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COMPARATIVE ASPECTS.OF RADIOFREQUENCY AND MICROWAVE BIOMEDICAL. RESEARCH* 

Sol M.· Micha~lson and Her.man P. Schwan 
Department of Radiation Biology and Biophysics 

School of Medicine and Dentistry 
University of Rochester 

Rochester, New York 

and 

Department of Electrical ·Engineering 
Moore School of Engineering 

University of Pennsylvania 
Philadelphia, Pennsylvania 

Abstract , 

Physical "sealing" and comparative biomedical aspects of size, metabolism, and thermal tolerance are 
discussed as criteria for selecting experimental animals to assess biologic effects and potential hazards to man 
from exposure to microwaves. 

A careful review ahd crltical analysis of the· 
1 iterature on biologic effects of rf and microwaves 
indicates the dilemma in trying to assess the real or 
imaginary,. actual or potential hazard to man from 
exposure to these energies. Part of this dilemma is 
a reflection of lack of appreciation of past scien
tific achievements as well as lack of conceptual 
approaches to future research in this field. It is 
helpful to delineate the information into several 
categories such as a) Biophysical (primary events -
absorption, reflection, scattering, heat sources,. 
molecular and cellular biology}, b) Biomedical (bio
chemical and pathophysiologic ,manifestations in . 
experimental animals), and c) Clinical Response of 
Man. 

The biophysical approach in essence deals with 
fundamenta 1 co,ncepts usua 11 y in re 1 at ion to a compo
nent rather than a majo~ biological system.or the 
entire organ Ism. It· ut 11 i zes whatever.knowledge 
exists or has to be gained.by corresponding research 
on the constituent parts of the tissues, i.e., mem
branes, proteins, amino acid properties, etc., and 
attempts by synthesis to predict what happens to the 
complex system as exemplified by the whole organism 
such as man with his integrative and homeokinetic 
control mechanisms. At the systems level, biophysi
cists make extensive use of models of a mathematical 
nature or of experimental design .,(such as layers of 
tiss~es, spherical or cylindrical or real shape simu

_lations of man). The biophysical approach has great 
strength in providing principles of understanding and 
planning. Its weakness 1 ies in the debatable simpl I
city of its models no matter how good the knowledge of 
the principle properties of the constituent part. 

At the other end of the scale; the "clinical" or 
"black box" approach is"predicated on recording the 
effects of actual e_xposure. This approach has its 
strength in providing a hoped for definitive answer to 
a definite investigation of a most complex system. An 
essential ingredient of this approach is that the . 
experiment ls well-conce.lved, appropriately conducted, 
and an intelligent relationship of exposure to an 
appropriate biological -endpoint is established. The 
weakness of this approach stems from the difficulty of 
extrapolation to larger animals or man from small 
laboratory animals with differences In methods and 
capacities of thermal regulation, different absorp
tion cross section, body size and surface area as well 
as metabol lc rates. · These differences impose great 

difficulty in establishing cause and effect relation
ships unequivocally in the face of considerable 
statistical problems. 

From the aspect of biophysics, the electrical pro
perties of tissues observed at microwave frequencies 
have been very well investigated,· and the electrical 
properties of practically all tissues are known. The 
measured values are understood in terms of structure 
and function of the tissues. 1 In addition, field 
force effects have been extensively studied by Schwan 
and his associates. 2

'
3 

Usini a "model" approach, Schwan and his associ
ates3'4' were able to establish the frequency depen
dence of the depth of penetration values using plane 
slabs. They were able to point out the reflection at 
the fat muscle interface and consequent possible heat 
load on· fatty tissue; they were also able to show that 
low. microwave frequencies produce heat in the deep 
tissues primarily, and that high microwave frequencies 
are absorbed in the skin. 

A considerable body of relative absorption cross 
section data has been accumulated. It ls based on 
theoretical and experimental studies on spherical and 
cylindrical phantoms of the human body. ·In usini 
phantom models of man, Schwan and his associates were 
able to determine whether the absorption cross section 
differs much from unity in order to see if measurable 
external flux and total absorbed energy can be inter
related. This had to be done since otherwise all 
externally measured values are entirely meaningless. 
The agreement of simple shapes, mathematically and 
experimentally studied, with complex forms approaching 
man instills confidence in the applicability of the 
model approach to man. From such studies, it has 
become apparent that the concept of "scaling" 
among different animal species and from animal to man 
has to be invoked in a more realistic and precise 
manner. 

. More recently the distribution of heat sources· 
induced by microwaves in the body and particularly the 
brain has been of interest to various investigators. 
Again a model approach was chosen and the results 
compared favorably with experimental data. 6 - 9 

The experimental work of Lehmann and as~ociates 10 •ll 

has essentially demonstrated that the model approach of 
Schwan and his associates 5 agrees qualitatively and 

*Based on work performed under contract with the U.S. Atomic Energy Commission at the University of Rochester 
Atomic Energy Project (Michaelson) and Office of Naval Research Grant N00014-6]-A-0216-0015 at the University of 
Pennsylvania (Schwan). This paper has .been assigned Report No. UR-3490-243. 
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semi-quantitatively with measured temperature values. 

As a byproduct of these studies, doubt is cast on the 

value of experiments with small animals, since the 

absolute cross section of small animals is so small as 

to make it impossible to relate pertinent findings to 

man. 

It is suggested by some investigators that micro

waves may have a "specific" biologic effect at the 

"systems" level. In considering the known biophysical 

principles and properties of membranes and biopolymers, 

it is most unlikely that they will respond to micro

wave fields at 10 mW/cm2 or less. It appears neces

sary, therefore, to perform very carefully controlled 

biomedical studies with respect to physical exposure 

and biological design by an interdisciplinary group of 

physical and biological scientists, to test the valid

ity of this point. 

Observations in the 1 iving animal indicate some of 

the variables and physiologic controls that yield 

results which may differ from calculated theoretical 

estimates. They do not, however, refute the theoreti

cal work, but emphasize the differences between a 
static system such as a phantom or model on which 

calculations are based and al iving dynamic system 

with multiple integrative functions, feedback mechan

isms, and a fair amount of redundancy which the indi

vidual relies upon for homeokinesis. 

One of the prob.lems in studying biologic effects 

of micro
1
waves, as in all biomedical investigations, is 

the selection of the most appropriate animal specie 

for study. Animals are quite often selected only on 

the basis of convenience, economy or familiarity and 

without regard to their suitability to the problem 
under study. Because of the lack of awareness and 

concern in the selection of the experimental animal,· 

many investigations have no inherent value insofar as 

extrapolation to man is concerned·and, in some cases, 

have led to incorrect interpretations necessitating 

expensive, time-consuming attempts at confirmation or 

logical application of the data. 

The concept of biological unity implies that com

parison between man.and other animals will reveal the 

existence of fundamental mechanisms common to all.• 

species. The universality which governs biologic pro

perties in animals should be explored and recognized. 

This can best be done by developing a comparative 

approach to the problem of acquisition and analysis of 

information applicable to man. 

The comparative approach inc 1 udes· the use of 

animals that have anatomic, physiologic or biochemical 

characteristics and their integrative or coordinating 

mechansims that are well understood and provide a 

basis for extrapolation to man. The use of ·a 1 iving 

model for the study of biological interactions has the 

unique advantage of making a system available with a 

homeostatic capability which is the functional inte

gration of the various organs and organ systems. 

Many animal. studies on the response to rf or micro

wave exposure have been done with small rodents. 

Results from experiments on this type of animal are 

not applicable to human beings, since these animals 

have high coefficients of heat absorption, small body 

surfaces, and relatively poor thermal regulatory 

mechanisms in contrast to man who has one of the best 

thermal regulatory mechanisms. Animals used in such 

studies should a) have biological characteristics 

similar to those of man, b) be of adequate size for 

meaningful energy absorption and distribution patterns 

for relating experimental results with that which 

might occur in man, c) be chosen whose dimensions 

,_..,.,,., . ..,.,...,......, ____________________ -:--:--:------...,,. 

a re 1 a rgei- than depth of pen et ration va 1 ues, (if the 

size of the animal becomes much smaller than the depth 

of penetration, the test animal is almost completely 

transparent for the incident energy, i.e. cannot be 

expected to respond even though exposed to large values 

of energy flux;) d) efficiency of physiologic thermal 

regulation should be relatively comparable to that of 

man, e) the animals should be docile, healthy and easy 

to handle and house. 

Since ext~nsiv~ discussion of the princi~le~ of 

animal selection in biomedical investigations is 

beyond the scope of this ,paper, only a few examples 

will be indicated. Morp~ologic and functional ~har~c~ 

teristics of.several species of animals are available 

which can be used to select the most appropriate specie 

or range of species to permit more val id extrapolation 

of observed results to anticipated response of man. 

Such information as surface area, temperature charac

teristics, cardiopulmonary anatomy and function·for 

general homeokinetic and metabolic relationships as 

·well as ocular dimensions for assessment of cataracto

genesis are criteria'that should be considered. 

' ,, 
Homeotherms {warm-blooded animals) have a highly 

developed internal tem·perature control I ing mechanism 

and, within an -Optimum temperature range, can adjust 

to temperature changes. by control.1,irg blood flow rate · 

and distribution. Outside this region of "thermo- : 

neutrality," other mechanisms come into play in warm

blooded animals to provide adaptation~ At low tempera

tures, the metabolic rate increases to provide extra 

heat, and at high temperatures sweating and panting 

provide evaporative cooling. The .obvious physical 

analog of this temperature regulation process in homeo

therms is that of a regulatory mechanism consisting of 

a temperature sensor, a controller, and heating and 

cooling devices. 12 The maintenance of a certain tem

perature is of vital im'portance to the organism because 

all biologic processes are conditioned by temperature. 

In mammals the central nervous system ceases to func

tion at 44· to 4S°C and the heart stops beating at 

48°c. A rise in temperature of 50c causes a twofold 

to threefold increase in pulse rate, oxygen consumption 

etc. 

. All animals have an' optimal temperature range 

within which they .can mo~t successfully carry on their 

activities,and whenever the environmental temperature 

. varies from this optlmµm range, the organism becomes 

progressively handicapped. At extremes of' temperature, 

life is not possible. The temperature range at which 

organisms remain active is somewhat less than that at 

which 1 ife is possible. The optimum temperature range 

varies from one specie of organism to another, and 

temperatures t_hat would be fatal for one organism are· 

well within the optimum range for another. These 

differences undoubtedly arise by adaptation. However, 

rapid chari~e of environmental temperature might be 

fatal ·to an organism, while gradual changes •might not.12 

·in general; there· is little doubt that biomedical 

study of several ·species is required to provide the 

most reliable extrapolation to man. Ideally, ohe 

should choose taxonomically unrelated species to bring· 

out generalizations, with the realization, however, 

that simply to study multiplespecies alone will not 

advance understanding. The main contribution of 

comparative biology is not to record the same phenome

non in as many different animals as ptissible, but 

rather to select intelligently some that can serve for 

meaningful comparisons. From a spectrum of species, 

basic information on the comparative reaction of 

bioi1ogic systems can be .acquired which in turn can be 

used to elucidate mechanisms of action. For the study 

of physio.logic function, a common parameter such as 
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metabolic rate, body weight or body surface area could 
be ut i 1 i zed to provide an index of ·extrapo 1 at ion among 
species. 13 In comparing results 6f experiments per
formed in the same or different laboratories, stan
dardization of conditio.ns is mandatory. Studies of 
expe r i m'enta 1 an i ma 1 mo_de 1 s should be comp 1 emented by 
retrospective and prospective studies in man himself. 

A combination _of biomedical parameters shoul~ _per-· 
mit assessment of changes in basic physiological 
functions, differentiation of normal and pathophysio
logical ~tates, differenti~tion of specific and non-· 
specific reaetions, and differentiation of defensive
adaptational or compensatory changes,which show self
regulatory properties,from pathological manifestations. 
The most sensitive criteria for Judging the state of 
regualtory systems are the ~arlabil ity of physlologl-· 
cal Indices, rather than their absolute values. 

Conclusion· 

A comparative approach with appropriate "sealing" 
·is basic to the elucidation o~ the nature of vital 
processes among animals and to place man in his _proper 
biological perspective; it relates the different ways 
in which various· species maintain homeostasis, 
characterizes animals particularly suitable for demon
strating specific parameters, integrates and coordi~ 
nates anatomic, physiologic, biochemical, and patho-
logic similarities of various groups of .animals. From 
a comparative, approach we can lelun_ what biologic 
attributes are unique or ·common among different 
animals, study .interrelations with environmental 
stres·ses and find animals that are most suitable for 
study of important functions to provide a basis for 
b,iological .generalization. It behooves .the investi" 
gator to become aware of the attributes of various 
animals to obtain the most meaningful results for 
studying the ~ffects of rf or microwave exposure so 
that rel I able. and relevant extrapolation· to man can· 
be made. 
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FURTHER EXPERIMENTS SEEKING EVIDENCE OF NONTHERMAL 

BIOLOGICAL EFFECTS OF MICROWAVE RADIATION 

L,M, Liu,t G,W. Skewes,t G.A. Lindauer,tt and F,J, Rosenbaurnt 

Abstract 

Carpenter and Livstone's(l) experiments on beatle pupae were repeated and extended, In
creased incidence of abnormal development occurred due to exposure to microwave energy, both 
c,w, and pulse. Measurements are reported which specify the microwave environment encountered 
by the insect. · 

I. Introduction 

This investigation verified and augmented 
the obs~rvations of Carpenter and Livstone(l} 
on teratological damage inflicted upon the 
darkling beatle Tenebrio molitor by low power 
microwave irradiation. 

We first repeated the Carpenter and Liv~ 
stone study at 20 mW c.w, irradiation level 
with a much larger sample population and con
firmed their results. Next several of the 
experimental parameters - c.w. power level, 
absorbed energy, pulse power level, orienta
tion and pupa age - were varied to determine 
their effect. Finally measurements were made 
to specify the microwave environment encoun
tered by the ine~ct, 

II. Experiment 

One to two day old pupae were mounted in 
a polyfoam block along the center line of x
band waveguide (with matched termination) with 
their anterior portion towards the power 
source. They were irradiated at 9 GHz, then 
allowed to pupate. Upon completion of pupa
tion, they were categorized for gross morpho
logical defects. 

Pupae were irradiated in waveguide instead 
of free space because power absorption and 
reflection measurements are more easily made, 
much less power is required for the same power 
density and to conform to Carpenter and Liv
stone's original setup. 

Pupae were harvested daily from larva and 
divided arbitrarily among experimental and 
three control groups, Some controls were 
placed directly in vials.while others were 
first mounted as if for irradiation. The 
third group was placed in a 29°C oven for two 
hours, The temperature increase was 8°C com
pared to the measured temperature increase of 
2°c under irradiation, 

A fine thermocouple junction was placed in 
the abdomen of a sample pupa to monitor the 
temperature during irradiation, 

III, Phenomenological Experiments 

A, 20mW c.w, irradiation for 2 hours, 
B. Pulsed Field irradiation for 2 hours 

with pulse width of 0,25µsec, 20mW average 
pulse power, and peak powers of SOW and SKW, 

f Electrical Engineering Department,· Washing-
ton University, St, Louis, Mo, 63130 

tt Emerson Electric Co., 8100 W, Florissant, 
St, Louis, Mo. 63136 
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c. Alignment of pupae paralle(to E field 
in expanded height waveguide, (2) 

D, Five day old pupae irradiated at 20mW 
c.w. for two hours, (3,•l) . 

E, Reduced Power Level, 10 mW for four 
hours, 

F, Reduced Dosage, l0mW for two h~urs, . 

IV. Results and Statistical Analysis 

The categories of morphological.damage 
used both by us and by Carpenter and Livstone 
are as follows:· · 

D - Insect died during pupation 
Gl - Head and thorax of adult, but abdo

men of pupa 
G2 - Adult insect, but rumpled and grossly 

distorted elytre (wing covering) or 
shredded wings 

G3 Normal adult except for small holes· 
in elytra. . 

N - Normal adult 

The incidence of abnormality increases 
more than threefold with irradiation while 
the death rate remains essentially unchanged· 
(See Table 1), The percentage of G3 abnormal
ities showed a particularly dramatic differ
ence between experimental and control groups. 

.The data was subjected to the chi squared 
test(Slto rule out change occurance, When 
compared to each other, the control groups 
showed no significant differences. This also 
proved true for comparisons between the results 
of experiments denoted by III A, III B, III C, 
and III E. However, significant·differences 
did exist between the control groups and the 
irradiated groups. 

V, Microwave Measurements 

Insertion loss and input match were mea
sured for the two orientations of the pupa. 
One third of the incident microwave power is 
absorbed in each case. The electric field 
above the pupae was probed with a slotted 
line and the results plotted in Figure 1, 

_The complex dielectric constant was mea
sured via the method of von Hippe1(6) to be 
e:/e: 0 =30 .-j 18, Once the complex dielectric 
constant is known, the transverse field dis
tribution and hence the power density in the 
region of the pupa can be approximated, (7,8) 

VI, Discussion 

We confirm the finding that low power mi
crowave irradiation causes teratological 
damage at a waveguide power level of 10 mw· 
(8, 6 mW/cm2 at the center of the waveguide) , 



TABLE 1 

Effect of 9,0 GHz Radiation on Tenebrio Molitor Pupae 

Group D Gl 

20 mW c.w. 2 hours 40(21.7%) 25 (13,5%) 
(Section IIIA) 

Pulsed, SOW peak 9 (21. 4%) 7(16.7%) 
(Section IIIB) 

Pulsed 5 kW peak 21(22.1%) 10(10.5%) 
(Section IIIB) 

Alighed II to E Field 9 (2L 3%) 5(13.5%) 
(Section IIIC) 

Five DaTOld 11 (21._6%) 7(13.5%) 
(Section IIID) 

lOmW c,w. 4 hours 24(29;3%)· 14(17.1%) 
(Section IIIE) · 

lOmW c,w. 2 hours 19 (31.1%) 5 (8. 2%) 
(Section IIIF) 

Untreated Controls 48(20,7%) ·10(4.3%) 
(Section II) 

Waveguide Controls 18(20.8%) 4 (4. 4%) 
( Section II) 

Temperature Controls 11(20,8%) 2 {3, 8%) 
(Section II) 

Total of Control Groups 77(20,5%) 16(4.3%) 

This damage is not due to handling nor to 
the increase in temperature of the pupa under 
irradiation. 

For our experiments the incidence of damage 
is independent of specimen orientation, irradi
ated power level or whether the microwave 
power is pulse or c,w, The incidence of dam
age does depend ori the energy absorbed and the 
pupa age when irradiated, 
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G2 

58(31,3%) 

16(38.1%) 

30 (31. 6%) 

12(32.4%) 

11 (21. 6%) 

18 (21. 9%) 

17(27.9%) 

23(9.9%) 

11 (12. 2%) 

7(13.2%) 

U (10. 9%) 

G3 N Total 

18 (9. 7%) 44. (23, 8%) 185 

2 (4. 8%) 8 (19%) 42 
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BRADYCARDIA IN ISOLATED HEARTS INDUCED 
BY MICROWAVE IRRADIATION 

James L. Lords, Carl H. Durney, Alan Borg, .Charles Tinney 

University of Utah 
Salt Lake City, Utah 

Abstract 

Continuous 960 MHz irradiation (estimated 5 mW absorbed) of isolated poikilothermic hearts in 

Ringer's solution causes bradycardia, in contrast to the tachycardia usually produced by generalized 

heating. The effect appears to occur only over a narrow pc,wer range. 

Introduction 

Bradycardia has been reported to be a possible in 
vivo reaction to microwave exposure in humans. We 

have shown bradycardia in isolated poikilothermic 

hearts under carefully controlled conditions. Using 

poikilothermic hearts and making the assumption that 

generalized heating occurs under exposure to microwave 

energy, the result should be an increase in the heart 

rate. In our experiments herein described, the iso

lated, thermostated poikilothermic heart responds by a 

decrease in rate, i.e., bradycardia. 

Protocol and Results 

Our experiments were performed as follows: 

Healthy turtles maintained in our laboratory were 

pithed to destroy 'the CNS, and then a 10 cm was cut in 

the plastron, A 4-0 silk suture was fixed to the apex 

of the_ heart and the heart was cut free of the animal. 

The heart was placed in reptilian Ringer's solution 

and allowed to stabilize for a few minutes to recover• 

from shock, Two tubular plastic, agar-KCl filled 

electrodes were placed _in the heart, one at the apex 

and the other in a great vessel, the aorta, at the top 

of the heart. The preparation was then mounted on 

plastic supports and placed in a bath containing 600 

mls of reptilian Ringer's solution. The bath was sur

rounded with a water jacket held at 15°C to insure 

close temperature control and to provide an extensive 

heat sink. The electrodes were attached to a Grass 

recorder and the support arranged to record simulta

neously the force of contraction using a low level de 

preamplifier and a Statham strain gauge. The force 

of contraction and electrical activity of the heart 

(ECG) were recorded for a period of 30 minutes to es

tablish the base line for the particular preparation, 

and then continuously during irradiation. Figure 1 

represents a control in which no perturbation of the 

preparation occurred. 

Thirty minutes after stabilization, microwave 

power was applied CW for a given time period. The 

microwave system consisted of a modified radar trans

mitter, a coaxial cable, a stub-stretcher tuner, a 

directional power meter, a strip-line transition sec

tion, and a capacitor-plate irradiator. The irradi

ator was placed in the Ringer's solution with the 

·heart between the plates. The total power delivered 

to the heart and the Aolution was measured by a Sierra 

directional power meter, and the frequency was approx

imately 960 MHz. Part of the total power was absorbed 

by the heart and part by the surrounding Ringer's 

solution. Although we have not measured specifically 

the amount of power absorbed by the heart, we estimate 

on the basis of volume ratios that the heart absorbed 

less than 5 percent of the total power. In any event, 

the heart absorbed significantly less than the total 

applied power. 
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The rate measurements for a typical experiment are 

shown in Fig. 2. Figure 3 represents the average for 

all experiments of this type, normalized to the same 

starting rate (beats/min). The slope was determined 

by the method of least.squares for each 30 minute 

section of ·the r_ecorded ECG. The data for Fig. 3 are 

shown in Table 1. As can be seen, the average for 

all experiments indicates that bradycardia, at least 

transitorially, is ~roduced by CW microwav.e power 

(100-200 mW total po~er). At power levels near 50 mW 

total, the effect is not readily apparent while at 

pow-er levels near 300 mW, the effect is not consis

tent. ·In some ·experiments, 300 mW has produced a 

definite tachycardia, particularly if the preparation 

has been subjected to previous irradiation at lower 

power levels. 

Interpretation 

In similar experiments with other species of poi

kilothermic animals, the results are essentially the 

same, In all species.tested, the rate drops following 

exposure to microwave p.ower. Several possible mecha-. 

nisms can be used to explain these results, One such 

is that specific heating took place at one of several 

tissue interfaces within the heart, particularly at 

the myelin-muscle interface involving the remnants of 

the cut nerves enervating the myocardium. If this 

interface responded by initiating firing in the nerves 

of the parasympathetic system, the resultant would be 

bradycardia._ Even if both the sympathetic and para

sympathetic nerve remnants were. stimulated by the 

inicrowave power, the response would be bradycardia, 

since the effects o:I; parasympathetic activity are 

stronger than those of the sympathetic. 

Table 1. Data for Fig.-3. 

No. 
of Average Range of Correlation 

Power Exper- Slope Coefficients 

(mW) ' iments (Beats/Min) High Low 

0 16 -.0050 ,758 .051 

50 2 -.0058 .951 .637 

100 10 ~.1514 .986 .658 

200 3 +.0118 .785 .498 

300 4 +.1740 .858 .420 
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CO!lTIHUOUS EXPOSURE OF, CHICKS TO 

A. J. Giarola and W. F. K~Jeger 
Texas A&M University 
College Station, Texas 77843 

Abstract 

Homogeneity trials indicate that growth depressions previously reported on chicks exposed to 

a UHF field are from controlled environmental conditions, Measurements of ppwer density support 

previous hypotheses that the observed biological responses from exposure to the UHF field resulted 

from "non thermal" effects. 

Introduction 

Growth depression in chicks [1)-[3) and in rats [4) 

due to the exposure to continuous low level electro

magnetic radiation at a frequency of 880 MHz and at a 
frequency of 260 MHz has been previously reported [SJ. 

Similar biological responses were also observed in 

chicks continuously exposed to electric or magnetic 

fields at 60 Hz and 45 Hz [6), [7); Results of these 

experiments are summarized and additional findings are 

reported. 

Objectives and Results 

Much evidence has been presented to show that 

treated and control groups in all of these experiments 

have been kept in nearly identical environments, This 

evidence, however, has not been sufficient to posi

tively eliminate the possibility that observed 
biological responses may have resulted from causes 

other than exposure to the various fields, A homo
geniety trial was designed to determine if the 
biological responses previously observed were the 
result of exposure to the various fields used, 

Positive results were obtained. 

Measurements on power density were obtained in the 

UHF exposure facility operating at a frequency of 915 

MHz (8). The same applied power as that used in the 

exposure experiments resulted in a calculated input 

average power density of 33 µW/cm 2 • Survey of the 

field inside the unloaded exposure facility (with no 

chicks) indicated the predominance of a TE10 mo_de. 

The calculated input power density at the center of 

the cage when only a TEio mode is present should be 
twice the average power density, that is, 66 µW/cm2 , 

For 100% reflection from the metallic floor of the 

cage, the electric field. at a maximum position of the 

standing wave should be twice that of the incoming 
wave, For a non-perturbing power density meter, with 

indications proportional to the square of the electric 

field, the power density measured at this position 

should be four times that of the incoming wave, or 

264 µW/cm 2 , Measurements with an unloaded system (no 

chicks) yielded a value of approximately 550 µW/cm2 , 

only twice that anticipated by the calculations, This 

difference could be attributed to either imprecision 

in measurements, or to some very low-Q resonance of 

the system, 
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Power density measurements with concentrated and 

spread loading (with day-old chicks) were also obtained, 

These results have shown that the measured power 
density decreases in proportion to the loading. With 

spread loading, for example, the maximum power densit~ 

at the center of the cage was approximately 250 µW/cm, 

Waterer and feeder location and shape may also have an 

infh1en_ce in the field- distribution inside the cage. 

They could have been responsible·for the "hot spot" 

observed at the center of the cage at a height of 9,5 

cm from the floor. The power density at this point 

was found to be equal to 900 µW/cm 2 , more than ten 

times smaller than the safe power density level of 

10 ITUN/cm2 , This was the, only position inside the 

exposure facility where.the field was found to be 

substantially higher than the typical value of 500 
µW/cm 2 • . . 

Conclusion 

Because the power, levels measured are much below 

the safe level of 10 mW/cm2 , which was based on thermal 

effects, it is concluded that the observed growth 

depression resulted from "non thermal" biological 
responses, 
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