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BEHAVIORAL BIOPHYSICS 1 

ALLANH.§ 

lns/.itute For Research, State College, Pennsylvania 

Electromagnetic energy is an important factor in the biophysical· analysis of 
the properties and function of living systems. Due to technical advances in 
electronics, this energy is now being used as a research tool, both by study of 
its emission by living organisms and also by applying it to the organism. In 
this paper, the nature of the energy is sketched. Then, data on fingertip detec
tion of color, neural emission of infrared energy, the use of electron para
magnetic resonance techniques to detect neural activity, brain impedance 
shifts and behavior, and the influence of UHF energy on behavior arc con
sidered. It is concluded that, though these areas are in the embryonic stage of 
development, most are potentially of great significance in the understanding 
of the nervous system and behavior. 

Radiated energy in the electromagnetic 
(EM) spectrum is an important factor in 
the biophysical analysis of the properties of 
living systems. This energy is being used as a 
tool, both by study of i~s emission by living 
organisms (in the micron, millimetric, and 
centimetric wavelengths), and also by apply
ing it to the organism (living organisms ab
sorb, transmit, or reflect it as a function of 
wavelength). Certain portions of the spec
trum, i.e., very short wavelengths, and the 
effects of this energy have been studied in
tensely; other portions. of the spectrum are 
only now receiving study. Recent experimen
tation at these latter wavelengths is of par
ticular interest to psychologists because of its 
behavioral implications. Most of the pertinent 
work is being done by foreign investigators 
and is relatively unknown in this country. 
Presman, Kamenskii, and Levitina (1961) 
state ''Foreign literature (USA) contains sev
eral reviews . . . . It should be noted that 
there was hardly any mention of the studies 
of Soviet scientists in these papers." 

The purpose of this paper is to review the 
research findings which are pertinent to psy
chologists and to suggest lines of investiga
tion. The nature of the energy will first be 
discussed. Several areas which are in the 
embryonic stage of development will then' 
briefly, for lack of data, be considered. These 
areas are fingertip detection of color, neural 
emission of infrared energy, the 11se of elec-

1 This investigation was supported by Office of 
Naval Research contracts, Nonr 3303(00) and Nonr 
4169(00). 

tron paramagnetic resonance techniques to 
detect neural activity, and brain impedance 
shifts and behavior. Finally, the major por
tion of the paper will be concerned with a 
review of an area in which a considerable 
amount of biophysical work has been done 
and which is of potential importance to psy
chologists. This latter area is concerned with 
radiated EM energy and its affect on the 
nervous system and the behavior of higher 
organisms. Apparent sensory, motor, cortical, 
and subcortical effects of EM· energy, par
ticularly when modulated UHF energy is 
used, will be considered. 

NATURE OF THE ENERGY 

The EM energy spectrum encompasses the 
wavelengths from 3 X 107 mete~s to .003 A. 
Through all wavelengths, this energy can be 
propagated in a vacuum and to varying de
grees through a number of media, e.g., air 
and water. 

Electromagnetic energy is. generated 
through a change in the state of motion of an 
electron. A change in the state of motion of 
an electrical charge is accompanied by the 
emission or absorption of EM energy. The 
wavelength of the emitted EM energy is in
versely proportional to the magnitude of the 
energy change. As an example of emission, 
if electrons are caused to move to and fro 
along a conductor, the conductor acts as a 
transmitting antenna and emits EM energy. 
Another example is EM energy that is per
ceived as visible light. This is generated as 
an electron changes energy level in moving 
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TABLE 1 

TIIE Er.1,CTROMACNJ,:TJC SPECTl!UM 

-- . ~------ - -•----···-·· -•----

Radiation Wavelength I•rcqucncy Responsive Absorbed 1,y Effect of al,sr,rplion 
clement 

----------
Ionizing <.1µ > 3 X 1016 Ionization Nucleus Ionizatinn 

cps chamber Electron clnud Electronic excitation 

Film or ejection of K-
shell electrons 

Ultraviolet .1-.4µ 3 X 1010 Film Electron cloud Excitation or ejection 

8 X 1016 Photocell of L, ;'vi shell, or va-
Jenee clectr<Jns 

' 

Visible .4--.8 µ 8 X 1016 Film Electron cloud Excitation of valence 

3.8 X 1014 Photocell electrons 

Eye 

Near inf.rared .8-25 µ 3.8 X 1014 Film Vibrating perma- Increase kinetic 

1.2 X 101s Photocell nent dipoles in energy of dipoles 

Skin sensor molecules , 

Far infrared 25-125 µ 1.2 X 101a Film Rotating and vi- Increase kinetic 

2.4 X 1012 Skin sensor brating perma- energy of dipoles 

Bolometer nent dipoles in 
molecules 

Milli metric 125-10,000 µ 2.4 X 1012 Skin sensor Rotating pcrma- Increase kinetic 

3 X 1010 Tuned capacitor- ncnt dipoles in energy of dipoles 

inductor circuit molecules 

Centi metric 1-10 cm. 3 X 1010 Tuned capacitor- Rotating perma- Increase kinetic 

(SHF) 3 X 109 inductor circuit nent dipoles in energy of dipoks 

molecules 
Translation 

-----·------

Decimctric 10-100 cm. 3 X 10° Tuned capacitor- Translation Unknown 

(UIIF) 3 X 108 induct.or circuit 
Body sensor 

-------- ----·----
Metric (VHF) 100-1,000 cm. 3 X 108 Tuned capacitor- Tr:t11slat ion Unknown 

3 X HF inductor circuit -
-------·- ----------

Low to high >1,000 cm. <3 X 107 Tuned capacitor- Translation Unknown 

inductor circuit Induction heating 

Note.-Wlth sufficient energy, heating -occurs throughout the spectrum, 

from one orbit to another in an atom. Since 

cell processes are electrochemical reactions 
that involve the moveme_nt of electrons, cell 

-processes are also associated with emission 
or absorption of EM energy. 

Electromagnetic waves vary in space and 
time and have associated with them a trans
port of energy. The physically varying quan
tity is really a set of quantities: electric and 
magnetic field vectors. These are an electric 
(E) field in space, defined by the force that 
is exerted on an electric charge placed in the 

field, and a magnetic (H) field in space, 
defined by the force exerted upon a small 
electric current element. These vary at any 
point with itime. The electric and magnetic 
field in the EM wave are not independent 
entities. They are perpendicular to each other, 
and they are both perpendicular to the direc
tion of propagation. As Figure 1 illustrates, 
the basic transverse EM wave is one in which 
E and H vary sinusoidally with a fixed rela
tionship to each other and to time and space. 

The description above has dealt with the 

'---,----------.-..------~----
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FIG. 1. Spatial variation of E and H in a simple 
TEM wave. 

basic transverse wave. There are also standing 
waves. When an EM wave encounters a 
change in the properties of the medium, a 
partial reflection, absorption, and transmis
sion occurs. The reflected wave is superim
posed upon the incident wave and gives rise 
to a standing wave. This phenomenon pro
vides a way to measure the properties of 
tissue and will be discussed further in a later 
section. 

The energy can be polarized and the orien
tation of a conductor--e.g., tissue or wire-
can have a significant effect. For example, 
the amount of current induced in a wire by 
an EM field is a function of the wire's orien
tation with reference to the field. Though the 
energy may be fluctuating at a frequency of 
millions of cycles per second, it can be used 
as a carrier for various types of modulation
e.g., sine or pulse. This is a significant point . 
from the biological standpoint, both in terms 
of affect and measurement. For example 
photic driving occurs with properly modulated 
light, not with a constant light. Also, if 
?1odulated, then the average power density 
1s no longer equal to the peak power density. 

Typically the energy is measured in terms 
of average power density, i.e., mw/cm2

• 

Measurement of this energy is a difficulf 
problem. The paper of Hirsch ( 1956) dearly 
brings this out. He states that any pick.up 
device introduced into a field constitutes a 
discontinuity which interjects artifacts and 
·errors into such measurements. The precise 
nature of these errors is inherent in the par
ticular method of measurement, either by 

dipole antenna, body, etc. Directional effr,ct.s, 
focusing effects, the setting up of spurious 
frequency modes, and other fact.ors combine 
to make free-space measurement difficult. 
Further, the process hy which a t.issw: mass 
absorbs radiant energy is a cornplicat.1:d 
malt.er. 2 

From the standpoint of effects on the 
intact organism and ignoring induct.ion hca1.
jng, wavelengths greater than metric arc 
probably of little interest. These arc so large 
compared to the size of man, that the organ-
.. t" "b h I ism 1s no seen y t e propagate<. energy. 
A discussion of the electrical characteristics 
of tissue and their interaction with various 
wavelengths can be found in papers :by 
Schwan ( 1957). 

JNFRi\HED 

Youtz 8 reports that a human subject (S) can, 
when blindfolded, discriminate and name the 
color of objects after only finger contact, even 
in a light-tight experimental box. He used 
fabric and plastic-covered cards as his stimuli 
and apparently had valid results. He states 
that filters indicate a sensitivity to EM radia
tion. In a Soviet report (Newberg, 1963), 
this tal~nt in another woman was described. 
It was also possible to train her to discrimi
nate color and form with other portions of 
her body. The report indicates, however, that 
it was necessary to illuminate the colors and 
forms with EM energy in the visual portion 
of the spectrum in order for her to make 
the discrimination. Using the same S as 
Newberg, Dobronrabov and Fishelev ( 1964) 
determined that blood circulation through the 
fingers was necessary for the perception of 
color and form. They established however 

' ' that this was not a tactile or temperature 
sensitivity. They also demonstrated that Ei\'I 
energy in the millimicron portion of the 

2 Useful discussions on this problem and experi
mental setups can he found in Vogclman, 1958; 
Meahl, 1964; Presman, 1958, 1960; Pres man and 
Kamenskii, 1961; Grishina, 1958; Saul, 1958; Sucher 
and Fox, 1963 ; Martin ct al., 1962 ; and in two 
papers from this laboratory which are in prepara
tion. The Hewlett Packard No. 430C power meter 
with No. 477B thermistcr mount and simple dipole 
antenna has been found useful for power measure
ments when carefully oriented. It is worthwhile to 
use other instrumentation as a check. 

8 R. Youtz, personal communication, 196'1 . 
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spectrum was necessary for the percept.ion. 
Sniak in ( l %4) also demonstrat.crl I.hat EM 

energy in the millimicron portion of the 

spectrum was necessary for Newberg's subject 
to perceive form and color. The use of blind
folds as a technique is a cause for concern. 
Until all experimenters use Youtz' technique 
of placing S's hands in a light-tight box or a 

similar technique, these studies should be 
considered with caution. 

It would appear that the S studied by 
Youtz and the S studied by the inve~tigators 

in the Soviet Union are using different mecha
nisms to perceive color and form through the 
fingers. If Youtz' report is correct, then the 

writer would suggest that the wavelengths 
involved arc in the infrared portion of the 
spectrum. Although the box is light-tight, it 
emits EM energy, primarily in the infrared 
region as a black body radiator at room 
temperature, and illuminates the color chips. 
The EM radiation from S's fingers also 
illuminates, with infrared energy the color 
chips within the box. A behavioral test to 

determine whether S is detecting specific 
wavelengths (colors) or th~ integrated energy 
across wavelengths (gray scale) would help 
considerably. 

Sniakin has suggested a mechanism for the 

fingertip detection of color and form. He sug
gests that EM energy in the millimicron por
tion of the spectrum affects pigments in the 

interccllular spaces of the skin. He suggests 
that carotene and its derivatives, in solution 
in the intercellular spaces, change in molecular 
structure and undergo disintegration when ir

radiated with millimicron wavelength EM 

energy. He suggests that the nature of the 
chemical change in the carotene derivatives 
are a function of the wavelength and intensity 
of EM energy. These chemical changes, he 
assumes, are detected by an exceptionally 
well-developed network of nerve endings in 
the skin. Thus, he is saying that chemical 
changes in the intercellular spaces are inllu
encing nerve endings and, through condition
ing, color and form are associated with 
patterns of chemical stimulation of the nerve 
network. 

There is, however, a somewhat simpler 
hypothesis which does not involve chemical 
changes and detection of these by free nerve 

·------····- ·-------~~--

endings. The writ.er would s11ggc:;t. I.hr: pos
sibility of EM energy directly inOucncing 

free nerve endings and causing impedance 

shifts. There is a11 experimental basis for this 
hypothesis. Kirzon, Mineyev, and Burmistrov 

( 1962) have shown nerve impedance changes 

due to illumination by millimicron wave
length EM energy. Lisk and Kannwischer 

( 1964), using fiber optics in order to direct 
millimicron wavelength EM energy to the 

hypothalamus, have reported data which indi
cates a direct effect on hypothalamic neurons. 
It is apparently even possible to innuence 

neurons, including those deep in the brain, 
without the need for fiber optics. Von Brunt, 
Shepherd, Wall, Ganong, and Clegg ( 1964) 

report that they have detected millimicron 
wavelength EM energy in subcortical struc
tures of the brain without any apparent path
way for the incoming EM energy except 
through the various bone and tissue layers of 
the head. Although there are deficiencies in 
their experimentation and the experiment 
should be replicated, it appears to be a valid 
report. Our calculations from their data indi

cate that the amount of light they detected 
in the brain was 10 times as bright as star
light. 

In this area of the spectrum can also be 
found the work of Roppel ( 1963). He con
ducted a preliminary investigation of the 
existence and quantitative characteristics of 
EM radiation from the mammalian cerebral 
cortex. He exposed the cortex, stimulated 

either electrically or chemically, and used 
various radiant energy transducers to detect 

cortiqJ radiation intensity. He reports that 
in the experiment in whi(:h electrical stimula
tion was used "radiation changes were oc
casionally observed which were so related in 
time to the stimulus as to suggest causation 
by the stimulus." Since most of the tissue 
radiation is likely to be at approximately 10 /L 

and his sensor was most sensitive at 1 /J,, not 
10 /L, the report is suggestive of a real effect. 
The nature of this emission from neural tissue 
and its correlation with function is now under 
investigation by the writer with sensors sensi
tive from 1 /L to 15 Jt. Apparent emission of 
EM energy associated with the nerve action 
potential has been observed. We are now 
replicating our work and also determining the 

..----,-
,. \ 
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amount of energy in discrete wavelength 
bands. 

This area is potentially of prime signifi
cance. Polonsky ( 1958) considered EM radia
tion from neural tissue in a speculative paper 
and suggested that EM radiation in the 
nervous system might he involved with 
enzymes and RNA in information transfer 
and storge. More recently Landauer ( 1964), 
Kasha ( 1962), and Fernandez-Moran ( 1962) 
have made similar suggestions. The recent 
work of Becker ( 1962) on the solid state 
characteristics of the nervous system give 
this possibility some support. If it is estab
lished that RNA or certain enzymes are in
volved in memory ( Chamberlain, Rothschild, 
& Gerard, 1963; Dingman & Sporn, 1964; 
Gaito, 1963; Hyden & Egyhazi, 1962), then 
it might be worth considering molecular 
emission of EM energy in information transfer 
and storage. In this line also is a suggestion 
by Presman ( 1964). He recently raised the 
question of whether certain processes of 
regulation and interaction in living organisms 
are accomplished by means of EM fields. 
After a discussion of various data, he con
cludes with the suggestion that the question 
warrants serious discussion and experimental 
investigations. Fine, Klein, and Scott ( 1964) 
also suggest the use of EM energy in the 

synthesis of macromolecules of , biological interest 
from smaller components; and possible existence 
of communication systems basic to communication 
between organisms of the same species using modu
lated coherent electromagnetic radiation. 

Thus, the emission of EM· energy in 
neural tissue and possibly disruption of it by 
external EM energy of the proper code, may 
yield significant information on neural func
tion. 

l\fILLIMETRIC TO METRIC 

At greater wavelengths, the work of Kelly 
( 1962, 1963) is of significance. He has sug
gested a means of measuring neuron activity' 
at any desired location in a living animal 
with no physical contact between S and the 
detector. He postulates that free radicals 
( compounds with unpaired electrons) are 
produced in the formation of neuron action 
potentials and that the concentrations of 
these can be measured by electron para-

magnetic resonance techniques. In this tech
nique, a magnetic lick! is applied to quantize 
the unpaired spins, thus making these com
pounds absorb EM energy at any desired 
frequency. Jn this way, very small concentra
tions of free radicals can be detected. In 
theory, the technique is promising. If correla
tions with hchavi11ral events can be shown, 
then a new and quite important technique 
for understanding behavior will have been 
developed. 

The recent work of Adey also suggests some 
interesting uses of EM energy at these lower 
frequencies. When an EM wave encounters a 
change in the properties of the medium it 
suffers, in general, partial reflection and 
transmission. The reflected wave is super
imposed on the incident wave and gives rise 
to a partial standing wave. When there is 
some reflection, the pattern is such that there 
are fixed points at which the resultant dis
turbance is zero at all times, and other fixed 
points at which the disturbance is maximum 
at all times. 

Reflection of waves is important in that it 
gives us a way of measuring the properties of 
tissue. The constitutive properties of tissue 
can be studied by observation of the frac
tional reflection and transmission of Ei\f 
waves through tissue. Adey, Kado, and Didio 
( 1962) have suggested the use of this tech
nique with EM energy in the UHF, SHF, 
and shorter wavelengths. As initial work along 
this line, they have done low-frequency 
impedance measurements in cats through the 
course of learning (Adey, Kado, Didio, & 
Schindler, 1963). The training involved dis
criminative approach in a modified T maze 
to a food reward on the basis of a visual cue. 
They observed "evoked" impedance changes 
which became most marked at high-perform
ance levels. Though their paper can be 
criticized due to discussion of impedance 
shifts which are less than the indicatr<l 
sensitivity of the equipment, they no <1011!,t 
observed real effects. It would have been use
ful if all of the data had been presented with 
statistical tests rather than data samples .. Jn 
theory, the technique is promising, a:nd 
warrants further exploration. 

Electromagnetic energy can also be applied., 
and the effects of such application on be-· " 

•. 
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havior c.u1 be observed. 1 n this area, there 

exists a substantial body of literature. The 

research over the past 2 5 years in this country 

on the inlluence of VHF, UHF, and SI-IF 

EM ~nergy on Jiving organisms can be cate

gorized as follows: (a) systemic studies in

volving core temperature, blood circulation 

changes, and lethal effects; ( b) organ studies, 

particularly the eye and testes; ( c) physical 

system studies such as dioxan analogs of the 

body, field distribution, and measurement; 

and (d) cellu~ar and subcellular work such as 

that with E. Coli and protein solutions. 

There has been virtually no behavioral 

work. Further, with rare exception, the. work 

in the United States has been guided by the 

expectation that the only effect will be through 

a gross body-temperature rise.4 Thus, experi

menters have, in general, obtained the highest 

power generators available and have been 

concerned with the average power density. 

Factors such as peak power density and 

modulation have been essentially ignored. 5 

It is possible that the use of high average 

powers obscured more subtle effects. For 

example, organisms can respond to a certain 

dynamic range of chemicals. An excess 

obliterates the effect and may kill the organ

ism. Morrell ( 1963) found that anodal stimu

lation of the motor cortex will sensitize an 

organism, such that it will make a motor 

response to a wide variety of stimuli. If 

much more or less than 10 p,a. is used the 

4 There has been controversy over the possihility 

of alhcrmal effects. The writer regards much of this 

controversy to be due to semantics-the word 

thermal having various meanings lo various investi

gators. Thermal effects arc here defined as a measur

able increase in body or organ temperature. It is 

recognized that transient temperature changes can 

occur at medium discontinuities, e.g., fat-nerve, 

which might be significant. These are not covered 

under the definition; rather, they are for semantic 

purposes considered to be in another category. 

6 Broad-band power oscillators, with which wave

length, peak power density, and mc-dulation ean 

be well c·ontrolled (with an external control, e.g., 

AEL stimulator, Grass stimulator), are available

e.g., Airborne Instrument Lab power oscillator No. 

124C and particularly Microdot No. 411A power 

oscillator. 
A horn or slot antenna are probably the most 

• useful types (see Kock, 1959); for horn design sec 

Slayton (1955). To minimize reflections, the horn 

can be aimed at a sheet of absorber such as Ecbosorb 

AN 77 . 

cff ect is not. seen. Mill ialllpcre levels, how

ever, will cause convulsions. 

ln this review, our concern will lie pri

marily with studies done with low average 

power densities-less than 50 mw/cm 2
• Also,· 

it will be concerned with studies having be

havioral implications. Very few studies done 

in the United States will be mentioned. 

BEHAVIORAL EFFECTS 

This section is composed of reviews and 

critiques of several groups of papers. Sensory 

effect papers are reviewed first; then con

ditioning, activity, cortical, subcortical, and 

morphological papers are considered. 

Sensory Efjects 

A number of sensory or perceptual effects 

of EM energy have been noted. In reviews, 

Kholodov ( 1962) and Livshits ( 19 5 8) 0 men

tion that irradiation with UHF affects sensi

tivity to auditory, visual, and olfactory 

stimuli. The several studies reviewed below 

suggest that EM energy may be an adequate 

behavioral stimulus. 

In an experimental study with 358 workers 

exposed to UHF, Lobanova and Gordon 

( 1960) found a change in olfactory thresh

olds. The population was between 20 and 

35 years of age and had been exposed from 

several months to 6 or more years. The con

trol group consisted of workers from a shop 

in which they were not exposed to UHF. The 

experimental group was divided into those 

exposed periodically to power <knsit ies of 

several mw /cm2 
( Group l), and thr,se ex

posed continuously to power densities up to 

1 mw/cm2 (Group 2). As stimuli, tar, cam

phor, thymol, and rosemary were used. De

pendent variables were threshold, adaptation 

time, and time for restoration of sensitivity. 

The control group yielded a threshold curve 

which was skewed toward the low end. The 

experimental group's curve was bimodal. No 

differences were seen in the other mea.:;ur{s. 

8 Several useful reviews of the innuence of EM 

energy on the nervous system have been published 

in the Soviet biophysicai literature and arc now 

available in translation. Besides the ahovc, see 

Livshits (1957) and Presman (1961). Also, a 459-

item bibliography of primarily United States work 

was prepared in 1960 by the Rome Air Development 

Center. 
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In Group 1, it was found that the greater the 
exposure time., the lower was the sensitivity. 
In Group 2, the lowest sensitivity was in those 
exposed less than a year or more than 6 years. 
Treatment with caffeine improved thresholds. 

Avoidance responses have been observed 
with relatively high power densities. Michael
son., Dundern, and Howland (1958), 
in the course of studying temperature and 
blood changes, incidentally observed avoid
ance behavior in dogs. Moderately high power 
densities, i.e., 45, 100, and 165 mw/cm2 for 
60, 90, and 120 minutes, respectively, were 
used. The wavelength was 12 cm. He states: 

as soon as the animal responded to increased power 
densities he began to struggle for release from the 
sling. Exposed Ss quite often display considerable 
agitation and muscular activity. [Although the dogs 
were sometimes quite · agitated, Michaelson notes] 
... for some reason the animal continues to face 
the horn. 

Although this orientation of the head may be 
due to its minimizing the field on S, it sug
gests other possibilities which wiU be con
sidered below. In another study directed at 
exploring for an avoidance response, McAfee 
( 19 62) used EM energy at wavelengths of 
3 cm. and 12.2 cm. For his behavioral studies, 
Ss were cats and dogs which were "tame or 
tranquilized (Librium)." McAfee states that 
the head and paws were exposed to the 
energy by use of a directional horn which 
limited the exposure area to 2 in.2

• A horn at 
that wavelength will not limit the exposure to 
as small area as he states. Either he used a 
slot antenna, rather than a horn, or he placed 

· the head and paws only partially under the 
horn. From his report, it appears as though 
he used moderately high power densities since 
he increased nerve temperature and obtained 
an avoidance response. The report is no doubt 
valid, though he would have probably ob
tained an avoidance response at lower power 
densities from untranquilized Ss. In a paper 
which may be pertinent, Grinbarg ( 19 59) re
ports that he applied the electrical field of 
6-meter energy through electrodes and found 
that the threshold for pain was raised. 

Auditory effects have also been observed. 
Frey (1961, 1962) demonstrated that radiated 
Uf!F energy can be perceived by humans as · 
an auditory sensation. The effect was induced 

with average power densities of 100 ,,.w/cm 2• 

The important parameters were peak power 
density, carrier frequency, and mrJdulation. 
The experimental arrangement ruled out 
factors such as fillings in the teeth. The most 
sensitive area was the region over the tern: 
poral lobe of the brain. The suggestion of a 
possible auditory effect in the orientation of 
Michaelson's dogs, which led to Frey's in
vestigations, was independently checked by 
Brownstein.7 He found t~at the ener~(Y from , 
Michaelson's source could be "heard." Mum
ford and Meahl 8 have also noted noted an 
auditory effect with those EM sources pos
sessing the characteristics Frey has specified. 
The possibility that this effect may help 
explain Flottorp's findings (1953) from an 
experiment in which he applied electrical cur
rent to the car (clcctrophonic effect) was ex
plored by Frey (unpublished). Since the 
electrodynamic field of Flottorp's impressed 
current probably acted by vibrating the skin 
and this is likely the mechanism for the 
electrophonic effect, a mathematical analysis 
considering the possibility of EM radiation" 
pressure vibrating the skin was undertaken. 
The analysis indicated that EM effect and. 
electrophonic effect are not the same phenom
enon. A radiation-pressure equation specifi
cally derived for biological material, and 
taking into consideration the very important 
differences between using microsecond-long 
pulses with EM energy versus sine-wave 
modulation used in the electrophonic effect, 
was used. Further mathematical analysis 
undertaken to determine the depth of the 
sensor indicates that it is not located in the 
skin. 

In a related study, Sheyvekhman ( 1949) 
used electrodes and applied to the head of 
humans the electrical field of 6-meter EM 
energy. The electrodes were placed over 
Heschl's gyrus and the exposure time was 
5 minutes. The power density applied was 
measured by passing the energy through 
100 cc of saline in a dewar flask for 5 minutes. 
The temperature rise was only .5°C. The Ss 
stated that they did not perceive heat. Before, 
during, and after treatment, he tested for 

7 H. Brownstein, personal communication, 1962. 
8 W. Mumford, personal communication, 1963; H. 

Meahl, personal communication, 1962. 
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auditory thresholds to tones of 300, 1,000, 

and 4,000 cps. At 300 cps, the threshold 

change was within the experimental error 

(2 db.). At 1,000 cps, the threshold rose 4-6 

· db. and at 4,000 cps the threshold rise was 

6-10 db. Recovery time was longer at the 

higher frequencies. 

In a study with audiogenic seizure suscep-· 

tible mice, Kitsovskaya ( 1960) 0 found that 

the seizure response to noise was suppressed. 

His measures were activity on a movable 

floor and a 5-point visual rating scale. Three 

groups were exposed to the energy. Group 1 

was exposed to 10 cm. pulsed EM energy at 

an average power density of 10 mw/cm2
• This 

group consisted of 7 Ss who were exposed 

daily for 9 minutes for 40 days. Group 2 was 

exposed to 3 cm. pulsed energy at an average 

power density of 10 mw/cm2
• The 12 Ss in 

this group were exposed daily for 90 minutes 

for 105 days. The third group was exposed to 

10 cm. pulsed energy of 1 mw/cm2
• The 22 

Ss in this group were exposed 90 minutes a 

day for 117 days. The Ss were tested for 

seizures every 3-4 days. In Group 1, it was 

observed that the strength and number of 

convulsions were reduced. By the nineteenth 

day after treatment had ended, the response 

had returned to pretreatment levels. Group 2 

showed very little or no effect of the treat

ment. Group 3 showed little effect. Ages wer,e 

not reported though they are important in 

the seizure effect . 
Jaski (1960), in a semipopular article, 

mentions that it has been observed that ants 

moving randomly, line up in a 3-cm. field such 

that their antennae are parallel to the field. 

Critique. It is clear that EM energy has 

an influence on sensory systems and can be 

perceived. Although experimentation with the 

olfactory system is difficult and only one 

study can be cited, this report warrants 

replication with more experimental controls. 

o In this case, as in a number of other exper'iments 

reviewed here, the Soviet experimental design phi

losophy appears to differ from our own. It is some

times difficult to interpret their experiments due to 

this, and also due to differences in style of reporting 

and translation factors. Regarding the latter, the 

.writer has found that interesting errors, such as the 

substitution of the word hypothalamus for cere

bellum to be a significant problem in "rough draft 

translations." 

In view ol recent work i11dicafi11g I.he per

ception of ionizing radiation via the olfact.,,ry 

system, it is reasonable to suspect that this 

system may be a sensitive indicator of EM 

energy. 
The reported avoidance responses arc prob

ably due to two different mechanisms. In 

Michaelson's dogs, the response was prob

ably due to an "auditory effect" which was 

unpleasant. On the other hand, McAfce's 

( 1962) experiments probably show that at 

the shorter wavelengths, at which the energy 

is deposited as heat in the surface layers of 

tissue, a gross temperature rise at the nerve 

is perceived as unpleasant. Caution must be 

used though, in accepting his thresholds for 

avoidance, since some Ss were tranquilized. 

His threshold power densities are probably 

too high. 
The work with sound is a rather clear 

demonstration of a sensory effect. It presents, 

however, rather formidable problems in the 

analysis of the nature of the effect. Un

fortunately, one must use radiated EM energy. 

If simply an electrical field is used between 

electrodes, only the electrophonic effect is 

obtained. The evidence to date indicates that 

it is not a peripheral effect. Further, beside 

humans, conditioned cats can perceive EM 

energy and generalize from a similar acoustic 

stimulus ( unpublished data). It is also likely 

that Michaelson's dogs perceived the EM 

energy as a sound. 

Kitsovskaya's ( 1960) study taken in con

junction with Grinbarg's (1959) on pain sug

gests that some sensory thresholds are raised. 

This is a tentative conclusion and needs be

havioral test. The report of randomly moving 

ants aligning in an EM field suggests the 

possibility of a pain response along the lines 

of that investigated in fish by Kellog (1958). 

In sum, EM energy, if modulated, can act 

as a stimulus somewhere in several of the 

sensory systems. Data presented later suggest 

a central effect. It can also act, possibly only 

when unmodulated, to raise thresholds to 

ordinary stimuli. 

Conditioning 

Since EM energy is perceptible as a stimu

lus, i( would seem likely that conditioned 

responses could be inlluenced or elicited by 

--------- "---··-~--- -,-... ,_. ... _______ , ... ,, __ ---- ·,. ~ 
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EM energy. This, in fact, has been found. 
Lubanova and Tolgskaya (1%0) studied the 
inlluence of 10 cm. EM energy on the con
ditioned response in rats. The Ss were ex
posed for 30 minutes daily for 45 days to a 
power density of 10 mw/cm2

• The Ss were 
divided into two experimental groups on the 
basis of the effectiveness of training. With 
the well-trained group, it was observed that 
the response latency decreased during treat
ment for the first 16 sessions. This effect 
adapted and performance deteriorated. In the 
other experimental group, the latency in
creased and the conditioned response tended 
to drop out during the course of each session. 
The conditioned response deteriorated further 
as the experiment proceeded. Subbota (1958) 
exposed dogs to EM energy which he reports 
as in the SHF range. It should be noted that 
Soviet )nvestigators sometimes use the term 
SHF for all wavelengths less than 100 cm. 
The exposure time was 1-2 hours at a power 
density of 5 mw/cm2

• He reported that there 
was no body-temperature change as measured 
by rectal and subcutaneous thermometers and 
respiration-rate change. After irradiation, the 
dogs were allowed to walk about for 10-15 
minutes and were then placed in the condi
tioning apparatus. The standard saliva · re
sponse conditioning procedure was used. fo 
accordance with Soviet tradition, he divided 
his Ss into those which are excitable and those 
not. In the excitable dogs, after the treatment 
the saliva response was decreased in quantity 
and the latency shortened. In the other 
group, the response to the treatment was the 
opposite. 

·Tallarico and Ketchum (1959) report a 
preliminary study in which hooded rats were 
conditioned to bar press for food. The rats 
were restrained in a prone position and ex
posed to 1.25 cm. energy of moderately high 
power density, 109 mw/cm2

, for 15-30 min
utes. The Ss were exposed once a day for 3 
days and placed in the Skinner box after each 
treatment. They showed an increase in re
sponse latency and a decrease in frequency of 
bar presses. This was not marked after the 
third exposure. After a month of no exposure, 
Ss were tested and the experimental group 
was f<mnd to give a normal response. A con
founding variable in this study was the re
straint of Ss in a prone position. The effect 

of EM energy on conditioning was probably 
real, but the effect probably would have been 
weaker without. the stress of restraint. 

These conditioning changes could lie due to 
change in activity level as a result of EM 
energy. Lobanova ( 1%0), for example, used 
10 cm. pulsed energy with rats. Aft.er ex
posure, Ss were tested for swirriming time. 
He used four groups: Group 1, 100 mw/cm 2 

for 5 minutes; c;roup 2, 40 rnw/cm" for 30 
minutes; Group 3, JO mw/un 2 for 90 min
utes; Group 4, control. The swimming time 
for Group 1 was (,'I"; Group 2, i l was 
8'2"; Group 3 swam for 10'2"; and Croup 4 
endured for 62'2". Gordon, Lobanova, Kitso
vskaya, and Tolgskaya ( 1963) also report an 
endurance study in a review paper, but it 
appears to be the one cited above. 

Eakin and Thompson ( 1962) and Thomp
son 10 studied the effect of UHF on the ac
tivity of rats. They used 20 rats placed in 
Plexiglas cages around an antenna. The UHF 
swept from 450 to 950 me/sec in 2-minute 
cycles. Spontaneous activity was measured 
in 1-hour sessions after treatment on Days 
1-40. Behavior in the open-field test, weight, 
and water consumption were the other in
dexes. An influence was found on the spon
taneous activity measure. 

Critique. These studies indicate that EM 
energy does affect conditioned responses. 
However, it is not at all clear as to how this 
effect occurs, its locus, etc. It may possibly 
be due to the detection of EM energy as an 
extraneous and disturbing stimulus. It may 
also be related to the raising of thresholds 
which apparently can occur. The work of 
Lobanova certainly suggests another pos
sibility-that the effect on conditioning is 
due to an effect on the motor system. What is 
needed is a series of tests with EM energy 
acting as a CS, UCS, and as a "background" 
stimulus. The motivational aspect should also 
be explored with a determination as to 
whether S will work to obtain or avoid modu
lated EM energy. 

Cortical and Suhwrtiral J•:ffi:cts 

The possibility of direct involvement of the 
brain was suggested and has been explored. 
The results indicate that EM energy may be 
able to excite nerve tissue directly. 

10 W. Thompson, personal communication, 1964. 
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Changes were noted in the EEG as a result 

of EM irradiation in a clinical study by 

Edelwejn and Haduch ( 1962). They periodi

cally examined 120 people working with EM 

energy in the centimeter wavelengths. This 

group was divided into those exposed for less 

than 1 year ( Group 1), those exposed for 

more than 1 year ( Group 2), and those ex

posed for more than 3 years ( Group 3). They 

found a distinct preponderance of records 

with subnormal activity in Group 2. The EEG 

recordings while the subjects were under 

metrazol and "pholostin". revealed a signifi

cantly increased number of "positive" test 

changes in individuals in Group 3. 

In the laboratory, Livanov, Tsypin, 

Grigor'ev, Khrushchev, Stepanov and Anan'ev 

(1960) observed an EEG change in rabbits 

while working with an X-ray machine. This 

change was not due to X rays or heat, for it 

would appear when only the high voltage was 

on and there was no heat or X rays. It was 

apparently due to incidental EM radiation, 

for placing a rabbit in a Faraday cage stopped 

the effect. Although this is not the best of 

experimental conditions, the report is worth 

considering seriously since the authors carried 

out a number of interesting procedures. 

Ninety-eight rabbits were used with bipolar 

electrodes in the parietal or occipital areas of 

the cortex, interelectrode distance .5 cm. AH 

Ss showed a change in EEG frequency and 

one third also showed a change in amplitude. 

In most Ss, this involved a reduction in 

amplitude by a half . to two thirds in the 

1-8 cps frequencies. The observed latency 

was 1-2 seconds and typically there was 

adaptation. In narcotized Ss the reaction did 

not appear nor did it appear in dead rabbits, 

indicating that the record was not dt1e to 

EEG lead pickup of EM energy. As S was 

brought closer to the apparent source of EM 

energy, or the emitter voltage was increased, 

the effect became more marked. It was also 

noted that the effect was weaker when the 

cranium was not open. To eliminate the pos

sibility of the electrode acting as an antenna 

and producing the record, the recording 

electrode was shunted to ground by capacitors 

of up to 1 µ,f., but the effect remained. A 

rather interesting procedure was their surgi

cally excluding auditory, vestibular, olfactory, 

and visual inputs without abolishing the 

effect. 
In a review paper, Kholodov ( 1962) refers 

to observations of slow waves appearing in 

the EEG as a result of UHF but no details 

are given. Later he published a detailed 

report. Under considerably better crmtrolled 

experimental conditions than Livanov's, 

Kholodov ( 1963) found as effect on the 

rabbit brain of UHF energy. The field was 

applied for 3-minute periods at a power 

density which docs not cause body heating. 

After a latent period, EEG amplitude in

creased and the frequency decreased. The 

latency was typically between 30 and 60 

seconds and an effect appeared on one third 

to one half of the stimulations. Various prep

arations were used. Vision was excluded by 

severing the optic nerve. The cochlea was 

destroyed mechanically and with the injection 

of alcohol. Olfaction was eliminated by sec

tioning the rhinencephalon. Preparations with 

the rhinencephalon sectioned tended to be 

less responsive to stimulation but, in general, 

the operative procedures did not affect the 

EEG response to UHF. Isolated brain prepa

rations ( cerveau isole) were also prepared and 

they responded to most of the stimulations. 

The author interprets his results as indicat

ing a direct effect of UHF on the fore- and 

midbrain. Information on the modulation used 

in these studies is lacking. In a more recent 

paper, Kholodov ( 1964) isolated a strip of 

cortex in the sensory-motor area of the rabbit 

and irradiated it. He obtained responses from 

the strip to UHF which were predominately 

of short latency. 
Gvozdikova, Ananieb, Zenina, and Zak 

( 1964) studied the affect of power density 

and wavelength of EM energy on the EEG 

of rabbits. They used 172 rabbits and re

corded the EEG up to, during, and after 5 

minutes of irradiation. Their recording elec

trodes were needles driven into the skull. The 

electrode placement is not clearly specified 

but appears to be occipital. The wavelengths 

of the energy used were 12.5 cm., 52 cm., and 

100 cm. The power densities used ranged 

from .02 mw/cm2 to SO mw/cm2, applied as 

unmodulated energy. With 12.5 cm. wave

length EM energy they found little if any 

effect regardless of the power density used. 

This is a reasonable finding in as much as 
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there is little penetration of biological ma
terial at that wavelength. At 52 cm. and 100 
cm. wavelength, they noted a distinct change 
in the EEG as compared to their control 
animals. To a certain extent, the effect was 
a function of power density. A power density 
of 2 mw/cm2 was needed to produce reliable 
EEG effects using latency and number of 
changes in the EEG as the index. One ob
servation which they report, and is rather 
difficult to explain, is that they found more of 
an effect using a power density of .02 mw / 
cm2, than they did at .08 mw/cm2 and .4 
mw/cm2

• It is conceivable that'this is an effect 
somewhat similar to that reported by Morre! 
( 1963) in which an electrical current to the 
brain of much above or below 10 p.a. resulted 
in no effect, but there was a clear effect at 
10 p.a. 
. In this country, the work of Keplinger 

(1958) is of some interest. He used a wave0 

length of 1.25 cm. and applied it to the head 
and lumbar region of rats. At this frequency, 
almost all of the energy is deposited on the 
skin. Although he did not use a power density 
high enough to burn the skin, it was warmed. 
He observed after 3 minutes of treatment that 
EEG amplitude .increased and then there 
was a short period of slow activity. After 5 
minutes, high-frequency, high-amplitude ac
tivity appeared for a few seconds. This settled 
down into high-frequency activity until Min
ute 7, at which time EEG gradually returned 
to normal. This result could possibly be at
tributed to pain stimulation at the skin. 

In a paper which may have some perti
nence, Blazovidova, Belekhova, and Zagorulko 
( 1962) used a diathermy machine on rabbits. 
The diathermy did not radiate EM energy; 
rather a high frequency E field was applied 
through electrodes. An increased level of 5-7 
second potentials in the diencepha1on of 
rabbits was observed. The author expresses 
the belief that the E field caused excitation in 
the diencephalon and secondarily in the 
cortex. 

This diencephalon influence was explored 
further and the possibility of autonomic 
nervous involvement was considered in several 
studies. In the clinical sphere, Sadchikova and 
Orlova ( 19 58) reported a neurasthenic syn
drome in persons exposed to EM energy in 

the course of their work. They cla:-:sif11:d I.hr: 
people according to exposure: Group 1, 
periodic to 3-4 mw /cm 2

; Group 2, periodic 
to less than 1 mw/cm 2

; Group 3, constant to 
less than .1 mw/cm 2

• Their control popula
tion was a group of college students bet.ween 
the ages of 25 and 40 years. In Group 1, a 
vagotonic reaction was observed with symp
toms of bradycardia, and -prolongation of 
intrauricular and intraventricular conduction. 
In those exposed continuously, Group 3, the 
result reported was an asthenic syndrome 
with irritability. There was no indication as 
to whether the examining physicians knew 
the history of exposure. Also; the control 
group, not being workers, is of dubious value. 
Kevork'ian ( 1948) also studied a group of 
people, 62 men and 15 women, exposed to 
centimeter waves in their work. He reports an 
increastd incidence of reports of headache at . 
the end of work, disturbance of sleep, memory 
change, and bradycardia. 

These reports of bradycardia have been 
followed up by Presman and Levitina ( 1962a) 
with experimental work. They irradiated eight 
rabbits with UHF energy of 12.5 cm. wave
length. The rabbits were individually exposed 
to the energy for 20 minutes using a horn 
antenna. The calcuJat.cd exposure was a con
tinuous 7-12 mw/cm2

• The rabbits were ex
posed on the dorsal or ventral side. Within IS 
minutes of being positioned, 20-sccond samples 
of the ECG were obtained, 10 times in the 
10-minute pretreatment, 10 times during the 
20-minute treatment, and 10 times during the 
IO-minute posttreatment. During some runs 
the same rabbits served as controls. Ventral 
exposure resulted in a bradycardia whereas 
dorsal exposure resulted in. an initial brady
cardia which ·gave way to a tachycardia. This 
experiment was followed up with one (;Pres
man & Levitina, 1962b) in which EM energy 
was pulsed. The wavelength was 10 cm. with 
a pulse width of 1 p..s. and a pulse repetition 
rate of 700 pps. The average power density 
in this experiment was 3-5 mw/cm2

• The 
reported results Were similar to those in the 
previous experiment but indicated a more 
distinct effect. Dorsal exposure increased the 
heart rate and ventral exposure decreased the 
rate. These changes are on the order of 57'o. 
Such changes can not be due to the need to 
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clis.sipalt• a general body increase in heat. No 

change in heart rate due to body-temperature 

increase can be expected at those power 

densities, Jct alone one in two directions. 

Presman interprets these data as indicating 

an effect on the parasympathetic system 

(vagus nerve) during ventral exposure and on 

the sympathetic system (hypothalamus) dur

ing dorsal exposure. Other evidence supports 

his interpretation. Nikogosyan ( 1960) experi: 

mented with 25 rabbits and obtained data 

which suggests parasympathetic effect. He 

used three experimental groups: Group 1, 

exposed to 10 cm. at 40 mw/cm2 for 30 

minutes per session, 65 sessions over 2.5 

months; Group 2, exposed to 10 mw/cm2 

for 90 minutes per session, 120 sessions over 

5 months; Group 3, exposed to 1 mw/cm2 

for 90 minutes per session, 185 sessions over 

8 months. Groups 4, 5, and 6 were controls 

for Groups 1, 2, and 3. The experimental 

and control groups were equated for weight, 

sex, and age. Measurements were made of 

cholinesterase activity by testing blood with

drawn from a vein at the edge of an ear after 

a fast. The normal cholinesterase activity for 

all rabbits was established prior to the experi

ment. During the experimentation, periodic 

measurements of cholinesterase activity were 

taken on the second, fourth, and sixth days 

after irradiation and until the initial level was 

restored. In Groups 1 and 2 there were sig

nificant reductions in cholinesterase activity. 

The level retumed to normal 5-6 weeks after 

the experimentation ended. The most pro

nounced changes were within l4 days of the 

initiation of the experimentation. The liver, 

cerebrum, brainstem, and heart were checked 

for cholinesterase activity. It was found that 

the cholinesterase activity of the brain.stem in 

Group 1 animals was low and the activity in 

the brainstem, heart, and liver of Group 2 

animals was low. 
Regarding Presman's other suggestion, that 

of a hypothalamic effect, we have the study 

of Bel ova ( 1960) to consider. He used six 

rabbits and measured intraocular pressure by 

use of elastotonometic curves. He used 

ophthalmotonus as a measure of the influence 

of EM energy on the hypothalamus. An aver

age power density of 1 mw /cm2 and daily 

sessions of 30 minutes each were used. After 

23 sessions with no apparent i:fftct, hi: began 

using (,0 mi1111tc sessions and co11t.ini1wl t.hesc 

for :ts months. After S of tl11:sc sr::;sior1s he 

observed a decrease in press11rc which did 

not begin to return to normal 11nt.il I.he eighty

second exposure session. He concl111l1:d th,tt 

there W,L'i an effect on the hypothalamus. 

Kamenskii ( 1964) recently reported a study 

of the functional state of nervc-musde prep

rations under the influence of continuous 

and pulsed EM energy of 10 cm. and 12 .5 

cm. wavelength. He determined, with standard 

electrical stimulation of the nerve during the 

course of irradiation, the nerves' excitability, 

conduction rate, absolute and relative refrac

tory periods, and amplitude of the action po

tential. Although certain points of his tech

nique are not clear, it would appear that 

besides obtaining effects with continuous 

energy which he attributes to a rise in nerve 

temperature, he also obtained results with 

pulsed energy at average power densities 

which are too low to significantly heat the 

nerve. 
Critique. Taken as a group these studies . 

clearly indicate a physiological basis for the 

behavioral observations. This is particularly 

so when the morphological effects detailed 

below are considered. There is apparently a 

basis for the degradation of behavior previ

ously mentioned as well as a basis for possible 

emotional and drive changes. The works by 

Livanov et al. ( 1960), Kholoclov ( 1 %2), and 

Gvozdikova ct al. ( 1964) suggest a cortical 

and subcortical locus for the sensory anrl con

ditioning effects. Yet the picture is cloudy 

since EEG is not the best and clearest 

dependent variable. Studies with discrete 

evoked responses using pulses of EM energy 

would clarify the picture considerably. These 

studies suggest though that EM energy could 

possibly be used to stimulate portions of the 

brain. The degree to which this stimulation 

can be limited to a discrete locus is a complex 

function of the w'avelength of the energy, the 

scattering which occurs as the energy passes 

through tissue layers and the nature of the 

antenna. The clinical report of Sadchikova 

and Orlova (1958) should be followed up in 

animals with behavioral tests of sleep dis

turbance (an activity measure?) and memory 
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change. The writer's experience suggests that 
there may be some validity in their report. 

Morphological Effects 

The possibility that EM energy has an 
effect on the brain has also been explored 
histologically. It was found that irradiation 
with low power densities caused small re
versible changes. The possibility exists that 
these may be involved in memory. For ex
ample, in a review Gordon ct al. ( 1963) note 
that low intensity energy causes slight mor
phological changes in the axosoma and 
axodendritic interncuron connections in the 
cortex, in the receptor and intereceptor ap
paratus in the skin, intestinal wall, wall of 
m'inary bladder, myocardium, and aorta. 
These changes, they state, were reversible 
and disappeared within 3-4 weeks. 

Lobanova and Tolgskaya (1960), in their 
conditioned response study at 10 cm. with 
rats, noted some changes in the pyramidal 
tract. They used the silver impregnation 
technique and noted that the apical dendrites 
in the pyramidal tract of the controls were 
dotted with fine projections. In the experi
mental group these projections were lacking, 
primarily at the ends of the dendrites. Study 
of internal organs showed no change. 

Pervushin ( 19 5 7 ) was concerned with the 
condition of the cardiac nervous apparatus in 
male cats subjected to UHF. He studied the 
medulla oblongata, spinal cord, the ganglia 
of the spinal cord, the sympathetic trunks, 
the vagus nerve, and the heart. The former 
were stained by Nissl's method. The heart 
tissue was silver impregnated or stained with 
hematoxylin-eosin. The cats were exposed to 
UHF for 2-10 hours at the rate of 2 hr/day. 
The power densities were 30 mw/cm2 and 
.5-10 mw/cm2

• Seventy-two hours after treat
ment the Ss were sacrificed. He states that 
there is an "intense sensitivity of the afferent 
neurons .... " The myelinated fibers and 
sensory endings were most changed. The pre~ 
terminal sections of the afferent neurons were 
most affected. The nonmyelinated fibers were 
unaffected. Although there were minor 
changes in the spinal cord, no change was 
noted in the spinal ganglia and vagus nerve. 

Do1ina ( 1961) exposed rabbits daily for 
10 days to 10 cm. continuous energy. The 
exposure time was 5-15 minutes to power 

densities of 40-100 mw/cm2 or 220--870 
mw/cm2

• He found diffuse nervous sy:,t.1:m 
and circulatory system damage. Thi~ is rat.her 
understandable, since the power den:,itics 
which he used were moderate to very strong. 

Tolgskaya, Gonion, and Lovanr1va ( l~(10) 

studied morphological changes in rats as a 
result of treatment with 10 cm. anrl .) cm. 
energy. The rats were exposed to pulscrl 10 
cm. and 3 cm. energy at power rlcn:,it.ics 11p 
to 10 mw/cm 2

• Co11lin11ous energy at 10 cm. 
was also used. They used I.he Gol.~i-Bulwnr:t 
method of staining and found co11sidr:ral,lc 
changes in the apical dendrites of the ccn:lmtl 
cortex. Ilca<lcd thickenings app1:arcd and 
knobs disappeared. This was reversible for. 
these changes were not seen 3-4 wccl:s aft.er 
the termination of treatment. They note that 
pulsed energy gave more distinct effects. 
They state "apparently the innuenr:c of E\,f 
waves on the peripheral nerve (receptor) 
structures creates unusual impulses, that 
travel in the cerebral cortex and are accompa
nied by a rearrangement of the sensitive 
receptor synaptic structures . . . ." These 
morphological changes certainly indicate a 
basis for the foregoing reports of chan_'.?e 111 

function. 

Concluding Remarks 

Radiated EM energy in the VHF, UHF, 
and SHF regions of the spectrum clearly af
fect the nervous system when used at low 
power densities. Due to the lack of behavioral 
research, the use of high power densities 
without regard to modulation, and the use 
of shorter wavelengths (less than 10 cm.) for 
convenience in obtaining high power densities 
in the laboratory, behavioral effects have not 
been seen in the work in this country except 
as incidental findings. 

It appears that the factors of modulation 
and peak power density must be considered 
in experimentation. The work of Frey ( 1962), 
for example, has rather clearly shown. that 
peak power density is the meaningful meas
urement when low average powers are used. 
Carpenter, Biddle, and Van Ummcrscn 
(1959) also have shown an effect of pulsed 
UHF which is related to peak power density 
rather than its average. 

The EM wavelength is also of some conse
quence. Figure 2 illustrates the penetration 
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FIG. 2. Power distribution in a forehead model 

neglecting resonance effects and considering only first 

reflections.11 

versus wavelength curve. Gordon, Kitsov

skaya, Tolgskaya, and Letavet ( 1961) state 

"changes are seen, but sometimes the charac

ter of both functional and morphological 

changes are dependent on the wavelength." 

They note that morphological studies demon

strate little change with change in wavelength 

with high average power densities. The effect 

is simply overheating the body. At low power 

densities though, they state that: 

the heating effect is absent and there is greater 

expression of. the changes in the neural cell, in 

receptor fibers, in various receptor zones, and 

especially in the axodendritic and axosomatic inter- · 

neuronal junctures in the cortex of the brain. The 

extent of the change in this case is found to be 

in direct relation to the wavelength. Thus, the 

impression is created that for the shorter wave

lengths (10 cm. and less), for small intensity expo

sure, there is a decrease in the various functional 

and · morphological changes in the body of exposed 

animals.· 

Clearly, the most significant research on 

radiated energy applied to organisms will be 

that done at the UHF region of the spectrum. 

If molecular emission is considered, then the 

micron region of the spectrum will also be 

important. 
Several lines of behavioral experimentation 

have been suggested. The EM energy clearly 

can be used to increase our understanding 

of the nervous system and behavior. There is 

also a need, as was emphasized by the sug

gested experiments, for behavioral studies to 
better understand the nature of the EM 

effect. 
11 J. Fleming, personal communication, 1962. 
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