential uses as a diagnostic and 
treatment technique. 

The most important characteristic has 
proven to be the ability of microwaves to 
act as a cource of thermal energy at a 
depth. With the wide range of wavelengths 
available, a frequency of operation cari 
usually be found to produce the desired 
internal heat without surgical techniques 
and without surface burns. rhe absorption 
characteristics (i.e. heating) are a func
tion of the specimen size in terms of wave
length used, the thickness of the layers 
involved and the water content. There is, 
to a reasonable degree, sufficient freedom 
of choice of frequency, beam shaping and 
shielding, modulation and power to achieve 
a desired time-dependent exposure level. 

·The ability to produce stable, single 
frequencies of polarized microwave energy 
is an important factor in investigations 
of non-thermal and in some cases thermal 
effects. Unlike infra-red and ionizing 
radiation sources, microwave power sources 
of almost single frequencies, variable 
over relatively wide bands, are available. 

III~ THERMAL EFFECTS 

HEATING 

In 1954 a series of experiments were 
reported from England describing an im
portant thermal application of microwave 
energy. Rats used as experimental bio
logical specimens were exposed to extreme 

cold in such a manner as to reduce their 
body temperatures to 0-1 degrees Centi
grade. rhree reanimation procedures were 
used to revive them: a hot metal spatula 
applied to the chest wall, a focused liqht 
beam to provide heat, and a beam of 3 GHz 
microwave energy. The local heating of 
the praecordium re-established the heart 
beat and reanimated the rats~ Where the 
infra-red and.spatula methods produced 
burns and a large percentage of secondary 
death (probably from the burns), the micro
wave reanimated rats showed no burns and 
no secondary deaths. (Ref. 1) To date, 
however, there have been no reports of 
uses of this technique on humans. 

The reanimation experiments together 
with other collateral evidence have 
demonstrated the utility of microwave 
energy to create elevated body temperatures 1 

or localized internal heating in cold 
environments for medical therapy or diag
nostic purposes. 
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LENTICULAR CHANGES 

Carpenter and his associates have re
ported the production of cataracts in 
rabbit eyes as a result of exposure to 
2.45 GHz microwave energy. (Ref. 2.) His 
data demonstrates that single exposures of 
sufficient power density will induce lens 
opacities. Of major significance is the 
finding that the power multiplied by the 
square root of the time required to 
produce opacitjes is a constant: 

POWER X ✓TIME = CONSTANT 

rhis relationship has also been confirned 
by him.in experiments at 8.236 GHz and 
10.05 GHz. Additional experiments have 
also been conducted at "sub-threshold" 
levels where a single exposure does not 
produce opacities. Repeated exposures, 
however, at these "sub-threshold" levels 
lead to the formation of opacities if the 
interval between exposures is only a few 
days. The major concern regarding these 
results is the validity of the power levels 
measured in the experiments. This is 
particularly important in view of the dis
agreement between carpenter's results and 
those of Seth and Michaelson. (Ref. 3.) 
Seth and Michaelson required exposure of 
similar levels for as much as one hour to 
insure lenticular changes in the form of 
rapid and complete opacification. Lower 
levels of exposure produced only transient 
intumescence of lens fibers. Repeated 



expo~ures for short periods did not 
produce any cumulative effects. Since the ,,, 

, Seth-Michaelson experiments, unlike those 
; of Carpenter, were done in free air, the 

/ experimental techniques may be a major 
/ source of the discrepancy and this must 

be examined furtl,er. Carpenter• s conclu
sion that the "sub-threshold" exposure. 
cumulative effects are non-thermal are 
partially confirmed by Polish research 
comparing the effects of microwaves and 
infra-red in the formation of cataracts. 
(Ref. 4.) Their conclusion, that it takes 
less microwave energy than infra-red to 
form opacities, would support a "non
thermal." conclusion. Zaret has found con
firming evidence of the formation of eye 
opacities in humans who have long histories 
of working with radar. (Ref. 5.) His work 
involved the examination of large numbers 
of radar workers and collating the oc
currence of opacities in this group com
pared to the population as a whole by age 
groupings. 
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STRESS 

Exposure of animals to microwaves 
have produced distress symptoms identical 
to those due to excessive heat exposure. 
These results have been obtained by all 
experimenters who have used whole body 
radiation of unanesthesized specimens. 
Michaelson, Thomson and Howland have also 
shown that in the microwave case the de
gree of distress is frequency dependent. 
(Ref. 6) The distress signs are less 
evident at 1.285 GHz than at 2.8 GHz at 
the critical rectal temperature for dogs 
of 106 degrees Fahrenheit or greater. A 
tentative conclusion from these experi
ments must be that the nervous system 
endings close to the surface are not being 
excited as much by the longer wave lengths 
because of the greater depth of penetra
tion. This conclusion is supported by 
some of the research in nerve stimulation 
discussed elsewhere. 

HEMATOLOGIC EFFECTS 

Many investigators have found sig
changes in the blood chemistry of their 
experimental animals after microwave 
exposure. Howland and his associates have 
reported changes of leucocyte and hemocrit 
levels and significant loss of.body water 
after microwave exposure. (Ref. 7.) They 
have also found that the leukocyte level 
changes were independent of the hemocrit 
or temperature increase. Their experi-

ments produced post-exposure lyrnphocy
topenia and eosinopenia depending on the 
duration of the exposure. The tolerance 
of the experimental animals to microwave 
radiation could be increased by lowering 
the ambient temperature and increasing the 
total water consumption by the animal. 
(Ref. 8.) The leukocyte changes were 
found to be related to frequency, field 
intensity and duration of exposure. These 
changes were accompanied by alteration of 
red blood cell life span and of bone 
marrow function. (Ref. 9.) The changes 
were greater and lasted longer for lower 
frequency exposures where the depth of 
penetration is greater. (Ref. 6.) 

NERVE STIMULATION 

Specific experiments have been con
ducted relating microwave exposures to 
neurophysiological effects. McAfee has 
demonstrated subcutaneous stimulation of 
peripheral sensory nerve fibers by expos
ing cats to 3 centimeter radiation and 
produc-ing temperatures in the nerve fibers 
of about 45 degrees centigrade. (Ref. 10.) 
These effects were found to be similar to 
that produced by direct heating of the 
same nerve when exposed. The frequency 
range most likely to evoke direct stimula
tion is found to be between 400 MHz and 
2 GHz. 

MORPHOLOGICAL CHANGES IN INTERNAL ORGANS 

The deep penetrating characteristics 
of the lower microwave frequencies are 
associated with internal changes. Long 
term daily exposures of mice to 100 milli
watts per square centimeter for 4.5 
minutes have produced testicular degenera
tion in the form of tubuleatrophy and 
neoplasms ·of the white cei1s. (Ref. 11.) 
These changes were not accompanied by any 
changes in body weight or temperature rise. 
Gorodetska in the u.s.s.R. exposed mice to 
3 centimeter microwave radiation and 
compared the results to those obtained by 

equivalent whole body heating in a tempera
ture chamber. (Ref. 12.) Unlike conven
tional heat, the microwave exposures 
produced albumina distrophy in various 
internal organs and micronecrosis in the 
heart and liver of the mice. He also found 
great ovary damage in the form of destruc
tion of follicular cells. 
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IV. PEAK THERMAL EFFECTS 

fJ In spite of the availability and 
/importance of peak power microwave systems 

1 and the considerable experimental work 
using such sources in microwave exposures, 
there have been little or no controlled 
experiments to separate the peak thermal 
effects from the thermal (average·power) 
or non-thermal effects. The author has 
undertaken to explain some of the differ
ence between results obtained by different 
experimenters in terms of peak power 
effects. This approach provides a reason
able basis for explaining the observed 
effects without attributing them to some 
mysterious "non-thermal" property. 

LENTICULAR CHANGES 

If the existence of peak power effects 
is accepted the difference between the 
results of carpenter (Ref. 2.) and Seth
Michaelson (Ref. 3.) can be explained to 
a reasonable degree. Carpenter's "average 
power" is produced by continuous wave 
generators such that the peak and average 
powers are the same, while Seth and 
Michaelson expose their animals to whole 
body radiation from high peak, low average 
power sources. Using the results of the 
thermal time constant experiments of Ely, 
Goldman and Hearon (Ref. 13.), it is now 
possible to explain the discrepancies. The 
eyes in the Seth-Michaelson experiments 
have time constants that are suffiently 
long that they do not rise to the -same 
temperatures, as in the continuous wave 
experiments, because of the very short on
time of the pulses and the thousand times 
as long off-times between pulses. On this 
basis it would take several times as long 
an exposure with pulses of sub-threshold 
levels as with cw. 

NERVE EXCITATION 

McAfee has demonstrated using continu
ous wave 12.5 CM microwave exposures and 
thermode stimulation of peripheral nerves 
that the physiological effects are purely 

.thermal in nature. Kamenskiy in the 
u.s.s.R. has demonstrated using both 
continuous wave and pulsed 12.5 and 10 cm 
microwaves respectively that a marked 
increase in excitation results on the 
application of pulses for the same tempera
ture rise on the nerves than either for 
CW or thermal energy. (Ref. 14.) In his 
experiments he found that the time constant 
of the nerves were between 0.1 and 1 milli-

second. With continuous wave microwave 
energy he produced results identical to 
those of McAfee (Nerve heating alone pro
duced the physiological stimulation and 
increased the excitability and conduction.) 

.However, the application of 1.0 micro
second pulses at 700 pulses per second 
produced one and one half times the excit
ability and 5 to 10 times the conduction 
than would be expected from the same nerve 
temperature rise using non-pulsed sources. 
In terms of peak thermal effects Kamenskiy's 
results can be explained. For nerves with 
decay times of 0.1 to 1 milliseconds, it is 
entirely feasible to expect nerve reactions 
to single pulses _of one microsecond duration. 
The stimulation caused by a single pulse is 
related to the peak power and not the aver
age power. If the pulse stimulation is re
peated during the decay time the effects 
will be cumulative even though the average 
temperatures of the nerve in these experi
ments were related to only .0007 of the peak 
power. The shorter the stimulative time of 
the nerve in comparison to the decay time 
the more pronounced will be the physiological 
effect of pulsed microwave irradiation. 

OTHER EFFECTS 

The author has conducted several ex
periments with non-biological specimens 
which should have an analogy ~n yivo._Flash 
bulbs and explosive detonators can be 
ignited by single pulses of high power micro
waves. These pulses have energies which 
would be too low to cause ignition if re
placed by average powers equivalent to 
averaging the single pulse energy over a 
second. It has also been possible to "pop" 
corn kernals with only a few narrow pulses 
of microwave energy. Research into the 
existence of analogous biological effects 
is needed. 

V. NON THERMAL EFFECTS 

Included in this catagory are the more 
important biological effects that cannot be 
explained in terms of thermal or peak 
thermal phenomena. Increased knowledge may. 
change the characterization of some of them. 

MOLECULAR AND MICROSCOPIC EFFECTS 

Molecular and microscopic changes have 
been reported in biological materials by 
various investigators. The earliest experi
ments dating back to 1946 were reported by 

l 
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' anEverdingen in Belgium. (Ref. 15.} Using 

j,6 and 10 centimeter microwaves, he was 
able to cause changes in cancer_cells with 

.'a resultant reduction of tumors. Hubner in 
/Germany has reported molecular resonance 
1 

experiments at the Hygenic Institute in 
Halru)urg. (Ref. 16.} Presman, Kamenskii 
and Levitina have reported the use of 
microwave electron-paramagnetic resonance 
to determine. dipole moments of protein 
molecules and to ellucidate the structure 
of crystalline proteins, amino acids, 
peptides, etc. (Ref. 17.) Susskind and 
Vogelhut have reported Hall effects in 
wat2r and the existence of protonic semi
conductors in biological materials. (Ref. 
18.) Schwan has investigated the orienta
tion of non-sperical particles and the time 
constants for pearl chain formation. (Ref. 
19.) Frank-Kamenetskii in the u.s.s.R. has 
produced an experimental program for the 
measurement of resonance effects in living 
cells. (Ref. 20.) 

MORPHOLOGICAL AND BLOOD CHEMISTRY EFFECTS 

A number of experimenters and clinic
ians in the u.s.s.R. have concerned them
selves with the effects of repeated and 
long term exposures to microwaves. Presman, 
Kamen·skii and Levi tina have reported that 
chronic exposures to low intensity (no 
thermal effects found) microwave energy 
have caused pronounced functional changes 
in brain function in the form of excitement 
of the subject and modification of h:f,_ 
inhibitions. (Ref. 5.} They also found 
that 30 minutes exposure to 5 milliwatts 
per square centimeter produces changes in 
blood serum and in the EKG of.dogs, to
gether with a fall in blood pressure, a 
change in heart rhythm and a change in 
blood clotting time. Laytes and Shurikhina 
experimented at 2.375 GHz with animals and 
found changes in ascorbic acid levels in 
the adrenal cortex indicating an initial\ 
enhanced ejection into the blood stream of 
a hormonally active secretion. Bartonicek 
and Klimov in Chechoslovakia have reported 
blood pressure and blood sugar level in
creases accompanied by decomposition of 
albumina after exposure. (Ref. 21.) Kerova 
of the u.s.s.R. has reported producing 
increased RNA and decreased DNA after 
exposure to microwave energy. He also 
found that the exposure produced an in
activation of Rn-ase and Dn-ase. (Ref. 
22.) 

RESISTAfTCE TO X-IRRADIATION 

Presrr1.n and Levitina in the u.s.s.R. 
(Ref. 23.) and .rv:ichae lson, Thomson and 
Howland in the U.S.A. (Ref. 24.) have re
ported a significant increase in the 
resistence of mice tc X-'-irradiation. The 
u.s.s.R. experiments showed that exposure 
of animals to 15 milliwatts per square 
centimeter of 12 centimeter continuous 
wave radiation increased the survival to 
X-irradiation from 50% to 83%. The u.s. 
experimenters found similar improved 
resistance for mice, rats and dogs pre
treated with microwaves prior to e):{pcsure 
to X-irradiation. 

VI. CONCLUSIONS 

A group of results have been presented 
to illustrate the biological effects that 
can be obtained from microwave exrosures. 
It demonstrates the need for more, tech
nically accurate, closely controlled 
experiments particularly in the areas of 
"peak thermal" and certain non-thermal 
effects. 
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